NGHIEN CUU UNG DUNG CONG NGHE GPS TRONG
THI CONG XAY DUNG NHA SIEU CAO TANG

TS. TRAN VIET TUAN

Trwdrng Pai hoc M6 - Pia chat Ha Noi
KS. DIEM CONG HUY

Vién KHCN Xay dwng

Toém tat: Néi dung ctia bai béo trinh bay mét sé két qua nghién ctru tng dung céng nghé GPS dé kiém tra
do thang dirng, phuc vu bé tri thi céng cac cong trinh nha siéu cao tédng dwoc xdy dung tai Viét Nam. Két qua
do dac va tinh toan khi st dung céng nghé GPS dé kiém tra do thdng ding cong trinh khi thi cong xay dwng toa
nha Keangnam - Ha Ngi.

1. Pat van dé

Hién nay & nuoc ta da va dang xay dung nhiéu nha siéu cao tang. D6 la cac cong trinh co6 sb tang tr 40
tang tré 1én twong dwong véi chiéu cao clia cong trinh tlr 100 m tré 1én, trong do phai ké dén ngdi nha cao nhat
Viét Nam hién nay la toa nha Keangnam cao 70 tang, twong (rng v&i chiéu cao 336m. V&i chiéu cao xay dung
I&n, lai dwoc thi cong xay dung trén dién tich xay dwng nhé nén dé thadng dirng clia cdng trinh c6 mét vai tro rat
quan trong trong qua trinh thi cdng xay dwng va khai thac st dung sau khi hoan thanh. Tt treéc dén nay &
nwoc ta thudng xay dung céac cong trinh ¢ sb tang tir 07- 40 tAng va phwong phap truyén toa do 1&n cac san
thi cong cha Yéu la str dung phwong phap dwéong thang dirng quang hoc tire 1a str dung cac may chiéu thién
dinh (PZL) dé chuyen toa do Ién cac san thi cong trén cac tang cao.

Khi sé tang ctia cdng trinh va chiéu cao cla cong trinh tang lén néu st dung cac may chiéu thién dinh (PZL)
dé chuyén toa dé |én cac san thi cong sé lam giam do chinh xac chiéu diém (do khodng cach chiéu tang 1én).
Ngoai ra do &nh huwéng rat Ién cla cac yeu t6 moi tredng nhw gi6 va nhiét do,... gay ra hién twong van xoan
cho céng trinh, lam cho vi tri cac diém chiéu bang may chiéu ding bi thay dbi, anh hwéng dén dd chinh xac bd
tri va thi cdng cong trinh. Chinh vi vAy can phai nghién ciru cac phwong phap va cong nghé khac dé chuyén
toa do Ién cac san thi cong trén cac tang cao nham dam bao dd chinh xac thi cdng cac céng trinh nha siéu cao
tang.

2. Co s& ly thuyét va phwong phap nghién ctu

Trong thi cdng xay dwng nha siéu cao tang dé dam bao do thang dirng cua céng trinh can phai thanh lap
trén mat bang méng céng trinh mét lwdi tréc dia chuyén dung (Iwdi A, B,. F). Sau d6 st dung may chiéu
dirng PZL (hodc cac may chiéu cé tinh ning twong dwong) dat tai cac dlem cﬂa lwdi trdc dia chuyén dung (A,
B,...,E, F) tién hanh chiéu dé chuyén toa do cac diém nay I&én cac san thi céng ta nhan dwoc toa do cac diém
khéng ché trén san thi céng la (A',B',....E',F) (hinh 1).
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Hinh 1. Chuyén toa d /én cac san thi cong bang
may chiéu ding
Tai cac san thi cong trén cao dya vao cac diém khdng ché da dwoc chuyén lén (A',B',...E.F), tién hanh do
kiém tra cac dai lwong géc va canh, tinh toan binh sai va hoan nguyén cac diém khéng ché nay vé vi tri thiét ké
dé tr d6 bd tri cac hang muc con lai clia céng trinh trén tirng san thi cdng [2]. Nhw vay dd chinh xac thi cong
céng trinh theo phwong thdng dirng sé phu thudc vao chét lugng thanh l1ap lwdi trac dia chuyén dung trén mat
bang méng cong trinh va chéat lwgng chiéu cac diém khdng ché 1én cac tang cao. Hién nay dé thi cong cac cong



trinh nha cao tang nguwoi ta ¢ hai phwong an chiéu diém 1én cac san thi cong [2]:

- Phwong an chiéu lién tuc tir mat san tang 1 1&n cac tang thi cong. V&i phwong an chiéu diém nay chi can
dat may chiéu & san tang 1 chiéu diém cho dén tang cubi cung. Khi sb tang cla toa nha hay chiéu cao cla
cbng trinh tang lén thi d6 chinh xac chiéu diém sé& giam di do ting chiéu cao tia ngdm dan dén sai s ngédm va
sai s6 bat myc tiéu tng va do anh hudng cla cac yéu td ngoai canh (chiét quang, nhiét do,...) dén dd chinh
xac chiéu diém [2].

- Phuwong an chiéu phan doan: chia sé tang thi cong thanh n doan. M&i doan chiéu s& bao gébm m tang.
Tién hanh chiéu diém ti tAng 1 dén hét doan thi» nhat bao gbm m tang. Sau dé chuyén may chiéu Ién tAng 2m
va tiép tuc chiéu diém cho dén hét ting 2m. Chuyén may chiéu Ién tang 3m va tién hanh twong tw cho dén khi
thi cdng xong céng trinh. V&i phwong an chiéu phan doan: sé gidm dwoc chiéu cao tia ngédm di n lan, do do do
chinh xac chiéu diém trong tirng doan sé tang lén. Day chinh |a phwong phap chuyén toa dé Ién cac tang thi
céng khi xay dwng toa nha siéu cao tang khi st dung cac may chiéu thién dinh (PZL) hodc (cac may chiéu co
tinh nédng twong dwong) dé chuyén toa do lén cac san thi cdng. Tuy nhién trong phwong phap chiéu phan
doan dé dam bao do chinh xac thi cdng cong trinh theo phwong thang dirng van dé dac biét quan trong la can
do dac va dinh vi lai cac diém co s& cua lwdi tréc dia chuyén dung (1a cac diém A',B',....E',F) tai tAng kh&i dau
ctia méi doan chiéu (hinh 1).
Vén dé dinh vi cac diém khdng ché cla lwéi trac dia chuyén dung trén tirng bac chiéu chi thuc hién duwoc

nh& (’ng dung cong nghé GPS. Nguyén téc dinh vi cac diém khdng ché thi cong trong xay dwng nha siéu cao
tang bang cong nghé GPS dworc thyc hién nhw hinh 2.

GPS3

Hinh 2. Lw6i khéng ché Tréc dia

Khi thi cdng xay dwng phan méng cua coéng trinh va thanh lap lwéi trc dia chuyén dung trén mét bang
mong tai san tAng 1 (cac diém A, B, C, D) ta can thanh 1ap ngay lwdi GPS lién két voi cac diém cua ludi trée dia
chuyén dung (la cac diém GPS1, GPS2 ,GPS3) duoc bb tri & nhitng vi tri 6n dinh trén mat dét trong subt qua
trinh thi céng céng trinh. Tién hanh do GPS tir cac diém khéng ché trén mat dat dén cac diém khéng ché cla
lwdi tréc dia chuyén dung va céc tri do géc va canh trong lwéi chuyén dung (hinh 2). Tién hanh binh sai két hop
lwdi khéng ché mat dat (bao gdm céc tri do géc va canh trong lwéi chuyén dung dwoc do bang may toan dac
dién t& va thuwéc thép) va cac tri do GPS [1] ta co toa dd thiét ké ctia cac diém (A,B,C,D) tai bac chiéu dau tién
(X1,Y;1). Dung may chiéu diém PZL chiéu cac diém (A, B, C, D) Ién céc tang thi cong trong bac chiéu dau tién.
Qua sb tAng m tién hanh do lai GPS dén cac diém (A',B',C', D') da dwoc chiéu |én tang thir m. Do kiém tra cac
tri do géc va canh trong lwéi (A,B,C,D). Tién hanh binh sai ta cé toa do clia cac diém khéng ché (X, Y;) trén bac
chiéu tht i. So sanh toa d6 cla cac diém khdng ché gitra bac chiéu thir i va bac chiéu dau tién sé tinh dwoc do
Iéch toa dd theo cong thirc

AXi = Xi-Xl (3)
AYi = Xi-Xl

T cac dai lwong AX, AY; dé& dang tinh dwoc cac dai lwong hoan chinh dé hoan nguyén cac diém



(A,B,C,D) vé dung vi tri thiét ké [2] lam co s& cho cong tac b tri chi tiét cac hang muc cdng trinh trén cac san
thi céng.

R® rang 1a, khi két hop cong nghé GPS va may chiéu ding sé cho phép gidm chiéu cao tia ngdm (bang
cach phan doan chiéu) lam tang d6 chinh x&c chuyén toa dé |én cac san thi cong. Mat khac, bang két qua do
GPS lién két ludi tréc dia chuyén dung trén cac tang thi cong va luwéi mat dat cho phép chung ta kiém tra va
dinh vi lai cac diém co sé tai tang dau tién cla cac bac chiéu trong qué trinh thi cong toan bd céng trinh. Day
chinh la nhirng dac tinh wu viét clia cong nghé GPS trong thi cong xay dwng nha siéu cao tang & nwoc ta.

3. bo dac va tinh to4n thwe nghiém

Dé nghién ctru kha nang rng dung coéng nghé GPS trong do kiém tra va b tri céng trinh nha cao tang theo
phwong thdng ding can phai tién hanh do
dac thwc nghiém nham kiém dinh va danh gia do chinh xac dat dwoc cla cong nghé GPS khi do kiém tra va
dinh vi cac diém lwéi tréc dia chuyén dung trén céc san thi cong & céac tang cao.

3.1 Po dac thurc nghiém khdo sét dé chinh xdc dat dwoc cua céng nghé GPS khi do kiém tra Iwéi trac
dia chuyén dung

Pé thuc hién dwoc muc tiéu nay ching t6i da tién hanh thanh 1ap mét lwéi trac dia chuyén dung trén mat
bang méng céng trinh & dang mét tir giac tréc dia kép co chiéu dai canh S = 25m (hinh 3). Tién hanh do tat ca
cac goc va cac canh trong lwédi bang may toan dac dién tv TCR405 c6 dd chinh xac do goc mg = 5", sai s6 do
canh mg = 2 mm+2ppm. Sau dé do lai lwdi bdng may GPS 1 tan sb Trimble R3.Tién hanh binh sai tinh toan
lwdi trée dia do géc- canh bang may toan dac dién tlr theo phwong phap binh sai chat ché ta c6 sé liéu cac
canh clia luwéi nhw cot 2 (bang 1). Két qué do canh lwdi bang cong nghé GPS sau khi d& xt ly ghi trong cot (3).
Néu ding cdng thirc tinh sai s6 trung phwong cla tri do kép (4) dé danh gia dé chinh xac xac dinh chiéu dai
canh, sé tinh dwoc sai sb do canh gira hai phwong phap do la mg = + 2.08 mm.
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Hinh 3. Lu6i tir gide tréc dia kép
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Tl két qué do khéo sat thue nghiém nay cho thdy: Céng nghé GPS c6 di dé chinh xac dé do kiém tra vj tri

céac diém cla luéi tréc dia chuyén dung da dwoc chiéu 1én cac san thi cong trén cac tang cao [2].
3.2 Ung dung céng nghé GPS dé do kiém tra d6 thang dirmng cua céng trinh xay dwng Keangnam - Ha
NGi
Toa nha Keangnam dwoc xay dung tai dwérng Pham Hing - Thanh phé Ha Noi c6 70 tang véi chiéu cao
336 m dwoc xay dung trén dién tich twong di hep.
Trong qua trinh thi céng dé b tri cong trinh va diéu chinh két cdu xay dwng theo phwong thdng dirng (voi
han sai d& léch truc theo phuong thdng ding cho phép f = 30 mm [3]), nha thau xay dwng d& s dung may
chiéu ding dé chuyén toa do 1én cac tang cao. Trung tdm tw van tréc dia va xay dwng thudc Vién Khoa hoc



Cong nghé Xay dyng (IBST) dwoc giao nhiém vu kiém tra cac diém chiéu theo phwong thang dirng trén cac
tang.

Bang 1. So sanh chiéu dai canh do

Tén | Canhdobang | Canh do bang
canh TCR 405 (m) GPS (m) hs
(m)
(1) (2 (3)
A-B 24.989 24.991 0.002
B-C 24.983 24.983 0.000
C-D 24.994 24.991 - 0.003
b-E 24.981 34.983 0.002
E-F 24.994 24.990 -0.004
F-A 24.984 24.981 -0.003
B-F 35.344 35.348 0.002
B-E 24.987 24.983 -0.004
B-D 35.343 35.339 -0.004

Toan b toa nha 70 tadng dwoc chia lam 24 doan chiéu. Chung t6i bd tri mét lwai khdng ché méat dat gdm 04
diém GPS (tv M; dén M, ) do nbi dén 3 diém cla lwdi tréc dia chuyén dung trén cong trinh la cac diém X16Y3,
X20Y3 va X16Y11. So dd lwdi nhw hinh 4. Tai téng 1 slr dung may thu GPS Trimble - R3 do xac dinh toa do
cta 3 diém (X16Y3, X20Y3, X16Y11).
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Hinh 4. Lu6i khbng ché tréc dia cla Hinh 5. Po GPS tai céng trinh Keangnam bédng
cbng trinh Keangnam may mot tan Trimble R3

Sau d6 tai mdi bac chiéu (3 tAng/mot bac chiéu) ching toi tién hanh do GPS két néi diém kiém tra v&i
lwdi khdng ché mat dat (hinh 5). Vi cdng trinh thi cdng lién hoan theo bac cla tirng ving nén chi do kiém
tra dwoc toa do clGa ba diém nam trén lwdi chuyén dung tai cac bac chiéu ma khéng do kiém tra dwoc
chiéu dai cac canh (X16/Y3-X16/Y11, X16/Y11-X20/Y3, X20Y3-X16/Y3). So sanh toa do cuta cac diém do
kiém tra va toa do thiét ké tai tang 1 theo cdng thirc (3) ta s& c6 do léch cta cac diém do kiém tra theo
phuwong thdng dirng nhw bang 2 [3].



Bang 2. D6 léch cta céc diém do kiém tra theo phuong thdng dirng (Phurong X, Y xem hinh 6)

Bac | Tang X16/Y11 X16/Y3 X20/Y3

) AX; (mm) AYi(mm) “AXimm) AYi(mm) AXi(mm) AYi(mm)
2 5 0 13 9 20 8 -7
4 10 -7 -13 12 5 11 -10
5 13 8 -15 21 8 14

6 16 -6 -13 15 5 13

13 38 9 -12 14 -6 17 -12
14 41 0 -12 11 6 13 5
15 44 2 -19 17 4 21 -5
16 a7 1 -10 1 4 6 -3
17 50 -3 -18 5 7 3 -7
18 53 -1 -25 12 6 13 -10
20 59 -6 -29 12 4 10 -14
21 61 -9 -26 23 5 19 -14
22 64 3 -26 22 19 26 -12
23 67 9 11 -16 -32 -21 -12
24 70 12 -15 16 -13 20 -24

Tl két qua do kiém tra toa d6 cla cac diém lwdi chuyén dung bang céng nghé GPS cho théy:

- Céng nghé GPS cho phép do kiém tra va xac dinh dwoc vi tri clia cac diém khéng ché duwoc chiéu Ién cac
san thi cong. Cac diém do kiém tra trén cac san thi cong déu dam bdo dwoc han sai cho phép theo phuong

thang dirng khi thi céng cong trinh toa nha Keangnam;

- Két qua do dac thwc nghiém con cho thy: gia tri chuyén dich clia cac diém do trén cac san thi cdng so voi
toa d6 thiét ké con bao gbm ca chuyén dich cla cong trinh do cac yéu t6 ngoai canh gay nén (do hién twong

dao déng van xoan cong trinh b&i cac yéu té nhiét do, gié... gay ra).

4. Két luan
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Hinh 6. So dé truc X vatruc Y cda céng trinh Keangnam

Tw két qua nghién ciru vé ly thuyét va do dac tinh toan thwe nghiém ching téi rat ra mét s6 két luan sau day:

- D& dam bao dd chinh xac thi céng cac cong trinh nha siéu cao tAng can ap dung két hop cong nghé GPS
va may chiéu dirng dé b tri, va diéu chinh cac két cdu xay dwng theo phwong thdng ding. Céac két qua do dac
thuwc nghiém cho thdy cong nghé GPS c6 dd chinh xac hoan toan ddm bao duwoc dod chinh xac can thiét khi bd
tri va do kiém tra do thang dirng ctia cdng trinh (v&i han sai do léch truc theo phwong thang dirng cho phép f =

30 mm [3]);




- Can tiép tuc nghién clru dé tach chuyén dich tirc thoi ctia cong trinh do cac yéu té ngoai canh gay nén
nham xac dinh chinh x&c vi tri cac diém dinh vi trén cong trinh, t» d6 cho phép nang cao va dam bao dd chinh
xac bb tri cac cdng trinh nha siéu cao tang & nuwéc ta.
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