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BAN VE QUAN TRAC LUN 
CHO NHA CAO TANG VA 
THIET BI DO NGHIENG 

• NGUYINDCTCHIEU 

T 6 M TAT: 
De nang cao hieu qud ciia cdng tdc quan trac liin, bai viet de cap de'n nhi^u vd'n dl ve gidm 

sat lun; trong dd cd phan tich ve phep do tpa do cffc cua mdt diem, bao gom: gdc, khodng cdch 
va diem chuan. Cuoi ciing, bai bao trinh bay y tffdng ve thie't hi do nghieng trong quan trac 
lun cho nhd cao tang. 

Tijr khoa: Thiet bi, do nghieng, quan trdc, lun, nha cao tang. 

1. D^t vS'n d l 
Trong cong tdc quan trdc dia ky thuat cd nhieu 

dang quan trdc nhdm Ihda man cac muc dich khdc 
nhau, theo dd cd cdc ndi dung, phffdng phdp khac 
nhau phii hdp vdi dd'i tffdng quan trac. Trong dia 
ky thuat cd nhilu cdch phan loai ve cdng tac 
quan tr^c theo nhffng nguyen tac khac nhau, 
nhfftig lidn quan de'n van de mdc quan trac thi 
cdng tdc quan tr^c dia ky thuat co phan biet giffa 
quan trac bien dang vdi quan trac chuyen vi, mdc 
dii ve phep do Id nhff nhau, nhffng khdc nhau d 
md'c quan trdc. Trong dd. md'c cho quan trac bien 
dang cd the thay dd'i giffa cdc lan do. md'c cho 
quan trac chuyen vj la khdng ddi cho tat cd cac 
lan do. Quan trac lun cho nha cao tang [3] la quan 
trdc chuyen vi, cao dd md'c phdi dn dinh trong 
sudt qud tnnh quan trdc. Do dd, ngoai vd'n de thdi 
gian do. dp chinh xac cua thiet bi va mang Iffdi 
cdc diem do, thi md'c quan trac cd vai trd quyet 
dinh de'n moi yeu to' cua ket qua quan trdc lun 
nha cao lang. Song trong thffc te'. sff on dinh ve 
cao dO ciia md'c van chii quan mac dinh d dieu 

kien md'c diTcfc chon sdu vd dffdc bao ve trffdc cdc 
tdc dong ben ngodi. 

Vdi muc dich tien hdnh quan trdc liin nha cao 
lang la xac dinh gid tri liin thirc te cung vdi ket qud 
tinh lodn de khang dinh cdc vd'n de lun, bao gdm 
liin tuyet ddi anh hffdng den cdng ndng vd lun lech 
anh hffdng den dp ben lau dai cua nha. Dieu do, 
ddi hdi ke't qua cac phep do phai cd dp chinh xdc 
cao trong sudt mdt thdi gian dai, theo dd doi chi 
phi Idn, trong khi y nghia sff dung ke't qua quan trdc 
vdn cdn nhffng han che. Do dd, can cd giai phdp 
quan trac ma khdng siirdung mdc va do lien tuc de 
giam chi phi, dong thdi md rpng kha nang sff dung 
ke't qua do trong phan tich dia ky thuat. 

2. Bien dgng liin cua cdng trinh nha cao t^ng 
va quy ludt bien dang liin theo thdi gian 

2.1. Bien dang lun vd tinh todn bien dcing lun 
cho cong trinh 

Mot chd't die'm cd trong ludng xdc dinh dat tren 
nen, thi nen se bie'n dang va vat ihe se tff tff dich 
chuyen theo chieu trpng Itfc. dich chuyen d*'. 'a lun 
ciia vat the. Khi mot vat the cffng tuyet ddi . nh 
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dang kich thffdc khdng ddi va trpng Iffdng xdc dinh 
dffdc xem la mdt vdt thd dat tren nen, khi dd gid tri 
bien dang cua nin theo phffdng thang dffng la gid 
tri liin cua vat the. Neu cdng tnnh la vat the cffng 
tuy6t ddi cd thd xac dinh gia tri lun cua cdng trinh 
qua tinh toan bie'n dang cua ndn. Nha cao tang sff 
dung gidi phap mdng sdu, n§n bien dang lun cua 
cong trinh nha cao tang, bao gdm: bien dang ciia 
cpc, bien dang cua nen dffdi mQi cpc vd bie'n dang 
khd'i dd't xung quanh mui cpc. 

Khi cpc bd tri thdnh nhdm theo cdc dai thi cpc 
vdi dd't hdp thanh mot he gpi la mdng khoi quy 
ffdc, khi do, bi6'n dang da't nen dffdi mui cpc dffdc 
xem la bien dang cua mdng khd'i quy ffdc vd dffdc 
tinh todn theo bieu thffc: 

D6 lun S cua nen dffdi dien chiu tai la tdng bien 
dang lun S, cua cdc Idp dd't phan td chiu nen nam 
dffdi dien chiu tdi dffdc xac dinh: 

trong do, S j " gid tri lun cua mdt idp phan td' 
trong viing chiu nen 

mj - chieu ddy phdn to thff i 
E, - modun tdng bie'n dang cua phan to' thff i 

nhan dffdc tff tinh todn ket qua thi nghiem trong 
phdng 

p - h6 so' nd hdng cua phan td' thff i nhan dffdc 
tff bang tra hoac tinh theo cdng thffc vdi p la he so' 
bien dang ngang (poisson), de ddn gian thffdng la'y 
p = 0.8 

n - so' phan td trong viing chiu nen z 
Z - chieu sdu tinh tff day dien chiu tai de'n dp 

sdu cd ffng sua't gdy lun a^ nho hdn 5 lan ffng suat 
ban thdn 0^1 

Cdc cac kdt qua tinh todn theo bidu thffc cho 
tha'y coc cang sdu, de cua mdng khd'i quy ffdc cdng 
rpng ciing vdi ffng sud't gay lun cang nhd, dac biet 
chieu day Idp chiu nen cang nhd, nen bien dang 
lun cua nen dffdi miii cpc cang nhd va cho den 
khdng liin, khi mui cpc sau hdn viing chiu nen. 

Khi miii cpc tffa vao Idp nhff da hoac cupi cd 
modun bidn dang rd't Idn so vdi cdc Idp nam tren 
mui, tinh todn sffc chiu tai cpc cua cpc thffdng theo 
sd do coc chd'ng va bie'n dang xem nhff khdng ddng 
kd, ndu bie'n dang cua cpc la khdng xay ra. 

Tdm lai, gia tri bien dang lun cua mdng sau phu 

thuoc vao nhieu yeu td, trong dd cd yeu td' khong 
phai la on dinh myei dd'i theo thdi gian, do la tai 
trpng cdng trinh. Vi the so vdi gid tri thffc, khoang 
sai sd cua ket qua tinh ludn dffdc la'y rd't idn trong 
viec ddnh gid dn dinh cho cdng trinh, nhffng dieu 
dd khdng dam bao dd lun lech ndm trong gidi han 
cho phep, mac du gid tri lun dffdc tinh toan khong 
Idn. Do do, khi cd yeu an toan tuyet ddi ve lun lech 
phai thong qua ket qua quan trac lun. 

2.2. Quy luat lun theo thcfi gian vd cdc vd'n de 
trong quan trdc lun 

Dffdi tac dung ciia tai trpng cdng trinh ma xdy 
ra bien dang thang dffng cua nen se dien ra nhieu 
qud trinh khdc nhau d trong ndn va irong cdng 
trinh. Dd'i vdi nen, dien ra qud trinh bie'n dang 
theo thdi gian [4]. Theo quy luat nen lun: bien 
dang cua da'l theo thdi gian dffdi tai trpng khong 
ddi la quy luat bie'n ddi theo ham mu {Hinh 1), d 
dd td'c dp bien dang V giam d^n va d thdi gian 
vd cung V=0, gid tri bie'n dang d thdi diem cudi 
cijng la dd luncud'i ciing. Ket qua thi nghiem nen 
tmh dau cpc ihifdng cho tha'y d mot cap tai trong 
khdng ddi chuyen vi tri dau cpc vdi thdi gian cd 
quan he tffdng quan la hdm so' mu tffdng tff nhff 
quy luat nen lun. 

Dd'i vdi nhd cao tang, thffdng sff dung mdng 
sau cd the la cpc khoan nhoi, coc be tdng ep vd 
ludn cd nhieu cpc cho mdt dai va nhieu dai cho 
mot cdng trinh. Vi vay, chuyen vi cua nha phu 
thudc vdo chuyen vi cua cac dau coc. Trong khi 
do, cac dau cpc chuyen vi khdng gid'ng nhau. Do 
dd, chuyen vi lun cua cdng trinh, khdng chi phu 
thudc dac diem da't nen va ca'u tao cpc, ca'u tao 
dai cpc ma cdn la sff tu'dng tdc giffa cac dai thdng 
qua ket cd'u than cdng trinh. Trong tffdng tac dd 
ludn tdn tai va'n de lai trpng cdng trinh truyen cho 
cdc dau cpc la bien ddi. Bdi vi, khi chuyen vi iiin 
d cac dau coc, d cdc dai khdc nhau, khi do cd dai 
nhan tai trpng tang len, cd dai nhan tdi gidm di 
theo do la cac tiem a'n nguy cd liin khdng deu. 
bieu hien cua liin khdng deu la dd nghieng cua 
cdng trinh. Do vay, vdi cdng trinh sff dung mdng 
sau, theo thdi gian do lun ciing nhff dd nghieng 
bien ddi khong phdi la quy luat ham mii nhff ket 
qua nen dau cpc vdi tai trong khdng doi ma bie'n 
ddi tffng bffdc. tffdng ffng vdi mdi idn phdn bo' lai 
tdi trpng len cac ddi. 
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Hlnhl: BiSu dS bieu diin quy luat lun iheo thdi gian dUdi tai trong khdng doi 

0,5 1 1,5 2,5 3,5 

Tuy nhien, de tffdng minh lun d cdc giai doan 
ciia cdng trinh nhan tha'y: neu tang tai trong theo 
tffng ca'p thi d tffng cap lun se xdy ra theo quy luat 
hdm sd'mu, tffcla tdc dp lun giam d^n. Dodo, vdi 
n lan gia tai, thi cd n dffdng cong liin theo thdi gian, 
trong dd liin thdi gian d mdi cd'p gia tai la khac 
nhau tuy thuoc vao thdi didm va gid tri gia tai d 
mdi ca'p. Nhff vay, neu xet tff liic bat dau thi cdng 
den khi sff dung cdng trinh se la n lan gia tai nhffng 
cd sff khdc biet ve gia tdi giffa giai doan xdy dffng 
vdi giai doan sff dung cong trinh 

- Trong giai doan xdy dffng, lun se bien ddi theo 
tien dp thi cdng, vdi dac diem bien dang tang theo 
so' tang vd sff tham gia cua tai trpng la trong Iffdng 
cua cdc thidt bi thi cdng. 

- Trong giai doan sff dung cdng trinh, liin phu 
thudc vao chuyen vi cdc ddi va ket ca'u cdng trinh 
dffdi tac dung tai trpng cdng trinh cd sff tham gia 
cua hoat tai bien ddi thffdng xuyen, nhffng xem 
nhff khdng ddng ke so vdi tdi trpng cua bdn thdn 
cdng trinh. Ri6ng vdi nha cao tang trong giai doan 
nay cd dieu ddng chu y la: tac dung ngang do gid 
se gdy ra chuyen vi ngang dffdi dang dao ddng. 
Dao ddng ngang se tdng khi tdng do cao nhd. Nhir 
vay. vdi nha cao tang dd nghieng ciia nha tai mot 

thdi diem bao gdm nghieng lau dai do lun khong 
deu va nghieng tffc thdi do dao ddng. 

Mat khdc, ndu gid In lun cua cdng trinh d mot 
thdi diem la ke't qua ciia mot qua tnnh, thi ke't qua 
do liin chi cd y nghia tuyet ddi khi cd gid tri do tff 
thdi diem bat dau. Do do, neu khdng cd cao dp d 
thdi diem trffdc khi chat tdi, thi ket qua do liin d 
cac thdi diem chi la cac gia tri tffdng dd'i, chiing 
chi cd y nghia so sanh gid tri lun giffa cdc diem do 
trong cung mdt thdi diem md khdng phdi la gid tri 
thffc. Nhir vdy, mud'n khdng dinh sff sai sd ciia ket 
qua tinh lun theo thdi gian de cd ket ludn ve sff an 
loan cua cdng trinh chinh xac va tin cay nhd't can 
phdi xay di/ng mdc va tien hanh quan trac sau khi 
ket thue phan thi cdng mdng cdng tnnh. Tuy nhien, 
trong giai doan dang thi cdng, viec xdy dffng cdc 
md'c do liin se phffc tap hcfn. vi sff li/a chpn vi tri 
xay dffng mdc de cd mang ludi quan trac hdp ly 
nhat phai thoa man nhieu tieu chi hdn. 

Tdm lai, theo nguyen quan trac liin la xdc dinh 
tpa do X,Y, Z ciia cac didm Mj tren thdn cdng trinh 
d cdc thdi diem ti, sau do thdng qua tinh loan binh 
sai de xdc dinh bie'n dang lun va xodn cua cdng 
trinh se gdp cdc vd'n de nht/ sau: 

- Phai xdy dffng md'c do, he luy la phdt smh chi 

26 So 15-Thdng 6/2020 



XAV DIfNG-KIEN TRUC 

phi khoan ddn dp sau dd gdc, ket ca'u 6'ng chd'ng va 
dd be tdng sudt chidu dai 16 khoan vd mat bdng 
xdy dffng vd bdo v6 md'c. 

- Do theo chu ky, phat sinh sai sd khdc nhau 
giffa cdc lan do, chi phi tdng them cho cdng tac 
chua'n bi. 

- Binh sai ke't qua; ket qua khdng cdn la gid tri 
thffc ma chi con la gid tri ky vpng. 

3. Giai phap khac phuc 
3.1. Ca sd cua gidi phdp 
Muc dich cd ban cua quan trac liin cho nha cao 

tang la cd dffdc so' lieu khang dinh tinh dn dinh cong 
trinh do liin. Trong dd, xdc dinh do liin lech dan den 
nghieng va xoan lien de cho phd hoai cdng trinh la 
yeu cau cd ban. Bdi vi nhd cao tang chieu cao Idn, 
chi cdn mot gid iri chenh lun nhd 6 mdng se khuech 
dai thanh chuydn vi Idn cho cac diem & dinh cua 
cdng trinh, cd nghia trpng tdm cdng trinh thay doi 
cang Idn khi chidu cao cdng Idn. Nhff vdy, thay vi 
ddnh gia dp nghieng cdng trinh bang ket qud quan 
trac lun nhd ph6p do xac dinh bid'n doi tpa dp cdc 
diem vdn cd nhieu bat cap, thi trifc tidp quan trac dp 
nghieng ciia cdng trinh se cho ket qua tin cay hdn, 
vdi nhieu ffu diem rieng 

- Do nghieng cua cong trinh 
Cdng trinh nha cao tang, neu khdng xet dao 

ddng ngang do tdc dung ngang cua gid, chi xet lun 
do tai trong cdng trinh thi than cong trinh ludn dffdc 
xem la cffng tuy6l dd'i khi chffa bi bien dang xoan 
hoac cd cdc khe nfft. Khi cdng trinh Id tuyet dd'i 
cffng ma xay ra liin deu, moi diem tren than 
chuydn vj tinh tien theo phffdng thang dffng, ngffdc 
lai bin khdng deu cac diem tren cdng trinh chuyen 
vi quay mot true, trong dd true quay cd gdc phffdng 
vi Pi vd ban kinh R cd the bien ddi theo thdi gian. 
Neu xet, chuyen vi dffng hay dp lun tai diem bd't ky 
Mj la ASji'̂ Ĵ thi d thdi diem ti dffdc xdc dinh gia tri 
bdi bieu thffc: 

AS,i"J= R. Sinat, (1) 
chuyen vj ngang diem Mj la AL^ Ĵ d thdi diem 

li dffdc xdc dinh bdi bieu thffc: 
ALti"J = R. Costtti (2) 

Trong dd, R- khoang cdch tff diem de'n true 
quay 6 thdi diem ti, 

a - gdc quay. Id gdc nhi dien cua mat phdng d 
thdi diem to va thdi diem t̂ . 

Nhff vdy tff (1) va (2) ta tha'y, ndu xac djnh 

dffdc AS,;"' vd ALfi'̂ J vd gdc phffdng vi pj se xac 
dinh dffdc gdc nghieng a(i tai thdi diem t; ffng 
vdip, 

Khi cdng trinh bi bidn dang xodn hoac bi phan 
chia thanh cdc khd'i thi cac didm tr8n cong trinh tai 
mdt thdi didm se chuyen vi quay theo cdc tdm va 
ban kinh khdc nhau, theo do cd gdc nghieng khdc 
nhau vd gdc phffdng vi p; khdng gid'ng nhau. Do 
dd, tai cung 1 thdi diem ma cdc M: cd gdc nghieng 
vd gdc phffdng vi pj khac nhau la sff chffng td cdng 
tnnh bi bien dang xoan hoac bi phdn chia thanh 
cdc khd'i va ngffdc lai khi cdc ajj va gdc phffdng vi 
P, cua cdc diem M: cdn bdng nhau la sff chffng td 
cdng trinh vdn la mdt he cffng tuyet dp va dang bi 
liin lech. 

3.2. Nguyen ly cua hf thong do 
- Nguyen ly do: 
Xuat phdt tff yeu cau cua gidi phap la do chinh 

xdc, do lien tuc vd ddc biet do khdng sff dung mdc 
dp cao xdy bang cac cpc be tdng dat trong hd' 
khoan sau, trong phffdng phdp nay sff dung nguyen 
ly dobdngtia laser tff may phdt de chieu ve bang 
nhan lia. O day mdy va bang deu d\i(ic cd' dinh tren 
cong trinh [1] (Hinh 2). 

Hinh chieu A-A 

Tren bang nhan tia la cdc vong trdn ddng tam 
va cac dffdng thdng qua tdm hdp vdi nhau mot gdc 
50. GiiJa may phdt va bang nhan tia laser each nhau 
tff 15m den 40m tiiy theo dieu kien thffc te. Vdi 
nguyen ly sff dung tia laser bang mdy GLL 5-40 E 
cd dp chinh xdc 0.006 (do) cdc yeu cau dat ra dffdc 
thoa man nhff sau: 
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Lun ciia cdng trinh se dffdc the hien d sff thay 
ddi khoang cdch diem co'dinh vdi diem chiê u cua 
tia, nhff vay khdng can xay dffng md'c co dmh bdng 
16 khoan sau. 

Viec do lun chi can mdt thao tdc ddn gian la bdt 
may phdt tff bd didu khien tff xa, do vdy cac chu ky 
do cd thd tien hanh theo tffng ngdy. 

Ldp dat he thong do d mdng cdng trinh ngay 
sau khi ket ihuc thi cdng mdng cdng trinh de do d6 
liin lech cdng trinh theo thdi gian chat tai va hoan 
loan cd the lap dat he thdng do d dinh cdng trinh 
trong luc dang thi cong phan tho dd do chuydn vi 
nghidng ciia c6ng trinh. 

Cdc may phat tia laser cd gid thanh kh6ng cao 
cho phep lap dat nhieu may de do theo nhieu 
phiTcfng khdc nhau va d nhieu diem khac nhau. 

- Nguyen lac xdy dung mang ludi do: 
Mang Iffdi do Id cdc tuydn chieu tff mdy phdt 

tia laser den bang nhdn tia, bao gdm cac tuydn 
chidu theo phffdng dffng va cdc tuyen chidu theo 
phffdng ngang. Cdc tuyen chidu phffdng ngang, 
xdy dffng d giai doan ket ihiic thi cong mdng, khi 
dd cdc diem may phat va bdng nhan tia deu dat 
c6' dinh vdo mdng. Phffdng ngang cd tff 2 de'n 4 
tuydn chieu tuy theo yeu cau cua muc dich nhiem 
vu quan trdc. Cac tuyen chieu phffdng dffng, xay 
dffng khi phan thd cdng trinh da dat de'n do cao 
Idn hdn 10 m hoac cao hdn nham do chuyen vi 
nghieng cdng trinh, khi do se cd it nhd't ba tuyen 
chieu ffng vdi ba diem dat mdy phat d cung mdt 
dp cao tiiy theo yeu cau ciia muc dich nhiem vu 
quan trac, liic nay cdc diem mdy phdt dat cd dmh 
d tr6n va bang nhan tin hieu dat c6' dinh 6 dffdi. 
De ndng cao do chinh xac va ddnh gid bien dang 
than, cd the cd nhieu tuyen chieu dffng cho nhieu 
dd cao khdc nhau. 

- Ddnh gid miic do chinh .xdc vd khd ndng khai 
thdc ket qud do: 

Theo nguyen ly do bang tia laser ddn bang 
nhdn tia,ca hai cung cd dinh vao than cdng trinh, 
khi do sai sd' ciia ket qua do chi cdn phu thuoc 
vao mffc dp chinh xdc ciia thie't b| ma khong phu 
thudc vao ky thuat thao tac. Do dd, vdi viec sff 
dung mdy laser GLL 5-40 E cd dd chinh xac ± 
0.006 (dd) hay sai so cao dd ± 0.1 mm ffng vdi 
khodng each Im, ddc biet lia cd the chieu xa tdi 
40m. thi chi can cdng trinh nghieng 0.1 dp iren 

bang nhdn tia se cho biet phiTPng vi va do chuyen 
ddi cua diem chieu se la 69,8mm, neu chiing ddi 
each nhau 40m vd 26.2mm ndu chiing cdch nhau 
15m. Dieu dd cho tha^y, viSc nhdn bidt sff dich 
chuyen ciia didm chieu tren bdng nhan tia bdng 
mat thffdng la hoan toan cd thd chinh xdc vdi mot 
nghieng ciia cdng trinh Id O.I dp. 

Ngoai sff chinh xdc ciia ket qua do, vdi viec cho 
phep do lien tuc cdn cho bidt chinh xac quy luat 
biê n ddi chuydn vi nghieng theo thdi gian, hdn nffa 
vdi chi phi tha'p chi khoang 100 trieu ddng cho 20 
tuydn chidu [3] nen cho phep thu thap sff chuyen 
vi ciia cac diem qua do cd the khai thac sff bie'n 
dang ciia cdng trinh theo thdi gian. 

Thffc te' bang cdc thidt bi tren, dffdi sff chi dao 
cua PGS. TS. Tran Thffdng Binh, chiing tdi da tidn 
hanh thff nghiem lap ddi cho mdt vai cdng trinh vd 
bffdc dau nhdn thd'y: 

- Cdc thiet bi cho biet tin hieu cd do phan giai 
rat cao, theo do phan biet dffdc cdc gdc nghidng 
rd't nhd. 

- Viec theo ddi ddn gian chi can bat cdng tdc 
de doc so' lieu ne'u nhff thffc hien quan trdc theo 
chu ky. 

- Neu ket nd'i vdi mdy tinh do Hen tuc theo 
thdi gian d nhieu diem thi sff dung ket qua cd the 
phdn tich tinh trang chuyen vi ket cd'u, dao d6ng 
cua than vd cdc chuyen vi xoan, dao dong cua 
cdng trinh. 

- Chi phi cho quan trdc bdng giai phdp ndy neu 
khdng ke tdi thidt bi thi tha'p hPn so vdi viec do 
chenh cao truyen thd'ng. 

- Han chd ihiet hi phdi dffdc bao ve vd doi hoi 
kinh nghiem khi Idp dat thiet hi. 

4. Kdt lu^n 
Giai phap quan trac lun khdng sff dung mdc 

dffdc kd thffa tff cdng viec do tff ddng chuydn vi 
tffdng tang hdm. Trong gidi phdp do nghieng cho 
quan trdc liin, cac thidt bi dien riJ san xuiTt bdi cac 
thffdng hieu cd uy tin tren thd gidi va phin mdm 
chuyen dung de ddng nhap khdu vdo Viet Nam 
Thffc te cho thaiy, he thd'ng hoat ddng cd linh dn 
dinh cao. Bang viec chd tao thff ihidt bi va Idp dat 
kiem ffa, da cho thay viec Idp dat he thdng cho nha 
cao tang Id hodn loan kha thi vdi chi phi tha'p hdn 
^a ket qua quan trie cd dp tin cdv hon. co nhidu 
thong tin hdn so vdi quan trdc bdng do chenh > • 
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Thong tin tdc gid: 

ThS. N G U Y I N DlJc HIEU 
Trtfcing Dai hpc Kien true Ha N^i 

DISCUSSING THE SUBSIDENCE MONITORING 
FOR mCH-RISE BUILDINGS AND THE TILT 

MEASURING DEVICE 

• Master. NGUYEN DUC HIEU 
Hanoi Architectural Universit/ 

ABSTRACT: 
In order to improve the effectiveness of subsidence monitoring, this article addresses 

many issues of land subsidence monitoring including the polar coordinates of a point 

measurement with angles, distances and benchmarks. This article also presents the idea of the 

tilt measuring device for subsidence monitoring for high-rise buildings. 

Keywords: Equipment, measurement, image, subsidence, high building. 
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