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NGHIEN CUU KHA NANG UNG DUNG GPS DE KIEM TRA
PO THANG PUNG CONG TRINH TRONG QUA TRINH THI CONG

NGUYEN QUANG PHUC, HOANG THI MINH HUONG, TRAN THUY LINH,

Truwong Pai hoc Mo - Pia chat

Tém tit: Trong thi cong xdy dung, thieong sir dung cdc phwong phap va phuong tién truyén
thong dé kiém tra do thcfng dirng cua cong trinh. Tuy nhién, vdi cac cong trinh cé chiéu cao
Ion, cdc giai phdp truyén thong té ra kém hiéu qud, trong nhiéu truong hop khong dap ing
dwoc yéu cau cua thi cong. Noi dung bai bao nghién ciru bién phdp kiém tra d¢ thang ding
cua CAc cong trinh xdy dung c6 chiéu cao 1ém bang cong nghé GPS véi viéc siv dung hé toa
do vuong goc khong gian dia dién chan troi. Trén Co so do, danh gia kha nang iing dung
GPS dé kiém tra dg thang dimg ciia cong trinh trong qud trinh thi cong.

1. Pit van dé

Khi thi cong cac cong trinh xay dung co
chiéu cao 16n nhu nha cao tang, thap truyén
hinh, ong khoi nha may, silo, bon chira nhién
liéu v.v..., can phai tudn thii chit ch& yéu cau
vé d6 chinh x4c va cac kich thudc hinh hoc cua
cong trinh. Yéu ciu nay nhflm bao dam tinh bén
ving va 6n dinh cua cac két cau, dong thoi cling
1a dé bao dam trac dia cho viéc lap dat cac ciu
kién va thiét bi k¥ thuat trong qua trinh thi cong
cling nhu trong van hanh, khai thac s dung
cong trinh.

Yéu cau chu yéu vé dang hinh hoc d6i véi
cac cong trinh ¢6 chiéu cao 16n 1a phai ¢am bao
duoc do théng dimg - mot thong s6 dac trung
quan trong cho do bén viing va tinh tham my
ctia cong trinh. Khi cong trinh khong con thang
dung, c6 nghia la n6 da bi nghiéng. Theo [2],
dbi v6i cac cong trinh c6 truc dimg duy nhat va
15 rang nhu 6ng khoi nha may, thap truyén
hinh, silo, bdn chia nhién liéu... thi d6 nghiéng
cua cong trinh 1a sy sai I¢ch cua truc ding thuc
té ciia né tai diém dang xét so voi phuong thang
ding duogc xac dinh bang dudng day doi. Ddi
véi cac cong trinh khong co truc dimg duy nhat
va rd rang nhu céc toa nha cao tang thi do
nghiéng ctia n6 dugc danh gia qua do nghiéng
cla cac buc tuong va cua cac cOt chiu luc
chinh. D6 nghiéng duoc biéu dién bang don vi
do dai - hinh chiéu ctia 6 léch tam trén va tam
dudi cong trinh trén mit phiang chan dé hodc
g6c nghiéng - goc hop boi truc dimg thuc té cua

cong trinh vai truc dung ly tudng tire 1a phuong
cua day doi.

Nhu vay, dé xac dinh duoc do thang dimg
cua cong trinh, can phai xéc lap mdt hé quy
chiéu cuc bo véi gbc toa do6 va hé truc toa do
mot cach hgp 1y cho cong trinh. Theo chung t61,
hé toa d6 vudng goc khong gian dia dién chan
troi dép ung dugce yéu cau xac dinh do thang
ding cta cong trinh theo nghia ndi trén Khi
kiém tra d¢ thang dimg cia cac cong trinh c6
chiéu cao 16n bang cong nghé GPS. Trudc hét,
chung ta xem xét hé toa do vuong goc khong
gian dia dién chan troi dja phuong (goi tat 1a hé
toa dg dia dién chan troi) trong mdi quan hé véi
hé toa d6 vudng goc khong gian dia tam qudc té
WGS-84, 1a hé toa do thuong dugc su dung
trong do dac v¢ tinh.

Miat phing
chan troi

XICH PAO

Hinh 1. H¢ toa d6 dia dién chan troi Po-xyz
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2. Hé¢ toa do dia dién chan troi

Trén Hinh 1, O 1a tim cua ellipsoid Trai
dat. O- XYZ la he toa do vudng goc khong gian
dia tam quoc té. Po 12 diém trén Mit dat hodc

ciing c6 thé 1a mot diém cua ludi khdng ché.

Lay diém Po lam gbc, phap tuyén véi mit
ellipsoid di qua diém Po lam truc z, huéng thién
dinh 14 huéng duong; 14y hudéng kinh tuyén lam
truc x, hudéng Bic 1a huéng duong; truc y
vudng goc voi truc x va z, huéng Pong la
huéng duong. Po-xyz dugc goi 1a hé toa do
vuong goc khong gian dia dién chan troi.

Quan hé gitra toa do vudng goc khong gian
dia tim va toa d6 dia dién chan troi duge biéu
dién theo cong thurc [1]:

X;| |-sinBycosL, —sinB,sinL, cosB,
y,|=| -sinL, cosL, 0
Z; cosB,cosL, cosB,sinL, sinB,
xi _XO
1Y =Y,
Zi _ZO

trong d6: Xi,Yi, Zi va Xi, Vi, zi - la toa do khong
gian va toa d¢ dia dién cua diém i.

Xo, Yo, Zo va By, Lo - 1a toa do khong
gian va toa do tric dia cua diém Po.

Mot sé két qua nghién ctru cho thay, do
chinh xac x&c dinh cac thanh phan toa do dia
dién chan troi sau tinh chuyén chi phu thudc
vao sai s trung phuong xac dinh toa d6 vudng
goc khong gian cua cac diém [3]. Bén canh do,
cac may thu tin hi€u vé€ tinh hién nay co thé
dam bao xac dinh toa do véi sai sb trung
phuong c& ~3mm [4].

Xem xét hé toa do vudng goc khong gian
dia dién chén troi, c6 thé rat ra mot s6 nhan xét
Sau:

- Phuong cua tryc z la phuong cua phap
tuyen voi mat ellipsoid di qua goc cua hé toa
do, rit gan voi phuong cua day doi. Pay 1 diéu
kién rat thuan loi dé nghién ctru do thang dung
ctia cong trinh. Mot s6 két qua nghién ciru ciing
dd cho thdy ring, trén phan 16n lanh thd cua
Cong hoa lién bang Nga, d6 1¢ch day doi khong
qua 47[3]. O Viét Nam, gia tri ndy 1a khoang
10” ¢ khu vyc Ha Noi va khoang 20” ¢ vung
nui phia Bic tinh theo ellipsoid WGS-84 quéc
te.

- C&c cong trinh thuong duoc xay dung trén
bé mat dat ty nhién. Néu sir dung cac gia tri toa
d6 phang trong phép chiéu hinh tru ngang dong
goc dé nghién ctru do thang ding cua cong trinh
s& khong thuén lgi, vi mat chiéu toa do phfmg
trong truong hop nay la mat cua ellipsoid quy
chiéu toa do. Trong khi d6, do cao cua diém géc
Po cta hé toa do dia dién co thé duge lua chon.
Va néu chon d6 cao cua diém gbc Po la do cao
ciia bé mit mong cong trinh thi khi d6, mit
phang toa dd xPoy chinh 1a mit phang chan troi
tai Po (Hinh 1), ttrc 13 bé mit dét thyc, rat thuan
loi cho viéc nghién ciru d6 thang dung ciing
nhu cac bién cb cua cong trinh trong qua trinh
thi cong va khai thac stir dung chling.

Theo [2], sai s gi6éi han xé&c dinh do
nghiéng mot s6 loai ¢ong trinh cho nhu & cot 2
cua Bang 1, voi H la chiéu cao cta cong trinh.

Néu coi sai s6 gi6i han 16n gap 2 lan sai s6
trung phuong thi d6 chinh xac xac dinh do
nghiéng cua cac ddi tugng trén sé 1a (xem cot 3
va 4 cua bang 1):

Bang 1. Do chinh xac xac dinh d6 nghiéng mot s6 loai cong trinh

Loai o3 inh Sai sb Sai sb trung phuong
oat cong trin gidi han [2] | Theo do dai | Theo goc
‘ 1) ) ®) (4)
Nha ¢ cao tang 0,0001H 0,00005H 10,37
Ong khéi nha may 0,0005H 0,00025H 51,5
Caf: SII’O c}hua vat liéu roi, bon chira dau, 0,001H 0,0005H 1’ 43,07
khi hoa long
Thap truyén hinh, dng ten vo tuyén 0,0001H 0,00005H 10,3”
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Két qua ¢ cot 4 (bang 1) cho thiy: trong
phan 16n truong hop, do léch day doi khong
vuot qua do chinh xac can thiét xac dinh do
nghiéng. Vi vy, hoan toan c6 thé sir dung hé
toa do dia dién chan troi dé nghién ctru, xac
dinh d6 nghiéng cong trinh.

3. Nguyén ly xac dinh d9 thing ding cong
trinh bang cong nghé GPS

Trén hinh 2, 0 1a diém cua ludi khéng ché,
da co toa do trong hé toa do khdng gian dia tam
1a Xo, Yo va Zo. Pé tim giao diém cia phuong
phap tuyén véi mat ellipsoid di qua diém 1 &
cac muc 1, 2, 3,..., n trén cac san thi cong, can

________

dit mot may thu tin hiéu vé tinh tai diém 0, may
thu tha 2 1an luot dat tai diém 1, sau d6 tai lan
can cac diém 2, 3,..., n theo tién do thi cong.
Két qua xur Iy so liéu cho phép xac dinh céac so
gia toa 46 AX;,AY,;,AZ,, cia vector Oi (i=1,
2,.., n), tor d6 xac dinh duoc toa do cua diém
thar i trong hé toa do khong gian dia tam theo
cong thuc:

X =X, + AXq
Yi =Y, +AY,, )
Z, =2, +AZ,

_________________

Hinh 2- X&c dinh dé thang dirng cong trinh

Chon diém 1 lam gdc ciia hé toa do dia dién chan trdi. Theo (1), s& tinh duoc toa d6 dia dién
chan troi cua cac diém nhu sau (viét dudi dang day dua):

X, =—(X, = X,)sinB, cosL,

—(Y, =Y,)sinB;sinL, +(Z, —Z,)cosB,

y; =—(X; =X,)sinL, +(Y; —=Y;)cosL, , (3)
=—(X; —X;)cosB, cosL, — (Y, —=Y;)cosB,sinL, +(Z, —-Z,)sinB,
v6ii=2, 3,...,n. o
Néu luu y dén (2) thi (3) con c6 thé viét lai nhu sau:
X; =—(AXy —AX,,)sin B, cosL, —(AY,; —AY,,)sin B, sinL, +(AZ, —AZ,,)cosB,
Vi =—(AX,; —AXy)sinL, + (AY, —AY,,)cosL, , 4
= —(AX,; —AX,;)cosB, cosL, — (AY, —AY,,)cosB; sinL, +(AZ,, —AZ,,)sin B,

tire 1a chi phai tinh théng qua cac s6 gia toa do khong gian ciia cac vector duong day Oi, ma khéng
lién quan gi dén toa d6 cua diém khéng ché 0. Tuy nhién, néu vi tri ciia diém 0 khong 6n dinh trong
qué trinh thi cong thi cling s& giy ra sy thay doi chiéu dai cta cac vector duong day. Pay la diém
can luu y khi lya chon vi tri ciing nhu bd tri cac diém khéng ché, sao cho chung c6 do 6n dinh cao
trong sudt qua trinh thi cong. Trong cdc cong thic trén, By va L1 13 toa d¢ tric dia ctia diém 1.

Néu cac diém 2, 3,..., n cing nam trén phuong phap tuyén s& phai thoa man diéu kién:

xi=yi=0. ®)
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Khi diém 0 khéng qua xa cong trinh
(<200m), c6 thé xem phuong phap tuyén voi
ellipsoid di qua diém 0 va diém 1 1a song song
v6i nhau. Khi d6, c6 thé chon diém 0 lam gbc
cua hé toa do dia dién va cong thiac (4) duoc
viét lai la:

Xj = —AXg;sin BycosLg — AYy; sin Bysin L + AZg; cosBy
Yi = —AX;sin Ly + AYg; cosL ,
zZ; = —AX;; €05 By cosLy — AYy; cosBgsin Ly + AZ; sin By

, ©)
voi 1=1, 2,..., n; Bo, Lo 1a toa d0 trac dia da biét
ctia diém 0.

Trong truong hop nay, néu céc dlem 2,
3,..., n cung nam trén phuong phap tuyén di
qua diém 1 thi s& phai thoa man diéu kién:

X, =Xz =..=X, =

=X,
| (7)
Yo =Y3= =Y, =Yy
Diéu kién (5) hodc (7) cho phép kiém tra do
thang ding cua cong trinh trong hé toa do
vuong goc khong gian dia dién chan troi khi st
dung cong nghé dinh vi v¢ tinh GPS.
4. Thyc nghiém xac dinh d9 thing ding cong
trinh cao ting bing GPS
Chiing tdi da thue nghiém xac dinh d6 thing
ding cta cong trinh thap A thudc to hop toa
thdp Keangnam Ha Noi trong qué trinh thi cong
tai cac chu ky 13, 14 va 15, tuong rng vdi cac
tang 40, 43 va 46. Pé xac dinh d6 thang ding
clia cong trinh nay bang céng nghé GPS, don vi
thi cong da xay dung hé thong ludi khong ché

mit dat bao gdbm 4 diém tir M1 dén M4 (hinh 3).
Céc diém X3Y18, X3Y21 va X5Y21- giao diém
clia cac truc ciing tén ctia cong trinh- 14 cac diém
dugc chiéu 1én tir san ting 1 bang may chiéu
dung lazer va ciing 1a diém dung cho viéc kiém
tra. Trong ting chu ky, st dung 4 may thu tin
hiéu Trimble R3 tién hanh do tai cac diém ciia
ludi khéng ché va tai cac diém kiém tra, tao
thanh o hinh luéi nhe & Hinh 3. Sau khi do
timg chu ky, ludi dugc xur Iy bang phan mém
GPSurvey 2.35. pé phuc vu cho vi¢c xac dinh
d6 thang dtng cong trinh theo cac thuat toan néu
trén, ching t61 liét ké dudi day két qua toa do
vudng goc khong gian cia cac diém kiém tra
theo tirng chu ky (bang 2) [5].

Hinh 3. So d6 luéi thuc nghiém

Béng 2. Toa do vudng goc khong gian cia cac diém kiém tra

| TT | TEN DIEM | X (m) | Y (m) | Z (m) |
| -———- |——mmmmm | —mmmmmm [ —mmmmmmmm e |
| | X3v18 | -1620192.8789 |  5731855.5127 | 2273345.8485 |
| CK1 | X3Y21 | -1620210.7024 | 5731844.8009 | 2273360.0831 |
| | X5Y21 | -1620224.5473 |  5731847.0963 | 2273344.4577 |
| === | =mmmmmmm | mmmmmmmmmm oo | =mmmmmmmmmmmmm | = mmmmmmm oo |
| | X3vls | -1620227.1281 |  5731976.7115 | 2273394.2322 |
| CK13| X3Y21 | -1620244.9573 |  5731965.9369 | 2273408.4499 |
| | X5Y21 | -1620258.8129 |  5731968.2988 | 2273392.8402 |
| -———- | ——mmmmm | —mmmmmm R | m oo |
| | X3Y18 | -1620229.8591 |  5731986.3842 | 2273398.0823 |
| CK14| X3Y21 | -1620247.7014 |  5731975.6742 | 2273412.3157 |
| | X5Y21 | -1620261.5477 |  5731977.9884 | 2273396.6981 |
| === T | =mmmmmmm oo o I |
| | X3Y18 | -1620233.7196 |  5732000.0011 | 2273403.5334 |
| CK15| Xx3Y21 | -1620251.5474 |  5731989.2839 | 2273417.7477 |
| | X5Y21 | -1620265.4083 |  5731991.5982 | 2273402.1391 |

Pé xac dinh do nghiéng cua cong trinh trong cac chu ky, chung t6i xac 1ap mot hé toa do dia dién
chan troi cho cong trinh, nhan diém X3Y18 lam gdc toa do. Thuc hi¢n viéc tinh chuyén toa do tir hé toa
do khong gian dia tam vé hé toa d dia dién chan troi theo thuat toan (3), thu dugc két qua nhu & bang 3.
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Bang 3. Thanh qua toa d¢ dia di¢én chan troi

| T. | TEN |

I |

| T | DIEM | X
[-———- [-——————— I

I | X3Y18 |

| CK1 | x3Y21 | 15
I | X5Y21 | -1
[-==-- [ === I

| | X3Y18 | -
| CK13| X3Y21 | 15
| | X5v21 | -1
[-==-- [ === I

| | X3Y18 | -
| CK14| x3Y21 | 15
I | X5Y21 | -1
|-———- [-——————— I

I | X3v18 | -
| CK15| X3Y21 | 15
I | X5Y21 | -1

T O A D O |

[-——— - |
(m) | y (m) | z (m) |
|- [-————— - |

0000 | 0000 | 0000 |
2458 | 20.0652 | 0090 |
4830 | 32.7637 | -.0181 |
[ === [ === |

0080 | -.0091 | 134.9190 |
2431 | 20.0787 | 134.8670 |
4950 | 32.7694 | 134.9079 |
[ === [ === |

0190 | -.0121 | 145.6820 |
2231 | 20.0707 | 145.6970 |
5049 | 32.7654 | 145.6899 |
|- [-——— - |

0071 | -.0010 | 160.8490 |
2212 | 20.0697 | 160.8470 |
4999 | 32.7785 | 160.8469 |

T day, ap dung diéu kién (5) ddi voi diém X3Y18, diéu kién (7) ddi voi diém

X3Y21 va

X5Y21 dé kiém tra do thang duing cong trinh. Két qua thu duoc nhu & Bang 4.

Bang 4. Két qua xéac dinh d¢ nghiéng tai cac diém kiém tra

| T. | TEN | LECH T O A DO | LECH |
I | [ == | |
| T | DIEM | HUONG x (m) | HUONG y (m) |TOAN PHAN (m) |
[-==-- [ === [ === [ === [ === |
| | X3Y18 | -.008 | -.009 | 012 |
| CK13| X3Y21 | -.003 | 014 | 014 |
| | X5Y21 | -.012 | 006 | 013 |
|-———- [-——————— |- |- [-————— - |
| | X3Y18 | -.019 | -.012 | .023 |
| CK14| X3Y21 | -.023 | 005 | .023 |
| | X5Y21 | -.022 | 002 | .022 |
[-==-- [ === [ === [ === [ === |
| | X318 | -.007 | -.001 | .007 |
| CK15| X3v21 | -.025 | 005 | .025 |
| | X5v21 | -.017 | 015 | .022 |

Céc két qua tinh toan trén day hoan toan phi hop véi cac két luan cua [5].

5. Két luan va kién nghi

Tir cac két qua nghién ciru 1y thuyét va thuc
nghiém trinh bay trong bai bao, co thé rut ra cac
két luan va kién nghi sau day:

5.1. H¢ toa do vuodng goc khong gian dia
dién chén troi co nhitng dic diém rét thuan tién
cho viéc nghién ctru do thang dimg cdng trinh
khi do bang cong nghé GPS. Véi thu tyc tinh
chuyén don gian, ¢ thé sir dung ngay cac thanh
phan toa d dia dién chan troi dé xac dinh do
nghiéng (theo d¢ dai va goc) cua cong trinh ma
khong cén tinh chuyen vé hé toa do tric dia va
vé hé toa d6 phing cuia cong trinh.

5.2. V6i nhiing tinh nang vuot trdi, cong
nghé GPS khic phuc duoc cac nhuge diém cua
céc phuong phép truyén théng khi xac dinh do

thang dtng cua cong trinh trong qué trinh thi
cong, dic biét 1a dbi voi cac cong trinh co chidu
cao lén.

5.3. Cac don vi va td chirc ¢ tién hanh cac
cong tac tric dia trong x4y dung can ap dung hé
toa do vudng goc khong gian dia dién chan troi
dé xac dinh do thing dimg cong trinh trong qué
trinh thi cong khi do bang cong nghé GPS.
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SUMMARY
Applicability of GPS-technology to check the vertical of the projects during construction
Nguyen Quang Phuc, Hoang Thi Minh Huong, Tran Thuy Linh
University of Mining and Geology

During construction, often using methods and traditional means to check the vertical of the
project. However, with the big tall building, the traditional solutions proved ineffective, in many
cases do not meet the requirements of construction. Content of the paper is to study methods of
checking the vertical of the building is as tall in the construction process by GPS technology.

58



