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TRUONG PAI HOC XAY DUNG
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1. Thong tin chung:

- Tén d& tai: Nghién ctru tng dung do lién tuc khi chuyén truc 1én nha siéu

cao ting c¢6 xét dén anh hudng dao dong cia cong trinh.
- Ma sb: 111 - 2015/KHXD - T
- Chu nhiém: ThS. Vi Thai Ha
- Thoi gian thuc hién: 12 thang (tr thdng 05/2015 dén thang 05/2016)
2. Muc tiéu:

Nghién ciru tng dung do lién tuc khi chuyén truc 1én nha siéu cao tang c6 xét

dén anh hudng dao dong ctia cong trinh
3. Tinh moi va sang tao:

- Dua ra quy trinh do dac va xur ly s6 liéu chuyén truc 1én tang nha cao tfing

bang TDDT va GPS.

- Ung dung do lién tuc va xt ly s6 liéu dé nghién ctru anh hudng dao dong

cong trinh.
4. Két qua nghién ciru:
- Téng hop céc van dé vé& cong tac tric dia phuc vu xay dyng nha cao tang.

- Hoan thién quy trinh do va xir 1y so liéu chuyén truc 1én tang nha si€u cao

ting bang TDDT va GPS.

- Pua ra phuong an do va xir 1y so liéu do lién tuc dé xac dinh céc tham s6

dao dong cong trinh.




- Thanh lap phan mém tng dung xt ly s6 lidu chuyén truc 1én nha cao tang.
5. San phim:

- B4o céo tdng két trong do trinh bay céac két qua nghién ctru.

- Huéng dan 01 nhom sinh vién NCKH ( chuén bi bao vé).

- 01 bai bao dang trong Tuyén tap bdo cao Hoi nghi Khoa hoc can bo tré lan

tha XIII — 2015 caa Vién Khoa hoc Cong nghé xay dung.

- 01 bai bao dang trong Tuyén tap bao cao cua Hoi nghi Quéc té “Cong nghé
dia khong gian va thanh 1ap ban d6 di dong”.

- Phan mém xur ly s6 liéu do lién tuc dé chuyén truc 1én nha siéu cao tang

6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha ning ap
dung:

- bam bao do chinh xac cho cong tac chuyén truc 1én nha siéu cao tang.

- Nang cao tién do xur ly sb liéu phuc vu cong tac chuyén truc 1én nha si€u
cao tang.

- C6 thé ap dung trong ndi dung giang day cac mon Tric dia cong trinh.
T1a Noi, ngay 24 thang 5 nam 2016

Chii nhiém dé tai

(ky, ho va tén)

/V/

ThS. Vi Thai Ha
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BO GIAO DUC VA PAO TAO
TRUONG PAI HOC XAY DUNG

THONG TIN KET QUA NGHIEN CUU
1. Thong tin chung:

- Tén dé tai: Nghién ciru img dung do lién tuc khi chuyén truc 1én nha
siéu cao tang c6 xét dén anh hudng dao dong cia cong trinh

-Ma sb: 111 —2015/KHXD - TP

- Chu nhiém: ThS. Vi Thai Ha

- Thoi gian thuc hién: 12 thdng (tir thang 05/2015 dén thing 05/2016).
2. Muc tiéu:

Nghién ciru tng dung do lién tuc khi chuyén truc 1én nha siéu cao
tang c6 xét dén anh hudng dao dong ctia cong trinh

3. Tinh méi va sang tao:

- Dua ra quy trinh do dac va xir 1y sb liéu chuyén truc 1én tang nha
cao tang bang TPOT va GPS.

- Ung dung do lién tuc va xir Iy s liéu dé nghién ctru anh hudng dao
dong cong trinh.

4. Két qua nghién ciru:
- Téng hop vé cong tdc tréc dia phuc vu xdy dung nha cao ting.

- Hoan thi€én quy trinh do va xir ly s6 liéu chuyén truc Ién tang nha
siéu cao tang bang TDDT va GPS.

- Dua ra phuong 4n do va xir ly sb liéu do lién tuc dé xdc dinh céc
tham s6 dao dong cong trinh.

- Thanh lap phan mém (ng dung xtr Iy s6 liéu phuc vu cdng tic
chuyén truc 1én nha cao tang.

5. San phim:
- Bdo cdo tong két trong d6 trinh bay céc két qua nghién curu.
- Huéng dan 01 nhém sinh vien NCKH nam hoc 2015-2016.
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- 01 bai bdo dang trong Tuyén tap bdo cdo Hoi nghi Khoa hoc cén bo
tré 1an thir X1 - 2015 cia Vién Khoa hoc Cong ngh¢ xay dung.

- 01 bai bdo dang trong Tuyén tip bdo cdo cua Hoi nghi Qudc té
“Cong ngh¢ dia khong gian va thanh lap ban db di dong”.

- Phan mém xir Iy sé lidu do phuc vu cdng tdc chuyén truc 1én nha
siéu cao tang

6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha ning
ap dung:

- Dam bao d6 chinh xic c@ng tdc chuyén truc Ién nha siéu cao ting.

- Nang cao tién do xir Iy s6 liéu phuc vu cong tac chuyén truc 1én nha
siéu cao tang

- C6 thé dp dung trong ndi dung giang day cdc mdn Tric dja cong
trinh — Truong Dai hoc Xay dung.

Ha N§i, ngay 24 thang 5 nam 2016
Chii nhiém d@ tai

(ky, ho va tén)

ThS. Vii Thai Ha



INFORMATION ON RESEARCH RESULTS

1. General information:

- Project title: Researching application of measured continuously in
Staking out coordinate axis up to the super high-rise buildings takes into
account the impact of fluctuation works.

- Code number: 111 - 2015/KHXD - Tb

- Coordinator: Ms. Vu Thai Ha

- Duration: from May 2015 to May 2016
2. Objective(s):

Researching application of measured continuously in Staking out
coordinate axis up to the super high-rise buildings takes into account the
impact of fluctuation works.

3. Creativeness and innovativeness:

- Introduce a process measurement and process data in staking out
coordinate axis up to the high-rise by TS and GPS.

- Apply continuous measurement and process data to study the impact
of fluctuation works.

4. Research results:

- General issues of surveying work for the construction of tall
buildings.

- Complete the process of measuring and processing data in staking
out coordinate axis up to the super high-rise by TS and GPS.

- Introduce a plan for measuring and processing data continuously
measured to determine the impact of fluctuation works.

- Establishment of software applications for data processing on staking out
coordinate axis up to high-rise building.

5. Products:
- Full report which presents topics of research results.

- Research Student Guide (prepared protection).
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- 01 articles published in the Conference of the IBST.

- 01 articles published in The International Conference "Geo-spatial and
Mobile Mapping Technology"

- Software for data processing on staking out coordinate axis up to high-rise
building.

6. Effects, transfer alternatives of reserach results and applicability:
- Ensure accuracy for staking out coordinate axis up to high-rise building.

- Improving data processing progress service of staking out coordinate axis up
to high-rise building.

- It can be put into the course content taught surveyor works, Geodetic works
projects in National University of Civil Engineering (NUCE).



MO PAU
1. Téng quan va xac dinh vAn dé can nghién ciru

Trong thoi gian gan day, cdc thiét bi trac dia hién dai nhu GPS da
. dugc sir dung dé x4c dinh do thang ding ctia cic cong trinh cao ting trén thé
gioi. Trén thé gidi, str dung cong ngh¢ GPS dé xdc dinh do thang dimg ctia
cong trinh da dugc ding ky bang sing ché tai My nam 1998 (Gary Sedman
Chisholm, Jason Scott Daly, Michael Anthony Hansby) [7]. Cong nghé GPS
ciing duoc sir dung dé chuyen toa do 1én cong trinh va kiém tra do thang ding
tai tda nha cao nhat thé giéi thip Burj Dubai tai Tiéu vuong qudc A Rap (Joél
Van Cranenbroeck, Doug Hayes...) [5], [12].

O nudc ta, trude ddy cdc cong trinh thuong xay dung voi 5O tang tur
07+ 40 tang va phuong phap chuyén truc Ién c4c san thi cong chu yéu la
phuong phap duong thang ding quang hoc bang mdy chiéu thién dinh (PZL).
Khi s tang cta cong trinh va chiéu cao ciia cong trinh tang 1én, néu sir dung
cédc mdy chiéu thién dinh dé chuyén truc Ién céc san thi cong s& lam giam d6
chinh xac chiéu dlem do khoang cach chiéu tang Ién. Ngoai ra do anh hudng
rat 16n cua cac yéu t mdi truong nhu gi6 va nhiét do,... gy ra hi¢n ‘tuong van
xoan cho cong trinh, 1am cho vi tri cdc diém chiéu bang mdy chiéu ding bi
thay doi, anh hudng dén do chinh x4c bd tri va thi cong cong trinh.

Do chinh xdc cua viéc do GPS trong xac dinh toa d6 trén cOng trinh
da dugc chiung minh qua nhiéu nghién clru cua tic gia nhu Tran Manh Nhat
va nnk (2002) [8], Tran Viét Tuan (2007)[2()] . Hién nay, phucmg phap Xac
dinh do thang dimg cua cong trinh bang GPS da duoc sir dung dé kiém tra két
qué chuyén truc tai mot s6 cong trinh nha cao tang tiéu biéu tai Viét Nam nhu
toa nha Keangnam va toa nha Lotte Hanoi Tower tai Ha Noi bai cdc thanh
vién Khoa Trac dia, truong Dai hoc Mo dia chat Ha Noi. Céc két qua do dac
thuc nghiém tai cic cong trinh nay cho thay cong nghé GPS c6 d6 chinh xac
hoan toan dam bao dugc do chinh xéc can thiét khi b tri va do kiém tra do

thang ding cua cong trinh.

Hién tuong dao dong cia cic cong trinh o Viét Nam chua duoc
nghién ciru nhiéu, cic nghién ciru chu yeu xdc dinh dao dong ciia mot s6 cong
trinh cau nhu Rach Miéu, Bai Chay, Tran Thi Ly [11]...Viéc nghlen clru vé
dao dong do anh hudng cua moi truong, dac biét 1a do tbc do gié ddi voi nha
cao tang chua dugc thuc su quan tam tai Viét Nam. Tuy nhién trén thé gidi,
¢6 kh4 nhiéu nghién ciru vé van dé nay bang cdc cong nghé khac nhau nhu su
dung GPS do dong thdi gian thuc va s dung may do gia tdc [15], [16]. Céc
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nghién ctu nay cho phép xic dinh dugc bién do va tan s6 dao dong ctia cédc
tda nha cao tang do anh huong cua gid.

Theo nghién ciru cia nhém Hyo Seon Park [15], da sir dung cong
nghé GPS do dong thoi gian thuc va gia toc ké xdc dinh dao dong cua mot toa
nha c6 chiéu cao 233m (66 tang) két ciu bé tong véi téc do gié cao nhét
18m/s. Két qua xéc dinh duoc gia tri cia dao dong theo truc X 1a tir -11.7mm
g;nHZO Omm va truc Y tir 31.8mm dén 61mm véi tAn s dao dong khoang

z

Co thé thay doi vai cong trinh ¢6 chiéu cao 16n, dao dong s€ c6 anh
hudng rat 1on dén két qua xic dinh toa d6 cia cic diém nim & phan dinh cua
két cdu. Viéc nghién ciru cdc cong nghé hién dai dé img dung trong cong tic
xdy dung nha siéu cao tang 1a van dé c¢ tinh thoi su & nudc ta. Noi dung
“Nghién ciru irng dung do lién tuc khi chuyén truc lén nha siéu cao tang cé
xét dén anh hwong dao dong cua cong trinh” nhim ning cao hiéu qua cing
nhu d6 chinh xdc cua cdng tac tric dia trong xay dung nha siéu cao tang.

2. Tinh cép thiét cha dé tai

Cung voi toc do do thi héa, dan sé nudc ta dang tang mot cdch nhanh
chong, phan 16n dan cu tap trung tai cic do thi I6n va xu thé ngay cang tang,
quy dat O trong do thi thi ngay cang thu hep do d6 xéy dung nha cao tang, siéu
cao tang dang tro thanh mot xu thé tat yéu cua xa hoi. Nha sidu cao tang
khong chi théa man nhu cau nha & dan cu ma con lam cho bo mat do thi tro
nén khang trang va sinh dong hon, gép phan thiic day phat trién kinh té. Thuc
té cic nim gan diy & Viét Nam da xuat hién va dang trién khai nhiéu du 4n
cac tda nha siéu cao tang nhu tda nha Keangnam Hanoi Landmark Tower 72
tang, toa nha Lotte Center Ha Noi 68 tang, toa thap Bitexco Financial Tower
cao 52 tang tai Tp. Hd Chi Minh,... va mot sb du 4n khac du kién sé& trién khai
trong thoi gian tdi.

Trong thi cong nha si€u cao tang voi sé lugng tang nhiéu, chiéu cao
16n thi cong tac trac dia ¢ cdc tang duoc lap lai nhiéu 1an va doi hoi do chinh
X4c rat cao. Trj sb sai léch theo chiéu thing ding cua két cu truc tiép anh
hucmg td1 kha nang chiu luc cua cong trinh cho nén cong tic do dac xdc dinh
chiéu thang ding cua cong trinh trong sudt qud trinh thi cong 1a hét sirc quan
trong, doi hoi do chinh x4c cao.

bic biét, trong qua trinh do dac c4c tri do trén tang cao cta nha siéu
an tang, do téc dong cua ngoai luc dan dén bi dao dong, rung lac lam anh
udng téi cong tic trac dia cling nhu an toan trong qua trinh thi céng, d6 6n
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dinh trong thoi gian khai thac sir dung. Hién nay, céc thiét bi do dac hién dai
nhu TDDT va GPS c¢6 kha nang do lién tuc vdi dd chinh xdc cao c6 kha nang
quan trac xac dinh su thay doi toa d6 cac dieém trén cong trinh.

Vian d¢ dit ra [ 1am thé nao dé dam bao do chinh xdc trong qua trinh
chuyén truc Ién ting nha sidu cao tang? Do va xir 1y so liéu do thé nao dé
giam anh hudng dao dong, rung lic cong trinh? Khai thic kha ning do lién
tuc cia TDDT va GPS nhu thé nao, xir Iy sb liéu do lién tuc ra sao trong cong
tdc chuyén truc Ién nha siéu cao tang? Pay la nhimg ndi dung nghién clu
chinh cua dé tai.

3. Muc dich nghién ciru cia dé tai

Nghién ctru tmg dung do lién tuc bang TPOT va GPS khi chuyén truc
1én nha si€u cao tang. X ly so li€u do lién tuc xét dén anh hudng dao dong
cong trinh.

4. P6i twong, pham vi nghién ciru
- Doi tuong nghién ctru: Nha siéu cao tang, véi do cao 40 ting trd Ién.

- Pham vi nghién ciru: Cong tic chuyén truc 1én nha siéu cao ting bang
TDDT va GPS. Xt ly so liéu do lién tuc loai bo anh huong cua dao
dong coOng trinh.

5. Cach tiép can va phwong phap nghién ciru
* Céch tiép can:

- Tiép can ly thuyét: nghién ciru cic phuong phap chuyén truc lén nha
siéu cao tang hién nay & trong, ngoai nudc va cic phuong phap xir 1y
56 ligu do lién tuc bang GPS. Phén tich cic két qua nghién ciru da thu
thap nhdm c6 dinh hudng ro rang cho bai todn thuc nghiém.

- Tiép can thyc nghiém: thong qua két qua thuc nghiém, phan tich, so
sanh, tong hop dé dua ra danh gid vé phuong dn do va xir Iy s6 liéu do
lién tuc dé chuyén truc 1én nha siéu cao tang.

* Phuong phdp nghién ctu:
- Nghién ciru Iy thuyét.
- Do dac va tinh toan thuc nghiém.

- Thong ké phan tich so sanh va dua ra danh gid.
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6. Noi dung nghién ciru

Nghién ctru tong quan vé cong téc tric dja
tang.

Nghién ctru cong tic tric dja
bang TPDT va GPS.

Nghién ctru quy trinh xtr Iy sé liéu do lien tuc
dao dong khi chuyen truc I€n nha siéu cao tang
Thuyc nghiém chuyén truc 1én nha siéu cao tAng va xir ly s6 liéu.

phuc vy xay dung nha cao

phuc vu xay dung nha siéu cao tang

c6 xét dén anh hudng
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CHUONG 1
TONG QUAN VE CONG TAC TRAC PIA PHUC VU XAY DUNG
NHA CAO TANG
. 1.1. Giéi thiéu chung vé cong trinh nha cao tang

Nha cao tang la mot loai hinh dic biét cia cong trinh dan dung dugc
xdy dung tai cdc thanh pho va khu do thi 16n. Dinh nghia vé nha cao ting
khéc nhau tuy theo tirng quoc gia va khu vuc. O nude ta hién nay c6 phan loai
nha cao tang nhu sau:

- Cao tang loai 1: T 9 tang dén 16 tang (cao nhit 50m)
Cao tang loai 2: Tu 17 tang dén 25 tang (cao nhét 75m)
Cao tang loai 3: Tur 26 tang dén 40 tang (cao nhat 100m)
Cao tang loai 4: Tir 40 tang trd lén g0i 1 siéu cao tang. [1]

1.2. Qui trinh céng tac tric dia khi thi cong nha cao tang

1. Thanh I3p xung quanh cong trinh mot mang ludi khong ché tric dia
mat bang, d6 cao.

2. Chuyén cic truc co ban cua toa nha theo thiét ké ra thuc dia, dinh vi
tda nha, chon méc va ddnh dau cac truc trén thuc dia.

3. Tién hanh cic cong tc tric dia phuc vu viéc xay dung phan dudi mat
dat caa cong trinh.

4. Tién hanh cic cong tac trac dia phuc vu viéc xay dung phan trén mat
dat ctia cong trinh gdm cdc cong viéc sau:

5. Tién hanh céc cong tic do dac dé theo doi qué trinh bién dang trong
va sau khi da thi cong xay dung cdng trinh.

1.3. Yéu cau d¢ chinh xéc cia cong tdc tric dia khi thi cong nha cao
tang

Két luan duoc rang, viéc thanh 1ap cdc mang ludi khdng ché trong c
giai doan khdc nhau trong thi cdng nha cao tang Ia can thiét, nham dam bao ¢
chinh xac xdy dung dac biét la theo phuong thang dimg. Dé théa man yéu cf
cong tac bd tri cac két cau va chuyen truc cong trinh [€n cao trong thi cong nl
cao tang thi sai s6 trung phuong vi tri tuong ho giita hai diém ké nhau caa lu
khéng ché co s6 trén mat bang méng can dat do chinh xdc ¢ +1,6 = 2 mm.

14

CHUONG 2
CONG TAC TRAC PIA PHUC VU XAY DUNG
NHA SIEU CAO TANG BANG TOAN DPAC PIEN TU VA GPS
2.1. Chuyén truc nha cao ting bang phuong phip truyén théng
a, Phuong phép day doi
b, Phuong phap ding mét phing ngam cia méy kinh vi hodc may TDDT
¢, Phuong phdp dung méy chiéu dung quang hoc

2.2. Chuyén truc nha siéu cao tang bang GPS va TPDT
Qui trinh chung cua cong tdc chuyén truc 1én nha cao ting bing
TDDT va GPS duoc thé hién trong hinh 2.5.

2.2.1. Yéu cau do chinh xdc
a, Péi voi ludi chuyén truc va luéi dinh vi tai mit bang cét 0,0

Néu tién hanh xay dung ltrm khong ché mot cap bao gom céc diém
dinh vi va diém chuyén truc, sai s6 trung phuong cua ludi can dat do chinh
xdc < +2mm.

b, D6i véi tang dau tién ctia méi phan doan chiéu

Tinh duoc sai s6 trung phuong lugi khong ché cho phép tai tang dau
tién cua phan doan chiéu:

D ziﬁ"—(mm) (D)

m,’( L
8000

c

Trong do: - my, la sai s trung phuong Iudi khéng ché tai ting diu
ti€n ciia phan doan chiéu thir i ( tang 20 x i).
- H; la d6 cao tang déu tién cta phan doan chiéu thir i.
2.2.2. Thiét ké lui dinh vi va ludi chuyén truc
Luéi dinh vi dugc xiy dung chéc chén, tai noi c6 dia chét én dinh,
nam ngoai pham vi tic dong bién dang cong trinh va thodng dang, géc

ngucmg V€ tinh rong, khong gan dién cao thé hay cot vién thong, cac toa nha
cao tang. Ludi dinh vi thudng c6 it nhat 1a 3 diém dé phan tich n dinh.




toa do ludi chuyén truc theo

v

B6 tri cdc diém chuyén truc ra thuc

v

bo bang TDDT va binh sai tu do ludi
chuyén truc trong hé toa do cong trinh

v

Tinh cdc yéu t6 hoan nguyén va hoan
nguyén di€ém chuyén truc vé toa do thiet

v

Xay dung ludi dinh vi

v

Tinh cic yeu t6 hoan nguyén va hoan
nguyén diém chuyén truc vé toa do

v

Do ddng thoi Iu6i dinh vi va ludi chuyén truc bang GPS,
Binh sai lu6i mot cip hdn hop mat dat — GPS trong hé

v

Tinh chuyén toa do cic diém vé hé toa do cong

Tang thir 20 :/wg trong mdi phan doan

Do GPS ddng thoi luéi dinh vi va
ludi chuyén truc, do TPDT luéi

Chuyén truc Ién tirng tang
bang mdy chiéu dimg

v

Phan tich d6 dn dinh luéi dinh vi

¥

Tinh binh sai mét cAp ludi hdn hop mit dat GPS tang

v

Tinh chuyén toa d diém ludi
dinh vi va ludi chuyén truc vé

v

Tinh céc yéu t§ hoan nguyén va
hoan nguyén di€ém

Hinh 2.5. So do chuyén truc 1én nha siéu cao tang img dung TDDT va GPS
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Do khong thé chuyen truc tlep cdc diém tim truc Ién cdc tang, can phai
xay dung moét ludi khac _gan céc diém ludi tim truc, goi 1a ludi chuyén truc
Ludi nay thuong ¢6 4 diém hoic c¢6 thé hon tuy vao dang cong trinh.

Tai cét 0,0, ludi chuyén truc va ludi dinh vi dugc xay dung bang may
TDDT va GPS. C6 thé coi mot cich gan diing céc tri do GPS la chidu dai va
phuong vi canh do doc 1ap nhau. Khi d6 viéc udc tinh d6 chinh xac ludi c6
thé dugc thuc hién theo thuét todn cia phuong phdp binh sai gidn tiép.

2.2.3. Do va xw ly két qua do luci chuyén truc, ludi dinh vi

a. Do ludi chuyen truc va ludi dinh vi

b. Xir Iy két qua do

2.2.4. Binh sai két hop tri do GPS va TPPT trong hé dia dién chén troi [9]
a. Binh sai luci GPS trong hé toa do dia dién chén troi

Ta thyc hi¢n binh sai luéi GPS trong hé toa do dia dién chan troi nhu sau:

Bugc I: Tinh d6i X5, ¥z (UTM) ciia diém quy chiéu sang toa db tréc
dia BG, LG

Bugc 2: Dya vao B, L thanh 1ap ma tran xoay R tai diém quy chiéu
theo cong thuic (2.21).

Budc 3: Tinh chuyén n gia sb toa do dia tim AX, AY,AZ thanh n gia
s6 toa do dia dién Ax, Ay, Az theo cong thirc (2.22). Pdng thoi xac dinh ma
tran hiép phuong sai trong hé dia dién M dua vio ma tran xoay R va ma tran
hiép phuong sai trong h¢ dia tam Cxy theo cong thirc (2.23).

Budc 4: Kiém tra sai sb khép hinh £, f,, f; trong hé dia dién theo
cong thirc (2.24).

Buwdc 5: Binh sai bude 1 chi thuan tuy gdm céc vecto canh GPS, voi
toa do gia dinh diém gdc trong hé dia dién 1a toa do cua diém d6 trong hé
UTM theo cic bude da trinh bay & muc 3.4.1a.

Budc 6: Binh sai bude 2, két hop céc tri do GPS (Ax, Ay, Az) vm céc
tri do géc bang B va cdc tri do chleu dai canh D. Trong budc nay bao gém:

- Lép céc phuong trinh s6 hiéu chinh tri do GPS theo cong thirc
Vi=A; X+ 1L; (2.45)
Vi s6 hang tu do Li dugc tmh dva vao toa d6 x,y,z da binh sai lan 1.
- Tinh ma tran B, (3 x 3) cua ting vecto canh theo cong thic (2.44).
- Lép cac phuong trinh s6 hiéu chinh tri do géc bang theo codng thuc
(2.40) va céc phuong trinh sb hiéu chinh tri do canh theo cong thirc
(2.10).
- Lap ma trin hé phuong trinh chuan chung theo cong thire (2. 41).
- Giai hé phuong trinh chuan chung, nhan duoc vecto an sé X theo
codng thirc
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X = (ATPA)1ATPL (2.46)
- Tinh toa do sau binh sai va tinh cac sb hiéu chinh cho céc tri do.
- Tinh tri sau binh sai cta céc tri do.
- Tinh sai s6 trung phuong don vi trong s6
(Pvv]
p= 1t 3n+n,+n,—t (2.47)
Trong d6: n la sO canh GPS,
n; la so géc bang,
n, la so canh do
tla so an so can xdc dinh trong ludi
- Dénh gia do chinh xdc 4n s6 va ham céc tri binh sai
+ Sai s0 trung phuong céc thanh phan toa do trong hé dia dién chan
troi cua diém duge tinh:

Qxx
Qyy (2.48)

Qzz
Trong d6 Qxx, Qyy, sz la cac phan tr trén ducmg chéo chinh cua ma
tran nghich dao Q (mg vai toa do x, y, z cua diém can danh gid.
Sai s trung phuorng vi trf mat bang cua diém duoc tinh:

my, = p.\/Qxx + Qyy

Nhan thiy duoc rang, viéc két hop ca do mit dat va cong nghé GPS
dé thanh lap ludi chac chan s€ phat huy dugc uu diém va khac phuc dugc
nhirng méat han ché ciia mdi phuong phap, nang cao hiéu qua kinh t€ - k¥ thuat
trong cong tic xay dung ludi.

(2.49)
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CHU O'NG 3
XU LY SO LIEU PO LIEN TUC CO XET })EN ANH HUONG DAO
DONG KHI CHUYEN TRUC LEN NHA SIEU CAO TANG
3.1. Tham s6 dao déng cong trinh
Dao dong cong trinh c6 tinh tuan hoan, phuong trinh dao dong c6
dang [2],[10]:
Q, = ag+ ajcos(mt) + bysin(wt) 3.1)
Trong do6 :
-Q lasu chuyén dich cuia coéng trinh.
- t 1a thoi diém cia dao dong; tan s6 géc @ = 27f ; ap la do dich
chuyen trung binh cua d01 tuong; a;,b; gid tri thé hién bién do cua dao dong.
Mbi quan hé giira tan s6 va chu ki dao dong thé hién trong cong thirc (3.2)

= 3.2
f=z (3.2)

Véi:

- Tan s6 () 12 s6 1an dao dong trong mot don vi thoi gian.

- Chu ky dao dong (T) la thoi gian thuc hién mét dao dong.

Bién do dao dong A =+/a’ +b] 1 khoang céch gifra hai thoi diém
cuc tri lién ké cia diém quan tric dao dong.

Dbi voi cong trinh xdy dung cdc tham s6 dao dong chinh can xac
dinh:

- Bién d6 dao dong (A), tan so (), chu ky dao dong (T).

- Do tré (At) 1a thoi gian tir khi ngoai luc tic dong dén khi cong trinh
dao dong.

Ngoai ra can x4c dinh:

- Do chinh xdc do m; can thiét dé xdc dinh dugc cic tham sé dao
dong.

- Thoi gian tdi thiu t, can thiét giira hai trj do lién nhau dé day tri do
duoc coi la lién tuc.
3.2. M6 hinh dao d9ng cong trinh dic trung
a, Dich chuyen dap chin cong trinh thiy loi, thiy dién
b, Thay dbi diéu kién mdi truong anh huodng téi d6 chinh xdc canh do bang
TbDT
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Hinh 3.1. M6 hinh quan trdc lién tuc bang TPPT

¢, Dao dong nha si€u cao tang

Hinh 3.2. Mo hinh quan trdc lién tuc bang GPS

3.3. Xir Iy s6 liéu quan tric lién tuc
3.3.1. Loai sai $6 tho trong day tri do

Phuong phédp quan trac hiéu qua dé x4c dinh tham 5O dao dong cong
trinh 1a do lién tuc. Miy TDDT c¢6 kha nang tu dong do va luu s liéu véi tan
sudt tinh theo gidy. Theo nghién ciru thuc nghiém cua nhém Hayes (5] thi c6
thé sir dung tri do GPS do trong vong mot gid voi thoi gian thu moi nhip tin
hiéu 1a 1 gidy. Nhu vay co thé thiy s tri do tham gia thuc hién dinh vi tinh 12
1800 tri do.

Thuét todn loai sai s6 tho phit hop véi day tri do lién tuc la “cua )
truot” [18]. Sé tri do lién tuc trong mdi cira s6 1a k = 2 + K. Gid tri K phu
thudc vao sb tri do lién tuc trong moi chu ky va do chinh xac céc tri do. Trong
mot chu ky dao dong néu do lién tuc 30 dén 40 tri do, gia tri K phu hop 1a 4

dén 5 [18].
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3.3.2. Thudt todn xdc dinh tham s6 dao dong cong trinh thong qua mot day tri
do

Trong hinh 3.2, canh SA la day tri do canh lién tuc khoang céch gitra
diém dat mdy cd dinh M va mbc A & vj tri dn dinh gan cong trinh. Canh S'; 1a
day tri do lién tuc khoang cich gitra diém M va diém 1 & trén dinh nha siéu
cao tang Dé xic dinh cdc tham s6 dao dong & diém 1, khi do bang TPDT,
canh S* chi do mot sé tri do can thlet Trinh ty tinh nhu sau [18]:

Bu’o’c 1. Sau khi loai sai s6 tho, tinh tri trung binh cong STB, sal 50
trung mot tri do m; va sai s6 trung phuong cua tri trung binh cong mg'® theo
cong thic:

(3.3)
Bzmc 2. Tinh tri trung binh cong va sai s6 cia céc day tri do lién tuc
theo ctra s6 trugt. Mi cira s6 déu tinh tri trung binh cong S; va sai 5O myg; theo

cdng thac (3.3), vai céc tri do & cira s6 thi j 1 tir SI dén Snf,(

Buwéc 3. Tinh do léch trj trung binh cong giira hai cira s6 lién ké thir
va j+1:

AS;n=Sin=S; (3.4)

Tri s6 K cua cura s trirgt duge xdc dinh khi tinh do léch trung binh
cho dén khi hoi tu. Tri s6 K phi hop thuong bién doi tir 3 dén 9. Po léch c6
thé hiéu chinh anh huong cua diéu kién moi truong thong qua két qua xir ly
day tri do canh 6n dinh S, [17] dé tang thém d6 chinh xac.

Buéc 4. Xac dinh cac tham so dao dong

- Chu ky dao dong T:

Xét day do léch giita cdc ctra s6 trugt, tai vi tri do léch dbi dAu 1a c6
cuc tri. Do léch dbi dau tir dwong (+) sang am (-) 1a vi tri cuc dai; tir Am sang
duong c6 c6 cuc tiéu.

Chu ky dao dong la tich ctia d6 léch giita hai cuc dai hodc cu tiéu lién
ké véi thoi gian giita hai trj do:

t = No.t, (3.5)
trong d6: No 1a do léch giita hai cuc dai hodc hai cuc tiéu lién ké. t, la
thoi gian giira hai tri do.

-Tan s f 12 s6 chu ky dao dong trong mot mdt don vi thoi gian

f=1/T (3.6)
- Bién d6 dao dong A 1a khoang cich giira hai cuc trj lién ké
A =Ap - A (3.7)
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Trong do A;j va Ay, la gid tri cta cuc tri thi vaj+ 1.

Qua viéc tlen hanh céc thuc nghiém xtr 1y s6 liéu do lién tuc GPS va
TPDT xac dinh tham s6 dao dong, trong d6 c6 thuc nghiém duoc trinh bay ¢
chuong sO 4. T4c gia da chimg minh duoc tinh ding dan cta phuong phap xir
1y s6 liéu nay, dong thoi c6 mot s két luan nhur sau:

- Day tri do lién tuc cho kha nang xdc dinh cic tham s6 dao dong cua
cong trinh quan tric.

- Day tri do lién tuc cho phép chuyén toa do 1én nha siéu cao tang, néu
xur ly theo qui trinh phd hop thi vi tri twong hé giira cdc truc loai trir dugc anh
huéng cua dao dong.

- Khi bién d9 dao dong tuong duong voi sai s6 do thi viéc xdc dinh do
léch gitra cdc cira s6 bi nhiéu, can c6 sur can thiép thu cong. Két qua khao sat
cho thay khi bién do dao dong chi bang mot nira sai sO do thi do 1éch hoan
toan bj nhiéu, khong thé xic dinh duoc cdc tham sé dao dong.

- Néu do mot canh, thi chi xdc dinh dugc bién d6 dao dong theo
phuong ctia canh quan tric.

- Huong nghién ciu tiép theo 1a hoan chinh phan mém xir Iy s6 liéu
quan tric lién tuc xdc dinh anh huong cia dao ~dong. Xay dung chuong trinh
tw dong két ndi s6 lidu do va dua ra hinh anh hién thi.

- CHUONG 4
THU'C NGHIEM CHUYEN TRUC LEN NHA SIEU CAO TANG
VA XU LY SO LIEU PO
4.1. Thuc nghlem xay dung lwéi chuyén truc va luéi dinh vi tai cbt 0,0
phuc vu cong tac chuyén truc 1én nha siéu cao ting
4.1.1. Muc dich thuc nghiém

Pé kiém tra viéc do dac thanh 1ap lu6i va xir Iy sb lidu két hop GPS va
TDDT trong thi cong xay dung nha cao tang.

4.1.2. Noi dung thuc nghiém

Trong nam 2015 ching t6i da tién hanh t6 chirc do thuc nghiém ludi
tric dia chuyén dung bing c6ng nghé GPS va toan dac dién tir tai bai thuc
nghiém phuong Thanh Tri, quan Hoang Mai, Ha Noi. 7

- Budce 1: Tien hanh xdy dung ludi chuyén truc, do ludi chuyén truc
bang TDDT, danh gi4 d chinh x4c ludi va hoan nguyén cdc diém lugi chuyén
truc.

- Buéc 2: Xay dung luéi dinh vi, do GPS cic diém dinh vi va diém
chuyén truc, do TPDT céc diém chuyén truc, binh sai két hop tri do TBDT va
GPS trong h¢ dia dién chan troi.

a, Xay dung ludi chuyén truc

B
| A i
e g
I |1y T4| 1
| |
LA | B

Hinh 4.1. So' do lwdi chuyén truc
* Po dac:
Tién hanh do dac ludi tim truc ngoai thuc dia. Str dung mdy toan dac di¢n
tr TCR-705 va do cdc 8 gbc va 6 canh.
Vi két qua céc tri do ludi ngoai thue dia nhu trén, ta tién hanh binh
sai theo bai todn binh sai ludi tu do.
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Bang 4.2. Toa dj cdc diém chuyén truc sau binh sai

¢, X Iy lwéi mdt bang c~(5t 0.0
Tién hanh binh sai hén hop trj do mit d4t - GPS

Toa do Sai s
Diém
x(m) y(m) mx(mm) my(mm) mpmmn
Tl 19999.9999 1000.0000 0.6 0.6 0.9
T2 20044.9946 1000.0001 0.6 0.6 0.9
T3 20044.9974 1050.0004 0.6 0.6 0.9
T4 19999.9975 1050.0086 0.6 0.6 0.9

Két lugn: Sai s vi tri diem dat yéu cau < 2mm. Ludi chuyén truc xdy
dung dat do chinh xdc yéu cau.
Sau khi c6 két qua xir Iy Iui, tién hanh tinh cdc yéu t hoan nguyén.
b, Xdy dung luci dinh vi
. GPS3

T2 T3 GPS1

GPS4 GPS2
Hinh 4.3. So do ludi luéi chuyén truc va lwoi dinh vi

* Po dac:

Do GPS dong thoi ludi dinh vi va lugi chuyén truc, binh sai mot cap
ludi dinh vi va ludi chuyén truc.

Trong lan do 1: Do ¢6 5 mdy thu GPS nén ta chia lam hai ca do. Cac
ca do dugc do trong thoi gian la 2 tiéng [7].

Cal: Do dong thoi ludi 4 diém dinh vi GPS1, GPS2, GPS3, GPS4 va
1 diém ludi chuyén truc T4

Ca 2: Gilr nguyén mdy tai 2 diém GPS4, T4. 3 mdy con lai dat tai 3
diém trong luéi chuyen truc T1, T2, T3.

Sau khi do xong, tién hanh binh sai sb liéu do bang phan mém Compass

véi bai toan binh sai tu do.
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Bang 4.14 . Toa dé va sai sé vi tri diém sau binh sai
- Toa do Sai s6
biém
x(m) y(m) z(m) | mx(mm) | my(mm) | mz(mm)
GPSI1 20000.0000 | 5000.0000 | 0.000 s | cmems | s
GPS2 19789.9933 | 5167.7972 | 0.434 0.8 1.3 2.7
GPS3 20331.3332 | 4775.9794 | -0.078 0.7 1.1 2.4
GPS4 19928.0292 | 4428.9860 | 0.001 0.7 1.1 23
T1 19905.6576 | 4768.5878 | 0.052 0.9 1:2 2.9
T2 19950.6506 | 4768.9508 | 0.095 1.0 1.3 2.9
T3 19950.2499 | 4818.9497 | 0.075 0.9 1.2 3.1
T4 19905.2515 | 4818.5948 | 0.003 0.7 1.1 2.3

va ludi tim truc xdy dung dat yéu cau.

Chon truc goc hé toa do cong trinh la diém T1 (80000.000;
10000.000).Ta c6 két qua sau khi tinh chuyén vé hé toa do cong trinh dugc
thé hién trong bang 4.15.
Bang 4.15. Két qua tinh chuyén toa do

Két luan: Sai s6 vi tri diém 10'n nhat la 1.6mm < 2mm. Vay luoi dinh vi

STT |Tén diém Toa do dia dién Toa d6 cong trinh
X(m) Y(m) X(m) Y(m)
1 GPS2 19789.9933 5167.7972 | 79887.549 [10400.126
2 GPS3 203313332 | 4775.9794 | 80425.723 [ 10003.971
3 GPS4 19928.0292 | 4428.9859 [ 80019.644 | 9660.229
4 Tl 19905.6588 | 4768.5879 | 80000.003 | 10000.000
5 T2 19950.6508 | 4768.9494 | 80044.997 | 10000.000
6 T3 19950.2500 | 4818.9494 | 80044.998 | 10050.002
7 T4 19905.2515 4818.5949 | 79999.998 | 10050.009

4.2. Thyre nghiém chuyén truc 1én nha cao ting
4.2.1. Muc dich thuc nghiém
Dé kiém tra viéc chuyén tryc lén tang nha cao tang bang GPS va

TDDT.




4.1.2. Ngi dung thirc nghiém

Chiing toi da tién hanh gia dinh vi tri 4 diém chuyén truc tai tang 10
duoc xac dinh bang may chiéu du’ng Toa d6 diém tim truc T1,0, 7250, T30,
T4, tai tang 10 duoc to chirc do kiém tra bang GPS va TBPT.

Dua vao két qua tinh chuyén toa do cdc diém tim truc tai tang 10, so
sdnh v&i toa do cdc diém tim truc tai cot 0,0 d& hoan nguyén cic diém vé ding
vi tri thiét ké.

Nhu vdy, qua 2 thuc nghiém 4.1 va 4.2 nhan théy, viéc chuyén truc lén
tAng bang TPDT va GPS c6 thé dam bao dugc do chinh xdc yéu cau. Qui
trinh do va xur Iy sd liéu dua ra phit hop véi cong tac thi cong xay dung cong
trinh.

4.3. Thuc nghiém xir Iy s6 liéu do lién tuc c6 xét dén anh hwéng cia dao
dong cong trinh
4.2.1. Muc dich thuc nghiém

Pé kiém tra xur 1y s6 liéu do lién tuc bang GPS hoic toan dac dién tir
nhim x4c dinh tham s dao dong cong xay dung nha cao tang.
4.2.2. Noi dung thuc nghiém
a. Thuc nghiém s6 1:

- Két qua thuc nghiém 68 tri do canh TDDT khoang cich giira 2 diém
6n dinh mbc M va mbc A dudi chan nha cao tang 1a S, va khoang céch giita
mébc M va diém 1 trén néc toa nha cao tang 1a S . Piém 1 & trén néc nha cao
tang bi dao dong (hinh 4.7).

Hinh 4.7. M hinh quan tréc lién tuc bang TDDT

301.0000 &8

300.8000
300.6000

300.4000

300.2000 wopone Canth SA
300.0000 @ Conh S1

299.8000
299.6000
299.4000 2
1 5 9 1317212529 3337414549535761 65
, Biéu d6 4.1. Két qua canh do S, va S,
Tién hanh tinh todn hai diy két qua do cing do chinh x4c do hai canh
SA va Sl.
Tri xdc sudt nhat cta 2 canh do Ia
) S4=300,0004m va S; = 301,0128m
Sai s0 trung phuong mdi tri do tinh theo Betsel 1a
Mgp; = * [,8mm va mg;; = =% 9,2mm
Sai sb trung phuong tri x4c suat nhat 12
mgy =+ 0,2 mmvamg =+ 1,1 mm

BIEU PO SAI SO
oo Canh SA oo Canh S1

Biéu d6 4.2. Sai s6 canh S, va dao dong canh S,

* Nhan xét:

- Nhén thay sai s6 do canh S, 16n hon canh S,. Nguyén nhan la do ngoai
céc ngudn sai sb do dung cu, moi truong, ngudi do giong nhu canh S, thi khi
do canh S, con c6 sai s6 do ban than diém 1 bi dao dong theo cong trinh.

- Dua vao sai s6 khi do S, c6 thé tich duoc sai s6 do diém 1 bi dao dong
theo cong trinh.

b. Thuc nghiém s6 2:

- Thuc nghiém do GPS canh S;, S, va S; ndi 3 diém A B va C ¢ cac
vi tri &n dinh; Ba canh S4, S5 va S¢ 12 khoang céch tir 3 diém 6n dinh toi diém
D & néc nha cao ting, bi dao dong (hinh 4.8).
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A

B
S5
| S2
D
S6
S3

Bt

Hinh 4.8. M6 hinh quan trdc lién tuc bing GPS
Xt ly 6 day tri do lién tuc va dong thoi véi 132 gid trj mdi day theo
qui trinh 4 budc néu & chuong 3. Két qua va do chinh xdc & bang 4.1.

Bang 4.18. Két qua tinh 6 canh do lién tuc va dong thoi

Canh SI Sg S3 S4 S5 S6
Ts “z‘r‘;*‘)% bInh | 3201578 | 102.9540 | 319.5309 164.0424 | 165.4967 | 200.9666
Sai s6 trung
phuong tri do 1.0 24 1.9 19.6 21.6 220
(mm)
Sai s0 tri
trung binh 0.1 0.2 0.2 1.7 1.9 1.9
cOng (mm)
80
60
40 i Canth S6
20 wwareme CANN S5
(0] i, Ca11 S
=0 ge-Cazh S3
-40
60 wofes Canh S2
-80 ~epee Canh ST
-100
120

. Biéu dé 4.3. Dao dong diém D theo 3 hwong
Biéu d6 4.4 1a dao dong theo 3 hudng A, B, C va vi tri diém D
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Biéu db 4.4. Dao dong theo 3 hudng va vi tri diém D.

* Nhan xét:

- Két qua xir ly 6 day tri do lién tuc, xdc dinh duoc cdc tham sé dao
dong diém quan trc theo 3 huéng va dao dong vi tri diém.

- Khi bién d6 dao dong tuong duong voéi sai s6 do thi viéc xdc dinh
do Iech giira cdc cira s6 b nhiéu, can 6 sy can thiép thu cong. Két qua khao
st cho thay khi bién d¢ dao dong chi bang mét nira sai sé do thi do léch hoan
toan b nhiéu, khéng thé x4c dinh duoc cdc tham sé dao dong.

- Néu do moét canh, thi chi x4c dinh dugc bién do dao dong theo
phuong cua canh quan tric.

Tir hai thuc nghiém & phan 4.3 nay, 6 thé nhan thay, voi cdch lua
chon vj tri diém, cach do va xir ly s6 liéu do lién tuc theo nhu néu ¢ chuong 3
hoan toan c6 thé xic dinh dugc tham sb dao dong cong trinh.
4.4. Phian mém xi Iy 56 ligu chuyén truc lén nha cao tang

B Chuiong trinh xu ly so liew chuyen truc nha cac tang

[File xuki luoi tim truc  Tinh chuyen toade  Hueng dan su dung

86 mén Trac dia - Khoa Cau duwdrng - Tnrirng Dai hoc Xay dung
Dia chi:

Phong 516 nha A1

$6 55, durdmg Gidi Phong, quan Hai B3 Trung, thanh phé Ha N6
Tel: (0084) 43865 74 10

Website: http://bmtracdia.nuce.edu.vn

"Hinh 4.9. Giao dién chuong trinh Xir Iy 53 liéa chuyén truc
1€n nha cao tang
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* Chirc nang;:
Chuong trinh c6 céc chiic nang sau:

l.

Churc nang xu ly s6 liéu ludi

Binh sai tu do ludi chuyén truc

Binh sai két hop ludi chuyén truc va luéi dinh vi Ddo két hop GPS va
TPDT

Phan tich d6 6n dinh lu6i dinh vi

Chirc nang tinh chuyén toa do

Tinh chuyen XY -BL

Tinh chuyen gilra cdc mui chiéu

Tinh chuyen XYZ - xyz

—  Tinh chuyén BLH - XYZ.

Qua thuw nghiém cdc chire nang tinh todn cua chwong trinh két ludn
dwoc rang: Két qua tinh bang Excel va két qua tinh bang chuong
trinh la twong dwong nhau.

|
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KET LUAN
Trong qua trinh thuc hién dé tai, rit ra duoc nhirng két luan sau:
1. TDBT va GPS ¢6 the dap ung do chinh xac cho cong tac trac dia trong
chuyén truc Ién nha cao tAng v4i yéu cau do chinh xdc vi tri diém c& +2mm..
2. Bai todn binh sai tri do GPS trong hé toa do dia dién chan troi két hop véi
cac tri do mit dét c6 thuat todn va quy trinh binh sai chit ché.
3. Day tri do lién tuc cho kha nang xac dinh cdc tham sb dao dong cua cong
trinh quan tréc.
4. Day tri do lién tuc cho phép chuyén toa do 1én nha siéu cao tang, néu xir Iy
theo qui trinh phu hop thi vi tri tuong hé giita c4c truc khong bi anh hudng
cua dao dong.
5. Khi bb tri s6 luong va vi tri diém do hop 1y, ddy tri do lién tuc cho phép xdc
dinh gid tri dao dong theo cic huéng khic nhau. Néu do mot canh, thi chi xdc
dinh dugc bién d6 dao dong theo phuong cua canh quan tric.
6. Khi bién do dao dong tuong dwong voi sai s6 do thi viéc xdc dinh do léch
gira cac cura s6 bi nhiéu, can c6 su can thiép thi cong. Két qua khao sat cho
thay khi bién d6 dao dong chi bang mot nua sai s6 do thi do léch hoan toan bj

nhiéu, khong thé xac dinh dugc cdc tham s6 dao dong.

KIEN NGHI
1. Bé hoan thién hon nita nhirng_ ndi dung ly thuyet can c6 thém nhiéu thuc
nghiém thuc té, dac biét 1a yéu cau thuc nghiém bat dau tir khi xay dung mat
bang cbt 0,0 cho dén khi thi cong tang cudi ctia cong trinh nha cao tang.
2. Viéc phit hién gid tri dao dong theo cac hudng cua cong trinh can dugc tiép
tuc nghién ciru sau hon. C6 thé dua ra canh bio dé c6 thé kip thoi xtr 1y cdc
van dé trong thi cong ciing nhu van hanh cong trinh.
3. Cong tac xir ly day tri do lién tuc can dugc nghién ctu nhiéu hon dé loai bo
bét nhitng tri do xau, dwa ra két qua chinh xac nhat.
4. Phan mém “Xu ly sb liéu chuyen truc 1én nha cao tang” c6 thé tiép tuc xay
dung thém phan hién thi biéu do, ciing nhu dy béo dich chuyen cong trinh.
5. Qua nhirng kién nghi trén, tic gia mong muén duoc tiép tuc phat trién dé tai
trong thoi gian toi.
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