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Tém tat

Trong mdt vai nim tré lai ddy, tai Viét Nam xuét hién cong nghé do nghiéng bang Tiltmeter gitip quan tric
nghiéng cong trinh rat hiéu qua, dic biét 1a cic cong trinh dudc xay dung trén khudn vién nhd, chiéu cao 16n.
P4y 12 mdt phuong phap do nghiéng méi nhung chua cé nhiing tiéu chuin Viét Nam quy dinh va nhiing nghién
citu danh gia vé hiéu qua ctia cong nghé. Trong bai bao nay, tic gia gidi thiéu cong nghé quan tric nghiéng
Tiltmeter vé cach thifc do dac va tinh toan; phan tich, so sinh cong nghé Tiltmeter v6i phuong phap do khoing
cach ngang khi xdc dinh nghiéng két ciu thang diing va phuong phap do cao thiy chuin hinh hoc khi xac dinh
nghiéng két cAu nam ngang giup ddnh gid kha nang dp dung ctia phuong phdp nay. Thyc nghiém xdc dinh
nghiéng mot két ciu thing ditng cao 3 m, cho két qua gia tri do 1éch ngang giita hai phuong phap 1a 1,8 mm/1
m va 0,2 mm/2 m tuong dng gid tri léch géc khoang 6° va 217, Thuc nghiém x4c dinh nghiéng cho két cAu nim
ngang, két qué gitta hai phuong phap gan nhu dong nhét, véi gia tri 1éch ngang 0,2 mm/0,103 m, tuong duong
gia tri 1&ch géc khoang 6°.

Tir khod: quan tric nghiéng; thiét bi Tiltmeter; nguyén ly do nghiéng Tiltmeter; GeoKon; GeoSlope.
ASSESEMENT OF TILT MORNITORING BY PORTABLE TILTMETER IN VIETNAM

Abstract

In the past few years in Vietnam, the Tiltmeter technology has appeared to help the effective tilt monitoring, es-
pecially the works built on a small campus with large height. This is a new method, but there are no Vietnamese
standards and no assessment studies on the efficiency of the technology. In this article, we present Tiltmeter
technology about measuring and calculating method; analysis and comparison of Tiltmeter technology with the
horizontal distance measurement method when determining the inclination of the vertical structure and the ge-
ometric leveling method when determining the horizontal structure inclination helps to assess the applicability
of this method. The experiment on determining the tilt of a 3-meter-high vertical structure, results in horizontal
deviation values between the two methods as 1.8 mm/1 m and 0.2 mm/2 m, angle deviation values about 6’
and 217, respectively. When experimenting the determination of inclination for horizontal structure, the results
between the two methods are almost identical, deviation value of 0.2 mm/0.103 m, corresponding an angle
deviation value about 6°.

Keywords: tilt monitoring; tiltmeter instruments; tiltmeter theory; GeoKon, Geoslope GK-604D, DigiPro2.
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1. Dat van dé

Trén thé gidi van dé quan trac bang Tiltmeter da dugc dp dung tif rit 1au cho cac hoat dong vé dia
chén nhu sy hoat dong ctia nii Ita, sat 13 dit [1]. Trong quan tric nghiéng, thiét bi Tilmeter dugc danh
gia c¢6 hiéu qué, c6 do chinh xdc cao va chi phi thip [2]. Hién nay, rit nhiéu cic cong trinh 16n trén
thé gidi ting dung cong nghé mdi nay vao cong tac giam st su dich chuyén ctia cong trinh, canh bdo
sat 15. Dién hinh c6 thé ké dén hé thong canh bdo sat 16 dit (Landslide Warning System — Taiwan) [3]
& Pai hoc Qubc gia Sun-Yat-Sen, Dai Loan. Pay 1a vi tri nim trén sudn thip clia nii Sao-San, tiém 4n
nguy co sat 16 dit cao nén doi hdi mot hé thong gidm sét rong rii. Cong ty C6 phan Cong nghé San
Lien da 1ap dat hé thdng giam st bao gdbm 10 ap ké dudc cai dit trén cdc suon nii phia trén nii, 17
mdy do nghiéng Tiltmeter dit trén cac biic tudng chin va 12 inclinometers dudgc cai dit trén cac miit
phéng trugt. Cac mdy do do nghiéng Tiltmeter c6 nhiém vu theo ddi do nghiéng clia cac bic tudng
chan.

O mot cong trinh khac khi quan tric cAu triic dudng ham ctia hé thong tau dién ngdm San bay
Quéc té Pao Vién Pai Loan MRT System for Airport Access (Pai Bac, Pai Loan) [4], cic thiét bi do
nghiéng Tiltmeter ciing da dudc ap dung. Thiét bi Tiltmeter dugc gan trén ciu, tru va thép tam thdi dé
theo dbi d6 nghiéng trong qud trinh thi cong dao, 1ap. Hay nhu cong trinh tdoa nha qudc hoi, Portcullis
House (London, Anh) [5], thiét bi Tiltmeter dugc st dung dé kiém tra do thang diing tai cac céu tric
chuyén géc.

Cuing véi viéc do nghiéng cic hé thong tudng chin ting ham bang thiét bi cam bién Inclinometer
[6], thiét bi Tiltmeter ciing bat diu dudc ing dung rong rai tai Viét Nam trong cong tac quan tric,
ki€m tra do nghiéng cong trinh, dic biét 1a do nghiéng trong két cAu nhu nha cao tang. Nam 2012,
Vién Khoa hoc cong nghé xay dung — IBST da thuc hién du 4n “Nghién cttu xay dung chuong trinh va
tai liéu giang day vé quan tric cong trinh xdy dung” [7]. Trong du 4n nay, ndi dung dé cip dén quan
tric nghiéng bang Tiltmeter chi mang tinh chét gi6i thiéu, chua c6 cac két qua do dac thuc nghiém,
d4nh gia do chinh xdc ctia thiét bi va phuong phap. Ngoai ra, trong san xuit thuc t&, ciing da c6 mot
s6 don vi tu vén trién khai 4p dung cong nghé quan trac Tiltmeter vao cdc cong trinh nha cao ting tai
Viét Nam.

Vi du 6 mdt s6 du 4n nhu khu du lich sinh thai va nghi dudng cao ciAp Eurowindow Nha Trang gdm
3 khach san thudc xa Cam Hai Pong, huyén Cam Lam, tinh Khanh Hoa, 1) Tai khach san Condotel,
08 thiét bi do nghiéng dugc gin 1én san cic ting 6 (03 dia), ting 9 (03 dia) va ting mdi (02 dia) clia toa
nha. Qua két qua quan trac 3 chu ky cho thiy d6 nghiéng 16n nhit tai diém T3_09 theo chiéu A va B
12 3,22 mm [8]. 2) Tai khach san Movenpick, két qua quan tric 3 chu ky & 09 di€ém quan tric nghiéng
gan & cdc tang 5, 10 va 13 cho thdy do nghiéng 16n nhét tai diém T2_10 theo chiéu A 1a -1,92 mm
va chiéu B 1a 2,88 mm [8]. Va 3) tai khach san Radisson Blue, cic dia do nghiéng dudc gan Ién san
cic ting 5, 10 va clia toa nha. Két qua quan tric do nghiéng 16n nhét tai diém T3_10 theo chiéu A 1a
—2,88 mm va chiéu B 12 3,9 mm [9].

Trong mot du an khac tai Toa nha Asahi Tower 6 201 Minh Khai, phudng Minh Khai, quén Hai
Ba Trung, Ha Noi [9]. Trong qua trinh thi cong xay dung da khoan gin 36 dia cho 3 block tai cdc tang
5, 10, 15, 20 va tang 24. Qua 4 chu ky quan tric, do nghiéng 16n nhét tai mc T15-2 1a 19,0 mm va
mbc nghiéng nhd nhit 1a 4,6 mm tai moc 15-1.

Trong bdo cdo vé& quan tric nghiéng tru 10 nung nha may san xuét vat liéu Cristabolite - KCN
Phong Dién, tinh Thira Thién Hué [10], 12 thiét bi Tiltmeter do nghiéng dudc khoan gin cho 3 tru 16
nung (2 vi tri tai vach tru va 2 tai dinh tru). Qua 8 chu ky quan trac, do nghiéng 16n nhét tai vach tru
10 nung theo chiéu A 1 7,9 mm tai mbc N6, va theo chiéu B 13 2,1mm tai mbc N2-1.

Mot diém chung trong cac du an quan tric nghiéng Tiltmeter & Viét Nam 1a chi néu ra dudc gia
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tri dich chuyén ngang tai diém quan tric ma chua thé hién dudc gia tri nghiéng ctia cong trinh. Mit
khic, theo nguyén Iy hoat dong ciia thiét bi, viéc 1ap dit cac dia do nghiéng tai mit san hay dinh tru
cong trinh d€ xac dinh do nghiéng ctia cong trinh theo phuong thang diing 1a khong phi hop.

Bai bdo nay gi6i thiéu vé& phucng phap quan tric nghiéng véi thiét bi Tiltmeter trong phan 2 va
tién hanh thuc nghiém so sanh véi cac két qua quan tric nghiéng truyén théng bang may toan dac dién
ti (TPDT) hoic mdy thdy binh & phan 3. Trong phan 4 tic gid dua ra mot sb két luan dbi véi viec
quan trac nghiéng bang thiét bi Tiltmeter.

2. Thiét bi va nguyén Iy quan trac nghiéng Tiltmeter
2.1. H¢ théng quan trdc nghiéng Tiltmeter

Tiltmeter 13 hé thdng do d6 nghiéng dudgc thiét ké cam tay dé xdc dinh chinh xdc nhiing thay d6i
nhd so véi phuong chuin, hoic trén mit dat, hoic trong cac ciu triic. Tiltmeter c6 thé dudc ché tao
hoan toan bang co khi hodc cam bién dién phan dé€ do ludng dién tir. Mot hé thong Tiltmeter gdm ba
bd phan sau co ban 1a thiét bi do nghiéng - Portable Tiltmeter, bo phan thu nhan hién thi s6 liéu —
Readout va dia do nghiéng — Tiltplate, Hinh 1.

Thiét bi do

Pia do nghiéng

Hinh 1. Céc bo phan ctia hé thdng Tiltmeter

A Truc A

4OK\OZ> 3

\,y Truc B
S

(a) Truc dia do nghiéng (b) bia do nghiéng

Hinh 2. Céu tao dia do nghiéng
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Dia do nghiéng 1a bo phan dung dé dit may do nghiéng 1én va do. Cac dia nay dudc gan cb dinh
trén cic ciu tric quan trac nghiéng ctia cong trinh. Dia dugc cu tao gdm 4 nim, tao thanh 2 truc
vudng géc véi nhau, Hinh 2(a). Vat liéu lam dia c6 thé 1a sit, ddng hodc sii, Hinh 2(b), c6 céc thong s6
kich thu6c co ban dudng kinh 140 mm, chiéu cao 24 mm, 16 trung tim 63 mm va trong lugng khoang
0,68 kg [11].

2.2. Nguyén ly do va tinh todn

Do nghiéng bing Tiltmeter 1a phép do truc tiép d6 nghiéng ctia dbi tugng thong qua may Tiltmeter
dit trén céc dia do nghiéng da gin trén cac d6i tugng can do. Vi cac cam bién 1a 2 sensors MEMS —
Micro Electro Mechanical Systems dudc dat vudng géc v6i nhau; mét sensor s€ xac dinh do nghiéng
chiéu A (huéng truc 1-3), sensor con lai sé xac dinh chiéu B (hudng truc 2-4), Hinh 2(a). Céc sensors
nay dudc dit trong 1 vo may dé bao vé tranh va dap, khong thAm nudc tir bén ngoai. Cac gia tri do
dugc sé két ndi v6i man hinh hién thi (Readout) thong qua diy cip nbi hoic Bluetooth.

Vj tri méy do chidu A+ Vi tri may do chidu A-

(a) Vi tri dat mdy do phuong ngang

Vi tri may do chidu A+ Vi tri miy do chiéu A-

(b) Vi tri dat may do phuong ding
Hinh 3. Vi tri dat may do Tiltmeter [11]

Trén Hinh 3(a) 1a vi tri mady dat do do nghiéng mat phéng niam ngang (Horizontal Tilt Plate) dé
xac dinh gid tri tai chiéu A+ va quay mdy 180 °C dé xdc dinh gid tri chiéu A-. Céc gia tri A+ va A-
thuong dudc do tir 2-3 1an do d€ loai trir sai s sai 1am, sai sd bu trit hai cdm bién va ting d6 chinh
xac két qua do. Vé 1y thuyét, gia tri A+ va A- sé gidng nhau va ngudc dau. Tuy nhién, trong thuc té sé
c6 su khac biét ngau nhién 1én dén 50 don vi giita 2 14n doc s6 do su thién 1éch ctia cAm bién hoic céc
bat thudng nhd clia dia nghiéng [12]. D€ x4c dinh chiéu B 1am tuong tu nhu chiéu A. Trong trudng
hop xdc dinh d6 nghiéng mit phang thang diing (Vertical Tilt Plate), vi tri may do nghiéng dugc dit
nhu Hinh 3(b).

Hién nay, cic loai mdy do nghiéng thudng hién thi gid tri nghiéng & don vi s6 - Digitilt (don vi
Digitilt thudng & dang s6 thap phan), tuy nhién mot sb loai may c6 thé hién don vi dang Volt hoic
Degrees. Viéc chuyén ddi gitia cdc don vi cling tiy thudc vao ting hang [11, 12].

a. Dbi v6i mdy clia hiang Slope Indicator

V6i huéng dan st dung ctia hing Slope [11], gid tri hién thi trén man hinh thu dudc 12 don vi sb
- Digitilt, tuy nhién c6 thé cai dit don vi Digitilt chuyén ddi sang cac dang don vi dang Metric hoic
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English. Trong cong thiic (1) thé hién nguyén 1y sé doc don vi Digitilt hién thi gid tri do nghiéng cta
cong trinh.
Reading = sin ¢ X Instrument Constant (1)

trong d6 ¢ 1a gia tri géc nghiéng; Instrument Constant 1a hang s6 thiét bi, dbi véi mdy ctia hiang Slope
héng s6 14 25000.

Viéc xic dinh do nghiéng bang céch so sanh s6 liéu do hién tai v6i s6 liéu ctia 1an do dau tién (sb
liéu gdc), tinh theo don vi do géc do phut gidy (degrees) & cong thiic (2) hoic tinh theo don vi do dai
milimet bing cong thiic (3).

. ] ChangeinDIFF
Ch D = ’
angeinDegrees = arcsin ( 2 % InstrumentConstant ) @)
' ChangeinDIFF
Displ t= ’
1splacemen (2 x InstrumentConstant ) o

trong d6 DIFF = (+Reading) — (—Reading); DIFFcygen 12 tong gid tri s6 doc 2 chiéu duong, 4m lan
do hién tai; DIFF;. 12 tdng gid tri sb doc 2 chiéu duong, Am thdi diém do dau tién, ChangeinDIFF
= (DIFFcurent — DIFFygal)-

b. Dbi v6i may clia hing Geokon
Véi huéng din ctia hing Geokon [12], gid tri s6 DIGITS dudc tinh theo cong thiic (4)

DIGITS = ((2500 x R1) — R0) X GF + GO )

trong d6 R1 12 gid tri dién 4p ndi bo clia module MEMS (don vi volts); RO 1a gid tri dich chuyén chiéu
A hoiic B; GF 1a gi4 tri bu ctia chiéu A hoic B; GO 1a gia tri dich chuyén ctia chiéu A hoic B (gi4 tri
nay thudng bang 0).

Gi4 tri s6 & don vi DIGITS dudc chuyén sang don vi Volts theo cong thiic (5) hodic chuyén sang
don vi do goc d6 phut gidy (degree) theo cong thic (6).

DIGITS
= 5
2500 ©®)
DIGITS 180
DEGREES = inf————| — 6
aresin (38637,03305) x ©
Lic nay gia tri d0 nghiéng tinh theo don vi milimet dugc xac dinh theo cong thuc (7).
DIFF = (+Reading ) — (—Reading )

Change _ (( DIFF Current — DIFF Initial ))

2 @)

DISP = Change x 3600 x 0,0048

Dinax = A/DISP? + DISP?

trong d6 +Reading, —Reading 1a s6 doc dudc xac dinh & 2 huéng 0° va 180° ctia céc truc A hoic B &
moi thoi diém; 0,0048 1a hing s6 chiéu dai 1 gidy cung; 3600 1a hing s6 chuyén ddi tir do sang giy.
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Géc nghiéng & clia cong trinh 12 mdi quan hé gitta do léch ngang Dy, va chiéu cao H, thé hién
trong cong thuc (8).

Dmax
&= arctan( ) )
H

Hudng nghiéng clia cong trinh dudc thé hién bdi yéu td géc dinh hudng o va xac dinh trong cong
thuc (9).

)

( DISP_B )
@ = arctan

DISP_A

trong d6 DISP_A 1a do dich chuyén theo chiéu truc A; DISP_B 1a do dich chuyén theo chiéu truc B,
vuong goc véi truc A.

Luu y trong ca hai nguyén ly tinh toan, gid tri Displacement & cong thiic (3) va Dyax 6 céng thiic
(7) ¢6 don vi 1a mm/m, do d6 khi tinh gia tri chuyén dich (d6 1éch ngang hodc do léch doc) cAn nhan
thém ty 18 chiéu cao H hoic chiéu dai L véi don vi mét ctia dbi tugng quan tric.

2.3. Do chinh xdc cua phuong phdp

Cang 1én cao thi do chinh xac cua phudng phap Tiltmeter cang giam. Theo tai liéu ly lich may cua
thiét bi hang Geokon [12] cung cp d6 chinh x4c cta thiét bi 1a 0,05 mm/m (tuong duong gia tri day
cung +107). Nhu vdy, néu diém do c6 do cao 1a 100 m thi sai s6 do do nghiéng 12 5,0 mm.

Tuy nhién, ta ciing c6 thé tinh dugc sai s6 mdi 1an xadc dinh do nghiéng theo ly thuyét sai s trung
phuong ham dai lugng do [13]. Trong cong thiic (7), chuyén sang sai sd trung phuong ta cé:

2 _ 2 2
mChange =my +nm;, (10)

trong do méhange 12 sai s6 trung phuong ctia két qua do nghiéng; m; 1a sai sd trung phuong cia gid tri
DIFF cyrent; M2 12 sai s6 trung phuong cla gia tri DIFF a1
Gia tri my va mp dugc tinh theo cong thic (11)
2_ 2 _ 2 2
my=my = m+Reading + m—Reading (1)
Gid tri M4Reading VA M_Reading 12 sai sO trung phuong tri trung binh cong cta day két qua do theo
chiéu 0° va day két qua do chiéu 180° tuong ting. Theo [13], céc sai s6 nay dudc tinh bang cong thiic
sai sb trung phuong tri trung binh cong ctia Bessel, cong thiic (12).

v

nn— D) (2

M+ /-Reading =

3. Két qua thue nghiém va thio luin

Dé kiém chiing ly thuyét vé Tiltmeter nhu da trinh by & cdc phan trén, chiing to6i di tién hanh
thuc nghiém do do nghiéng két ciu thang diing bang thiét bi Tiltmeter va kiém tra so sanh véi két qua
do bang toan dac dién ti (TPDT). Thuc nghiém dudc tién hanh cho hai thoi diém ciia dia do nghiéng
1a trang thai ban dau va trang thdi diéu chinh nghiéng. Trong thuc nghiém, ba dia do nghiéng dudc
gan vao 3 vi tri ¢6 dd cao 1 m, 2m va 3 m ctia mot két ciu thang diing cao 3 m, Hinh 4.

St dung thiét bi Tiltmeter Geokon sb hiéu 1726015 quan tric & hai thdi di€m, thoi diém ban dau
ctia két cAu thang ding va thai diém chii dong diéu chinh dé két cAu nghiéng vé& phia trudc, Hinh 4(b).
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(a) Vi tri chura diéu chinh d6 nghiéng két cAu (b) Vi tri da diéu chinh d6 nghiéng két
chu

Hinh 4. Thuc nghiém do nghiéng bang Tiltmeter tai 3 vi tri trén két cAu thing diing

Bang 1. Két qua quan tric Tiltmeter cho két cAu thing diing

. ) Sé doc Trung binh
Vi tri Thai diém quan trac Truc - - DIFF
+Reading —Reading
Ban diu A 0277 ~0.226 0,252
B ~0,750 0,722 ~0,736
TN2-1 (H = 1 m)
iy chinh nehién A ~0,362 0,382 ~0,372
teu chinh nghieng B ~0,764 0,722 ~0,743
Ban di A 0,039 ~0,035 0,037
u B 0,118 ~0,102 0.110
TN2-2 (H = 2 m)
Pidu chinh nghién A —0.494 0,488 —0.491
ghieng B 0,075 ~0,083 0.079
Ban diu A 1,007 ~0,984 0,995
B 0,561 ~0,601 0,581
TN2-3 (H = 3 m)
Piéu chinh nghién A 0,236 —0,229 0,233
ghieng B 0,514 ~0,501 0,508

Mbi thoi diém do ba 1an c4c huéng chiéu A va B cho ba vi tri do cao dia do nghiéng roi 14y két qua
trung binh, Bang 1.

Tir s6 doc quan trac trung binh bang Tiltmeter & Bang 1, theo cong thiic (7) tinh dudc gia tri do
léch ngang Dp,x cua cac dia do nghiéng tuong Gng cac vi tri 1 m, 2 m, 3 m lan lugt 13 —10,8 mm,
—18,3 mm va —39,7 mm, Bang 2. Panh gia do chinh xac phuong phap theo cong thiic (10), (11), (12)
nhén thiy sai s6 trung phuong d6 léch ngang D.x trong khoang +0,5 mm.
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Bang 2. Két qua tinh toan do 1éch ngang theo Tiltmeter

Thoi diém quan tric b0 1éch ngang
Vi tri Truc N ,\ . ;
Ban dau bDicu chinh nghiéng Change DISP X H (mm) Dy (mm)
DIFF DIFF

A 0,252 -0,372 -0,624 -10,77 -10,8
TN2-1(H=1m) B -0,736 -0,743 —-0,007 -0,13

A 0,037 -0,491 -0,528 —18,25 -18,3
INZ2H=2m) 5 5110 0,079 ~0,031 ~1,07

A 0,995 0,233 -0,763 -39,55 -39,7
TN2-3 (H=3m) B 0,581 0,508 -0,073 -3,78

Nham so sanh, danh gia két qua do nghiéng Dy, ctia thiét bi Tiltmeter, thuc nghiém dong thoi

tién hanh do do nghiéng cta két cAu thang diing theo nguyén ly khoang cach ngang [14] bang toan
dac dién t& Leica TCR1011 v6i d6 chinh xac do khoang cach my = 2 + 2ppm. Mdy toan dac dién ti
dudgc bd tri ¢b dinh va gia dinh hé toa dd phang cho diém dit may véi truc X vudng goc véi bé miit
két cAu thang ding. Tai cac dia do nghiéng & vi tri quan tric TN2-1, TN2-2, TN2-3, b tri 2 guong
gidly phan xa A;, B; d6i xiing nhau qua tdm dia, Hinh 4(a). Bang 3 thé hién két qua toa do trung binh
cc diém guong gidy ctia phuong phap do khodng cich ngang biang mdy toan dac dién tif Leica TCR

1101 & hai thoi diém.

Gia tri d6 1éch ngang & cac vi tri cao dd dugc 3.5
xéc dinh 13 D bing cin bac hai tdng binh phuong
gid tri do léch theo mdi huéng X va Y. Nhu vy ° 3
c6 thé tinh dudc do 1éch ngang cia tam dia do \\\
nghiéng Dy, bang trung binh cong cia do léch 5 2.5
ngang cac cip diém A;, B; va c6 gid tri 1an lugt —_ \\
9,0 mm, 18,1 mm va 31,1 mm tuong dng & céc vi g ® 2
tri d§ cao 1 m, 2 m va 3 m. Bi€u d6 Hinh 5 biéu 8 \
dién diing quy luat nghiéng ctia két ciu thang ding < b 15
cang 1€n cao thi do nghiéng cang 16n mac du goc \
nghiéng ctia két cAu do & ba vi tri gan nhu khong > 1
thay d6i. Bén canh d6, quy dinh vé diu cta gia \
tri d€ thé hién huéng nghiéng cong trinh, biéu dd U
con cho thiy su tuong dong gitta két qua quan trac \‘\
bing toan dac dién tir va Tiltmeter. 0

Gia tri do 1éch ngang xdc dinh bang toan dac -60 40 -20 0
dién ti Dy, va Dpax xac dinh bﬁng Tiltmeter trong B¢ 1éch ngang (mm)
thuc nghi€ém dudc xac dinh theo cac nguyén ly

--@--TDDT Tiltmeter

khic nhau nhung c6 su théng nhit tuong dbi vé
miit gia tri. Trong biéu d6 Hinh 6, biéu dién su
chénh 1éch ctia Dy« so véi Dy, G cac vi tri d6 cao
lan lugt 13 —1,8 mm/1 m, —0,2 mm/2 m va —8,6
mm/3 m.
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Bang 3. Két qua do bing mdy Toan dac dién tit TCR 1101

Toa dd thoi diém Toa dd thoi diém i
i % N P A Do 1éch ngang (mm)
Vi tri piém Kketcau ban dau (m) ket cau nghiéng (m)
X Y X Y Dx Dy D
Al 105,949 500,021 105,939 500,020 -10 -1 10,0
TN2-1(H=1m) B1 105,949 499,980 105,941 499980 -8 O 8,0
D[b = 9,0
A2 105,954 500,021 105,935 500,019 -19 =2 19,1
TN2-2(H=2m) B2 105,955 499,979 105,938 499,978 -17 -1 17,0
Dy, = 18,05
A3 105,962 500,022 105,930 500,020 -32 -2 32,1
TN2-3 (H=3m) B3 105,961 499,981 105,931 499,980 -30 -1 30,0
Dy, =31,05

Do 1éch ngang Tiltmeter - TDDT

. -8.6 3
)
g

15 -0.2 2
<«
o]

1.8 1

-10 -8 -6 -4 -2 0
Chénh léch (mm)

Hinh 6. Chénh 1&ch d6 1éch ngang cia Tiltmeter va toan dac dién td

O vi tri d6 cao 1 va 3 m xudt hién su chénh 1éch 16n trong két qua quan tric, 16n hon 3 1an sai s6
trung phuong xac dinh do léch ngang Dp,x, clia hai loai thiét bi dugdc cho 1a do thiéu on dinh cia sb
doc Tiltmeter. Khé khan trong viéc gilt viing may do nghiéng di dong (Portable Tiltmeter) la nguyén
nhan chinh gay ra su mit &n dinh s doc nay.

Trong thuc nghiém 2, danh gid hoat dong cla thiét bi Tiltmeter Geokon trong do nghiéng theo
phuong ngang (dd 1éch doc), chiing t6i da lap dit dia do nghiéng trén mot bé mit nam ngang. Bé mit
nay dudc ting dan do nghiéng d€ tao ra ba trang thdi 12 ban dau, diéu chinh nghiéng 1an 1 va diéu chinh
nghiéng 1an 2, Hinh 7(a). Két qua do Tiltmeter dudc so sanh v6i két qua xdc dinh do nghiéng theo
phuong phap do cao hinh hoc bing may thiy chuin dién ti DiNi 03 két hgp mia ma vach, Hinh 7(b).

Trong thuc nghiém nay, viéc thu nhan s6 liéu bang thiét bi Tiltmeter dudc thuc hién ba lan cho
mbi chiéu A dé€ xéc dinh do léch doc bé mit ngang theo huéng truc nim 1 va 3, két qua s6 liéu thuc
nghiém quan tric dudc thé hién trong Bang 4.

Ap dung cong thiic (7) tinh toan gia tri do 1éch doc két cdu nim ngang (truc nim 1 va 3) c6 do dai
L = 0,103 m & ba trang th4i, két qua thé hién trong Bang 5. Trong Bang 5 chiing ta c6 thé thiy do léch
doc ctia mit ndm ngang c6 chiéu dai L = 0,103 m lan lugt 1a —19,0 mm va —29,5 mm, tudng dng véi
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Trang thai ban diu Trang thai nghiéng

(a) Do nghiéng mit phing nim ngang bing Tiltmeter

(b) Po nghiéng mit phing nam ngang bing thiy binh dién tit Dini 03

Hinh 7. Thuc nghiém do nghiéng 3 trang thai mit phing nim ngang

Bang 4. S6 liéu quan tric Tiltmeter cho mit phiang nim ngang

. Lan 1 Lin 2 Lin 3 Trung binh DIFF
Trang thai Chieu
) =) +) =) ) ) (G )
Ban dau A -0426 0423 -0426 0423 -0430 0462 -0427 0436 -0432

Diéu chinh nghiénglan 1 A -11,120 11,096 -11,120 11,090 -11,123 11,099 -11,120 11,095 -11,108
Diéu chinh nghiéng1an2 A -17,072 16,973 -17,082 16,972 -17,085 16,972 —17,080 16,972 -17,026

Bang 5. Két qua tinh toan do 1éch doc theo Tiltmeter

Thoi diém quan tric Do léch doc
Chiéu Thoi diém Ban dau Diéu chinh nghiéng Change DISP x L
DIFF DIFF (Degree)  (mm)
bicu chinh lan 1 so v6i ban dau ) - -11,1075 -10,676  -19,0
Piéu chinh 14an 2 so véi ban dau ’ -17,0260 -16,594 -29.5
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hai 14n diéu chinh nghiéng so véi trang thdi ban dau. Do chinh x4c phuong phap Tiltmeter tinh theo
cac cong thiic (10), (11), 12 nhan dudc mchange = +0,2 mm.

Thuc ngiém do cao bang mdy thiy binh dién ti Dini 03 cac nim 1 va 3 (chiéu A) & ba trang thai
ctia dia do nghiéng. Chénh cao cic nim dudc do hai 1an rdi 14y gid tri trung binh, két qua thé hién
trong Bang 6. PO cao cdc nim 1 va 3 tinh todn dua trén mot mbe cb dinh véi do cao gia dinh H =
10,00000 m, két qua dugc thé hién trong Bang 7.

Bang 6. S6 liéu quan tric bang thiy binh dién ti Dini 03

Trang thai

Vi tri do Ban dau (m) biéu chinh nghiéng 1an 1 (m) Diéu chinh nghiéng 1an 2 (m)

Lan1 Lan2 Trungbinh Lan1 Lan2 Trungbinh Lan1 Lan2 Trung binh

1 0,33268 0,33296 0,33282 0,34268 0,34712 0,34490 0,34909 0,34920 0,34915
3 0,33402 0,33369 0,33386 0,36504 0,36599 0,36502 0,37988 0,37994 0,37991

Chiéu A

Bang 7. Két qua tinh toan do cao, do 1éch doc bang thiy binh dién ti Dini 03

Pocao Chénhléch 20  Chénhlech Dolech 20 % Chenhléch Do léch
. N N . diéu chinh _, . di€u chinh _, .
Vitri ban dau dd cao nim nghiéng dd caonim  doc nghiéng do caonum  doc
(m) 3-1 (mm) lan 1 (m) 3-1 (mm) (mm) 1an 2 (m) 3-1 (mm) (mm)
Chiéu A H hl H hz h2 - /’ll H h3 h3 - hl
nim1 9,66718 9,65510 B B 9,65086 B _
nim 3 9,66615 -1.0 9,63499 20,1 19,1 9,62009 30,7 29,7

Trong Bang 7, c¢6 thé dé dang tinh dugc chénh 1éch do cao gitta niim 3 va nim 1 & tling trang thai
lan lugt 12 —1 mm, —20,1 mm va —30,7 mm. Do 1éch doc dudc tinh toan dua trén chénh léch do cao
& hai thoi diém diéu chinh nghiéng so vé6i ban dau, cic gid tri do 1éch doc khi thay ddi trang théi lan
lugt 1a —19,1 mm va —29,7 mm.

0 .
o @ Dini 03 - lan 1
~, -~ 1
5 ~ : ~— = &= Tiltmeter - lan 1
SO TN @~ Dini 03 - 14n 2
~. -~ . N
~ -10 ~. —— = @ Tiltmeter - lan 2
g ~ ~—
£ ~ ~~
o -15 ~ ~
& S e -19,1
< 5 ~ ~® -190
<« ~
< ~
[~ I
25 N
~ ~ 295
-30 297

-35 3
Chiéu A (truc nim 1 - 3)

Hinh 8. Biéu d6 nghiéng két cAu nim ngang

Biéu d6 Hinh 8 bi€u dién bé mit nam ngang theo chiéu A (huéng truc nim 1 - 3) sau hai trang théi
diéu chinh d6 nghiéng. Trong thuc nghiém nay, so sanh két qua nhan thay phu hop giita hai phuong
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phép xdc dinh do nghiéng mit phang nim ngang bang Tiltmeter va do cao thiy chudn hinh hoc va cé
su sai khac khong dang ké, khoang +0,2 mm (tuong duong léch 1 géc khoang 6’). Sai léch nay nam
trong pham vi sai s6 trung phuong mchange clia thiét bi Tiltmeter. Su tuong dong cla hai phuong phap
vé mit gia tri va quy lut nghiéng trong thuc nghiém da minh chiing kha ning cta thiét bi Tiltmeter
khi quan tric nghiéng két cAu nim ngang.

4. Két luan

Thuc nghiém quan tric nghiéng két cAu thang ding, tai vi tri thiét bi Tiltmeter khong 6n dinh,
chénh léch két qua giita 2 phuong phap 16n hon ba 1an sai s6 trung phuong xic dinh do léch ngang
Dmax, Xap xi 1 cm/3 m (tuong duong gid tri 1éch géc xap xi 107). Su sai khéac nay c6 thé 1y giai la
do trong qu4 trinh do tai cao do 3 m, dau két ciu thang ding khong dudc cb dinh chit nén may do
Tiltmeter khong 6n dinh. Do d6 trong thuc té, can lap dit dia do nghiéng tai cac vi tri do cao thich
hdp, viing chic dé€ sb doc quan tric Tiltmeter dat dudc su tin cdy.

Thuc nghiém quan trac nghiéng két cAu nam ngang dudc thuc hién bang viéc xac dinh su thay ddi
dd léch doc ctia truc nim 1 va 3 clia dia do nghiéng c6 chiéu dai 0,103 m. So sanh véi phuong phap
xéc dinh do nghiéng mit san bang nguyén ly do cao thiiy chuan hinh hoc, phuong phép Tiltmeter cho
két qua v6i mic do sai 1éch 12 0,2 mm/0,103 m (tuong duong gid tri léch géc khodng 6”). Véi diéu
kién 6n dinh dudc thiét bi Tiltmeter, su sai 1éch nay dudc ddnh gia 1a khong dang ké vi nam trong
khoéng sai s6 trung phuong MChange CUa thiét bi Tiltmeter.

Phuong phép Tiltmeter 13 mot phuong phap c6 kha ning phu hop véi thuc té va c6 thé 4p dung
trong quan tric nghiéng cac cong trinh cao tang & Viét Nam, dic biét 1a khu vuc cong trinh 1an cin
hoic khi khong c6 diéu kién khong gian d€ do theo cdc phuong phép truyén thong.
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