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GIAI PHAP NANG CAO PO CHINH XAC CHUYEN TRUC CONG TRINH
LEN CAC SAN XAY DUNG TRONG THI CONG NHA SIEU CAO TANG
NGUYEN QUANG THANG, Truong Pai hoc M6 - Pia chit

Tém tit: Chuyen truc lén cdc san xdy dung la cong viéc co y nghia quan trong trong toan
bé cong tdc trdc dia khi xdy dyng nha cao tang va siéu cao tang. Trong bai bdo dd nghién
cuu cdc giai phdp s dung két hop tri do bang cong nghé GPS va mdy toan dac dién ti,
dwoc diea vio cdc sé hiéu chinh can thlet va xu Iy theo thugt toan phu hop dé chinh xdc héa
hinh chiéu hedi khong ché co s¢ lén tang dau tién ciia méi doan chiéu trong phwong phap
chiéu phan doan bang mdy chiéu dirng quang hoc, nham ndng cao dg chinh xdc chiéu truc

trong xdy ding nha siéu cao tang.
1. Pit van dé
Theo [2], cac ngdi nha cao téng c6 sb tang
>45 dugc g01 la nha siéu cao tang Trong xay
dung nha siéu cao tang, viée chuyén tryc 1én céc
san xay dung co ¥ nghia rat quan trong, anh huong
16n t&i chat luong toan bd cong tac tric dia.
Do chinh xdc yéu cau chuyén truc cong
trinh [1] dugc néu ¢ bang 1.
Bang 1
Chiéu cao ciia mit bang thi cong
xay dung (m)
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Hién nay dbi v6i nha siéu cao tang, dé
chuyén truc cong trinh 18n san xay dung thuong
st dung phuong phap chiéu ding quang hoc
theo cach chiéu phan doan (mdi phan doan
khoang 10 ting). Pé nang cao do chinh xac
chiéu truc, luéi truc (hinh chiéu theo phuong
thang dimg cta ludi khong ché co s trén mat
bang moéng) trén mit san dau tién cua mdi phan
doan can dugc chinh x4c hoa, lam co s& cho
viéc chiéu tiép theo. Viéc chinh xac héa ludi
truc ndy nén thyc hién bang cach két hop may
chiéu démg quang hoc, cong nghé GPS va may
toan dac dién tir d§ chinh xac cao.

Giai phap va quy trinh cu thé ciia cong tc
nay s& duoc trinh bay ¢ cac nodi dung tiép theo.
2. Nghién ctru giai phap nang cao d¢ chinh
xic chuyén truc cong trinh 1én cic san xiy
dung trong thi cong nha siéu cao ting
2.1. Phan tich anh huong do khong song song
cua cac dwong ddy doi va do léch day doi dén
dé chinh xdc chuyén truc cong trinh 1én cdc san
xay dung

Trong xdy duyng nha cao tang, mot trong
nhitng yéu cau co ban 1a phai dam bao tinh
thang ding cta ngdi nha. Ching ta hiéu phuong
thang dimg ¢ day la phuong duong diy doi.
Tuy nhién duong ddy doi di qua cac diém cua
ludi khéng ché co s& trén mit béng mong 1, 11,
III, IV khong song song v61 nhau do chung
vuong goc voi mat thity chuan di qua nhiing
diém nay. Trong pham vi nho cta ngdi nha c6
thé coi mit thity chuan d6 1a phan mit cau di
qua 4 diém. Trén mit san ting ¢ dau doan
chiéu, cac diém L.., IV s& dich Chuyén dén cac

vi tri Ig,..., IV (hinh 1).
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Hinh 1. Anh huéng do khong song song cua
duong day doi va do 1éch day doi dén ket qua
chiéu tryc cong trinh nha siéu cao tang
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e - Diém khdéng ché co so trén mit bang
mong;
® - Hinh chiéu diém khéng ché co sé theo
phuong day doi trén mat san thi cong;
0 - Hinh chiéu,diém khéng ché co so theo
phuong phép tuyén trén mat san thi cong.

Chénh léch khoang cach gitra cac diém
khong ché co s¢ trén mét bang mong va trén
mat san xay dung c6 chiéu cao AH duogc tinh
theo cong thirc [2]:

SAH
AS,=——+ 1
= @

trong do: S - Khoang cach gitta cac diém dang
xét; AH = Hm — Ho - Chiéu cao mat san xay
dung so v&i mat bang mong; Rm - Ban kinh
trung binh cua Elipx6id (Rm = 6370km).

Chénh léch chiéu dai ASp (mm) ¢ nhing
khoang cach S (m) va chi€éu cao chicu AH (m)
khéc nhau tinh theo cong thuce (1) dugc néu &
bang 2.

m

Mt khac khi thanh 1ap ludi khéng ché co
sO trén mat béng mong, néu s dung h¢ toa do
dia di¢n cd cac tryc song song voi truc tuong
{ig cua cong trinh, truc oz tring voi phap tuyén
cta Elipx6id thi phan bé mit Elipx6id trén cong
trinh s€ nghiéng v&i mét
mit thiy chuan di qua cac diém khéng ché co
s& trén mat bang moéng mot goc bang gia tri do
l1éch day doi.

Trén pham vi nho cta cong trinh ¢6 thé coi
vector anh huong cua do 1éch day doi tai cac
diém 1, 1L, 1L, 1V la nhw nhau ca vé do I6n va
huong (cac doan Ig-lg..., IVe-IVE - hinh 1).
Chénh 1¢ch khoang cach glua duong day doi va
phap tuyén véi Elipxoid ¢ nhimg chiéu cao
khac nhau c6 thé tinh theo cong thic:

AS, =Y AH . 2)

p )
Chénh 1éch ASy (mm) ¢ nhimg chi€u cao
chiéu AH (m) va d¢ léch day doi v (*) khac
nhau dugc thé hién ¢ bang 3.

Béng 2
S AH | g9 75 100 150 200 300 400
25 020 | 029 | 039 0.59 0.78 1.18 157
50 039 | 059 | 078 1.18 157 2.35 3.14
75 059 | 088 | 118 1.77 235 353 471
100 078 | 118 | 157 235 3.14 471 6.28
Béang 3

§ AH | 5 75 100 150 200 300 400
2 048 | 073 | 097 1.45 1.94 2.01 3.88

4 097 | 145 1.94 2901 3.88 582 776
7 170 | 255 | 3239 5.09 6.79 1018 | 1357
10 242 | 364 | 485 727 9.70 1454 | 19.39
12 201 | 436 | 582 8.73 1164 | 17.45 | 23.27
15 364 | 545 | 727 1091 | 1454 | 21.82 | 29.09

Tir két qua tinh ¢ bang 2 va bang 3 c6 thé
rat ra mot sd nhan xét sau:

- Chénh léch chiéu dai do do khong song
song cua cac duong déy doi tinh theo cong thirc
(1) tang 1én khi chidu cao chiéu ting va cé gia
trj khong 16n 1am. Khi S = 75m; AH = 200m,
sai léch nay dat gié tri 2.35mm, xép xi bang sai
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s6 do khoang cach bang may toan dac dién tir
do chinh xac cao.

- Chénh 1éch khoang cach gitta duong day
doi va phap tuyén véi Elipxdid (bang 2) ting
theo chiéu cao ciia cong trinh. V&i gia thiét coi
vector anh huong cua do 1éch day doi tai cac
diém I, 1L, 111, IV la nhu nhau cd vé dg lém va



hwong, thi hinh chiéu cua luoi co sO trén san
tang theo phuong phap tuyen dong dang véi
hinh chiéu cua ludi trén san tang theo phuong
day doi (hinh 1). Nhu vay anh hudng tong hop
do cac duong day doi khong song song voi
nhau va do do léch day doi dén dén khoang
cach gitta cac diém chiéu chu yéu 1a do do
khong song song cua cac duong day doi gay ra.
Pay 1a nhan xét can hét stc luu ¥y dé xac dinh
quy trinh chiéu diém sir dung két hop tri do
bang cong nghé GPS va may toan dac dién tu.

Chung ta thidy ring, voi v = 107
AH = 200m thi chénh Iéch khoang cach gitra
duong day doi va phap tuyén véi Elipxdid bang
9.7mm. Pay 1a gia tri kha 16n can duoc quan
tam khi chuyén truc cong trinh 1én cac san xay
dung trong thi cong nha siéu cao tang.

Pé xac dinh do léch day doi trung binh
trong pham vi cong trinh nha siéu cao ting, c6
thé ap dung thuat toan néu trong [4] trén co sO
tai li€u [5]. Sau khi x4c dinh duoc cac do Iéch
day doi thanh phan trén hudng kinh tuyén (1)
va vong thang dung thi nhét (£), chung ta tinh
dugc do 1éch day doi toan phan va goc phuong
vi ctia d¢ 1éch day doi theo cac cong thuc:

v=qn’ +E7 . (3)
oc=arctgé . 4
n

Do chinh x4c can thiét xac dinh do léch day
doi c6 thé udce tinh nhu sau:

Néu chénh cao giita cac diém khdng ché
GPS 6 bén ngoai cong trinh duoc xac dinh bang
thiy chuan hinh hoc cép II, cac base line do
bang GPS véi sai s6 khoang 5mm thi do chinh
xac xac dinh do léch day doi phu thudc chu yéu
vao d6 chinh xac dinh do chénh cao tric dia
gilta cac diém. Khi d6 c6 thé str dung cong
thirc:

_ My
m, =—3 1 ()
trong d6: my 14 sai s6 trung phuwong d6 1éch day
doi;
Man 1 sai s6 trung phuong chénh léch
dd chénh cao tric dia va do chénh cao thuy
chuén;
S la khoang cach trung binh gifra cac
diém khéng ché GPS.

Khi nhan céc gid tri: man = 10mm,
S =500m, tinh dwgc m, = 4”. Tl bang 2 ta thdy
voi my = 4”; AH = 200m thi AS, = 3.88mm. Gia
trj nay s& ting cung voi chiéu cao cua cong
trinh. Dé nang cao do chinh xac xac dinh do
1éch day doi can chon loai may thu GPS c6 do
chinh xac cao dé xac dinh do chénh cao tric dia.
2.2. Nghién civu dé xudt gidi phdp néng cao d
chinh xdc chuyén truc céng trinh lén cdc san
xdy dung trong thi cong nha siéu cao ting

Dé nang cao do chinh xac cta hinh chiéu
ludi khéng ché co sé trén san dau tién cua mdi
doan khi chiéu theo phuong phap _phén doan
(luéi truc) d6i véi cac nha siéu cao tang, trén co
so [3], chling t6i dé nghi ap dung giai phap sau
day:

- Sau khi thanh lap Iuéi khdng ché co sé
trén mit bang mong, xay dung tir 3 + 4 diém
khong ché GPS & bén ngoai cong trinh tai
nhimg vi tri 6n dinh, thuan loi cho viéc thu tin
hiéu vé tinh, cach diém khéng ché co s6 tir 300
+ 500m va phan b6 déu xung quanh cong trinh
(cb ging giam khoang cich dé dam bao diéu
kién d6 léch day doi tai cac diém GPS xap xi
gi4 tri tai cac diém khéng ché co s®). Tién hanh
do ndi chinh xac cac diém khong ché co so véi
cac diém khong ché GPS bén ngoai cong trinh
bang céc tri do GPS (hinh 2).

Hinh 2. Hé thong ludi khdng ché trong thi cong
nha siéu cao tang

Stur dung hé toa do dia dién co6 cac truc toa
dé ox, oy song song v&i céc truc, do cao cua
mat toa do bé‘mg dd cao mat moéng cua cong
trinh dé thanh 1ap ludi khéng ché hon hop nay.
Binh sai cac tri do GPS va trj do lu6i khéng ché
co SO béng may toan dac di¢n tir d§ chinh xéc
cao theo thuat toan binh sai lu6i ty do (da duogc
trinh bay cu thé trong [3]), khi d6 diém gbc cia
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luéi sé 1a diém trong tam cta ludi khong ché co
s& trén mat bang mong.

- Trén san dau tién cta mdi phan doan, dat
méy thu GPS tai cac diém khéng ché GPS ¢ bén
ngoai cong trinh va tai cac dlem da chiéu bang
may chiéu ding quang hoc dé tién hanh viéc do
nbi, déng thoi tién hanh do cac goc va khoang
cach trong ludi chiéu bang méy toan dac dién tir
dd chinh xdac cao.

Trén mit bang gbc, sau khi hiéu chinh gia
trj d6 chénh do d¢ léch day doi dé dua cac diém
tir phap tuyén vé duong day doi, tiép tuc hiéu
chinh khoang cach do d¢ khong song song cua
do léch day doi gay nén, sau d6 mai tién hanh
xur 1y céc tri do trong ludi truc theo thudt toan
binh sai luéi tu do céc tri do GPS va toan dac
dién tu [3].

Véi viéc dam bao trong tAm cta ludi (diém

trong tAm cua ttr giac tric dia I 11 11 IV - hinh 1)
gilt nguyén trong qua trinh chiéu va xir 1y két
quéa do, tinh thang dung ctia cong trinh s& duoc
ddm bao ot nhat.
3. Xay dung quy trinh chinh xic héa luéi
truc cong trinh trén san ting diu tién cia
moi doan chiéu trong thi cdng nha siéu cao
tﬁng

Tir nhitng khao sat néu trén, c6 thé xac 1ap
quy trinh chinh xac héa luéi truc trén san tang
du tién clia mdi doan chiéu khi chiéu theo
phuong phap phan doan trong thi cong nha siéu
cao tang nhu sau:

1) Sau khi thanh 1ap ludi khéng ché co so
trén mat bang mong, chon khoang 3 + 4 diém
khong ché GPS & bén ngoai cong trinh tai
nhimng vi tri 6n dinh, thuan loi cho viéc thu tin
hiéu vé tinh, cach diém khéng ché co s¢ khong
qua 300 + 500m va phan b déu xung quanh
cong trinh.

Tién hanh do néi chinh xdc cac diém khong
ché co so v6i cac diém khong ché GPS bén
ngoai cdng trinh bang cac tri do GPS. Str dung
hé toa dd dia dién cuc bd c¢o6 cac truc toa do ox,
oy song song vdi cac truc cua cong trinh, do cao
mit phang xoy bang d6 cao cia mat mong cong
trinh dé thanh lap luéi khéng ché hdn hop nay.
Binh sai cac tri do GPS va trj do lu6i khéng ché
co s¢ theo thudt toan binh sai ludi tu do [3], khi
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d6 gbc cua ludi sé 1a diém trong tdm cua ludi
khong ché co so.

2) Tién hanh do thiy chun hinh hoc chinh
xac (thity chudn cip II) dé xac dinh chénh cao
gitta cac diém khéng ché GPS & bén ngoai cong
trinh. Tu céc tri do thuy chuén va tri do GPS, st
dung thuat toan da xét dé tinh toan do léch day
doi trong pham vi cong trinh.

3) bat may thu GPS tai cac diém khdng ché
GPS & bén ngoai cong trinh va tai cac diém trén
san dau tién cua mdi phan doan da dugc chiéu
béng may chiéu dung quang hoc dé tién hanh
viéc do nbi, dong thoi tién hanh do cac goc va
khoang cach trong ludi truc bang mdy toan dac
dién tr @0 chinh xac cao. So sanh cac tri do
bang may toan dac dién tir cua ludi véi gia tri
tuong tng trén mit phang gdc. Néu c¢6 nghi ngd
can tién hanh do lai dé kiém tra.

4) Trén mit phang toa do6 gbc tién hanh
hiéu chinh gié tri d§ chénh do d¢ 1éch day doi
vao cac tri do toa do béng cong nghé¢ GPS dé
dua cac diém tir phap tuyén vé duong day doi
theo huong va do 16n da xac dinh; hi€u chinh
diém do do khong song song cua do léch day
doi (c6 hudng vé diém trong tim O cua ludi).

Tién hanh xtr 1y trén mat phang toa do gbc
cac tri do trong ludi theo thuat toan binh sai
lugi tu do voi cac diém dinh vi 1a diém da dugc
hiéu chinh. Tinh toa d6 diém trong tdm va so
sanh voi toa do tuong tng & chu ky dau tién dé
danh gia mirc d6 thang dimg cua cong trinh.

4. Thuc nghiém

Do noi dung 1y thuyét gdm nhiéu van dé,
phan thyc nghiém trong bai bao chi trinh bay
ndi dung 1a do ndi cac diém GPS xung quanh
cong trinh véi cac diém chiéu trén san xay
dung, do ludi chiéu bang mdy toan dac dién tir
va xu ly cac tri do theo thuat toan binh sai ludi
tu do [3].

Dia diém d¢ tién hanh thyc nghiém 1a Cong
trinh hon hop dich vu vin phong va nha o tai 34
Cau Dién - Tir Liém - Ha Noi. Toa nha cong
trinh c6 2 ting ham va 27 tang ndi. Ludi thuc
nghiém duoc bé tri gidng nhu so d6 ludi néu &
hinh 2, trén san ting co chiéu cao khoang 75m.

Véi chiéu dai canh luéi thuc nghiém trén
san tang 16n nhat 1a 33.98m, chiéu cao chiéu
nhu da néu, theo cong thure (1) ta tinh dugce ASh



max = 0.4mm; néu nhan gia tri do 1éch day doi
v = 12” ta tinh dugc AS, = 4.4mm. Diéu nay
chtng t6 vi tri cac diém sé& bi dich di dang ké do
do 1éch day doi, nhung khoang cach gitra ching
chi thay d6i nho so vdi tri trén mit bang gbc.

Trong thuc nghiém da su dung 4 may thu
GPS Trimble R3 c¢6 d0 chinh xac do canh
ms = (5 + 1ppm) mm, thoi gian mdi ca do la
60ph; may toan dac dién t&¢ SET-2B voi do
chinh xac do géc mp = 2”, do chinh xac do canh
ms = (3 + 2ppm) mm dé do goc va chiéu dai
canh cua ludi chiéu. Cac tri do duoc xu ly theo
thuat toan binh sai luéi tu do véi cac diém dinh
vi 1a cac diém chiéu. Két qua danh gia d6 chinh
xac twong hd cac diém trong ludi dugc néu &
bang 4.

Béang 4. B¢ chinh xac tuong hd vi tri diém

Canh ms/S Mo (Y | M (M)
-1 1/70.500 0.33 0.0010
-1l 1/45.900 0.39 0.0007
" - v 1/73.000 0.33 0.0010
V-1 1/45.500 0.39 0.0008

Tir bang 4 chung ta thdy rang két qua thuc
nghiém phu hop véi cac phan tich vé 1y thuyét.
5. Két lun

T nhiing nghién cou ly thuyet va thuc
nghiém néu trén, c6 thé rat ra mot sd két luan
Sau.

1) Khi chiéu truc cong trinh 1én cac san xay
dung bang may chiéu dung theo céch chiéu
phan doan trong x4y dung nha siéu cao tang, dé
chinh xac héa luéi truc & dau mdi doan chiéu
can hiéu chinh anh huong d6 khong song song

cua cac duong day doi va anh huong cua do
léch day doi tai cac diém chiéu.

2) Cac giai phap va quy trinh dé chinh xéac
hoa ludi truc & dau mdi doan chiéu vai viée két
hop céc tri do bang cong nghé GPS va may toan
dac dién tir, xtr 1y bang thuat toan binh sai ludi
tu do trén mit phang gdc cua hé toa do dia dién
cuc by duogc trinh bay trong bai bao co tinh kha
thi cao nham giai quyét mot trong nhitng nhiém
vu quan trong nhit cua cong tac tric dia khi xay
dung nha siéu cao tang.
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SUMMARY
Solution of raising the accuracy of moving axis to engineering floors
in working with supper high buildings
Nguyen Quang Thang, Hanoi University of Mining and Geoology
Moving axis to engineering floors has an importal role in all surveying tasks when building
high and supperhigh house. In this arcticle are studied and improved the solutions using combined
GPS and Total Station measurements, which are processed by free network adjustment algorithm for
getting higher accuracy the projection of control network to first floor in segment projection method
by optical vertical projection instrument, for raising the accuracy of projecting axis in building

supperhigh house.
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