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Tém tat

Qui trinh thi cong méng va tAng hAm cic cong trinh nha cao ting, tuong vy ting hAm (tubng bé tong) 1a d6i
tugng chiu rit nhidu cdc 4p luc ngang. Cong tic quan tric dich chuyén ngang tudng Vay bang phuong phap
truyén théng luon gip khé khin béi dic thit khong gian cong trudng chat hep, han ché tAm ngim va yéu cau
bb tri hé théng mdc co s6 & nhiing vi tri 6n dinh lau dai. Cong nghé quan trac chuyén dich ngang Inclinometer
xuit hién ¢ Viét Nam trong giai doan gan 10 nim nay da mang dén phuong 4n quan tric chuyén dich ngang
pht hop diéu kién cong trLIdng chat hep trong do thi. Tuy nhlen phuong phap nay dang dugc ung dung theo
kinh nghiém trong san xuét va chua c6 Cac quy dinh day da vé quy trinh quan tric trong tiéu chudn xay dung
Viét Nam. Trong bai bdo niy, tic gia mudn gidi thiéu tong quat vé mdt quy trinh quan tric chuyén dich ngang
Inclinometer dugc 4p dung trong quan tric tudng vy ting ham va c6 nhiing ddnh gid, trao d6i d6i véi cong
nghé nay.

Tir khod: quan trac chuyén dich ngang; thiét bi Inclinometer; tudng vay tang him; GeoKon GK-604D; DigiPro2.

ASSESEMENT OF MORNITORING WORK OF DIAPHGRAM WALL BY INCLINOMETER IN VIET-
NAM

Abstract

The process of foundation and basement construction of high-rise buildings, basement diaphragm walls is sub-
jected to a lot of horizontal pressures. The monitoring of displacement of the diaphragm wall by the traditional
method has met several difficulties because of the limited space for the operation, limited visibility and espe-
cially the need to arrange the basic benchmark system in the long-term stable locations. The inclinometer has
been applied in Vietnam for almost 10 years and has been proved its effectiveness, even in the narrow working
area in the urban areas. However, this method is being applied based on experience in production and there
are not enough regulations on the monitoring process in Vietnamese construction standards. In this paper, the
author would like to presents an overview of an Inclinometer horizontal displacement monitoring procedure
applied in monitoring the basement diaphragm wall based on which several discussions for the application are
introduced and discussed.

Keywords: monitoring horizontal displacement; inclinometer instruments; diaphragm wall; GeoKon GK-604D;
DigiPro2.
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1. Pt van dé
Linh vuc tric dia xay dung da dang va c6 nhitng budc thay ddi 16n trong nhitng nim gin day. Bén

canh cong nghé, thiét bi va bién phép thi cong xay dung méi, tric dia xay dung ciing xuit hién cac yéu
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ciu khéc véi truyén thdng trong cong tac quan trac cong trinh. Hién nay, cong trinh xay dung dan dung
(dic biét v6i cdc cong trinh nha cao tang) doi héi rat nhiéu cong tac quan tric tif qua trinh thi cong
dén giai doan hoan thién va van hanh sit dung cong trinh nhu quan tric lin, quan tric chuyén dich
ngang, quan trac nghiéng, quan tric muc nudc ngam, quan tric bién dang két ciu ving, chdng, . ..

Trong cong tac quan tric chuyén dich ngang tudng vay ting hAm nha cao ting & Viét Nam da xuét
hién nhitng thiét bi va phuong phap mdi phi hop véi thuc té thi cong, thuan 1oi d6i v6i cac mit bang
cong trudng thiéu khong gian. Tuy nhién cic phuong phép, thiét bi nay chua cé nhiéu nghién citu
phan tich, danh gia tinh hi€u qua, pham vi ap dung cling nhu d6 chinh xac.

Trén thé gidi, cong nghé quan trac Inclinometer xuét hién tit nhitng nim 50 thé ky truéc. Dén thoi
diém hién nay, cong nghé nay da dugc tng dung rong rii trong viéc quan tric trudt 16 dét [1], dich
chuyén ngang clia cac 16p dia chét chiu 4p luc [2], mdi déc, mdi taluy, dap thiy 16i, thiy dién, cong
trinh bao vé b, ... Pay 1a cic dbi tugng c6 dic diém kich thudc 16n, ndm trong khong gian 16n va
qua trinh quan trac dudc thuc hién trong cic giai doan rt dai (c6 thé 1én dén hang chuc nam). Ngudc
lai, quan trac chuyén dich ngang tudng vay (thanh hd dao) ting ham la ddi tugng c6 dic diém nho,
nam trong cic khong gian chat hep (khong gian cuc bd) va thdi gian quan tric thudng ngin (thudng
tl 6 dén 12 thang) tiy thudc vao thoi gian thi cong ting him. Nhu vay ching ta c6 thé thiy dbi tugng,
pham vi, quy md quan tric chuyén dich ngang bang phuong phap Inclinometer rat da dang va doi héi
can c6 nhitng yéu cau dic thi.

Nbi dung ciia tiéu chuin [3] quy dinh quan tric trong qud trinh thi cong hd dao cin quan tric
chuyén dich theo phuong ngang ciia két cAu chéng giii; bién dang clia dudng dng ngdm va cong trinh
xung quanh; muyc nudc ngdm; ndi luc trong coc, tudng; luc kéo trong dat; luc doc trong thanh chdng;
bién dang tru ditng; do Iin theo chiéu siu clia cic 16p dt va do trdi dat & day hd mong; 4p luc ngang
trén bé mit két cu chéng gi.

Bén canh su da dang vé dbi tudng, phuong phap quan trac Inclinometer con da dang vé thiét bi va
phan mém x 1y, biéu dién s6 liéu. Thong ké & Viét Nam hién nay dang ton tai mot sd dong thiét bi
quan tric Inclinometer cla cdc hang Geokon, GeoSlope (My), RST Instrument (Canada), ACE (Han
Qubc), ZC Inclinometer (Trung Qudc), ... Tuong ting v6i cdc dong thiét bi néu trén, viéc xi ly, tinh
toan va biéu dién sb liéu quan tric chuyén dich ngang dugc thuc hién bang chuong trinh Microsoft
Excel hodic cac phan mém ctia m&i hang; phd bién nhit 1a phan mém DigiPro2 Inclinometer Software
ctia hing Durham Geo Slope Indicator, My. Tuy nhién phan mém ctia cic hing thiét bi chi phu hop
v6i thiét bi ctia hing va doi hdi chi phi cao; viéc dung cdc phin mém ciing nhu viéc tinh todn, x{ 1y
bing Microsoft Excel thi khong tranh khéi cac ngudn sai sb sai 1dm va chua c¢é quy trinh tinh toan
phtt hop s6 lidu quan trac. Trong nghién ctiu cia Mikkelsen [4] ciing d chi ra ring can nghién ctiu
phan tich dif liéu d& nang cao do chinh xdc do chuyén dich ngang bing thiét bi Inclinometer. Mot s6
nghién ctiu khac [5, 6] ciing dua ra cac khuyén cdo trong qué trinh thu thap va xi ly s6 liéu quan tric
chuyén dich ngang Inclinometer

Trong quan tric chuyén dich ngang tuong vy ting ham yéu cau tip trung vio nang cao do chinh
Xédc quan trac, ning cao mifc do tin cdy clia gia tri quan trac va phan tich sd liéu quan trac nham kiém
sodt su cd c6 thé xay ra ddi v6i cong trinh va cong trinh 1an cin. Nghién ctu [7] dua trén két qua
quan tric 530 cong trinh h6 dao sau trong dit mém yéu, da dé xuét tri canh bdo va gia tri gi6i han vé
chuyén dich ngang ctia tudng va chuyén dich diing ctia dat 1an cin hd dao, ding chiing dé€ kiém soat
va phong ngita nhitng hu hai c6 thé x4y ra ddi v6i cong trinh & gan h6 dao.

O mot vin dé khac dbi véi hé théng quan tric chuyén dich ngang Inclinometer, céc tic gia [8] da
chi ra ring bién dong diém ddy ctia ng Inclinometer 14 khong thé tranh khéi, tham chi k€ ca khi day
dng dudgc dit tai cac ting dia chat 6n dinh vi vy trong do chuyén dich ngang bang cach ap dung cic
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diém d4y 6ng nhu diém tham chiéu c6 thé giy ra céc sai s6 sai 1am. Nghién ciqu [9, 10] ciing di chi ra
rang Inclinometer 1a phuong phap hiéu qua d€ quan tric trudt 16 dat va chuyén dich ngang clia tudng
chin trong qua trinh dao dét. Tuy nhién dng dan hudng phai dugc lap dit di siu dé &n dinh diém day
ong (diém tham chiéu) nhim c6 dudc két qua ddng tin cay. Vi ly do nay 6ng din hudng Inclinometer
lap dit bén trong tudng vy thuong dugc lap dit t6i tan ting dia chit 6n dinh (thudng c6 chiéu sau
bing vSi cdc coc méng va sau hon nhiéu so véi tudng vay tang ham). D& khic phuc han ché nay,
nghién ciu ctia Pong [11] va tiéu chuin [12] ciing dé xuit bién phdp ding toa dd diém dinh 6ng dé
hiéu chinh vi tri diém day dng quan tric.

Nhu viy c6 thé thiy & Viét Nam chua c6 nhiéu quan tdm vé quy trinh quan trac, viéc xi ly s6 liéu
va do chinh xdc ctia phuong phap quan triac chuyén dich ngang Inclinometer. Trong bai bdo nay, tic
gia gidi thiéu tdng quat vé nguyén ly ctia phuong phap quan trac Inclinometer. Tiép theo d6 tac gia
trinh bay vé quy trinh quan tric tudng vy ting hAm cung v6i mot s6 trao ddi, danh gid vé cac két qua
da dat dugc.

2. Thiét bi va nguyén Iy quan trac Inclinometer
2.1. Thiét bi quan trdc Inclinometer

a. Qng quan tric

Ong quan tric (Hinh 1) hay con goi la 6ng dan hudéng hoic 6ng Casing clia dau do Inclinometer
¢6 cdc miu véi duong kinh ngoai 1a 85, 70 va 48 mm, trong 6ng c6 bdn ranh tao thanh hai mit phang
vudng goc véi nhau qua tim. Cac dng dugc kéo dai bang 6ng nbi khi chiéu dai 16n hon 3m va dugc
bit & day 6ng. Ong quan tric thudng dudc lam tif nhua ABS hoic kim loai.

o

1. Than éng 2. Ong ndi 3. Nip bit day

(a) Cac bd phan éng quan tric (b) Mt cit 1-1
Hinh 1. Céu tao 6ng quan tric do dich chuyén ngang

N6 thuc hién chiic ning din hudng cho banh xe ctia dau do do bdi cac ranh d4n huéng tao sin bén
trong (Hinh 1(b)).

Ong quan tric dugc lap dit trong mot 6ng véch cho bang thép D113 gan nhu thang ding da dudc
khoan qua céc khu vuc c¢6 ap luc dich chuyén. Ong quan tric ciing c6 thé dudc dit trong bs dap, bén
trong bé tong hoic dudc gin vao cic cong trinh (Hinh 2).

b. Pau do do Inclinometer

Dau do do Inclinometer (Hinh 3) c¢6 banh xe chay theo cic rinh doc trong dng vach. N6 bao gom
hai gia téc ké dung d€ x4c dinh gia tdc trong trudng theo 2 hudng vudng géc véi nhau. Mot tée ké do
do nghiéng trong mit phang ciia cac banh xe do, mit phang nay thudng dudc goi la truc A. Toc ké
con do dd nghiéng trong mit phing vudng géc véi mit phing clia cac banh xe, mit phang nay dugc
goi 12 truc B. Céc s doc thu dudc & cic khodng cach déu din 0,5 m khi dau do dudgc kéo tir ddy 1én
dinh ctia dng quan tric. Trong phuong phap quan tric chuyén dich ngang Inclinometer dugc khuyén
cdo chi st dung mot loai dAu do cho tit ca cac chu ky quan tric vi mdi dau do Inclinometer c6 mot hé
s6 cam bién khac nhau c6 thé sinh ra cic gi4 tri khac nhau.
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ong quan
trac

ong vach

Hinh 2. Ong vich va éng quan tric tudng vay Hinh 3. Pau do quan tric Inclinometer

c. Cép truyén tin hiéu va hién thi két qua

Cép truyén tin hiéu dugc sit dung dé€ két ndi dau do véi bd phan thu nhan dit liéu. Trén cdp truyén
tin hiéu dugc danh diu thanh céc khoang 0,5 m nhim gitip viéc thu nhan dit liéu 6 mdi vi tri 6ng quan
tric mot cach déu din. Bo phan thu nhan tin hiéu c6 thé tich hgp ludn véi b phan hién thi két qua
quan trac (Hinh 4(a)) hoic két n6i qua Bluetooth v6i bd phan thu nhan tin hiéu (goi 1a sé tay) nhu
Hinh 4(b) va tham chi hién nay ciing da xuat hién cac ting dung trén dién thoai thong minh cho phép
hién thi cac két qua (Hinh 4(c)).

T
e -
Data History:
Record Data:
(a) Mdy GeoSlope Indicator (b) May Geokon Indicator (©) Ung dung GK-604D

Hinh 4. Cép truyén tin hiéu va bo phan thu nhan di liéu

2.2. Nguyén ly hoat dong

Po chuyén dich ngang theo phuong phép Inclinometer 12 phép do gidn tiép chuyén dich cta dbi
tugng can quan tric thong qua chuyén dich cia dng din hudng. Khi do chuyén dich, diu do chuyén
dich ngang c6 banh xe chay theo céc ranh doc theo dng din huéng. Ong din huéng bao gdm hai 2
rinh mit phing, mit phang thit nhat quy udc 1a truc A (thudng dudc quy udc 1a hudng ap luc tic dong
1én dbi tugng quan tric) va mit phang vudng géc hudng ap luc 1a truc B (Hinh 5).

Trén Hinh 6, d6 1éch ngang cho tiing vi tri do doc theo éng quan tric va & mdi vi tri huéng quan
tric A hoic B, dudc xdc dinh theo cong thiic (1).

d; = Lsin#; (1)
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I'ong do l1éch
v di 4 d + ds

D¢ léch ngang
L x Sinf

o
Khoang

Goe
nghiéng[7/ / ~ cach do .X Sin0;
[ / d2=Lx Sing,
/ ds=Lx Sin0;
4 do= L x Sing,,
Ong vach

Hinh 6. Gi4 tri chuyén dich ngang ctia 6ng Inclinometer

trong d6 d; 1a d6 1éch ngang giita hai diém do lién nhau doc theo dng quan tric; L la khoang cich do
gitfa hai diém lién nhau (thuong 12 50 cm); 6; 1a géc nghiéng so véi phuong thang ding & diém do
thu i.

Trén thuc té s6 liéu do dugc hién thi trén thiét bi quan tric va xuét ra 1a gid tri tin hi€u dién. Gia tri
nay c6 mbi quan hé véi hing sb thiét bi quan tric va gia tri géc nghiéng biéu dién theo cong thiic (2).

D =1ICsin0 2)

trong d6 D 1a gid tri do tai mdi vi tri (theo huéng truc quan tric A hoic B); IC 1a hing s6 quan tric
ctia thiét bi do chuyén dich ngang.

Trong phép do méi truc, & 1an do dau quy wdc huéng “0°” va lan do thi hai 1a “180°” khi dao
chiéu dau do, luu y rang sb liéu do huéng Ag va Agg sé c6 dau ngudc nhau. Quy trinh do hai theo 2
phuong nhu nay cho phép loai bé sai s6 sai 1dm ctia tin hiéu c6 thé xay ra trong qua trinh do. Khi d6
gia tri sb liéu do tai mdi vi tri dudc tinh bang tri trung binh gia tri hai phuong “0°” va “180°” theo

cong thuc (3). 4
p= 0 —2 180 3)

trong d6 Ag la gia tri do theo phuong “0°” cua truc A; Ago la gia tri do theo phuong “180°” cia
truc A.

Cong thiic (4) thé hién gia tri d léch ngang ctia dng din huéng (vi du theo hudng truc A) & tling
vi tri do so v6i phuong thang diing. Cong thiic (4) dugc xac dinh dua trén mbi quan hé giita cong thifc
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(2) va (3).
. D Ao — Ao
;=L i =L— =L———FF— 4
di=Lsin6i = Lyc 21C @
Gia tri do 1éch ngang clia mot 6ng quan tric 12 téng do léch ngang cic khoing do 50 cm va dugc
tinh tir ddy ng quan tric, né dude ky hiéu 1a d va dugc tinh theo cong thiic (5).

d=di+dr+ds+d;+...+d, &)

trong d6 d 1 do léch ngang ctia 6ng quan tric; d; 1a do 1éch ngang tiing doan do 50 cm.

O mbi thoi diém quan tric ching ta ¢ thé do dudc do 1éch ngang tai titng doan 50 cm doc theo
dng quan tric va xac dinh dudc do léch ngang tong cong clia dng quan trac. Su thay ddi gid tri d6 léch
ngang d; tai mdi khoang do 50 cm va dd léch ngang tong cong d giita cac thoi diém quan tric sé dudc
hiéu 1a sy chuyén dich ngang ctia dng quan trac. Chuyén dich dugc tinh bang cach 14y do léch ngang
hién tai trir di do léch ngang thdi diém ban dau.

2.3. Do chinh xdc cua phuong phdp

Cang 1én cao sai sd ciia viéc do dich chuyén bang Inclinometer cang 16n do c¢6 tich lily sai sd va
diém c6 sai s6 16n nhit 12 diém miéng dng din huéng & trén mit dat. Theo tai liéu 1y lich mdy clia
thiét bi hing Durham Geo Slope Indicater [13] cung cip sai s6 hé théng khoang +0,25 mm v6i mdi
s6 doc (tuong ting v6i mdi doan do 50 cm) hoic +6 mm tich liy trén 50 s6 doc (tuong ng chiéu dai
dng quan tric 12 25 m).

Theo tai lidu [13] di chi ra dbi véi 1 s6 doc, sai s6 ngiu nhién dugc tim thdy 1a 0,007 inches
(0,1778 mm) va sai s6 hé théng dudc xdc dinh 1a 0,005 inches (0,127 mm). Mit khac, sai s6 ngiu
nhién ty 1& thuan véi ciin bac 2 tong s s6 doc gia ting trong khi sai s6 hé théng ty 1& thuan vdi tong
s6 s6 doc gia ting. Tong sai s6 nghién cifu trén 50 sd doc gia ting c6 thé tinh nhu sau:

T =a+b=0,007x V50 + 0,005 x 50 = 0,300 inch (7,62 mm)

trong d6 T 1a sai s6 tdng hop trén 50 s6 doc; a 1 sai sb ngau nhién; b 1a sai s6 hé thong.

Sai s6 hé thdng 1 ngudn sai sb 16n va c6 thé hiéu chinh dudc, tuy nhién vin dé sai s6 ctia phuong
phap quan tric chuyén dich ngang Inclinometer & Viét Nam con chua c6 nhiéu nghién citu thuic nghiém
d€ danh gia.

3. Quy trinh quan triic Inclinometer tudng vay tang ham
3.1. Céng tdc ngoai nghiép

Ngoai nghiép 12 cong tac lap dat hé thdng cic 6ng quan tric, kiém tra thiét bi va tién hanh do dac
thu thap s6 liéu quan trac. Viéc thu thap sb lidéu quan trac ngoai nghiép, dic biét v6i s liéu & thoi
diém do dau tién, rat quan trong vi trong qué trinh quan tric ludn xuat hién rat nhiéu yéu t6 ngoai
canh tic dong. Trong phan nay chiing toi chi dé cap quy trinh chung thu thap sb liéu quan tric chuyén
dich ngang cua phuong phap Inclinometer.

Nhu da trinh bay & trén, trong ng dan huéng quan trac Inclinometer gdm c6 hai huéng do A va
B vuong géc véi nhau va c6 thé coi d6 1a hé truc toa do gia dinh x, y ctia méi tri do Inclinometer tai
mot 6ng dan hudng. Trude khi tién hanh do phai két ndi dau do véi cap truyén tin hiéu, diéu chinh
cic banh xe vio huéng Ag-A1go cia 6ng din hudéng rdi tha dau do t6i ddy dng quan tric bang rong roc
(hoic toi). Gitt dau do & day dng dan huéng khoang 2-3 phiit d€ diu do tu diéu chinh véi nhiét do bén
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trong 6ng. Sau dé kéo dau do 1én mot cach tir tir bén trong 6ng quan trac dén cac khoang cach nhau
50 cm (nhd hé théng dau trén day cap ndi), chd cho gid tri trén man hinh ctia thiét bi doc s6 &n dinh
16i ghi hoiic Iuu s6 lidu. Lan lugt do cho tdi khi dau do 1én dén miéng dng thu dudgc chudi s6 lidu Ay.
Lip lai trinh tu thao tic nhu trén nhung xoay dau do ngudc 180° v6i hudng vira do sé thu dudc chudi
s6 lidu Ago. Nhu vAy mdi 1an do can tién hanh quy trinh 14y s6 liéu 2 14n 2 huéng ngudc chiéu nhau
ctia dau do.

O thoi diém do dAu tién ngay sau khi 1ap dit can tién hanh do vai 1an rdi 14y gia tri trung binh ctia
cdc 1an do d€ ting do chinh x4c cla s lidéu ban dau. Gia tri chuyén dich ngang dudc xic dinh thong
qua so sanh két qua quan tric 1in dAu tién véi gia tri thu dugc clia nhiing thoi diém quan trac tiép theo.
Gia tri chuyén dich ngang ctia 6ng quan tric va c6 thé hiéu la su dich chuyén ngang ctia ddi tugng
quan trac.

Ngoai ra s6 liéu do con cung cAp nhiing thong sb khac nhu tdng chuyén dich tich liy tir ddy 6ng
dén diém quan tric & do sau bit ky, sai sd hé thdng giita hai ngudc chiéu nhau & cting diém do, sai s6
tich Iy, ...

3.2. Cong tdc ndi nghiép

Day la cong tac xit ly, biéu dién, phan tich va ddnh gid cdc s6 liéu quan tric thu thap dudc. Dua
trén cac két qua nay dé dua ra cac nhan dinh vé& miic d6 on dinh ctia ddi tuong quan tric chuyén dich
ngang.

Trén cd s6 ly thuyét quan trac chuyén dich ngang, chiing ti da xt ly s6 liéu quan trac chuyén dich
ngang tudng vay ting ham cong trinh “Xay dung Tru sé cd quan Thanh dy Ha Noi” tai dia diém: sb
04 phé Lé Lai, s6 07 va s6 09 phd Ngd Quyén, sb 08 phd Tong Dan, phudng Ly Thai T6, quan Hoan
Kiém, Ha Noi. Pay 1a cong trinh c¢6 qui mo xay dung tda nha 09 tang ndi, 01 ting liing va 04 tang

Hinh 7. So db vi tri cac dng quan trac Inclinometer
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ham. Trong qua trinh thi cdbng méng va phan ngdm cong trinh theo bién phap dao dit TopDown, yéu
ciu quan trac chuyén dich ngang hé thong tudng vy ting him bing biang phuong phap Inclinometer.

Dbi v6i hé thdng quan trac chuyén dich ngang bing Inclinometer, da lip dit cac dng quan tric
dudng kinh D70 (6ng Casing) bén trong 6ng vach (6ng siéu 4m) duong kinh D113 ciia tudng vy tang
ham. Ong quan tric Inclinometer dudc 1ip dit tai 06 vi tri (Hinh 7) xung quanh hé théng tuong vy
(vi tri 6ng quan tric do don vi Tu van thiét ké chi dinh), chiéu sau 1dp dit éng tai mdi vi tri 1a 35 m.
Thiét bi quan tric dich chuyén ngang Inclinometer 12 may GK604-D do hing Geokon (M¥) sén xuit.

Két qua gia tri chuyén dich ngang 26 1an quan tric dudc xi ly bang phan mém DigiPro 2 rdi bién
tap két qua trong Bang 1 va trinh bay biéu do dich chuyén ctia cic dng Inclinometer tit IC1 dén IC3
trong Hinh 8.

Bang 1. Tong hop gia tri chuyén dich 16n nhét ctia cic 6ng quan tric Inclinometer (Hudng truc A - huéng ap
luc tic dong vao tudng vy tang ham)

6ng quan tric 1-01 1-02 1-03 1-04 1-05 1-06

bo Do sau bo Do sau bo Do sau bo Do sau bo Do sau bo Do sau

Ch\u 1éch chuyén léch chuyén léch chuyén léch chuyén léch chuyén léch chuyén
ky Thai gian do 16n vi 16n 16n vil6n 16n vil6n 16n vilén 16n vi16n 16n vi 16n

nhét nhét nhét nhét nhét nhét nhét nhét nhét nhét nhét nhét
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)

CKO1 01/06/2018 0,00 0,0 0,00 0,0 0,00 0,0 0,00 0,0 0,00 0,0 0,00 0,0
CK02 08/06/2018 0,21 10,0 0,94 0,5 0,80 1,5 1,07 0,5 0,45 22,0 0,76 11,5
CKO03 15/06/2018 2,58 6,0 1,96 5,0 2,20 55 2,65 0,5 1,54 1,0 2,96 6,0
CK04 22/06/2018 291 75 3,32 6,0 4,54 75 4,31 7,0 3,40 5,0 3,35 7,0
CKO5 29/06/2018 3,66 7,0 5,09 6,0 5,62 715 5,45 6,0 4,57 35 4,14 6,0
CKO06 06/07/2018 5,18 9,0 4,60 7,0 8,00 75 7,45 8,0 5,68 8,0 10,52 10,5
CKO07 13/07/2018 10,63 12,0 12,12 10,5 13,71 10,0 15,36 10,5 11,48 10,5 11,87 11,0
CKO08 20/07/2018 13,34 13,0 16,29 12,0 17,04 11,0 18,84 10,5 14,44 12,0 13,61 12,0
CKO09 27/07/2018 15,20 130 17,73 12,0 19,56 11,0 19,59 10,5 14,86 13,0 14,04 12,5
CK10 30/07/2018 15,26 14,0 1835 12,0 19,61 11,5 19,51 11,0 14,50 13,0 14,59 13,0
CK11 03/08/2018 15,65 14,0 1821 12,0 19,76 11,5 19,65 11,5 15,60 140 17,72 16,5
CK12 05/08/2018 16,36 14,5 18,04 13,0 19,66 11,5 20,00 12,0 16,96 21,0 21,30 17,0
CK13 08/08/2018 16,60 14,5 18,05 13,5 19,82 12,0 20,48 13,0 19,75 21,0 2221 17,5
CK14 11/08/2018 16,31 150 18,14 13,5 22,12 150 23,75 16,5 25,01 21,0 23,29 17,5
CKI15 14/08/2018 16,53 16,5 23,84 17,5 30,25 17,0 29,83 17,5 27,08 21,0 23774 18,0
CK16 17/08/2018 19,70 18,0 29,18 18,0 31,03 17,5 30,25 17,5 27,65 21,5 24,06 18,0
CK17 20/08/2018 23,60 18,5 30,34 18,0 31,83 17,5 30,81 17,5 28,72 21,0 24,60 18,0
CK18 23/08/2018 24,15 19,0 31,04 18,0 32,25 17,5 31,19 17,5 29,14 21,0 25,08 17,5
CK19 26/08/2018 24,54 19,0 31,84 18,0 33,35 17,5 31,65 17,5 29,29 21,0 2541 17,5
CK20 03/09/2018 26,44 19,0 33,10 18,0 3451 17,5 32,56 17,5 30,31 21,0 25,86 17,5
CK21 10/09/2018 27,43 19,0 33,51 18,0 35,33 17,5 35,55 17,5 30,99 21,0 26,40 17,5
CK22 17/09/2018 26,05 19,0 32,62 18,0 33,85 17,5 3435 17,5 29,89 21,0 24,51 18,0
CK23 24/09/2018 28,40 18,5 34,99 18,0 36,09 17,0 36,48 17,0 31,35 21,0 27,30 17,5
CK24 01/10/2018 29,20 18,5 3549 17,5 37,17 17,0 37,23 17,0 31,51 21,0 27,95 17,5
CK25 08/10/2018 29,21 18,5 35,64 17,5 37,40 17,0 37,38 17,0 31,81 21,0 28,14 17,5
CK26 16/10/2018 29,40 18,0 35,73 17,5 37,54 17,0 37,44 17,0 31,32 21,0 28,32 17,5

Theo s6 liéu tir Bang 1, chiing ta c6 thé thay dudc céc gid tri chuyén dich 16n nhit tai cic vi tri 6ng
quan trac Inclinometer theo huéng truc A (hudng ap luc tic dong vao tuong vay tang ham) & céc thai
diém do (cic chu ky). Gia tri dich chuyén 16n nhit, trong mbi thai diém do, tai mbi 6ng quan tric c6
thé xuét hién & nhiing do sau khac nhau. Vi du & vi tri quan tric dng Inclinometer IC1, gi4 tri chuyén
dich 16n nhét & mdi chu ky ting dan tif mdt vai milimet (chu ky 2-6) téi khoang 3 cm & nhiing chu
ky cubi cung. Diéu nay cho thiy 4p luc tic dung 1én tim tuong vay ting dan theo qua trinh thi cong
dao dat. Két qua quan tric clia chu ky 26, giai doan da thi cong xong phan méng va 3 ting hAm cong
trinh, ching ta c6 thé thiy gia tri chuyén dich tai sdu vi tri quan tric ctia hé thdng tuong him nam
trong khoang 28 dén 37 mm.
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Hinh 8. Biéu do dich chuyén cac 6ng quan tric Inclinometer IC1-2-3 thé hién két qua 21 Chu ky do

Hinh anh biéu d6 chuyén dich (Hinh 8) ctia hé théng tudng vay tang ham & céc vi tri 6ng quan
trac tir IC1 dén IC3 (biéu dd cac 6ng IC4 dén IC6 khong thé hién & day) biéu dién gid tri chuyén dich
ngang theo phuong truc hoanh véi don vi tinh 13 milimet, con truc tung biéu dién do sau quan tric véi
don vi tinh 1a mét. C4c biéu dd nay cho chiing ta thiy rd rang ap luc chi yéu tic dong theo truc A va
déu hudng vao phia trong cong trinh. Ap luc theo hudng truc B khong dang ké, khoang vai milimet,
va c6 hudng tac dong khong dong déu. Diéu nay cho thiy hudng 4p luc thuc té tac dung 1én hé thong
tudng vay khong hoan toan thang géc theo huéng truc A. Tir hinh dnh biéu dd dich chuyén tudng vy
& céc vi tri quan trac, ching ta con thiy dudc ap luc 16n nhét tic dong 1én tutng viy nam & tang dia
chit ¢6 do sau tir 17 dén 21 m so v6i mit dat, diéu nay phu hop véi céc gid tri chuyén dich 16n nhét
dugc théng ké theo vi tri chiéu sau tuong Gng & Bang 1.

4. Thao luan va danh gia

Qua phan tich danh gi4, phuong phap Inclinometer dudc xem la phit hdp véi thuc té va c6 thé ap
dung rong rii trong viéc quan trac chuyén dich ngang tudng vy nha cao tang & Viét Nam. Phuong
phap nay c6 nhiing wu di€ém cho phép quan tric trong khong gian chat hep va biéu dién dugc chi tiét
dich chuyén ngang ctia toan bd tim tudng vy theo chiéu sau. Huéng tSi viéc phat trién quan ly co s&
du liéu BIM (Building Information Modeling) va ap dung thém nguyén ly Inclinometer do tinh con
md ra kha ning phat trién viéc thu thap s6 liéu quan tric tu dong, phan tich, canh bdo lién tuc theo
thoi gian thuc dbi v6i cdc hé thdng tuong chan trong qua trinh van hanh st dung véi cac dbi tugng
khéc (nhu hé théng dép thiy 10i, thily dién, tudng chan mai ddc taluy hé thdng dudng giao thong, .. .).

Phuong phap xit 1y s6 liéu quan tric chuyén dich ngang Inclinometer hién nay dugc thyc hién dua
trén cac cong cu xit Iy ctia cdc hiang san xudt thiét bi hodic phan mém Microsoft Excel. Co s& 1y thuyét
xt ly sb liéu ctia cac hang khac nhau doi héi cong tac xi 1y ndi nghiép bang Microsoft Excel can c6
hi€u biét cu thé va su cin thin d€ tranh dudc sai sb sai 1am. Diéu nay dit ra thiét yéu can c6 nhiing
phan mém Viét hoa hd trg xit 1y s6 lidu cho cac loai thiét bi quan trac Inclinometer khac nhau.

O khia canh khac, phuong phap Inclinometer con thiéu céc quy dinh ky thuat phit hop véi cac
cong tac quan tric chuyén dich ngang cong trinh & Viét Nam. Mic di 8 muc 4.4.1.4 cla tiéu chuin
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TCVN 9364:2012 [14] c6 dé cip dén phuong phap quan trac Inclinometer véi do chinh xdc 1 mm
nhung chua cé cin ct minh chiing va chua c6 tai liéu nao dé cap dén céc gi6i han chuyén dich cho
phép trong qua trinh quan tric chuyén dich ngang véi d6i tugng tudng vy ting ham & Viét Nam.
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