Nghién ctiu - Ung dung

NGHIEN CUU GIAI PHAP KY THUAT SU DUNG CONG NGHE
GNSS-RTK TRONG THI CONG XAY DUNG NHA
SIEU CAO TANG O VIET NAM
TRAN VIET TUAN®, DIEM CONG TRANG®

Truong dai hoc Mo - Dia chat Ha Néi
@Vien Khoa hoc Cong nghé Xay dung

Tém tit:

Ngi dung ciia bai bdo trinh bay két qud nghién citu vé mot so giai phap ky thudt can vmg dung
khi sir dung cong nghé GNSS-RTK dé bé tri thi cong xdy dung cong trinh nha siéu cao tang. Co so
Iy thuyét, két qua do dac thwe nghiém khi img dung ciia cdc gidi phdp ky thudt nay nham nang cao
kha nang ung dung cua cong nghe GNSS-RTK trong qua trinh dam bdo thi cong cac cong trinh xay

dung nha cao tang va siéu cao tang 6 Viét Nam.

1. Pit van dé

Trong thi cong xay dung cong trinh nha siéu
cao tﬁng, dé dam bao do chinh xac b tri thi cong
xdy dung trong diéu kién cong trinh bi dao dong
do anh huéng cua cac diéu kién ngoai canh va do
ban thn tai trong ctia cong trinh, chiing t6i da dé
nghi sir dung céng nghé GNSS-RTK dé x4c dinh
toa do tirc thdi cta cac diém co s& trén cac san
thi cong két hop v6i may toan dac dién tir dé bd
tri chi tiét cong trinh [3]. Tuy nhién khi str dung
phuong phap bo tri nay dé b tri ch1 tiét trén cac
san x4y dung can phai xét dén yeu to do nghiéng
cua san thi cong so véi mat phang nam ngang do
su dao dong cua cong trinh gay ra [1] va can phal
tlnh chuyén két qua do GNSS-RTK tai thoi diém
t. vé hé toa do thiét ké cong trinh nhim dam bao

yéu cau: hé toa do thi cong xay dung pha1 trung
v6i hé toa do thiét ké cong trinh va sy bién dang
ctia chiéu dai canh do bang cong nghé GNSS-
RTK c6 sy bién dang nho nhat so v&i chiéu dai
clia canh trén mat dat [2].

Chinh vi vdy ma can phai nghién ctru b sung
cac giai phap k¥ thuat can thiét khi st dung cong
nghé GNSS-RTK két hop voi may toan dac dién
tir dé b tri thi cong xdy dung cac cong trinh nha
siéu cao tng ¢ nudc ta.

2. Co sé ly thuyét va phwong phap nghién
ciru

2.1. Tinh s6 hiéu chinh do dj nghiéng ciia
san thi cong vao so liéu bo tri cong trinh.

- Gia st tai thoi diém t, vi tri toa nha duoc
xéac dinh béi cac diém (A, B, C, D) co toadd la
(X,Y)l'

- Tai thoi diém t, do anh hudng cua cac yéu
td ngoai canh, cac diém (A,B,C, D) di chuyén
dén vi tri (A}, By, C, D)) co toa d¢ tic thoi
(x,y),. Khi d6 mit san thi cong bi nghiéng so véi
phwong nam ngang mot goc y nhur (hmh 1). Gia
tri goc nghiéng vy dugc xac dinh tryc tlep va 11en
tuc bang cac cam bién do nghiéng gin truc tiép
trén cong trinh [1].

- Néu trr diém M - diém dat may toan dac
dién tr tién hanh b tri cac diém 1 va 2 theo toa
do thiét ké dua vao toa do tirc thoi cia cac diém
(A, B, C, D)) thi can phai tinh s6 hi¢u chinh
vao khoang cach bé tri do d nghiéng (y) cua

mat san gay ra
S

cosy

Theo cong thic: Sx = (1)
Trong d6: Sy 1a chiéu dai canh thiét ké; S, 1a
chiéu dai canh b tri sau hiéu chinh
Nhu vy, dua vao két qua do goc nghiéng cua
san thi cong (y) bang cac cam bién do nghleng
gan trén cong trinh ¢ thé tién hanh b tri chi tiét
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theo cac khoang cach nghiéng da hi¢u chinh (Sy,)
hoic do theo ché d6 do khoang cich nim ngang
c6 sin trén may toan dac khi bo tri cong trinh
(Sgo)-

// Hinh 1 /

Vén d& can dat ra ¢ dy 1a xem gidi han cua
gbc nghiéng (y) d€ can phai tinh so6 hiéu chinh
khoang cach. Ttr (1) ta co: Sy = Sy, cos y

Tién hanh bién ddi:
Stk = Spt = Spy €08 ¥ - Sy
Ag =Sy (cosy - 1)

A, :Sblzginl;i Suyra: . _ fg%
Tinh gia tri Ag cho phép

2

T hinh 1: Sai s0 tong hop cia diém 1 duoc

tinh nhu sau:
m; =m,; +m;, +m; 3)

Trong do: my,: 1a sai sO bo tri diém 1 bang
may toan dac dién tur;

m,: sai s0 bo tri diém 1 do goc nghiéng cua
san (y) tao ra;

my,: sai sO cua diém diat may M

De co thé bo qua cac gid tri m, va my, thi yéu
cau anh hudng cua cac ngudn sai so nay khong
vuot qua 10% cua sai so tong hop tuc la:

MWy =
= (k=) (4

my=m =

~—

Thay vao cong thire (3) va bién doi ta co

mk

m,, =

)

Néu 14y sai s6 trung phuong twong hd gitta
hai diém can bo tri 1 va 2 1a (my,);, <+ 3 mm

(31,
Ta ¢6 m; = £ 2.1 mm; theo (5): my, =+ 1.7
mm; va m, =+ 0.9 mm

Str dung (2) d¢é tinh ta thdy: Khi khoang cach
bd tri S < 100 m thiy < 14’

Nhan xét: khi b tri chi tiét trén cac san thi
cong tai cac cong trinh nha siéu cao ting, néu
gbc nghiéng y cia san thi cong khong vuot qua
14’ thi khong can phai tinh s6 hiéu chinh nay vao
chiéu dai canh b tri chi tiét cong trinh.

2.2. Tinh chuyén két qui do GNSS-RTK vé
hé toa dé thiét ké ciia cong trinh

Tai thoi diém t, bang két qua do GNSS-RTK
cho ta toa do tai cac diém (A, B}, C, D)) 6 dang
toa do dia tam (X, Y, Z); va toa do tric dia (B, L,
H); hodc toa do (x, y, h); trong hé toa d0 VN -
2000. Trong khi d6 cong trinh lai duoc xay dung
trén mat dat va st dung hé toa do da dung dé
thiét ké cong trinh cong trinh (thuong 13 hé toa
d6 phang, gia dinh). Chinh vi vay dé sir dung céc
két qua do GNSS-RTK & thoi diém t; dé bo tri
cac diém chi tiét diém 1 va 2 (hinh 1) trén cong
trinh can phai thuc hién phép tinh chuyén toa do
két qua do GNSS-RTK vé hé toa do thiét ké va
thi cong cua cong trinh.

C6 nhiéu phuong phap tinh chuyén toa do
GNSS ¢ day chung toi chon phuong phap tinh
chuyén toa d0 GNSS vé hé toa do thi cong cong
trinh qua hé toa do dia dién chan troi ¢6 nguyén
1y nhu sau [2]:

a. Tir két qua do GNSS-RTK cho ta toa do
trong h¢ toa dg dia tam cua diém 1 XY, Z)j tién
hanh tinh chuyén toa do dia tim cta diém ] vé hé
toa do dia dién chan troi theo cong thure [2]:

|:x:| l_ShB:COSL: —sinB.sinl, cosB_;”i(i-(N_:+H_:).cosﬂ.coaL_:]
vl = —sinl, cosL, 0 | Y;-(N, +H,).cosB,.siL,
z cosB,.cosL, cosB,sinlL, sinB, ZJ-[N:(1—53)+H:].sinB:

(6)
Trong do: - (X, Yj, Z;) 1a toa do vudng goc
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khong gian dia tim cta diém GNSS can tinh
chuyén

-(By Ly Hp la diém géc cua hé toa do dia
dién chan troi.

- N, 12 ban kinh cong vong thang dimg thir
nhét di qua diém géc cua hé toa do dia tam [2]

Khi 4p dung cho cong trinh nha siéu cao tang,
nén chon goc hé toa do dia dién chan troi nhu

sau B
BD :Z J

n (7

Véin 1a s6 diém do GNSS trong ludi b tri.

Gia tri d0 cao cua géc hé toa do dia dién (H,)
chon bang d9 cao bé mit méng cong trinh.

b. St dung phép tinh chuyén Helmert dé tinh
chuyén toa d6 cac diém do GNSS tai thoi diém t
tir hé toa do dia dién chan troi vé hé toa do thiét
ké va thi cong ctia cong trinh dya vao cac diém
song trung [2].

3. Két qua do dac va tinh toan thuc nghiém

Pé minh hoa cho nhitng ndi dung nghién ciru
vé ly thuyét da néu trén, chung toi di tién hanh
do dac tai khu vuc Vién Khoa hoc Cong nghé
Xay dung v6i hé thong may thu cia hing
Trimble: GNSS R8S

- Thanh 1ap trén mat dat mot ludi do gb6c-canh
bao gom 8 diém nhu (hinh 2);

Hinh 2

- Dung may toan dac dién tu TCR-1201 (d6
chinh xdc do goc canh 1a: mg =+ 17, mg ==+ 1,5
mm) va thude thép do goc va canh trong ludi; xu
ly sb liéu trong h¢ toa do gia dinh dugc coi 1a hé
toa do thiét ké va thi cong ctia cong trinh.

Dung 05 may thu GNSS RS8S (Trimble): 01

may dat tai diém BS 1a diém tram base da c6 toa
dd va do cao trong h¢ toa do VN-2000; 04 may
thu GNSS 8S dat tai cac diém (1, 2, 3, 4), (Al,
A2, A3, A4) do theo ché d6 do tinh (hai ca do).
Két qua do GNSS tinh cho nhu cot (1), (2) trén
bang 1.

Sau d6 chuyén sang ché d6 do GNSS-RTK
v6i tram base dat tai diém BS véi tan suét thu tin
hiéu 1a 17 va thoi gian thu tai cic diém do
khoang 10°. Sau khi xtr 1y s6 lidu c6 két qua do
GNSS-RTK nhu phan 2 cic cot (1), (2) trong
bang 1.

Lay toa d6 do GNSS finh tai cac diém 3 va 4
1am toa do khéi tinh d tinh toan s6 lidu ludi do
gbc canh trén mat dét theo hé toa d6 VN2000.
Két qua do cho nhu cot (3), (4) ciia bang 1. Toa
do cac diém trong ludi léy theo hé toa do thiét ké
cong trinh cho nhu céc cot (1), (2) ctia bang 2.

- P 1éch toa do cua cac diém trong ludi do
bang cac phuong phdp do khac nhau thé hién
trén cot (5). (6), (7) trén bang 1.

Nhan xét: Tir két qua so sanh toa do cac diém
cua ludi thuc nghiém do theo cac phuong phap
khac nhau trinh bay trén bang 1 va gia tri toa do
thiét ké cac diém cua ludi trén bang 2 ta thiy:
(Xem bdng 1)

Khoéng thé st dung truc tiép toa do cac diém
do GNSS-RTK trén céc san thi cong dé xac dinh
toa do diém dat may toan dac dién tr va bd chi
chi tiét cong trinh dugc vi cac 1y do sau day:

- Su khac biét vé hé toa do gitra h¢ toa do do
bang GNSS-RTK (hé VN 2000) va hé toa do
thiet ke va thi cong cong trinh (h¢é gia dinh).

- Su bién dang chiéu dai cac canh cua luéi do
bf:ing GNSS-RTK so véi chiéu dai canh trén mat
dat 1a twong ddi 16n, vuot qua gidi han do chinh
xac cho phép bd tri chi tiét cong trinh - Trén
bang 1: B9 1éch toa d¢ tr 3 mm + 9 mm.

Chinh vi vy ma can phai tién hanh tinh
chuyén toa do tur hé toa do dia tam khi do GNSS-
RTK vé hé toa do thiét ké va thi cong cong trinh.
(Xem bang 2)
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O day chung t6i da str dung phuong phap tinh
chuyén két qua do GNSS vé hé toa do thi cong
theo phwong phap tinh chuyén qua hé toa d6 dia
dién chan troi [2] béng cach st dung thuat toan
tinh chuyén (6) (7) két hop véi phép tinh chuyén
Helmert. Két qua tinh chuyén duogc trinh bay
trong céc (3), (4) ciia bang 2. Tir két qua so sanh
trong bang 2 cho thay: khi thuc phép tinh chuyén
toa d6 do GNSS-RTK tir hé toa do dia tAm vé hé
toa d6 thi cong trinh qua hé toa do dia dién chan
troi s& dap tmg duoc cac yéu cau:

- Cac diém do GNSS-RTK ding lam diém
gbc giao hoi trén cac san thi cong s& co toa do
trung véi hé toa do di dung dé thiét ké va thi
cong cong trinh.

- Su bién dang vé chiéu dai canh ludi (hodc
sai so xac dinh toa cua cac diem do GNSS-RTK)
c6 gia tri nhd nam trong gioi han cho phép vé do

Ung dung

chinh xac bo tri cong trinh.
4. Ket luén va kién nghi

Khi sir dung cong nghé GNSS-RTK két hop
v6i may toan dac dién tir dé bd tri chi tiét trén
cac san thi cong nha siéu cao tdng can phai ap
dung moét sO giai phap ky thuat sau ddy nhim
dam bao do chinh xac bd tri cong trinh:

- Can tién hanh do d¢ nghiéng cua cac san thi
cong do su dao dong cua cong trinh gay ra bang
cac cam bién do nghiéng gan truc tiép trén cong
trinh, tuy theo gia tri goc nghiéng vy do duoc tién
hanh tinh s6 hiéu chinh vao khoang cach khi b6
tri chi tiét cong trinh.

- Can phai tién hanh tinh chuyén két qua do
GNSS-RTK tai cac thoi diém bd tri thi cong vé
hé toa do thiét ké va thi cong cua cong trinh. Giai
phap nay s& dam bao sy dong nhét vé hé toa do
thiét ké va thi cong cong trinh va lam giam sai s6

Badng 1: Két qua do xdc dinh toa dé ludi thiee nghiém theo cdc phwong phdp do khdc nhau

GPS TINH

LUGIL PO GOC-CANH

AX AY AS

TT X (m) Y(m) X (m) Y(m) (m) (m) (m)

B @) 3) ) G | ©® | 0
Al | 2328533.453 581781.627 2328533.454 | 581781.630 | -0.001 | -0.003 | 0.0032
A2 | 2328530.272 581716.662 2328530.280 | 581716.659 | -0.008 | 0.003 | 0.0085
A3 2328554318 S81716.58 2328554.318 | 581716.580 0 0 0.0000
A4 2328553.32 581777.104 2328553.317 | 581777.104 | 0.003 0 0.0030
1 2328533.591 581781.789 2328533.592 | 581781.793 | -0.001 | -0.004 | 0.0041
2 2328530448 581716.783 2328530.451 | 581716.790 | -0.003 | -0.007 | 0.0076

GNSS-RTK

Al | 2328533.453 581781.627 2328533.454 | 581781.630 | -0.001 | -0.003 | 0.0030
A2 | 2328530272 581716.662 2328530.28 | 581716.659 | -0.008 | 0.003 | 0.0085
A3 | 2328554318 581716.580 2328554.318 | 581716.580 | 0.000 | 0.000 | 0.0002
1 2328533.593 581781.788 2328533.592 | 581781.793 | 0.001 | -0.005 | 0.0051
2 2328530447 581716.782 2328530.451 | 581716.790 | -0.004 | -0.008 | 0.0089

Bdng 2: So sanh toa do cac diém ludi thuc nghiém sau tinh chuyén

T Toa d6 do GNSS-RTK sau
Toa dd thiét ké | 2
T tinh chuyén AX AY AS
X (m) Y(m) X (m) Y(m) (m) (m) (m)
) @) @) @ ®) © | o
A, | 995204 480.061 005.297 480.062 0.003 0.001 | 0.003
A | 1060.201 475.824 1060.199 475.821 20001 | -0.003 | 0.003
A: | 1060675 199,857 1060.675 499,857 0 0 0
A | 1000.145 199,849 1000.145 499851 0 0.002 | 0.002
1| 995.133 480,202 995.136 480.203 0.003 0.001 | 0.003
2 | 1060.073 475.997 1060.075 475.005 0.002 | -0.002 | 0.003
1060.513 500.000 1060.513 sopo.000 | Dremsong
3 _truua
1000.000 500.000 1000.000 soo.000 [P song
4 triung
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xac dinh toa do cua cac diém do GNSS-RTK
dung lam co sé& dé bo tri chi tiét trén cac san thi
cong nha siéu cao tang ¢ nudc ta.O

[2]. Tran Viét Tudn (2005), “Nghién ctu
phuong phap tinh chuyén toa do cac diém do
GPS vé hé toa d6 thi cong cong trinh”, Tap chi

Tai ligu tham khio KHKT M6 - Bia chat sé 11/7-2005, Ha Noi.

[1]. Ngé Van Hiéu va nnk (2018), “Str dung hé
thong VAS trong viéc dam bao do thing dimg cua
toa nha siéu cao ting LAND MARK 81 TP H6 Chi
Minh”, Ti uyén tdp bdo cdo hgi nghi khoa hoc quéc
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[3]. Tran Viét Tudn, Diém Coéng Trang
(2019), “Nghién cuu Ung dung cdng nghé
GNSS-RTK trong thi cong xdy dung nha siéu
cao téng 0 Viét Nam“, Tap chi Khoa hoc Po dac
va Ban do, sé 40 thang 6/2019, Ha N6i.O

Summary

Research on technical solution of GNSS-RTK technology in construction of super high-rise
building in Vietnam

Tran Viet Tuan, Hanoi University of Mining and Geology

Diem Cong Trang, Vietnam Institute for Building Science and Technology

The content of the article presents the research results of some technical solutions to be applied
when using GNSS-RTK technology to arrange the construction of super-high-rise buildings.
Theoretical basis, experimental measurement results during application of these technical solutions
to improve the applicability of GNSS-RTK technology in the process of ensuring construction of
high-rise buildings and super high-rise in Vietnam.Q

PO SAU PIA HINH PAY BIEN VUNG NUGC NONG.......
(Tiép theo trang 38)
[5]. Dietrich 2017, Bathymetric Structure- Vol. 45, pp. 355 - 364.

from-Motion: Extracting shallow stream [6]. Seeber, G. 2003, Satellite Geodesy, 2

bathymetry from multi-view stereo photogram- o\ .
metry, Earth Surfaces Processes and Landforms, edition, Walter de Gruyter, Berlin, 2003.Q
Summary

Shallow-water Bathymetry by stereo photogrammetric approach using satellite imageries
WorldView-2, experimental case in submerged reef Hai Sam, Spratly Islands, Vietnam

Nguyen Ha Phu, National Remote Sensing Department
Pham Minh Hai, Institute of Geodesy and Cartography
Nguyen Trong Truong Son, Hanoi University of Natural Resources and Environment

Satellite multispectral image data is being applied effectively in bathymetry in shallow water
areas. Most of studies are focused on determining the water depth using the radiometric approach.
However, with the acquiring ability of stereo image data in a single pass from WorldView-2 satel-
lite, the photogrammetric approach is becoming more interestingly because the advantage of with-
out using /n-Situ data. In this experimental case, the near-shore bathymetry by stereo photogramme-
tryusing WorldView-2 satellite data is conducted at the coral reef Hai Sam that belong to Spratly
Islands (Vietnam). After removing the affects of atmosphere and sun-glint as well as adjusting the
depth difference caused by refraction at the water/air interface, the achieved depth can be up to over
42,0 m. These results show that the applicability of shallow-water bathymetry by stereo photogram-
metry can be applied spreadly to other islands, islets and surmerged reefs at the Paracel Islands and
the Spratly Islands.O
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