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TOM TAT: Céc tda nha siéu cao tang dang duoc xdy dung ngay cang nhiéu trén thé gidi va & Viét Nam.
Can bo ky thuat Viet Nam hién nay chua lam chu dugc hoan toan cong tac trac dia dam bao xay dung nha
siéu cao tang, khi s6 tAng cla toa nha ngay mot tang thém. O Viét Nam can ¢6 cong trinh nghién ctru day
du vé ban chit ndi dung dam bao cong tac tric dia xay dung nha siéu cao tang Bai bao trinh bay két qua
nghién ciru ciia nhém can b ¢ bo moén Tréc dia, Dai hoc Xay dung Ha Noi vé kha nang do Kkét hop tri do
mit dit - vé tinh bang toan dac dién tir va GNSS trong cong tac tric dia phuc vu xay dung nha siéu cao
tang. Két qua nghién ciru dua ra quy trinh xdy dung va xir Iy s6 liéu lu6i khong gian mét cp, xac dinh toa
d6 ba chiéu trong mot hé toa do théng nhét, tirng budc dam bao do chinh xac sir dung xuyén sudt qua trinh
thi cong, khai thac nha siéu cao tang.

TU KHOA: Nha siéu cao tang, hé toa do khong gian ba chiéu, ludi khong gian két hgp mit dat — vé tinh,
GNSS, toan dac dién tr.

ABSTRACTS: Super high-rise buildings are being built more and more in the world and in Vietnam.
Currently, foreign experts are presiding over most of the geodetic work during the construction of super
high-rise buildings in Vietnam. Vietnamese technicians are only allowed to participate in the implementation
at the request of these experts. Therefore, in Vietnam, it is necessary to have a full research on geodetic work
in the process of building super high-rise buildings. This article presents the research results of a group of
lecturers in the Geodetic Department, Hanoi University of Civil Engineering on the ability to combine
terrestrial and satellite measurements, which are measured by total station and GNSS, in geodetic work when
building super high-rise. The research results are the process of building and data processing one-level
spatial networks, determining three-dimensional coordinates in a unified coordinate system, step by step
ensuring accuracy throughout the construction process, exploiting super high-rise buildings.

KEYWORDS: Super high-rise building, three-dimensional coordinate system, spatial terrestrial geodetic -
GNSS networks, GNSS, total station.

1. PAT VAN DE thyc hién theo mot quy trinh chung thong nhat. Do
viée xdy dung nha siéu cao tang duoc thuc hién trén
co s6 ing dung cac cong nghé xay dung hién dai nén
nhitng nguoi 1am cong tac tric dia budc phai xem xét
lai cac phuong phap do dac da cd, nghién ctru cac
phuong phép, thiét bi, quy trinh do dac méi dé dap
{mg yéu cau dam bao chat lwong nha siéu cao ting.

Nha siéu cao téng la mdt loai hinh dac biét cua
cong trinh dan dung dugc xay dung tai cac thanh
phé va khu d6 thi 16n. O nudc ta hién nay nhirng toa
nha cao trén 40 tang dugc goi 14 nha siéu cao tang.
Véi toc 6 d6 thi hoa va gia tang dan sé nhanh chong
hién nay, cac toa nha siéu cao ting dang moc 1én )
ngay cang nhiéu ¢ cac thanh phd 16n cua nudc ta. Nhi¢m vu chinh cta cong tic tréc dia trong thi
Pay duoc xép vao dang cong trinh xay dung yéu cau  cong nha siéu cao tang }é\ Qém bao cho cong trinh
d6 chinh x4c cao. Nhin chung cac cong tac bd tri xay ~ Xay dung dung vi tri thiét k&, dung kich thude hinh
dung cac toa nha cao ting va siéu cao ting dugc hoc va di€u quan trong nhat d6i voi nha siéu cao
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tang 1a phai dam bao d6 thang ding ciia cong trinh
[1]. V&i s6 lugng tang nha ngay cang 1on, viéc dam
bao d6 thing dimg cua cong trinh ciing nhu kiém tra
d6 thiang dung nay trd nén khong don gian. Cang 1én
cao cong trinh cang bi rung lic manh [2], budc phai
str dung cac thiét bi hién dai ciing nhu phuong phap
do thich hop dé dat do chinh xac yéu cau.

O nuéc ta trude day thuong xay dung cac cong
trinh nha cao tang véi sb tang tir 07 + 40 tang,
phuong phap chuyén truc 1én cac san thi cong cha
yéu 1a phuong phap duong thing dimg quang hoc
bang may chiéu thién dinh (PZL). Khi s ting cua
cong trinh va chiéu cao cua cong trinh ting 1én, néu
sir dung cac may chiéu thién dinh dé chuyén truc 1én
cac san thi cong s& lam giam d6 chinh xac chiéu
diém do khoang cach chiéu ting. Ngoai ra do anh
huong rat 16n cua cac yéu té méi trudng nhu gio va
nhiét d9,... gy ra hién tugng vin xodn cho cong
trinh, 1am cho vi tri cac diém chiéu biang may chiéu
dung bi thay d6i, anh huéng dén d6 chinh xéac b tri
va thi cong cong trinh.

Do chinh xac cia viéc do GPS trong xac dinh
toa do trén cong trinh dd dugc ching minh qua
nhiéu nghién ¢ nudc ngoai nhu [3, 4] va cac nghién
ctru ¢ Viét Nam nhu [5, 6]. Phuong phap xac dinh
d6 thang dimg ctia cong trinh bang GPS da duoc st
dung dé kiém tra két qua chuyén tryc tai mot s cong
trinh nha cao t?mg tiéu biéu tai Viét Nam nhu toa nha
Keangnam va tda nha Lotte Hanoi Tower tai Ha No6i
[7]. Cac két qua do dac thuc nghiém tai cac cong trinh
nay cho thay cong nghé GPS ¢ do chinh xac hoan
toan dam bao dugc dd chinh xac can thiét khi bé tri
va do kiém tra d9 thang ding cua cong trinh.

Khi chidu cao cta cong trinh ngdy cang ting,
cling véi cac tac dong ctia ngoai canh khién cho viée
dam bao yéu cdu cua cong tac tric dia ngdy cang
kho khin hon. Pé nang cao hiéu qua cia cong tac
trac dia trong thi cong nha cao tang, siéu cao tang,
gan day c6 mot s6 nghién ctru nhu [7] véi viée ap
dung do GNSS — RTK két hop toan dac dién tir
(TPDT) trong thi cong nha siéu cao tang. Trong [8],
cac tac gia da nghién ctru ung dung ludi tam giac
khong gian trong chuyén truc va do cao 1én trong
xdy dung nha cao ting, cho thiy huéng nghién ciru
nay 13 kha thi. Tuy nhién, van can c6 thém nhiing
nghién cru mang tinh tong hop, day da vé ban chat
ndi dung dam bao cong tac tric dia xdy dyng nha
siéu cao tang, ciing nhu dua thém cac giai phap dé
thuc hién t6t cong tac nay.

Bai bao di trinh bay tong hop chudi cac két qua
nghién ciru cia nhom tac gia vé cong tac tric dia

trong thi cong xay dung nha siéu cao tang. Cac van
dé trinh bay trong bai bao déu di duogc kiém chimg
bang do dac, tinh toan s liéu thuc nghiém. Bai bao
voi myc dich tong két lai quy trinh xay dung va xir ly
s6 lidu ludi khong gian két hop tri do miat dat — vé
tinh phuc vu cong tac tric dia trong x4y dung nha siéu
cao tang. Dong thoi 1am rd ban chét cta cac cong tac
trac dia trong xdy dyng dang cong trinh nay.

2. CO SO LY THUYET VA PHUONG PHAP
NGHIEN CcUU

2.1. Luw6i co c& dam bao cong tic tric dia xay
dung nha siéu cao tang

Noi dung cuia cong tac tric dia co ban trong qué
trinh thi céng x4y dung nha cao tang, siéu cao ting
cling nhu thi cong xay dung mot cong trinh dan
dung — cong nghi€p ndi chung c6 quy trinh sau:

Thanh lap xung quanh cong trinh mgt mang ludi
0 6 dé bo tri cong trinh. Mang ludi nay c6 tac dung
chuyén thiét ké ra ngoai thyc dia. Hé toa do st dung
cing voi giai doan khao sat thiét ké, thuong 1a hé
toa do quéc gia. P9 chinh xac cia ludi b tri yéu
cau khong cao, chi twong dwong voi luéi do vé ban
6 ti 18 rat 16n 1/1000 — 1/500 da dwoc sir dung trong
thiét ké cong trinh [9].

Kich thudc nha siéu cao ting dugc ¢b dinh ngoai
thuc dia nho lui tim truc. Diém tim truc 1a diém
giao clia cac tryc chinh tai mdi tang. Theo 1y thuyét
cong trinh phai dugc xay dung theo mdt phuong
thang dung, nghia 1a cac diém tim tryuc tai cac ting
phai tao thanh dwong thang dimg. Ludi tim truc
thuong dugc do cac tri do mat dét bé“lng THPT va
xtr 1y sb liéu theo phuwong phap binh sai luéi tu do
v6i toa dd qudc gia chi st dung nhu diém khoi tinh.
Yéu cdu d6 chinh x4c cta ludi tim truc rat cao, sai
s6 cho phép 1a 3mm [9], [1]. Ludi tim truc, 1a luéi
mat béng (2D), can dugc tinh chuyén vé hé toa do
cong trinh dé phuc vu thi cong.

Khi trién khai thi cong xdy dung cong trinh, cac
diém cua ludi tim truc bi mét, vi vay can phai )
dinh chang thong qua ludi dinh vi. Ludi dinh vi
thuong c6 4 + 5 diém mdc ndm ngoai pham vi anh
hudng cua nha siéu cao ting va duogc lién két véi
céc diém tim truc. Ngoai ra luéi dinh vi con bd sung
mot s6 diém trong ludi bd tri dé phuc vu cho cong
tac thi cong phan dui c6t 0.0. Do diéu kién ctia mit
bang xay dung, thuong khong c6 su thong hudng
giita cac diém méc dinh vi véi cac diém trong ludi
tim truc. Bién phap hiéu qua dé do dac 1a két hop
gitta TDDT va GNSS duoc dé cap trong [10]. Trong
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do6, ludi dinh vi duoc do bang cong nghé GNSS dé
lién két v6i cac diém tim truc. Cac diém tim truc va
cac diém méc bd tri duge do tri do mat dat bﬁng
TPDPT. Ludi dinh vi phai c6 d6 chinh xac dam bao
xéc dinh tim truc, néu 1 ludi 2 cap thi sai s6 ludi cap
trén yéu cau la £1mm. Day 1a cong tac rat kho dam
bao, dic biét trong thoi gian rat ngan dé dam bao tién
d6 thi cong. Vi vay luéi dinh vi khong gian ba chiéu
(3D) dugc do két hop mat dat - vé tinh va tinh binh
sai tr do mot cﬁp trong hé toa do dia dién chan troi
(xyz) 1a hop 1y dé thyc hién cong tac trén.

Qua trinh thi cong phan ngam, st dung céc
mbc b tri duge tinh chuyén tir hé toa do dia dién
khong gian 3D (xyz) da dugc tinh binh sai tu do
trong ludi dinh vi mot cép, vé toa do cong trinh
x’y’ vado cao h’.

Phan trén ¢t 0.0 sir dung méy chiéu dung két
hop véi GNSS do theo phan doan dé chuyén truc 1én
tang [11]. Giai doan nay can c6 ludi chuyén truc.
Ludi chuyén tryc thuong déng dang véi ludi tim
truc va duoc xay dung & vi tri phu hop cho viée dat
may chiéu dung dé chuyén tryc 1én ting. Ludi
chuyén truc dugc xay dung sau khi thi cong xong
¢bt 0.0. Lud6i chuyén truc c6 d6 chinh xac yéu cu
tuong duong vaéi ludi tim truc, vi vady duoc do két
hop tri do mat dat - vé tinh dong thoi véi cac mbc
dinh vi. Ca hai hé thong cac diém méc dinh vi va
mbc chuyén truc dugc xay dyng dudi dang luéi 3D,
binh sai ty do trong hé toa d6 dia dién xyz, sau do
chuyén vé hé toa d6 cong trinh x’y’. Tir giai doan
nay vé sau can danh gia do 6n dinh cac mébc dinh vi.

Khi thi cong xay lap trén cac san, st dung toa
d6 cac mdc chuyén truc da chuyén 1én mat san. Dé
giam anh hudng cta sai sb tich liy ting theo chiéu
cao xay dung can chiéu toa do 1én tang theo phuong
phap phan doan. Cac diém dinh vi va cac diém
chuyén tryc trén cac mit san do két hop TPDT va
GNSS lién két v6i nhau tao thanh lu6i khong gian
canh ngén va cuc ngén, dugc binh sai ty do trong
ludi mot cap 1a ndi dung co ban dé dam bao cong
tac chuyén truc 1én tﬁng [12].

Do anh hudng cia tac dong ngoai canh, cong
trinh cang 1én cao cang bi rung lic manh. Theo cac
nghién cuu [2, 4, 7], dén cao do 200m bién do rung
lic 1a mm, dén 400m bién d6 rung lic 13 dm, trén
600m bién d6 rung lic dat 1-2m, véi chu ky 0,5 —
2s. Bé giam anh huéng cia dao dong nay can phai
do lién tuc va xur 1y két qua do theo qui trinh phu
hop [2]. Po vé tinh GNSS theo qui trinh do tinh 30
phut dap tng duoc yéu cau nay [10].

Sau mdi phéan doan, do, binh sai ludi khong
gian mot cdp cac diém dinh vi va cac diém chuyén
truc trén phan doan. Céc mdc dinh vi dugc danh
gia d6 6n dinh. Cac diém chuyén truc trén phan
doan dugc hoan nguyén va chuyén vé toa do cong
trinh Xy’ va h’.

Cac diém dinh vi con duge su dung dé do
nghiéng cong trinh. Cac mdc dinh vi dugc bd tri &
cac vi tri dam bao dat TDPT dé do t6i cac guong
gidy gan trén cac diém quan tric phuc vu cho cong
tac do nghiéng. Ludi do nghiéng la ludi khong gian
to do mot cép.

2.2. Xay dung lwéi khong gian mit dit — vé tinh
bang toan dac dién tir va GNSS

Ludi bd tri va dinh vi cong trinh c6 ¢ chinh xac
khong cao, chi cin dap ng do chinh xac twong
duong cua tai liéu khao sat. Cac giai doan tiép theo
ludi co s& cin co dd chinh xac rat cao, khai dau tir
ludi tim truc.

Sau khi xac dinh xong ludi tim truc, can xay
dung lu6i dinh vi. Ludi dinh vi cn ti thiéu 3 mdc.
S6 lwong phu hop 13 4 + 5 mbe. Mébc duoc dat & cac
vi tri dn dinh, dam bao do GNSS va can 2 cap diém
thong huéng dé phuc cong tac do nghiéng. Tuy theo
hinh dang ctia mit bang cong trinh, ludi tim truc cin
it nhit 2 truc v6i 3 diém, phu hop 1 4 d&én 6 diém
v6i 4 dén 8 tryc. Vi mat bang cong trinh hinh chit
nhét nén xay dyng ludi tim truc dang tir giac tric dia
canh cuc ngén. Po GNSS tai cac diém dinh vi va
mot s6 diém trong ludi tim truc. Do THDT céac diém
trong ludi tim tryc va 3 + 4 diém mdc bd tri. Khi xay
dung ludi tién hanh udc tinh do chinh x4c theo ludi
mit bang hodc ludi khong gian v6i d6 chinh xéac
+3mm [10]. Sau khi xay dung va do dac xong ludi,
tién hanh binh sai ty do lu6i khong gian mot cap
trong hé toa do dia dién béng thuat toan chuyén
dung. Chuyén toa do (xyz) vé toa d6 cong trinh (x’y’
va h”). Néu xay dung lu6i phuc vu cong tac chuyén
truc gdbm 2 cép theo truyén thong: ludi dinh vi va
ludi tim truc thi can tinh dén sy suy giam d¢ chinh
xac giita cac cap ludi, khién yéu ciu do chinh xéac
ludi dinh vi rit cao va kho thuc hién. Vi vay can
thiét phai xay dung ludi mot cip trong truong hop
nay [10].

Giai doan 2, sau thi cong xong cdt 0.0, xdy dung
ludi chuyén truc, déng dang va cung d¢ chinh xac
voi ludi tim truc. Do GNSS tai tit cac diém dinh vi
va khong it hon 3 diém trong ludi chuyén truc. Po
TDDT tai tat ca cac diém chuyén truc. Binh sai tu
do ludi khong gian mot cp trong hé toa do dia dién
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bang thuat toan chuyén dung. Panh gia do 6n dinh
méc dinh vi. Chuyén toa do dia dién (xyz) vé toa do
cong trinh (x’y’ va h’), xac dinh toa do tim truc va
cac mbe chuyén truc & ¢6t 0,0 1am co s& cho cac giai
doan sau.

Hinh 1 phan biét cac loai ludi phuc vu thi cong
xdy dyng nha siéu cao tang theo trinh ty: ludi b tri,
ludi tim truc, ludi dinh vi va ludi chuyén truc.

GPS14x o GPS4

Ts \ o Luwdibo i
\

\ m i Ludi tim truc
A Ludidinh vi

o Ludi chuyén truc

—h
GPS3

Hinh 1. Cac loai lwéi trong thi cong
nha siéu cao tang

Céc giai doan sau, thuc hién trén mdi phén doan.
Trong cac phan doan, phu hop tir 10 dén 20 ting,
dugc chuyén truc bang may chiéu dung. Pbi véi
cong trinh cao dudi 200m c6 thé chuyén truc bang
RTK [7]. Xong mdi phan doan, do GNSS tai tat cac
diém dinh vi va khong it hon 3 diém trong ludi
chuyén truc trén mat san phan doan. Po TPBDT tai
tat ca cac diém chuyén tryc trén mit san phan doan.
Binh sai tu do ludi khong gian mot cap trong hé toa
do dia dién bﬁng thudt toan chuyén dung. Panh gia
dd 6n dinh méc dinh vi. Chuyén toa do khong gian
dia dién (xyz) vé toa d6 cong trinh va hoan nguyén
toa dd (x’y’ va h’) trén mat san phan doan. Co sé dé
hoan nguyén diém 1a toa d6 ctia mbe chuyén truc da
xac dinh & ¢bt 0.0.

cn Da
Bn /%
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srsmmmmsmma s
il ] | Di
Bi e
S
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Hinh 2. Lw6i dinh vi va lwéi chuyén truc 1én cac
tang qua cac phan doan

Dé phuc vu cong tac do nghiéng cong trinh, can
¢6 2 cip mdc dinh théng hudng va ¢ vi tri dam bao
cong tac do nghiéng.

Hé thdng cac luéi khéng ché tric dia sir dung
trong cac giai doan xdy dung nha siéu cao tang duoc
so d6 héa & hinh 3.

Ludi bo tri cong trinh

v

Ludi tim truc

v

Ludi dinh vi

v

Ludi chuyén truc

v
Ludi do nghiéng

Hinh 3. Lwéi khong gian mdt cip xay dung
qua cac giai doan

2.3. Cii chinh tri do va hi€u chinh toa d¢

2.3.1. Cdi chinh tri do

Tri do vé tinh dua vao bai toan la cac baseline
AXYZ v6ima tran trong $6 Pxyz do b(:ing GNSS. Tri
do mat dét thuc hién bﬁng TDDT, khi dua vao bai
toan binh sai 1a khoang cach thuc S (khoang cach
nghiéng), goc bang B va goc thién dinh Z (hodc goc
nghiéng V). Tri do mat dét thuc hién 2 + 3 vong
do, léy gia tri trung binh. Trong s6 tri do mat dat
lay sai s6 trung phuong tri trung binh cac két qua
do. Theo ly thuyét, cac dang tri do mat dat va vé
tinh cua ludi khong gian trudce khi dua vao bai toan
binh sai cAn dugc hiéu chinh mot sb nguén sai sb
dé dam bao va nang cao do chinh xac theo yéu ciu
thanh 1ap luéi [13].

Gi4 tri cai chinh anh hudng ctia chidu cao may,
guong vao tri do khoang cach bang TDPT va tri do
GNSS theo cong thuc:

Stinh(rhuy@n = \/S;u + (hmuy - hguung)z - 2Sdu (h ay h ) COSZ ( 1 )

m ‘guong.

Trong d6: Siinhchuyen 12 khoang cach thuc gitra hai
diém do da duoc qui vé mbc; Su 1a khoang cich
nghiéng do dugc tur tAm may toi tdm guong; Ay 12
chiéu cao may; guong 13 chidu cao guwong; Z 1a gia tri
goc thién dinh do.

Gia tri cai chinh dé chuyén cac goc bang do
trén san thi cong vé mit phiang dia dién xoy la
khéng dang ké va coi nhu bang 0 [14]. Ly do 1a &

586



Hgi nghi khoa hoc quéc 1é Ky niém 60 nam thanh lgp Viéen KHCN Xay dung

so dd hinh lu6i tng dung trong cong tac chuyén
truc 1én nha siéu cao ting. Khi d6, goc bang duoc
do bang may TPDT trong ludi khong ché tric dia
trén cung mit san tang. Cac diém nay nam trén
mot mat thay chuan, do d6 do cao dia dién cua
chung coi nhu bang nhau.

Gi4 tri hiéu chinh goc thién dinh do dugc vé tim
méc tinh theo cong thic:

(h may

- hguong)

S

tinhchuyen

2.3.2. Hiéu chinh toa dj sau binh sai

&= (2)

sinZ.p"

Toa d6 dia dién (xyz) sau binh sai va toa d0 cong
trinh (x’y’ va h’) thuc té ndm trong 2 hé quy chiéu
khéc nhau. Sai khac toa d¢ gitta 2 hé quy chiéu duoc
thé hién trong hinh 4. Trén tang thir i, can hoan
nguyén lai chinh xac vi tri diém chuyén truc, sao cho
diém nay & ting thi i phai c6 toa do mit bang gidng
nhu & ¢bt 0.0, nhim dam bao truc chuyén 1én cac
tang thang ding theo phuwong dudng day doi. Vi
d0 cao h;cua tz:ing thtr 1, toa d0 dia dién va toa do
cong trinh cua cac diém song trung & hai hé qui
chiéu khéac nhau, bi léch theo chiéu cao do anh
huong d6 1éch day doi v.

IIIp

DAY DOI
=

", AP TUYEN

i) T

IVp

—=z=zzzZ2i-—

e

DO THEO PHAP TUYEN
XANH THEO DAY DOI
DEN KICH THUSC THUC

Vo

Hinh 4. Anh huong ciia d 1éch day doi
theo chi€u cao

Gia tri anh huong cia do 1éch day doi theo
chiéu cao coOng trinh toi toa do diém duoc tinh theo
cong thuec:

Ax, = f, cos a

3)
Ay, = f,sina

Trong d6: fs 1a do 1éch vi tri diém song tring
trong hé toa do dia dién va hé toa d¢ cong trinh theo
chiéu cao h;; Ax;, Ay;j 1a cac do 1éch toa d6 thanh
phan ciia diém j trén tang thi i; y 1a d¢ 1éch day doi;
o la phuwong vi cua do 1&ch.

fs (mm)
40.0 (
—)
350 v
/ —1]
300 / / .
25.0 / / —§
20.0 // /; —1()
150 —1
10.0 1 L
50 =% + Ngudng hiéu
Z chinh
0.0 4 T T T T T T T T T 1 Chigu cao cong
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Hinh 5. Biéu d6 anh hwong dd léch day doi
theo chiéu cao cong trinh

Hinh 5 biéu dién anh huéng do 1éch day doi theo
chiéu cao cong trinh va muc d anh hudng can hiéu
chinh toa d6 dé dam bao do chinh xac yéu clu cla
cong trinh. Cac muc d6 léch dy doi chon dé biéu
dién la tr 2°dén 15>,

Nhan théy anh huong ctia do 1éch day doi theo
chiéu cao cong trinh trong xay dung ludi chuyén
truc 1én nha siéu cao tang bang phuong phap mat
d4t - vé tinh 1a dang ké va can duoc hiéu chinh,
nhét 13 trong trudng hop chiéu cao cong trinh 16n
hon 100m.

Puong day doi c6 phuong vuong goc voi mat
cong thuy chuan, do vdy cac duong day doi khong
song song v6i nhau ma déu hudng vé tam Trai dét.
Dbi voi nha cao tang, khoang cach giira hai diém
trén miat bang mong khi chiéu 1én mit san ting co
dd cao H; s€ thay ddi mot lugng 1la ASy. Do d6
khong song song gilia cac duong day doi di qua
diém dau va diém cudi cua canh, mot canh bét ki

trong lui trén san ting khi chuyén vé mit bang gbc
s& c6 1&éch mot gia tri ASy theo cong thirc:
AH

=—225
R

m

AS, @)
trong do: S - khoang cach do giita cac diém dang
xét; AH = H; — Ho, voi Hi 1a d6 cao mét san xay
dung, Ho 1a d0 cao mait béng mong; Rm = Ro + Ho,
v6i Ro 1a ban kinh trung binh cua Ellipsoid (thudong
lay Ry = 6371 km).
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Bang 1. Anh huéng do do khong song song ciia dwong diy doi

téi khoang cach ASy (mm) theo dd cao mit chiéu

AH(m)
50 75 100 150 200 300 400
S (m)
25 0,20 0,29 0,39 0,59 0,78 1,18 1,57
50 0,39 0,59 0,78 1,18 1,57 2,35 3,14
75 0,59 0,88 1,18 1,77 2,35 3,53 4,71
100 0,78 1,18 1,57 2,35 3,14 4,71 6,28

Thiét ké, wéce tinh do chinh xéac lwdi

v

B6 tri cong trinh tir méc qudc gia sit dung khi khao sat

v

Lap ludi tim truc, xac dinh toa d6 céng trinh x’y’ va i’

v

Xay dung lwéi dinh vi 1 cip, chuyén toa d6 dia dién (xyz) vé toa d6 cong trinh ( X'y’ va h’)

v

Po lai lwdi dinh vi v6i cac diém trén mat san cac phan doan, danh gid dé 6n dinh méc dinh
vi, hoan nguyén toa dé moc chuyén truc trén cac phan doan

v

Po nghiéng cong trinh

Hinh 6. Xay dung lw6i khong gian mt cAp dam bao cong tac tric dia xdy dung nha siéu cao ting

S6 hiéu chinh vao gia s6 toa do gilia diém dau
va diém cubi cua duong chéo:
Vs = AS, cosa; vs =AS,sina (5)
Nhan thiy khoang cach chiéu theo phuong
thang dimg khi chuyén toa d6 1én ting bj anh huong
dang ké boi d6 khong song song cua cac duong day
doi (bang 1).

3. XAY DUNG LUOI KHONG GIAN VA
THUAT TOAN BINH SAI

3.1. Trinh ty xay dung lwéi khéng gian

Trinh ty cac budc xay dung ludi khong gian mot
cAp dam bao cong tac tric dija xay dung nha siéu cao
tang duoc thé hién & hinh 6.

Budc dau, tién hanh thiét ké, uéc tinh d chinh
xac ludi va bd tri cong trinh tir mbe qudc gia st dung
trong giai doan khéo sat. Trong lan do dau tién, sau
khi 1ap xong Iudi tim truc va ludi dinh vi trén mat
bing méng, dit may thu GNSS tai tit ca cac diém
ludi, tién hanh do theo phuong phép do tinh. Str dung
méay TDDT dé do goc, canh cac diém ludi tim truc.

Sau d6 binh sai ludi két hop tri do mat dat - GNSS dé
xé4c dinh toa do cac diém trén mat bﬁng géc.

Trong cac lan do tiép theo cua viéc chinh xac
hoa ludi truc trén san tﬁng khéi dau mdi phéan doan,
sau khi chiéu cac diém tryc 1én dau mdi phan doan
bang may chiéu dimg, tién hanh do goc va canh ludi
tao boi cac diém chiéu bang may TPDT. Pong thoi
dat may GNSS tai cac diém dinh vi trén mat bﬁng géc
va cac diém chiéu trén san ting, tién hanh do tuong tu
nhu & 1an do dau. Két qua do duoc xur Iy bang thuat
toan binh sai tu do ludi khong gian két hop mat dat -
vé tinh [10], x4c dinh toa d6 cac diém chiéu trén san
tﬁng déu tién caa mdi phan doan. P9 1&ch toa do cac
diém chiéu trén diu mdi phén doan va toa d6 tuong
g ctia chiing trén mat bang gdc thé hién d6 chinh
xac chuyén truc cong trinh 1én cao. Truong hop do
1éch nay vuot qua han sai theo TCVN 9398 : 2012
[14], can tién hanh hoan nguyén diém.

Céac diém dinh vi cta lué6i da xay dung trén mat
bé'mg géc, déng thoi dugc st dung dé do kiém tra do
nghiéng cong trinh.
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Nhép két qua do, loc sai s6 tho bang thuat toan binh sai truy hoi

Lap hé phuwong trinh s hiéu chinh V=AX+L

Binh sai lwdi tw do bac 2 véi ma trin R~ = (R + CP,CT) ™' — TP, 'TT

Danh gia do 6n dinh méc dinh vi

Tinh chuyén Helmert tir toa do dia dién (xyz) veé toa d6 cong trinh (x'y’ va h*) voi
cac diém lwéi chuyén truc trén mat san phan doan

Két thic phan doan

Hinh 7. So' d0 thuét toan xir 1y s6 liéu lwéi chuyén truc

3.2. Thuat toan binh sai khong gian lwéi két hop
mat dat — vé tinh

Lu6i khong gian két hop tri do mat dat - vé tinh
tai cot 0.0 hay trén san tang dau tién mdi phan doan
chiéu déu can dugc xtr Iy sb liéu theo phwong phap
binh sai tu do lu6i khong gian sé khuyét duong
trong hé toa do dia dién. Sau binh sai, tinh chuyén
Helmert v& hé toa do dia dién quy udc phu hop véi
cong trinh. Két qua ciia qua trinh xtr 1y s lidu, ta thu
duoc toa do cac diém ludi trén cdt 0.0 cling nhu toa
d6 cac diém ludi chuyén truc trén ting dau tién cua
mdi phan doan chiéu. Lam co s¢ dé thuc hién cong
tac trac dia trong xay dung nha siéu cao ting. Hinh 7
trinh bay so dd thuét toan xir 1y s liéu ludi chuyén
truc v6i bai toan binh sai tu do ludi khong gian két
hop tri do mit dat — v¢ tinh.

Trong [10] da thuc hién mdt sb thuc nghiém do
dac va xir 1y s6 liéu theo quy trinh trén, tir d6 ching
minh duogc:

- Kha nang ap dung ludi khong gian két hop tri
do mat dét - vé tinh trong chuyén truc va do cao Ién
nha siéu cao tng.

- Uu diém thuat toan binh sai tu do trong xur Iy
s lidu ludi khong gian két hop mit dat - vé tinh.

- C6 thé ap dung TDDT va GNSS ciing v6i thuat
toan xur 1y ludi khong gian két hop mat dt - vé tinh
trong do nghiéng nha siéu cao tang.

Céc thyc nghiém vé xdy dyung luéi khong gian,
xtr 1y s6 lidu ludi theo phuong phap binh sai ty do
$6 khuyét duong trong hé toa d¢ dia dién, chuyén
truc 1én tang da duogc trinh bay trong cac nghién ctru
[2, 9, 10] cia nhom tac gia. Bai bao nay voi muc
dich tong hop chudi cac két qua nghién ctru cua
nhom tac gia vé cong tac tric dia trong thi cong xay
dung nha siéu cao tang.

4. KET LUAN

Chi ¢6 két hop tri do mat dit - vé tinh méi du
didu kién va khai thac sir dung t6i da cac két qua do,
xay dung ludi tu do mot cép, xac dinh toa d6 3D
dam bao xay dyung nha siéu cao tang trong diéu kién
chiu anh huong rung lic cong trinh. Bang mot ludi
dinh vi, do két hop tri do mit dit — vé tinh, binh sai
tu do trong mot cép, xac dinh toa @6 3D, du dam bao
d6 chinh xac thyc hién cong tac tric dia xay dung
nha siéu cao ting trong ca qua trinh thi cong xay lap
cong trinh.

Dé phuc vu thi cong cong trinh, tir két qua toa
d6 khong gian trong hé toa do dia dién chan troi can
chuyén vé toa do cong trinh. Véi yéu cau gip rat
dam béo tién do thi cong xdy lap nha siéu cao tang,
can ¢6 phan mém xir 1y s6 liéu phit hgp. Phan mém
phuc vu quy trinh xtr 1y s6 lidu trén da duoc nhom
tac gia xay dung va cong bé.

Két qua nghién ctru trinh bay trong bai bao, cho
thdy ban chat ciia cong tac tric dia dam bao thi cong
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nha siéu cao tang dugc lam rd. Pong thoi cling chi
ra can bo ky thuat va thiét bi tric dia hién co cua
chung ta du dam bao thuc hién cong tac tric dia
trong thi cong nha siéu cao ting ¢ Viét Nam chir
khéng chi 1a nhitng nguoi thue hién theo chi dao cua
chuyén gia nudc ngoai nhu hién nay.
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