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XAC PINH PQ THANG PUNG CUA CONG TRINH
NHA CAO TANG BANG CONG NGHE GPS

LE NGOC GIANG, NGUYEN QUANG MINH, Truong Pai hoc M6 - Dia chat

Tém tit: Bai bdo dé cdp dén mot sé vin dé vé xdac dinh dg thcfng dimg cong trinh bcing
phu’angphap GPS (Global Positioning System). Trong cong tdc xdc dinh do thang dimg cia
cdng trinh, mét s6 yéu té quan trong dnh hwdng dén két qua quan trac d¢ thang du“ng la su
rung ldc va dao déng cia cong trinh trong khi do dac. Dua trén mot s6 nghzen citu xdc dinh
dé rung ldc va giao dong cia cdc cong trinh kién triic cao tang, co the xdc dinh dwoc Cac
cong trinh c6 do cao trén 100m sé co hi¢n twong dao dong voi tan sé va bién d¢ phu thuoc
vdo két cdu cong trinh. Sy dao dong nay co thé anh hwong dén do chinh xdc ciia cdc ket qud
do dac chuyén toa dé lén tang cao. Vdn dé nay dwgc thao ludgn va kiém chu’ng thuee 16 tgi tda
nha Lotte Tower tai Ha ndi va tir d6 rut ra két ludn vé viéc can thiét phai swr dung cong nghé
GPS xdc dinh do thang ditng cuia Cac cong trinh nha cao tang.

1. Giei thiéu

Trong nhiing nam gan day qua trinh phat
trién do thi da dién ra véi téc dd6 nhanh. Pbi
v6i cac cong trinh nha va cac cdu kién cao
tang, viéc dam bao do thang dl'rng cua cong
trinh 1a mot trong nhitng cdng vi¢e quan trong,
nham duy tri tinh 6n dinh cling nhu cac diéu
kién van hanh ctia cong trinh trong thoi gian su
dung. T d6 theo tiéu chudn TCXDVN
309:2004 va tiéu chuan TCXDVN 357:2005 vé
quan tric nghiéng cong trinh thi sai s6 gioi han
trong quan trac nghiéng cong trinh 1a 0.0001H
v6i H 1a chiéu cao cong trinh [1], [2].

C6 nhiéu phuong phap xac dinh do thiang
ding cong trinh nhu phuong phap st dung
may chiéu ding d¢ chinh xac cao, phuong
phap quan tric bang may kinh vi va may toan
dac dién tir [2]. Tuy nhién, cac phuong phap
nay chi co thé sir dung trong mot sé diéu kién
nhat dinh tuy thudc vao diéu kién thi cong
cong trinh. Ngoai ra, ddi véi mot sd cong trinh
quan trong thi cin sir dung két hop nhiéu
phuong phép dé dam bao tinh chinh xéac trong
xéc dinh do thang dung cua cong trinh.

Trong thoi gian gan day, cong nghé GPS
da duogc st dung dé xac dinh d¢ thang dung
cua cong trinh va da dugce dang ky bang sang
ché tai My [3]. Thuc té, cong nghé GPS da
duoc sir dung dé chuyen toa do Ién cbng trinh
va kiém tra do thang dimg tai toa nha cao nhat
thé gidi, thap Burj Dubai tai Tiéu vuong quoc
Arap [4], [5]. GPS c6 mét s loi thé so voi cac
phuong phap st dung may kinh vi hodc may

toan dac dién tir nhu céc diém khong ché lan
can khong can thong hudng ngim, do chinh
xac on dinh khi cong trinh 1€n cao. Tai Viét
nam, phuong phap xéac dinh do thang dung
cua cong trinh bang GPS da duoc st dung tai
mot sb cong trinh nha cao tang tiéu biéu nhu
toa nha Keangnam va toa nha Lotte Hanoi
Tower tai Ha ndi. Trong bai bao nay trinh bay
phuong phap xac dinh do thang dimg cua cong
trinh bang cong nghé GPS va dé cap mot s6
van d& ky thuat lién quan dén xac dinh do
thang dimg cong trinh dang thi cong bang cong
nghé GPS.

2. Phwong phip xic dinh d9 thang ding
cdng trinh bang GPS
2.1. Phwong phap xdc dinh dp l¢ch truc dirng
cong trinh bang GPS

Pé xac dinh duoc do thang ding cua cac
cong trinh dang thi cong va phat hién k1p thot
cac sai soOt trong qué trinh thi céng, can xac
dinh d6 thang dung cta cac truc dung cta cong
trinh (Hinh 1).

Céc tryc dung nay chinh 1a duong thang
ndi gitra dlem & mat dat c6 toa d6 (Xmatdat,
Y matdat) Va dlem dugc coi 1a c6 cung toa do
duogc chuyen l1én mit san cac tang dang thi
Cong Néu truc ding cua cong trinh nam trung
v6i phuong cua duong day doi thi c6 thé coi 1a
cong trinh thang dtng. Tuy nhién, do qué trinh
chuyen diém 1én trén cong trinh khong tranh
khoi cac sai s, nén thuc té diém dugc chuyén
lIén mat san duogc coi la c¢6 toa dd thuc la
(Xchiéu, Ychiéu)-

69



Hinh 1. Xdc dinh dé thang dimg cong trinh bang GPS
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Nhu vdy, do nghiéng cua tryc dirng cong
trinh theo phuong X, y cta hé toa d cong trinh
s€ dugc xac dinh theo cong thirc:

ex = Xchiéu — Kmat adr

ey = Ycniéu — Ymar aér (1)

Tu do, gia tri tuyét doi cua do nghiéng truc
cong trinh dugc xac dinh bang cong thic:

e= /e§+e§, , 2

Ngoai ra, c6 thé xac dinh mot sé tham sd
lién quan dén do nghiéng cia truc cong trinh
nhu goc nghiéng va hudng nghiéng [2].

Thong thuong trong cic cong trinh xay
dung hién nay, dé chuyén diém 1én mat san c6
thé dung cac phuong phap nhu giao hdi goc
canh béng may toan dac dién tir d§ chinh xac
cao hodc sir dung cac mdy chiéu dimg. Tuy
nhién, dbi voi cac nha rat cao ting trong diéu
kién Viét nam hién nay, vi¢c st dung cac
phuong phap trén s& gap nhiéu kho khin do
mit bang thi cong chat hep, khong co dleu kién
thong huéng khi do ngam va do cd rat nhiéu
tang nén rat kho giit duge cac 16 chiéu dung
trong qua trinh thi cong xay dung.

Do thing dung cua cong trinh dugce X&c
dinh thong qua gia tri toa d0 thuc (Xchiéu,
Yenié) do bang GPS duoc trinh bay trén
(Error! Reference source not found.). Trong
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/ YXchiéu, Ychié

Truc ding céng trinh

@ (Xmatdatym tdat)

d6 trude khi xac dinh cac do thang ding cua
cong trinh can x@y dyng mot loat cac diém
khéng ché mat dat nim xung quanh cong trinh.
Theo TCXDVN 309:2004 thi cac diém nam
cach cong trinh khoang 1.5 1an chiéu cao cong
trinh tro 1én s& it chiu anh huong do bién dang
cong trinh. Cac diém khéng ché nén duoc xéac
lap ngoai khoang cach an toan nay tranh anh
huéng cua coéng trinh 1lam di chuyén modc
khong ché trong qua trinh quan tric theo dai
thi cdng cong trinh.

Toa dd cua thuc cua cac diém toa do duge
chuyén 1én cong trinh s& dugc xac dinh bang
cach dat may thu GPS tai céac diém khéng ché
trén mat dat va diém duoc chuyén lén cong
trinh. Co thé st dung cac ché do do GPS tinh,
do dong, hoac do dong thoi gian thuc dé xac
dinh toa do cac diém nay [4].

2.2. P§ chinh xdc ciia cong nghé GPS dé xdc
dinh dj thing dirng ciia cong trinh

Theo tiéu chudn xdy dung TCXDVN
357:2005, sai s6 gi6i han cua viéc xac dinh do
nghiéng 1a Mgh = 0.0001H va khong 16n hon
+50mm. Tuy nhién, v6i cac ting thip cua cong
trinh, viéc xac dinh do thang ding voi sai so
gi01 han trén la khong thé thuc hién duoc vi
khi H qua nho, thi gia tri Mgh ciing s& rat nho.
Vi du: H = 10m thi Mg chi 1a £1mm. Chinh vi



vay, c6 thé kién nghi dbi voi cac tang thap thi
sai s6 gioi han nén yéu ciu cé gia tri Mgy =
+10mm. Ly do dwa ra gia tri nay vi thong
thuong Mgh = 2 lan sai s trung phuong trong
khi sai s0 trung phuong dat dugc voi cac thiét
bi do dac hién nay chi dat sap si £5mm (may
toan dac dién tr co sai sd do chiéu dai =
2mm-+2ppm, sai s6 do goc 2” hodc GPS véi do
chinh xdc do tinh £5mm+0.5ppm).

Tir yéu cau vé sai sb giéi han xac dinh do
nghiéng hodc do thang duing cia cong trinh, sai
s6 trung phuong ctia diém (Xchiéu, Ychiéu) phai
dam bao yéu cau do6 chinh x4c nhu sau:

mep = 1/5 Mgy
= +5mm (1)
+ +25mm
Pé dat dugc do chinh xac nhu trén thi sai
sd trung phuong xac dinh cac toa do myx va my
la:

I TR e
~ 3.53mm + 17.68mm

Sai s6 trén hoan toan cé thé dat duoc véi
phuong phap do GPS static thong thuong va da
dugc nhiéu tac gia & Viét nam nghién ctru [6].

Ngoal ra, khi chuyén toa do tir tang thap
Ién tang cao bang phuong phap st dung may
chiéu dimg hoac may kinh vi, toan dac dién tu
thi khi coéng trinh cang 1én cao, sai s6 chuyén
toa do cang lon.

Két qua xac dinh do thang dting cua cong
trinh bang GPS chiu anh hudng rat it do chénh
léch d6 cao gitra diém mdc va diém toa do
dugc chuyén 1én ting cao do cic toa do cua
mdi ting s& duoc xac dinh bang cach xay dung
mot luéi khéng ché nhu Error! Reference
source not found.. Nhu véy, két qua xac dinh
toa do cua cac tﬁng doc 1ap véi nhau va chiu
anh hudng rét it boi do cao cong trinh.

2.3. Anh hwong ciia rung lic cdc cong trinh
dén két qua do

Pbi v6i cac cong trinh cao tang thuong
xdy ra hién tuong rung lac va dao dong do anh
hudng tu nhién, chii yéu 1a gi6. Hién tugng dao
dong cua cac cong trinh xay dung ¢ Viét nam
chua dugc nghién ciru nhiéu (méi c6 mot sb
nghién cttu chu yéu xac dinh giao dong cong
trinh ciu nhu Rach miéu, B3i chay, Tran Thi

Ly [7]).

O Viét nam chua c6 nhiéu cong  trinh
nghién ciru vé anh hudng cua gié dén dao dong
nha cao ting. Tuy nhién, trén thé gidi c6 kha
nhiéu nghién ctru vé van dé nay bang cac cong
nghé khac nhau nhu st dung GPS do dong thoi
gian thuc va sir dung accelerometers [8], [9].
Cac nghién ctru nay cho phép xac dinh dugc
bién do ciing nhu tan s6 dao dong cua cac toa
nha cao ting do anh hudng cua gio.

Nhom nghién ctru ciia Hyo Seon Park [8]
da st dung GPS do dong thoi gian thuc va
accelerometers xac dinh dao dong cua mdt toa
nha c¢6 chiéu cao 233m (66 tang) két ciu bé
tong v6i toc do gié cao nhat 18m/s. Két qua
xac dinh dugc gia tri cua dao dong theo truc X
la tr -11-7 dén 20-9mm (Hinh 2) va Y tu
31-8mm dén 6lmm voi tin s6 dao dong
khoang 0.2Hz.

Nhom nghién ctru cua Cazzaniga da thuc
hién quan tric bang GPS cho mot dng khéi co
d6 cao 120m trong diéu kién toc do gié khoang
15m/s cho thay dao dong theo truc X tir gi tri
3026.380m dén 3026.480m va dao dong theo
truc Y tir gia tri 763.830m dén 763.900m véi
tan s6 dao dong tir 0.39Hz dén 1.7Hz.

Qua hai nghién ctru trén c6 thé thay, déi
véi cac két cAu c6 chiéu cao 16n, 46 dao dong
ctia két cdu s& c6 anh huong dang ké dén két
qua xac dinh toa do cua cac diém nam & phén
dinh cua két ciu. Thong thudng dao dong nay
c6 bién do dao dong tur Scm dén 15¢m cho cac
cong trinh ¢ chidu cao dudi 300m tiy thudc
vao do cao, thiét ké va vat liéu két cdu cua
cong trinh cao tang.

Hién nhién 1 cic dao dong nay s& anh
huong dén két qua do dac cac diém toa do cho
cic tang trén cao cia cong trinh bang céc
phuong phap nhu do bang may kinh vi, may
toan dac dién to hodc may chiéu dimg. Nhu
vy, co thé thiy rang, khi do dac dbi vé6i cac
tang cao thi 6 chinh xéc cua két qua do khong
phai 13 yéu t6 dang quan tdm hang dau do hau
hét cac thiét bi hién nay cho phép dat do chinh
xac do dac trong diéu kién binh thudong cao
hon yéu cdu ciia Cong thirc 4. Va nhu vay thi
trong qua trinh do dac toa do cho céc diém trén
tang cao (tir 100 tré 1én) con phai tinh dén anh
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hudng cua cac dao dong cua toa nha.
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Hinh 2. Do thi vé gia tri dao déng cua tda nha 66
tang theo truc X (Trich tir nghién cizu cia nhom
Hyo Seon Park [8])
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Hinh 3. D6 thi dao ddéng cia tda nha 66 tang theo
hwong truc Y (Trich ter nghién cizu cia nhém Hyo
Seon Park [8])

Dé co thé khic phuc cic anh hudong do dao
dong noéi trén khi chuyén toa d Ién ting cao
thi can thuc hién viéc do dac toa do cac diém &
tang trén cao nhiu lan & cac thoi gian khac
nhau va lay gia tri trung binh. Hién chua c6
nghién ctru nao xac dinh sb 1an do can thiét dé
khur dugc anh hudng cua qué trinh dao dong
toa nha trén cac ting cao. Tuy nhién theo
nghién ctru thuc nghiém cua Heyes [4] thi c0
thé st dung tri do GPS do trong vong mot gid
v6i epoch 1 gidy. Nhu vay c6 thé thay rang s6
tri do co thé thuc hién dinh vi tinh 1a 1800 tri
do. Pay co thé 1a mot vu diém nita cia viéc
xac dinh d¢ thang dimg cia toa nha bang GPS.
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Déi voi phuong phap s dung may chiéu
dung thi viéc phai chiéu nhiéu 1an 1a khong thé
thuc hién duge dbi véi céc thiét bi hién c6 tai
Viét nam. C6 thé khic phuc van dé nay phan
nao béng chuyén diém toa do trong khoang
cach ngan dé dong bd cac dao dong. Tuy
nhién, diéu nay s& dan dén tich liy cac sai s6
do chiéu chuyén diém. Trong truong hop st
dung may toan dac di¢n tu thi can sir dung
phuong phap do ty dong dé xac dinh toa do
nhiéu lan dam bao tranh duoc anh hudng cia
dao dong két cAu dén két qua do do thang dung
cua cong trinh. Tuy nhién, qua phan tich ¢ trén
c6 thé khuyén cdo nén str dung GPS dé chuyén
diém 1én cao hodc sir dung may GPS dé kiém
tra d6 thang dimg cia cong trinh vi s6 luong tri
do bang phuong phap GPS 16n. Vi tri toa do
xac dinh dugc s€ 1a vi tri trung binh cta cac vi
tri dao dong.

3. Thuc nghiém xac dinh d9 thang ding caa
cong trinh bang GPS
3.1. Khu vwc thwe nghiém

Vi cac phan tich vé kha ning (mg dung
ciia GPS trong xac dinh do thang dimg cua
cong trinh, cic tac gia da tién thanh mot
nghién ctru thyc nghiém xac dinh do théng
dung cta cong trinh nha cao tang tai Viét nam.
Khu vuc thuc nghiém dugc chon tai toa nha
Lotte Landmark Tower, duong Liéu Giai —
Pao Tén, quan Ba Pinh, Ha ndi. Cong trinh
gém mot toa nha 68 tang, véi tong chiéu cao
du kién 1a 280m trén dién tich 14000m? (Hinh
5). Cong trinh bao gdm hai két cau bé tong 16
dugc day dan lén cao béng van khudn truot
(Hinh 6). Phan bén ngoai dugce xay dung bang
bé tong bam vao cac két cau 16i. Dé chuyén
truc cong trinh 1én ting cao, don vi thi cong
dyua vao céac truc chinh cua mdi két ciu 15i.
Giao diém cua cac truc nay s€ dugc dat tén la
1, 2, 3, 4 va dugc chiéu lén cac tang cao bang
may chleu dung (Hinh 6) va tao thanh cac truc
dung cua két ciu 16i. Cac truc dung nay can
dugc kiém tra d6 thang ding 3 ting mot lan
bang GPS vé&i d6 léch truc dimg cho phép tbi
da la 50mm. Nhu vay, dbi v6i hai 16i s& c6 8
diém can xac dinh do thang ding cua truc cong
trinh. Tai 8 diém nay trén mit san ting 1 c6
chén méc 1am co s& dé chuyén diém 1én trén



cong trinh.

Hinh 5. Hinh an trén thlet ké cua
cong trinh toa thap Lotte du kién

Hinh 6. Hai phan két cau 16i (Core)
Cua toa nha Lotte dang thi cong

Tir cac diém gbc trén mat san tang 1 va
lu6i khdng ché dugc bd tri xung quanh cong
trinh, mot ludi khong ché do bang may toan
dac dién tir duoc xay dung dé xac dinh toa do
clia cac diém gdc quan tric bén ngoai cong
truong véi sai sd trung phuong vi tri diém yéu
nhat 1a =4mm. Tir toa 46 GPS WGS84 UTM
mui 48 va toa do cac diém géc trong hé toa do
dia phuong tai cong truong c6 thé xac dinh cac
tham s tinh chuyén gitra hai hé toa dd theo

phuong phap Helmert.
3.2. Thyc nghi¢m xdc dinh dj thang dirng
cong trinh bang GPS

GPS-2 GPS-1
Hinh 4. Lu6i khéng ché xdc dinh dé thang
dimg cong trinh tai cde diém 1, 2, 3, 4 cua truc
16i cbng trinh A

Tai mdi két cau 151 cta cong trinh cd xac
dinh d¢ thang dimg cia cong trinh bang cach
xdy dyng mot ludi khéng ché nhu Hinh 6 véi
hai dlem gbc khong ché 1a GPS-1 va GPS-2
nim gan cong truong. Do thang duang tai 4
diém tryc dang 1, 2, 3, 4 ciia mdi két ciu 15i
(core) duoc xac dmh bang cach xac dinh lai
toa do cac diém nay trong hé toa do cong
truong tu toa do GPS. Két qua do dugc s€ so
sanh véi toa d9 do phia thi cong xac dinh dugc
va cho dg 1éch cua truc dung cong trinh theo
cac phuong X, Y cua hé truc toa d0 cong
truong.

Viéc xac dinh toa do cac diém 1, 2, 3, 4
duoc xac dinh béng ché do do tinh v&i mdi ca
do tir 25-40 phut /1 ca nham muc dich tranh
anh huong ctiia dao dong két cau cong trinh dén
két qua do. Qua trinh xur 1y két qua do GPS
duoc toa do cac diém 1, 2, 3, 4 trong hé toa do
UTM mui 48 véi hai diém khéng ché 1a GPS-1
va GPS-2. Cac toa d6 diém nay sau d6 duoc
tinh chuyén vé hé toa do cong truong béng
cach su dung phuong phap tinh chuyen
Helmert véi cac tham so tinh chuyen goc xoay
= 341° 08 255167, tham sO0 ty 1&¢ =
1.000054498, tinh tién truc huéng Bic = -
2038035.9188m va tinh tién truc huéng Dong
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=-1231199.3409m.

Tai chu ky dau tién sau khi do biang may
GPS, tac gia da su dung may toan dac dién tr
kiém tra lai toan bd cac canh trén két cau 15i
(core) trong ludi va dem so sanh véi chiéu dai
canh do bang GPS nham kiém tra két qua do
GPS.

Bang 1. Toa do sau binh sai cac diém guan trac truc
ding cong trinh cua két cdu 16i A, tang 28 cho 4

Sau khi c6 toa dd cta cac diém truc ding
cong trinh xac dinh bang GPS, c6 thé xac dinh
dugc dd I¢éch truc dang, goéc Iéch, va hudng
1éch [2] cua két cau 15i tai cac diém 1, 2, 3, 4
cho tang 28 nhu Bang 4.

Bang 4. D¢ nghiéng cuia truc ding tai cdc diém
1, 2, 3,va 4 cua Core A, tang 28

diém 1, 2, 3, 4 trong hé toa dé WGS-84 No (n?m) GéC( r:gh;éng Huéng léch

pidm | Truc Bic | Saisdé | TrucPéng |Saiso e by Phut Giay
(m) (mm) (m) (mm) 1 1.66 6.47 64 58  59.2

C1-1 | 2326522.3888 | 0.4 | 506321.4963 | 0.6 2 10.82 4232|196 5 269

C1-2 | 23265285183 | 3.4 | 506339.4746 | 4.0 3 15.35 60.03 |129 11 37

C1-3 | 2326520.1020 | 1.0 | 506342.3652 | 1.4 4 11.18 4371 | 158 29 28

Cl-4 | 23265139574 | 0.6 | 506324.3791 | 0.8 4. K&t luan va @& xuét

GPS2| 2326417.4339 | N/A | 506378.9318 | N/A Tir qué trinh nghién ciu vé yéu clu, giai

Bang 2. Két qua tinh chuyén toa do 4 diém sang hé
toa do X, Y trén cong truong

N | TrucBac Truc Pong X Y
0 (m) (m) (m) (m)
1 2326522.3888 506321.4963 26.6507 | 54.8015
2 | 23265285183 | 506339.4746 | 26.6396 | 73.7970
3 2326520.1020 506342.3652 17.7403 | 73.8119
4 | 2326513.9574 | 506324.3791 | 17.7396 | 54.8041

DP6i voi cong trinh nha 68 tang Lotte
Tower thi cir 3 tang lai yéu cau kiém tra do
thang dtng cua cac truc cong trinh mot 1an cho
mdi két cau 16i. Sau khi binh sai lusi GPS cho
mdi két cau 161, vi du két cdu 16i A tang 28 co
thé dugc két qua nhu Bang 1

T két qua binh sai cta ludi GPS, tinh
chuyén vé hé toa d6 cong truong theo Bang 2
va xac dinh dugc do chénh toa do theo Cong
thirc 1 & Bang 3.

Bang 3. Két qua dé chénh gida toa dé diém truc
ditng do don vi thi cong xdc dinh Vf?l toa doé xac dinh
bang GPS tai Core A tang 28

N Toa dp GPS |Toa do thi cong| Chénh toa d9
0 X Y X Y ex ey
m | (m | (m | (m [(mm)]|(mm)
1 |26.6507|54.8015| 26.650 |54.800| 0.7 1.5
2 |26.6396| 73.797 | 26.650 |73.800| -10.4 | -3.0
3 |17.7403|73.8119| 17.750 |73.800| -9.7 | 11.9
Zl 17.7396|54.8041| 17.750 |54.800| -10.4 | 4.10

phap va thuc nghlem xac dinh do thang dung
cua cac truc dung cong trinh bang GPS, nhom
tac gia c6 mot sd két luan va dé xuat nhu sau:

Trong nhung diéu kién thich hop, c6 thé st
dung GPS dé xac dinh do¢ thang dung cua cac
cong trinh nha cao tang. Uu dlem cua Cong
nghé¢ GPS 1a cac ludi khong ché dugc xay
dung nham xac dinh do thing dung cua cac
tang doc 1ap nhau, tranh dugc sai s6 do tich lity
khi chuyén toa d6 qua cac tang.

Sau khi xem xét va nghlen ctru hién tLrO’ng
rung lic va dao dong cua cac ket ciu cong
trinh co chiéu cao 16, co thé thay rang cac yeu
t6 nay anh hufang khong nho dén viéc chuyen
toa do 1én cac tang cao cua cong trinh. Sai s0
do sy rung lic va dao dong cua cong trinh can
dugc loai bo bang cach chuyén toa do nhiéu
lan va lay gia tri trung binh cta cac vi tri toa
do nay. Viéc st dung GPS s€ cho phép khu
dugc cac anh hudng do rung lic va dao dong
ctia cac két cAu cong trinh khi 1€n cao vi cac tri
do GPS la trung binh cua nhiéu tri do & céc
thoi dlem khac nhau.

Van dé nay can dugc nghlen ctru thém de
tr d6 dua ra cac quy dinh vé do dac, chuyen
toa do 1én cac ting cao cua cac cong trinh cd
chiéu cao 16n.
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SUMMARY
Determination of verticality of high-rise building using GPS
Le Ngoc Giang, Nguyen Quang Minh , Hanoi University of Mining and Geology

This paper mentions to some issues in determination of the verticality of high-rise building
using GPS. To determine the verticality of the high-rise building, there is a challenge of the effect
of oscillations and displacement of the structure during the measurement. Based on some researches
on determination of oscilation and displacement of the high structures, it is possible to conclude that
the more than 100m high buildings have displacement with various magnitude and frequency. This
displacement affect to the accuracy of surveying measurement in the very top floors. This issue is
discussed and examined in this paper for the high-rise building project of Lotte Tower in Hanoi and
from that a conclusion on the necessity of using GPS to determine the coordinates for the very top
floors of the high-rise building is presented.
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