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TIEU CHUAN XAY DUNG VIET NAM:
TCXDVN 357: 2005
NHA VA CONG TRINH DANG THAP - QUY TRINH
QUAN TRAC PO NGHIENG BANG PHUONG PHAP TRAC PIA
High-rise building and structures - Tilt monitoring procedure
by surveying method

Bién soan lan 1

Nha va céng trinh dang thap - Quy trinh quan tric dé nghiéng céng trinh bang
phudng phap tric dia.

High-rise building and structures - Tilt Monitoring by surveying method

1. Pham vi ap dung

Tiéu chuén nay ap dung dé€ quan sat dd nghiéng clia cdc nha cao tdng, cdc hang muc va
cac két cdu trén cac cong trinh cong nghiép nhu cac sil6 chira vat liéu rdi, cac bon chira
nhién liéu, 6ng khdi nha may, thép truyén hinh, ang ten vo tuyén viéen thong va cac céng
trinh khac trong g|a| doan thi cdng xady dung ciing nhu trong giai doan khai thac st dung.
2. Tiéu chuan vién dan

- TCXDVN 271: 2002. Qui trinh ky thuat xac dinh do Iin cong trinh dan dung va cong
nghiép bang phuang phap do cao hinh hoc.

- TCXDVN 309: 2004. Cong tac Trac dia trong xay dung cong trinh dén dung va cdng
nghiép - Yéu cau chung.

3. Ky hiéu dung trong tiéu chuan

a Géc phuadng vi, hudng nghiéng

B Géc do

C Sai s6 truc ngdn ctia may kinh vi

D Khoang céch giita hai diém, Pinh thirc

e Véc ta dd 1éch (dd nghiéng) tdng hop clia mot diém so v3i chan cdng trinh

g Goéc nghiéng cua cbng trinh

ey Véc tad dd 1éch (dd nghiéng) cua mét diém so vai chan cdng trinh theo hudng truc
Y (truc tung)

ex Véc tad dd 1&ch (dd nghiéng) cia mét diém so vai chan cdng trinh theo hudng truc

X (truc hoanh)

AX, Ay Gia s0 toa do

Ah Chénh léch d6 cao gilta hai diém

H, h D0 cao cia mdt diém, chiéu cao cua cong trinh

m Sai s0 trung phuadng clia mot dai lugng do

mg Sai s6 trung phuang do goc

Mp Sai s6 trung phuang do chiéu dai

mp Sai s6 trung phuong vi tri diém

MO Sai s vach chi tiéu ban do ding ctia may kinh vi

z Goc thién dinh cua diém quan trac

4. Qui dinh chung

4.1. Viéc do do nghiéng dudc thuc hién déi véi tat ca cac cong trinh nhu da néu trong
phan pham vi dp dung theo quyét dinh clia cc quan thiét ké hoac Ban quan ly cong trinh.
4.2. Phuong phép do do6 nghiéng sé€ dudgc lua chon tuy theo do chinh xac yéu cau, diéu
kién do ngam va trang thiét bi ctia don vi tién hanh do dac.

4.3. D€ biéu dién dd nghiéng va erdng nghleng d6i v&i mdi cong trinh can xac 1ap mot hé
toa dd théng nhéat. Hé toa d6 nay cd thé Ia chung cho toan bd céng trinh hodc cling cb
thé 1a cuc bd d6i véi tirng hang muc riéng biét. Viéc chon hé toa d6 do can bd ky thuét
chd tri quan trac quyét dinh.

4.4. DG6i vGi cac cong trinh cd truc diing duy nhat va ré rang nhu 6ng khéi nha may, thap
truyén hinh, ang ten VTVT, sil6, bon chira nhién liéu vv.. thi d6 nghiéng cla cong trinh
dugc hiéu la sy sai léch cua truc dfing thuc té cla nd tai diém dang xét so vGi dudng
thang ding dudc xac dinh bang dudng day doi. PO nghiéng cua cbng trinh dudc dac



trung bdi véc ta dd Iéch tdng hgp e (hinh 1). Théng thudng ngudi ta thudng phén tich véc
td nay thanh hai thanh phan vudng gdc véi nhau. Thanh phan theo truc X (ky hiéu la ey)
va thanh phan theo truc Y (ky hiéu la ey). B&i véi cac cong trinh khdng c6 truc ddng duy
nhat va rd rang nhu cac toa nha cao tang thi d6 nghiéng cta né dugc danh gid qua do
nghiéng cla céc blc tudng va cua cac cot chiu luc chinh.

4.5. D6 nghiéng cla cdng trinh con dudc thé hién bang goc nghiéng & va hudng nghiéng
.

Goc nghiéng la géc hgp béi truc ding ly tudng (dudng day doi) va truc ding thuc t€ cla
cong trinh. Géc nghiéng ¢ (hinh 1) dugc xac dinh theo cong thic
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Hinh 1. Nhiftng yéu t6 vé do nghiéng cua cong trinh

Hudng nghiéng o la goc dinh hudng cla véc ta e, la géc hgp bdi nlra trén cla truc Y va
hinh chiéu clta véc tc e trén mat phang (H.1). Hudng nghiéng s& dugc xac dinh theo céng
thirc

(S
o= Arctg[—yJ (2)
eX
4.6. Viéc quan tréc dd nghiéng phai dudc thuc hién bang cdc may mdc, thiét bi phu hgp
vdi tirng phuaong phap va do chinh xac yéu cau. Trudc khi dua vao st dung cac may moc
thiét bi phai dugc kiém nghiém va hiéu chinh theo ding cac qui dinh cla tiéu chuén hodc
qui pham chuyén nganh. B
4.7. Trong giai doan thi cong xay dung d6 nghiéng cla cbng trinh xudt hién do loi cla
ngudi thi cdng, vi vy nd can phai dugc phat hién kip thdi d& bén thi cong cd bién phap
chinh stra.
4.8. D6 nghiéng cua cbng trinh trong giai doan khai thac s dung xuat hién do nhiéu
nguyén nhan: Do tac déng cua tai trong, tdc dong cua gié, do &nh hudng cia do lun
khéng déu v.v... Vi vay viéc xac dinh d6 nghiéng cla cbng trinh trong giai doan nay can
phai dudc thuc hién 13p di 13p lai theo cdc chu ky dé theo d&i va danh gid su phat trién
cla né theo thdi gian. Chu ky do dugc chon dai hay ngdn tuy thudc vao tdc dd phat trién
cua d6é nghiéng va do cd quan thiét ké hodac Ban quan ly cong trinh quyét dinh.
4.9. Sy phéat trién cla dd nghiéng cha cdng trinh trong giai doan khai thac s dung cé
lién quan truc ti€p vdi su lin Iéch clda no, vi vay song song Véi su theo dbi d6 nghiéng
can tién hanh theo dbi ca dd Iun cla cdng trinh bang phuong phap thuy chudn hinh hoc
chinh xac theo TCXDVN 271:2002.
4.10. Khi quan trac do nghiéng clia cac cong trinh trong diéu kién khéng cd khdng gian
thao tac du rong thi may kinh vi hodc may toan dac dién tlr can phai dudc trang bi thém
kinh ngdm vudng gdéc va phai st dung loai may cd con l3c dién tir d€ bu xién cho hai truc
va con lac nay phai dudc kich hoat & ch& dd hoat dong.



4.11. Sai s6 gidi han khi quan trac do nghiéng ctia mot sé cdng trinh dudc cho trong
bang 1.
Bang 1- Sai sé gidi han khi quan sat dd nghiéng céng trinh

Loai cong trinh Sai s6 gidi han
Nha & cao tang 0,0001H
Ong khdi nha may 0,0005H
Cac silo chlra vat liéu rgi, bon chira dau, khi hoa long 0,001H
Thap truyén hinh, ang ten VTVT 0,0001H

5. Quan trac do nghiéng cua cac nha cao tiang

5.1. Hé toa db qui udc dung dé quan tréc dd nghiéng cac toa nha cao tang t8t nhat nén
chon sao cho céac truc cua nd song song hodc vuéng goc vai cac canh cla toa nha (hinh
2).

5.2. Cac diém quan trdc d6 nghiéng nén chon tai cdc khu vuc cd thé dic trung tét nhét
cho su dich chuyén cuta toa nha nhu: cac goc nha, khu vuc khe 1Gn, khu vuc cé xuét hién
cac vét nt va cac khu vuc do cd quan thiét ké hoac ban quan ly cong trinh yéu cau.

5.3. P& xac dinh dd nghiéng cla nha cao tdng can bé tri cac diém do cé dinh A, A, A,
va B, B,, B,. Khi d3t may tai cac diém A, s& ngdm tdi céng trinh theo hudng song song
vGi truc Y con khi ddt may tai cadc diém B; thi ngdm may tdi cdng trinh theo hudng song
song Vvdi truc X (Hinh 2).
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Hinh 2 - Hé truc toa dd va cac diém quan tric d nghiéng nha cao tang

5.4. Do d6 nghiéng clia cac nha cao tang trong giai doan thi cong xay dung.

5.4.1. Trong giai doan thi cdng xay dung nha cao tdng d6 thdng ding téng thé clia nd
dudc dam bao bang cac dung cu chiéu ding dé chuyén toa dd tir mat béng co sé (mat
bang tdng 1) |én cac tang. Vi vay trong giai doan nay chi do d6 nghiéng cuc bd cua cac
yéu td trén tirng ting. Cac yéu td can xac dinh dé nghiéng la cop-pha dé dd bé tdng cac
cOt, tudng chiu luc, budng thang may va cac yéu t6 khac.

5.4.2. Phudng phap don gian nhit dé xac dinh d® nghiéng clia cac yéu t6 clia nha cao
tang trong giai doan thi cdng la treo day doi va dung thudc dé& do khoang cach tir day doi
dén yéu t6 can kiém tra & phia trén va phia dudi. D6 nghiéng cla yéu té can quan tric
dugc danh gia thong qua chénh léch khoang cach do dudc & phia trén va phia dudi (Hinh
A.1, phu luc A).

5.5. Do do nghiéng cua cac toa nha cao tang trong giai doan khai thac sir dung

5.5.1. Pd nghiéng cla cac toa nha cao tang trong giai doan khai thac sir dung cé thé
dudc do bang cac may toan dac dién tr c6 ché& db do truc ti€p khéng can guong, cac may
toan dac dién tir thong thudng hodc cac may kinh vi.

5.5.2. Viéc do d0 nghiéng cua cac toa nha cao tang trong giai doan khai thac s dung
bdt dadu bang viéc danh diu cac diém ddt may c6 dinh nhu hinh 2 va cac diém do tai cac
vi tri dugc xem xét can than theo yéu cau cla Ban quan ly céng trinh va cd quan thiét
k&. Cac diém dit may dudc cd dinh bang cdc méc bé téng kién cd trén mat dat cach céng
trinh mét khoang cach phu hdp d& do ngdm mot cach thuén Igi va dam bao dd chinh xac
(néu diéu kién cho phép thi nén chon khoang cach tir diém dat mdy tSi chan codng trinh
bdng chiéu cao clia nd). Cac diém quan tréc cé thé lam bang kim loai gén c6 dinh vao
céng trinh, cling cé thé danh diu cac diém quan trdc badng son hodc dan vao dé guong
gidy dac biét.



5.5.3. Do dd nghiéng cla nha cao tdng bdng may toan dac dién t co6 ché dd do truc tiép
bang LASER khéng can gudng dudc thuc hién theo trinh tu sau:
a. D3t may tai diém A (i=1, 2,... n - cdc diém cb dinh danh d&u trén mat dat) sao cho
mat phang chudn truc cia may vudng gbc véi hudng X . TU A 1an lugt ngdm may téi cac
diém Al (j=1, 2,..., k - cac diém quan tréc dugc danh dau trén than coéng trinh) va do cac
khoang cach ngang tuang ng la D®,, D@,.. D, (hinh A3, phu luc A);
b.(Z)Chuyfi? may ra diém B; lam tudng tu nhu & diém A, va do dudc cac khoang cach DWg,
D B,...D B s
c. Tinh thanh phan dd nghiéng ctia cong trinh doc theo hudng X bang cdng thirc

e, = D9, - p@, (3)
d. Tinh thanh phan d6 nghiéng cla cong trinh doc theo huéng Y bdng cong thirc

e(J)X - D(J)B - D(J)B (4)
e. Tinh d6 18n cla véc to tdng hop e

e= € el (5)

f. Tinh goc nghiéng theo cdng thic (1) va hudng nghiéng cua cbng trinh theo cong thirc
(2).

5.5.4. Néu khdng cé mdy toan dac dién tlr cé ché d6 do truc tiép bang LASER thi cd thé
st dung may toan dac dién tr thdng thudng nhung trong trudng hop nay tai cac diém A/
va B/ can phai dan cac gudng gidy chuyén dung. Trinh tu do va tinh cac yéu té déc trung
cho d6 nghiéng cua cong trinh tuong tu nhu trong muc 5.5.3.

5.5.5. Néu khdng cé may toan dac dién t& va diéu kién do ngdm cho phép thi cé thé sur
dung may kinh vi thong thudng, tét nhat nén dung may kinh vi dién tr cé hé thong con
I&c dién t&r dé€ hiéu chinh d6 nghiéng cla hai truc (dual axis correction). Trinh tu do ngdm
va xac dinh yéu t6 dac trung cho d6 nghiéng nhu sau:

a) D3t may kinh vi tai diém A; cdn may can than bang bot thuy dién tl, dat Dual - axis
correction & ché do ma;

b) Lan Iugt ngdm may lén cac diém A} da danh d&u & chu ky 1 va doc dudc cac géc o,
ai ... ak

c) Chuyén mdy sang diém B; va lam tuong ty sé doc dudc cac géc B!, Bi.. B

Tinh d0 1éch theo hudng X béng céng thirc:

e/ = (0!/- - o )Dai (6)
d) Tinh d6 Iéch theo hudng Y bang céng thirc:
e/ = (B7- B7)Ds (7)

Véc ta dd 1éch téng hdp dudc tinh theo cdng thirc (5), hudng nghiéng dudc tinh theo céng
thic (2) tudng tu nhu trong muc 5.5.3. Cac khoang cach tur cac diém A; va B; tdi céng
trinh dudc do vdi sai s6 khong vugt qua 1cm.

5.5.6. C6 thé& sir dung may kinh vi va mot thudc nhua hodc thudc kim loai théng thudng
dé do dd nghiéng theo trinh tu sau:

a) D3t may tai diém A, tuong tu nhu trong muc 5.5.3;

b) Lan lugt ngdm may [én cac diém A’ va ha dan 6ng kinh xudng dé& cé thé doc sb trén
thudc dat tai diém A theo chi diing cia may kinh vi. Khoang cach tir diém A! trén thudc
tdi vi tri chiéu cua diém A/ chinh 1a thanh phan dd |I&ch theo hudng X (e,) cla diém A/
nhu hinh A.2 trong phu luc A;

c) Chuyén may sang diém B; va lam tuong tu sé xac dinh dudc thanh phan do 1éch theo
hudng Y (ey); Cac yéu t6 khac dudc xac dinh theo cac cong thic (5) va (6).

6. Quan trac doé nghiéng cta cac cong trinh cé dang hinh tru tron

6.1. Hién nay viéc thi céng cac cbng trinh dang hinh tru tron bang bé téng cét thép nhu
si 16 chlra vat liéu r&i, 6ng khoi nha may v.v..., chd yéu dudc thuc hién bang phuong
phap cbép-pha trugt, vi vay viéc do d6 nghiéng ctia nd trong giai doan thi cong xay dung
tét nhat nén thuc hién bang cac may chi€u chuyén dung. Cac may chiéu thich hgp cho
loai cong viéc nay dudgc gidi thiéu trong Phu luc F.

6.2. Tuy theo két cdu ciia madm sang (san cong tac) va tuy diéu kién do ngdm cu thé ma
c6 thé sir dung phuong phép chiéu tur tdm 1én hoédc chiéu tir bén ngoai.

6.3. Quy trinh xac dinh d6 nghiéng theo phudng phap chiéu tir tam Ién dugc thuc hién
theo trinh tu sau:

a) Trudc khi thi cbng xay dung cbng trinh bang phudng phap cdp pha trugt can bd tri
chinh xac vi tri tdm cua cong trinh (si 16 hoac 6ng khoi) ngoai hién trudng, cé dinh nd



bang mot méc kién cb trén d6 cb 1&p dat bd phan dinh tdm bat budc dé€ dat may chiéu
nhu trinh bay trong phan Phu luc G;

b) Dung mét hé toa db gia dinh cé gbc toa dd 1a diém vira dugc danh ddu nhu da néu &
phan trén, hai truc X va Y cta né dudc danh dau trén thuc dia bang cac mdéc bé téng kién
co;

c) Dung hé truc toa d6 vuong goéc thr hai trén mat mét tam mica kich thudc khoang 60
x 60 cm (hinh.3) trén d6 cac truc X va Y dudc chia thanh cac vach 1cm bang hai loai muc
khac nhau d€ dé nhan biét trdnh nhdm lan. Trong hé toa dd nay dé tién cho viéc tinh
todn vi tri thuc t€ cia médm sang nén ghi cac vach khéc c6 dau (-) theo hudng tur gbc toa
dd Ién phia trén va sang bén phai va ngudgc lai gid tri vach khac c6 ddu ducng bén trai va
phia dudi goc toa d6 tang dan tur trén xuéng dudi va tir phai qua trai.

d) D3t t&m mica cd hé toa ddé nay vao tdm mam sang sao cho diém O’ clia hé toa dd
trén tam mica trung véi goc toa d6 O trén mat dat va cac truc X’ va Y’ trung v@i cac truc
X va Y da danh dau nhu noéi & phan trén;

Y

Hinh 3- TAm Mica c6 khic hé toa dd gin trén mam sang

e) Trong qua trinh thi cdng xady dung cong trinh bdng phudng phap cop-pha trugt, sau
moi |an trugt cdn ddt may chiéu tai diém da danh ddu & tdm cdng trinh va ngdm vao tdm
mica dat & mat dudi mam sang doc cac s6 doc Ax va Ay trén hé truc toa do, day chinh la
thanh phan doé I&ch tdm clia cbng trinh tai di€ém dang quan sat (ex va e,) so Vvéi vi tri tam
chinh xac ctia n6 dudi mat dat;

f) Véc to téng hdp d6 nghiéng téng hop va hudng nghiéng dudc tinh theo cac cong thic
(5) va (2);

g) DO l&ch thanh phan, véc ta dd l1éch téng hdp va hudng léch phai dugc théng bao kip
thdi cho don vi thi cdng dé& chinh mam sang vé vi tri thdng ding.

6.4. NEu ké&t cdu cua codng trinh khéng cho phép chiéu truc tiép tir tdm 1&n thi c6 thé thuc
hién viéc xac dinh d6 nghiéng bdng phudng phap chiéu tir bén ngoai theo quy trinh sau
day:

a) BG tri diém tdm cua cbng trinh va dung hé toa dd giad dinh XOY giéng nhu muc 6.3
nhung khéng can danh ddu diém O bang mdc kién cé va cling khéng can xdy dung méc
doi tdm bat budc. MSc O & tdm cla coéng trinh chi sir dung tam thai;

b) T tdm cua céng trinh bd tri bdn diém 0O;, 0,, O3 0,4 sao cho diém nay ndm nam trén
cac truc toa do va cach mép ngoai clia cong trinh t&r 0,8m - 1m (hinh A8, phu luc A). Cac
diém dudc danh ddu badng cdc mdc bé téng kién c6 cé hé théng doi tdm bat budc dé dat
may chiéu loai ZL;

c) Dung trén 4 tam mica 4 hé toa do X'0.'Y', X'0',Y';, X'0'3Y' va X'0'4Y’ gidbng nhu lam
trong muc 6.3;

d) P&t may chi€u ZL tai diém O; va gdn td&m mica cé chia vach nhu hinh 3 1én méam
sang & vong dau tién sao cho diém O; trung vdi diém O'; va cac truc 0,X’, 0,'Y’ song
song V@i cac truc O;X va 0,Y. Cling lam tudng tu nhu vay déi vdéi cac dié’m~ 05, O3 va Oy;

e) Trong qua trinh thi cong silo bang phuong phap cop pha trugt, sau moi lan trugt can
bd k¥ thudt Ian lugt dat may chi€u ZL tai cdc diém O,, O, Ozva 04 doc cac gia tri Ax va
Ay trén cac thang s6 tuong irng. Dua vao cac sé doc nay tinh dugc toa do thuc té€ cua cac
diém 04’, 0’, O3’ va 04’ trén cd sd do tinh ra toa dd thuc té cla tdm cdng trinh;

f) Tinh dugc dd nghiéng cla thuc t& cia né dé don vi thi céng kip thdi diéu chinh. Trinh
tu xr ly s6 liéu xac dinh d6 nghiéng bang phuong phap nay dudc trinh bay trong phu luc
E;

6.5. Trong giai doan khai thac s dung dGi véi cac céng trinh cé dang hinh con hoac hinh
tru tron cé ban kinh I6n thi t6t nhat nén xac dinh d6 nghiéng cla ching bang phuadng



phap do toa do bén ngoai cong trinh s dung cac may toan dac dién t& cd ché d6 do truc
ti€p bang LASER khbéng can gudng phan xa. Trinh tu thuc hién viéc do dd nghiéng trong
trudng hgp nay nhu sau:

a) Lap mot dudng chuyén khép kin xung quanh d6i tugng can xac dinh d6 nghiéng (hinh
A6, phu luc A). SG diém dudng chuyén téi thi€u 1a 3, khuyén cdo tir 5 + 9 diém. Toa dd
va dd cao cla cac diém dudc xac dinh trong mot hé gia dinh;

b) Lan lugt ddt cdc may toan dac dién ti tai cdc diém cua dudng chuyén, nhap toa dd va
dd cao cua diém dat mdy, dinh hudng may theo toa dd cla mdt diém dudng chuyén
khac;

c) Khdi dong ché& dd xac dinh toa do khong gian ba chiéu va ngdm may vao d6i tugng
can xac dinh d6 nghiéng & vong sat mat dat (chan cda coéng trinh) theo hudng vuéng géc
vdi bé mét cla déi tugng, xac dinh toa do x™M,, yMa, HY, ;

d) Pua 6ng kinh 1én cao dan va do toa d6 cho dén khi H®, = H®,+ Ah trong d6 Ah =
2m, 5m hoac 10m tuy theo yéu cau clia co quan thiét ké hodc ban quan ly cong trinh, do
cac gia tri x@,, y@, va H®, va 1an lugt 1dm nhu vdy cho dén hét chiéu cao cla cong
trinh;

e) Chuyén mdy sang diém dudng chuyén tiép theo va l&p lai cac thao tdc nhu budc b, ¢
va d nhu tai diém A;

f) Dua vao toa dd cua cac diém dugc do trén tirng vong xac dinh ra toa dé x®. y¥. va
ban kinh R; cia vong do;

g) So sanh toa dd x. y. clia tirng vong vai vong gbc & sat mat dat s& xac dinh dudc do
nghiéng cua cong trinh. Trinh ty tinh todn s6 liéu xac dinh d6 nghiéng cua cong trinh
dugc trinh bay trong phu luc B;

6.6. NEu khdng c6 may toan dac dién tir vGi ch& dd do truc ti€p bang LASER thi cé thé s
dung may kinh vi thdng thudng dé xac dinh toa dd tdm cong trinh bang phuong phap
giao hdi thudn. Bai todn giao héi thudn cdé thé thuc hién tir 2, 3 hodc 4 diém & day chi
trinh bay qui trinh giao hdi tUr 2 diém. Viéc ma réng ra giao hdi tir 3 hodc 4 diém dugc
thuc hién tuong tu nhu d8i véi trudng hop 2 diém. Trinh tu thuc hién nhu sau:

a) Trién khai mot dudng chuyén khép kin 3 - 4 diém xung quanh d6i tudng can kiém tra
d® nghiéng nhu muc 6.5. Vi tri cac diém phai chon cach céng trinh mét khoang téi thiéu
bang chiéu cao cua nd. Toa dd va dd cao cla cac diém dudc tinh trong mot hé gia dinh;
b) D&t may tai diém A do chiéu cao mdy va hudng may |én d6i tudng tai diém nam sat
mat dat do cac gid tri 'y, a1, 0P va Z;.

Trong do:

a'y - S6 doc trén mét ban dd ngang khi tia ngdm tiép xuc véi dbi tugng & mép bén trai
cuavong 1

o’y - S6 doc trén mét d6 ngang khi tia ngdm tiép xuc véi ddi tugng & mép phai

Z, - Géc thién dinh khi ngdm vong 1;

c) Dua vao khoang cach tur diém dat may tdi cong trinh tinh céc gid tri Z; ’ng véi cac
vong trén d6i tugng can quan trac theo cdng thirc

Z, = Arctg D (8)
H, + DctgZ, + dH

Trong do:

D -  khoang cach tir diém dat may tdi cong trinh ;

dH - Chénh cao giifa cac vong (2m, 5m hodc 10m tuy theo yéu cau cua co

guan thiét ké hoac Ban quan ly céng trinh);

He - Chiéu cao may tai diém A.
d) Lan lugt dat gia tri cua ban dd ding bang goc Z; vira tinh dugc va ngdm may vao mép
trdi hodc mép phai cua ddi tugng va doc cac s6 doc o', af va o nhu ddi véi vong 1;
e) Chuyén mdy sang diém B va lai cac thao tdc nhu & diém A. Cac s6 doc trén ban dd
ngang ki hiéu la B, " va ",
Trong do:

BTy - S8 doc trén mat ban dd ngang khi tia ngdm ti€p xdc véi di tugng &

mép bén trdi clia vong 1

BP - S6 doc trén ban dd ngang khi tia ngdm tiép xdc véi dbi tugng 8 mép phai géc

thién dinh khi ngdm vong 1;

B*; - S8 doc trén ban dd ngang khi ngdm tdi tiéu ngdm dat tai diém A.
f) Tinh cadc géc a; i theo cdng thirc:



ai=ob- %( a'itaf) 9

1
Bi= E( BT+ BR) - B (10)
g) Tinh toa d6 (x.); va (y.); (toa d6 tdm cua vong thu i)theo cong thirkc:

XACtgf + XgCtgar — Y, + Vg

(o ctga + ctg B (1)
¢, - YACtS + YgClga + X, — Xg (12)
ctga + ctgf
h) Tinh cac thanh phéan do léch theo cac truc X va Y theo cac cong thic
(ex)i = (Xo)i - (X)1 (13)
(ey)i = (yo)i - (Y (14)

Véc td dd nghiéng tdng hdp va gdéc nghiéng dudc tinh theo cac cdng thirc (5) va (1)

6.7. Néu cb thé& chon dudc hai di€ém dadt may sao cho ching tao thanh hai hudng vudng
gbc véi nhau nhu hinh A.5 (phu luc A) thi c6 thé xac dinh d6 nghiéng cua d6i tugng bang
phudng phap do hudng nhu theo trinh ty sau:

a) D3t may tai diém A cadn bang may chinh xac, do khodng cach tir may tdi ddi tugng Da
va chiéu cao may ix sau dé ngdm theo hudng ti€p tuyén vaéi 2 mép cla ddi tugng G vong
sat mat dat (chén codng trinh) doc céc sé doc o'y, &, va Z; (hinh A5, phu luc A).

b) Tinh gia tri cac géc thién dinh Z; ciia cac vong cach nhau 2,5 hoac 10m tuy theo yéu
cau cua ban quan ly cong trinh theo cong thic (8);

c)_ Dat ban d6 ding cua may lan lugt vao cac gia tri goc Z; tinh dugc cua cac vong, tai
moi vong doc cac gia tri ' va o ;

d) Chuyén may sang diém B va l3p lai cac thao tac nhu tai diém A;

e) DO nghiéng cla cong trinh theo hudng X tai vong th( i dugc tinh theo cong thic sau :

(ex)i = (o - a1). Da (15)
Trong do:

ai = (a’; +a®)/2 (16)
Thanh phan dé nghiéng ciia cong trinh theo hudng Y dugc xac dinh theo cong thic

(ey)i= (B - PBi).Ds (17)
Trong do:

1
pi = E(ﬂTi + g%1) (18)

Véc to dd nghiéng tdng hop va géc nghiéng dudc tinh theo cac céng thic (5) va (1).
Hudng nghiéng dudc tinh theo cong thic (2).

7. Quan trac doé nghiéng cua cac thap truyén hinh va thap dng ten vo tuyén vién
thong.

7.1. CAc thap truyén hinh va thap &ng ten vé tuyén vién théng hién nay déu co tiét dién
ngang la hinh vudng va dugc |ap rap bang céac loai thép 6ng va thép hinh. Chiéu cao tdi
da cla cac thap hién nay & nudc ta <200m vi vy phudng phap chinh hdp nhat d&€ quan
trdc dd nghiéng cla thap la phuong phap do géc nho bang may kinh vi theo trinh tu sau
day:

a) Khoi phuc vi tri tdm cua thap truyén hinh hodc ang ten VTTH, danh ddu né bang moét
diém cd dinh trén mat dat va dat tai ddy mot tiéu ngédm;

b) Dung hé truc toa d6 gid dinh c6 gbc toa do la tdm cla thap vira dugc xac dinh trong
muc a va hai truc X va Y vuéng goc vdi cac canh cua thap nhu hinh 4;



AlI

Hinh 4. So' @ xic dinh d9 nghiéng ciia thap truyén hinh va fing ten VIVT

c) Trén hai hudng X va Y chon mdi hudng 2 diém A, Al va B, B1. néu diéu kién cho
phép thi chon cac diém nay sao cho khoang cach tir ching tdi tdm thap x&p xi bang chiéu
cao cla thap. Dung may TPDT hoac thudc thép xac dinh cac khoang cach nay;

d) D3t may kinh vi hodc may TEDT tai A va do gdoc tao bdi diém gilta cla tirng tdng va
tam thap dé xac dinh cac goéc o;

e) Chuyén mdy sang cac diém A1, B, B1 va thuc hién qua trinh do dac tudng tu nhu tai
diém A do dudc cac gbc o™, BB va pPY tao bdi diém gilta clia tirng tdng thap vdi tdm
thap;

f) D0 nghiéng cla tang thap th i theo hudng cac truc X va Y dudc tinh theo cong thic:

€)= €+ €3
€)=, €2 €
(A\ QA o) /D

(A1\ (ZAl al ’D
P

(B\ QB /3
Yol

B1 Bl N
Bl \ 6 N TP 4y
B1

Yo,

Trong do:

o' - S8 doc trén ban dd ngang khi ngdm may Ién diém gilta ciia d6t th(r i khi dat may
tai diém A;

oM; - S8 doc trén ban dd ngang khi ngdm mady |én diém gilta cua d6t th i khi ddt may
tai diém A1

B - S6 doc trén ban ddé ngang khi ngdm may Ién diém gilra clia dét thr i khi dgt may
tai diém B

A1 - S6 doc trén ban dé ngang khi ngdm may Ién diém gilra cua dét th i khi ddt may
tai diém B1



Theo cac cdng thirc trén day, ngoai d6 nghiéng con cé thé danh gid dugc dd van xoadn
cua thap. Néu céc cdp gia tri (e?); va (ex*):, (e,%); va (e,%!); c6 d&u ngugc nhau hodc c6
gia tri khdng bang nhau nghia la thap bi van xoan.

Véc to dd |éch téng hdp va goc nghiéng dudc xac dinh theo cong thirc (5) va (6).

Phu luc A
(Tham khao)
Cac phuong phap xac dinh dé nghiéng,
dod chinh xac va kha nang ap dung cua ching
Co rat nhiéu phudng phap xac dinh dé nghiéng cua cac céng trinh, hién nay cé moét sé
phudng phap chu yéu thudng dugc ap dung nhu sau:
A.1. Phuong phap co hoc
A1.1. NGi dung
DAy la phuong phdp don gian nhat dé xac dinh d6 nghiéng cla cdng trinh. P& xac dinh
do nghiéng ngudi ta treo mot day doi va do khoang cach tir day doi dén dén bé mat cla
cong trinh & phia trén (dinh)va phia dudi (géc) nhu hinh A.1. D6 nghiéng thanh phan
(ex) cua cong trinh theo hudng thudc do sé dugc xac dinh dua vao chénh Iéch cla hai
khoang cach ndi trén. Mudn xac dinh d6 nghiéng thanh phan e, can treo doi va thuc hién
do & hudng vubdng goc véi mat vua do ey.
A.1.2. B6 chinh xac cua phudng phap
Phudong phap cc hoc dung day doi cé do chinh xac khéng cao. Do day doi bi dao dong nén
kho do dugc khoang cach chinh xac tir day doi dén bé mat cua cong trinh. Dac biét la
cong trinh cang cao thi do chinh xac cang giam. Vdi cac cong trinh c6 do cao tr 3 - 5 m
thi sai s6 do khoang cach nam trong khoang tir 2 - 3m trong diéu kién khoéng cd gid.
A.1.3. Pham vi ap dung:
Phuong phap chi c6 thé sir dung dé kiém tra dd nghiéng ctia cac codt trong pham vi tirng
tang nha hodc kiém tra dd nghiéng clia cac birc tudng.

LTI I TTTT
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Hinh A.1 Xac dinh d6 nghiéng cua cac cét bang day doi

A.2. Phucng phap chiéu bang chi dirng ciia may kinh vi

A.2.1.Ndi dung cta phuong phap: D€ thuc hién phuong phap nay cé thé sir dung bat ky
loai may kinh vi ndo. Tuy nhién @€ tdng dd chinh xac cua phuong phap, khi sir dung may
quang co théng thudng can cé bot thuy vat ngang (dat trén truc quay cua 6ng kinh). Néu
st dung may kinh vi dién tr hodc toan dac dién tur thi ché do bu xién cua hai truc can
phai dat G trang thai hoat déng. Viéc xac cac dinh dd nghiéng thanh phan bang phuong
phap nay dudc thuc hién nhu sau:

May kinh vi d&t tai diém c6 dinh (vi du diém A;, hinh A2) cidch cdng trinh mét khoang
bang chiéu cao clia nd, can may bang bot thuy dai (ddi v6i may kinh vi quang cd) hodc



bdng bot thuy dién t& (d6i v8i may kinh vi dién tlr). Panh dau cac diém A®, A® A® trén
céng trinh (dadn hodc v& cac tiéu ngdm). Tai diém AY) & sat mat dat, dat mot thudc cd
khac vach milimet ndm ngang. Chiéu cac diém A® (j=1, 2,k) bdng chi dfng clia may kinh
vi xubng thudc dat & phia dudi ta s& doc dugc khoang céach d; tinh tir diém AY tdi hinh
chiéu cua diém A, Chénh Iéch khoang cach d; trong cac chu ky do so vdi khoang céch
(dj): do dudgc trong chu ky dau cho phép danh gia dugc d6 nghiéng cua cdng trinh theo
hudng vudng goc véi tia ngdm. DO nghiéng clia cdng trinh theo hudng th( hai cling dudc
xac dinh tuong tu.

Néu khdng cé diéu kién dat thudc do truc tiép, thi dd Iéch cé thé dudc xac dinh mét cach
dan tiép théng qua viéc do cac hudng téi cac diém ADL, A® | AU, Trong trudng hgp nay
dé tinh dugc dd léch thanh phan can phai biét ca khoang cach tir diém ddt may tdi cong
trinh. Céng thirc dé€ xac dinh dé l1éch thanh phan dudc néu trong muc 5.5.5.

[
Hinh A2. Po d§ nghiéng bang may kinh vi va thuéc

A.2.2. B6 chinh xac cua phudng phap

Ngudn sai s& chu yéu trong phudng phap nay la sai s6 ngdm chuin diém A. Sai s6 nay
nam trong khoang tir 5-10". V&i khoang cach tir diém dat mdy téi cong trinh khoang
100m thi sai s& xac dinh d& nghiéng thanh phan do sai s& ngdm chuén gay ra ndm trong
khoang tr 3 + 5 mm. Ngoai ra cling phai k& dén sai s6 lam trung vach chuén cua thudc
vdi vach chuén tai diém B va sai s doc sb trén thudc. Téng hdp hai ngudn sai s6 nay xap
xi 1 mm. Nhu vay sai s6 xac dinh dé nghiéng theo mot hudng sé xap xi 5 mm; Sai s6 xac

dinh véc to tdng hgp 18 5 /2 ~7 mm.

A.2.3. Pham vi U'ng dung: Phuong phap nay nén (ng dung dé xac dinh dd nghiéng cua
cac toa nha cao tang.

A.3. Phuong phap sir dung may toan dac dién tu

A.3.1. N6i dung ctia phudng phap:

Chuén bi cdc diém dat may va cac diém do gidng nhu trong trudng hdp do dd nghiéng
bang may kinh vi théng thudng. Néu may cd ché dé do truc ti€p khdng can guong thi cac
diém do nén danh dau bang cac vong tron. Néu dung may toan dac dién ti thdng thudng
thi cac diém do can phai dudc gia c6 sao cho cd thé 18p dudc cdc guong chuyén dung
hodc dan cac guong gidy. Viéc xac dinh d6 nghiéng thanh phan trong truéng hgp nay rat
don gian bang cac do khoang cac ngang tir diém dat may tdi cac diém quan trdc. Chénh
l&ch khoang cach ngang tur diém dat may téi cac diém do so vdi khodng céach tir diém dat



may téi diém do dau tién trén mat bang tdng 1 chinh 1a d6 nghiéng thanh phan cla diém
do nay theo hudng tia ngam.
A.3.2. D6 chinh xac cua phudng phap:
D6 chinh xac do d6 nghiéng bang may TPDT chu yéu phu thudc vao d6 chinh xac cua loai
may dudc st dung. DB6i véi may TPDT do chinh xac do khoang cach dugc xac dinh theo
cong thirc
mp = *(a+ b.D) (19)
trong dé:
a) Thanh phan sai s6 khong phu thuéc khodng cach, gobm anh hudng cua sai s6 do hiéu
pha va sai s6 xac dinh hang s6 K cia may (d6i vGi da s6 cac may toan dac dién t&r thanh
phana =+ 2mm)
b) Thanh phan sai s6 phu thudc khoang cach, gbm anh hudéng cla sai s6 xac dinh toc do
truyén séng dién tir va sai s6 xac dinh tan s6 diéu bién cia may cia may (déi véi da s6
cdc may toan dac dién tI thanh phan b = 2.107°).
Khi do d& nghiéng khoang céch tlr mdy tdi cac diém do thudng ngén (khoang vai chuc
mét) vi vay sai s6 do khoang cach chu yéu la thanh phéan a, han nita anh hudng cua sai
s6 xac dinh hdng s6 K clia may va cla gudng cling sé bi loai trir vi vay sai s6 xac dinh
khoang cach chi nam trong khoang tor 1mm - 2mm.
Sai s0 xac dinh d6 nghiéng 1 1an do sé la:
Mex = Mgy = 2mm\/§ = 3mm
Sai s8 xac dinh véc td tdng hdp mot 1an do 1a:
Me = 3mm\/§ = 4.5mm

Thong thudng tai mdi diém do ngudi ta xac dinh cac yé&u t6 bang cach do it nhat 1a 3 1an
vi VAy sai s8 xac dinh gid tri xac xudt nhat cla vac to téng hogp sé la:

4.5mm

me
J3

=3mm

A ]
» Dau son 0

H.A.3 Do d§ nghiéng biang may toan dac dién tir

A.3.3. Pham vi ap dung:



Phucong phap nay rat thudn tién cho viéc quan trédc dd nghiéng cla cadc nha cao tang.
Hiéu qua kinh t€ dac biét cao néu cac may toan dac dién tu dudc tich hgp ché do do truc
ti€ép khdng can guong.

A.4. Phudng phap giao hgi goc thuan

A.4.1. NGi dung cua phuang phap

Khi tién hanh cac thao tac do can thuc hién cac diém sau:

a) Vi khéng truc ti€p ngdm téi tdm cla cdng trinh tai dinh va day vi vay thay cho viéc
ngdm vao tdm cla cdng trinh cd thé ngdm vao mép cla cdng trinh theo dudng ti€p tuyén
bén phai va bén trdi. Gia tri cia hudng do tir di€m dat may téi tdm cong trinh dugc 18y 1a
gid tri trung binh khi ngdm theo dudng ti€p tuyén mép bén trai va mép bén phai;

b) Viéc xac dinh géc o va f trong sc d6 giao hoi dugc thuc hién it nhat la 3 vong do
day da, mdi vong do thuc hién cac thao tac sau:

- D3t may tai diém A;

- Ngdm dudng ti€p tuyén bén trai cong trinh & vi tri ban dd trai, doc s6 trén ban do
ngang;

- Ngdm dudng ti€p tuyén bén phai cong trinh & vi ban dd trdi doc sd trén ban do
ngang;

- Ngam vao tiéu dat tai di€ém B & vi tri ban do trdi, doc s& trén ban dd ngang;

- Dao kinh sang ban dd phai va thuc hién trinh tv ngdm va doc s6 ngudc lai bat dau tur
diém B va két thic Ia dudng ti€p tuyén phia bén trdi cua cong trinh;

c) DE tdng dd chinh xac xac dinh toa dd tdm cla cdng trinh can chon thém moét diém cé
dinh C vdi diéu kién tudng tu nhu cac diém A va B. Viéc chon thém diém C va chuong
trinh do cho phép xac dinh tirng toa do tdm cong trinh 2 1an dbc 1ap vdéi nhau. Gia tri toa
do chinh thdc dugc 1ay la trung binh cua hai gia tri toa d6 thu dudc va d6é chinh xac xac
dinh toa do tang xap xi 1.5 lan;

Hinh A.4 Po d) nghiéng ciia céng trinh bang phwong phap giao hdi thuin
A.4.2. B6 chinh xac cua phudng phap:
P06 chinh xac xac dinh toa d6 tam cla cong trinh & phia trén va & phia dudi dugc xac dinh
theo cong thirc ctia giao hoi thuan nhu sau:

m
Mp = P_\SZ+S? (20)

- osiny

Trong do:
y =180°- (a + pB);
S., S»: khoang céach tir hai diém dat may téi tdm cdng trinh;
VGi S; =S, =100m , my; = £10", y =90°ta cé mp = £ 7mm.
Né&u chon 3 diém c6 dinh ¢ toa dd A, B va C thi toa dd tdm cdng trinh s& dugc xac dinh 2
lan déc lap nhau nghia la d6 chinh xac tang Ién \/Elén, trong trudng hgp nay:
mp = i7mm/\/§ = £5mm

A.5. Phuong phap do hudng

A.5.1. NOi dung cta phuang phap

Noi dung cua phuong phadp do hudng dé xac dinh dd nghiéng cling gan giéng phudng
phap giao hdi géc thudn. Phuang phap nay chi c6 mét s6 diém khac biét sau day:

a) Né&u trong phuong phap giao hdi thudn géc 6 tdm tao bdi hai tia ngdm t&i hai diém c6
dinh khdng nhat thiét phai la géc vudng thi trong trudng hgp xac dinh dé nghiéng bang
phudng phap do hudng goc nay bat budc phai la goc vudng;



b) Né&u trong phuong phap giao hdi thudn toa dd cua cac diém cd dinh phai dudc biét
trudc thi trong phudng phap nay hudng toa dd cua cac diém nay la khdng can thiét ma
chi can xac dinh khoang cach tir cac diém cd dinh trén tdm cong trinh.

c) Né&u trong phuong phap giao hdi géc thudn phai do goc hgp bdi hudng tai diém dat
may tdi di€m cd dinh khac va hudng téi tdm cbng trinh thi trong phucng phép do hudng
tai moi diém dirng may chi can do duy nhat hudng tdi tdm cong trinh & trén va & dudi.

AY

A
Hinh A.5 Do d¢ nghiéng cia cong trinh hinh tru
hoic hinh con theo phuwong phap do huwéng

A.5.2. D06 chinh xac cia phudng phap:
Sai s0 xac dinh do léch thanh phan dugc tinh theo cong thic:

m.,.D
__ B

Yo,
Vdi khoang cach tur diém dat mdy tdi cong trinh D=100m, sai s6 do géc m=10" thi sai s
xac dinh d6 nghiéng thanh phan mewa me, tinh theo céng thic (5.1) la 5mm. Sai s6 xac

dinh véc to d6 nghiéng téng hgp m, = 5mmy/2 = 7mm .

A.5.3. Pham vi &p dung: Phuong phap nay cé thé dudc ('ng dung t6t cho cdc cong trinh
co tiét dién hinh tru tron hodc hinh con c6 ban kinh nho.

A.6. Phuong phap do toa do bén ngoai cong trinh

A.6.1. NGi dung clua phuang phap

NOi dung cua phuong phap nay la xac dinh toa d6 tam cla cbng trinh trén cac do cao
khac nhau dua vao toa dd do thuc té clia cac diém trén than & phia trong hodc phia ngoai
cong trinh (hinh A6)

A.6.2. D6 chinh xac cua phudng phap

Do chinh xac xac dinh d6 nghiéng cta céng trinh bang phuong phap nay phu thudc vao
do chinh xac xac dinh toa do tdm cla no trén cac do cao khac nhau. D6 chinh xac xac
dinh tdm cua cdng trinh khdng nhitng phu thudc vao sd diém do toa dd trén tirng vong
ma con phu thudc vao phén bé cac diém nay theo vong tron. Trudng hop s6 diém do toa
dé >6 va cac diém phan b tuang ddi déu thi dd chinh xac xac dinh toa dd tdm vong tron
bang phuong phap s6 binh phuong nhd nhét tuong duong véi dd chinh xac xac dinh toa
dd clia cac diém bang may toan dac dién tl;

A.6.3. Pham vi ap dung

Phuong phap nay nén ap dung cho cac cong trinh cé ti€t dién la hinh tron cé dudng kinh
I6n nhu sild chira vat liéu rgi, bon chra xang dau hoac khi hoa long LPG, 6ng khdi nha
may vv.

m (21)

ex
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Hinh A.6 X4c dinh d9 nghiéng bang phwong phép do toa do bén ngoai

A.7. Xac dinh dé nghiéng bang phucng phap chiéu dirng tir tdm cong trinh

A.7.1. NGi dung clua phuang phap

S dung may chiéu ding loai ZL chiéu truc ti€p tir tdm cbng trinh |én cac vong & trén cao
dé xac dinh toa dd tdm thuc té€ clia nd tai vong dang xét. PO nghiéng cua cdng trinh dudc
xac dinh thong qua gia tri chénh Iéc toa do tam thuc té cua vong dang xét va tdm cua
cOng trinh & chéan cua nod

A.7.2. B6 chinh xac cua phudng phap

Pay la phudng phap xac dinh d6 nghiéng c6 do chinh xac cao. Néu s dung cac may
chiéu loai PZL (Plc) hodc NZL (Thuy sy) dé xac dinh dd nghiéng cta cdng trinh cé chiéu
cao khéng qua 100m thi sai s6 nam trong khoang vai milimét.

A.7.3. Pham vi ap dung

Phudong phap nay nén s dung cho cac cong trinh c6 dang hinh tron hoac hinh coén trong
giai doan thi cong xay dung c6 kha nang chiéu truc ti€p tir tdm Ién.

)

Hinh A7. Xac dinh d§ nghiéng
bang phwong phap chiéu ding tir
tdm cdng trinh

>
X

A.8. Xac dinh do nghiéng bang phudng phap chiéu tir bén ngoai céng trinh

A.8.1. N6i dung ctia phudng phap

Ndi dung cua phudng phap nay 1a sir dung may chiéu dirng dé xac dinh toa dd thuc té
cla cac diém 04’, 0,', O3’ va 04’ ndm trén cac tuc toa dd, thdng qua ching xac dinh dudc
toa do thuc té ciia tam cong trinh tai vong dang xét va xac dinh dugc do nghiéng cua né.
A.8.2. D6 chinh xac ciia phudng phap

Phuong phap nay cé dé chinh xac gan tuong duong vd@i phuong phap chi€u tir tam én
nghia la cung cho phép xac dinh dugc do nghiéng vdi sai s6 khoang vai milimét.

A.8.3. Pham vi U'ng dung

Phudng phép nay U'ng dung dé xac dinh dé nghiéng clia cac si 16 hodc 8ng khoi trong giai
doan thi cdng bang phuaong phap cép-pha trugt nhung khdng cé kha nang chiéu truc ti€p
tlr tdm cong trinh Ién.



B

Hinh A.8 Xac dinh d§ nghiéng biang phuwong phap
chiéu dirng tir bén ngoai cong trinh



Phu luc B
(Tham khao)
XU ly s6 liéu do dac xac dinh dé nghiéng cong trinh c6 thiét dién hinh tron bang
phuong phap do toa do bén ngoai

Sa d6 b6 tri cac diém do dugdc thé hién tén H.A6
Cac budc thuc hién:
Budc 1. Tinh toa d6 gan dung clda tam cong trinh theo céng thuc:

1 n
X, ==X, (b.1)
n-T

l n
yf=52 Y, (b.2)
1

Trong do:
(x°),, (v°); - Toa dd gan ding cua tdm codng trinh & vong thi ;
xP, y9, - Toa d6 clia cac diém do thuc té trén céng trinh & vong thr i
j=1,2,..k - S8 diém do trén vong dang xét.

Budc 2: Lap hé phuang trinh s6 hiéu chinh theo cong thic:

V=AX+L (b.3)
Trong do:
V - Véc to s6 hiéu chinh;
Vi =V, V2.....Vn (b.4)
A - Ma t[én hé s6 phuong trinh s6_hiéu chinh;
-1 X«(:) —X yg A
RY RY
XS — X, yg - Y,
A=|-1 R, R, (b.5)
-1 Xe = Xn yg —Ya
i R', R |
X - Véc tc &n s6
X" = R, dy, d, (b.6)
L - Véc td s6 hang tu do
L"=R';, R, .. R, (b.7)
Budc 3: Lap hé phuang trinh chuén theo nguyén ly s8 binh phuong nhd nhat [vv] = min
ATAX + AL =0 (b.8)

Budc 4: Giai hé phuang trinh tuyén tinh (b.8) s& nhan dudc 3 &n s6 dx, dy va R.
Budc 5: Tinh toa d6 tam

xc = X% + dx (b.9)

yc = y°c + dy (b.10)
Lap lai cac budc tir (2) dén (5) cho dén khi sai léch Xc yc va R sau hai lan 13p lién tiép
khong sai l[éch qua 1mm thi dirng lai sé dudc toa do xc yc chinh xac cho vong dang xét.
Quy trinh trén day dudc thuc hién cho tiing vong clia cong trinh.
C6 toa dd tdm cla cac vong cé thé dé dang xac dinh dudc dd nghiéng theo cac cdng thirc
(1) va (2).
Vi du minh hoa:
Dudi day la qua trinh x& ly s6 liéu quan trac dd nghiéng cua silé bot liéu nha may xi
mang X thuc hién bdng may toan dac dién t&r TCR - 303 dé do theo phudng phép do toa
do tur bén ngoai

Bang B1: Toa dd cac diém trén vong 1, H=4.73

o Toa do cua cac diém do truc tiép
biem
X Y
1 946.609 964.045
2 948.512 952.047




3 950.453 951.185
4 945.083 956.431
5 944.974 956.755
6 947.324 964.788
7 947.640 965.065
8 951.891 966.832
9 946.348 963.694
Toa d6 gan dung tam cua vong 1 xac dinh theo cong thic (b.1) va (b.2) la:
(X(l)c)g = 947.648 m; (y(l)C)o = 90.094 m;
V@i cac gia tri nay ta cé ma tran hé phuaong trinh s6 hiéu chinh theo cong thic (b.5) nhu
sau
1.0000+0.2543-0.9671 ) ( +4.0858 )
-1.0000-0.1067+0.9943 +8.0928
-1.0000-0.3003+0.9538 +9.3397
-1.0000+0.5737+0.8191 +4.4715
A= -1.0000+0.6252+0.7805 L= +4.2775
-1.0000+0.0689-0.9976 +4.7056
-1.0000+0.0017-1.0000 +4.9715
-1.0000-0.5328-0.8462 +7.9629
L 1.0000+0.3397-0.9405 ) L +3.8280 )
Hé phudng trinh chuén theo cong thirc b.8 c6 dang:
9.0000R - 0.9236dx + 1.2038dy - 51.7353 = 0.0000
- 0.9236R + 1.2902dx + 0.3803dy + 0.0000 = 0.0000
1.2038R + 0.3803dx + 7.7098dy - 0.0000 = 0.0000
Giai hé phuadng trinh nay ta dudgc:
R = +6.4250
dx = +4.9670
dy = -1.2482

Nhu vay cac &n s can xac dinh cua vong tron sau lan 1&p th nhét la:

R = 6.4250

(xY); = 952.6150

(yYo); = 958.8458 ,

S« dung (x'): va (y'c): dé tinh I8p cho lan th( hai ta c6 ma trén hé sé phuong trinh s6
hiéu chinh nhu sau

-1.0000+0.7560-0.6545 ) ( +7.9442 )
-1.0000+0.5167+0.8561 +7.9406
-1.0000+0.2716+0.9624 +7.9596
-1.0000+0.9523+0.3052 +7.9097
A= -1.0000+0.9646-0.2639 L= +7.9220
-1.0000+0.6650-0.7469 +7.9569
-1.0000+0.6247-0.7809 +7.9647
-1.0000+0.0903-0.9959 +8.0194

L -1.0000+0.7909-0.6119 ) L +7.9239 )

Hé phuong trinh chudn cda lan 13p thr 2 cé dang

+9.0000R -5.6321dx +1.4025dy -71.5411 =0.0000
-5.6321R +4.2157dx -0.8042dy +44.7028 =0.0000
+1.4025R  -0.8042dx +4.7843dy -11.2340 =0.0000

Giai hé phuong trinh nay ta dudgc:

R = +8.0059
dx = +0.0952
dy = +0.0173

Cac tham s6 can xac dinh ctia vong tron sau lan 1ap th( hai la:



R = +8.0059

(x1), = 952.7102,

(yMo), = 958.8631

S dung x°c va y’. dé tinh 13p cho lan th( ba ta ¢ ma trén hé s8 phuadng trinh s6 hiéu
chinh nhu sau

-1.0000+0.7622-0.6474 A ( +8.0052 A
-1.0000+0.5245+0.8514 +8.0049
-1.0000+0.2821+0.9594 +8.0026
-1.0000+0.9528+0.3037 +8.0056
A= -1.0000+0.9648-0.2628 L= +8.0183
-1.0000+0.6725-0.7400 +8.0077
-1.0000+0.6329-0.7742 +8.0111
-1.0000+0.1023-0.9948 +8.0114

L -1.0000+0.7964-0.6048 ) L +7.9889 )

Hé phudng trinh chuén cuta Ian 18p th( 3 la:

+9.0000R -5.6906dx +1.3837dy -72.0558 =0.0000
-5.6906R +4.2720dx -0.8044dy +45.5593 =0.0000
+1.3837R  -0.8044dx +4.7280dy -11.0785 =0.0000

Giai hé phuong trinh nay dugc:

R = +8.0066
dx = +0.0006
dy = +0.0001

Cac tham s6 can xac dinh cta vong tron sau lan Iap th hai la:

R® = +8.007m

(xV); = 952.711m

(y?M); = 958.863m

Sau lan I13p th& 3 cac 8n s& khdng thay ddi so vdi Ian 13p th( 2 qua 1mm vi vy qua trinh
Idp sé ding lai va cac tham s6 trén sé dugc 1ay la cac tham sé chinh thirc ciia vong 1.

DGi vdi cac vong tiép theo clng lam tudng tu nén trong cac bang dudi day chi thGng ké
cac so liéu do va két qua cudi cung

Bang B.2 Toa dd cac di€ém do trén vong thir 2, H=15.0m

Piém do X Y
1 958.731 964.102
2 952.902 966.797
3 960.644 958.132
4 956.622 951.859
5 946.616 964.020
6 948.433 951.919
7 946.353 963.690

Cac tham s6 cua vong thu 2 sé la:
R® = +8.017m

x®). = 952.669m

y@.= 958.785m

Bang B.3 Toa d6 cac di€ém do trén vong thir 3, H=20.0m

Piém do X Y
1 958.725 964.096
2 952.865 966.772
3 960.628 958.133
4 956.684 951.865
5 946.623 963.997
6 948.442 951.865
7 946.370 963.677

Cac tham s6 cua vong thu 3 sé la:
R® = +8.019m



x®). = 952.663m
y®. = 958.753m

Bang B.4 Toa dd cac di€ém do trén vong thir 4, H=25.0m

Diém do X Y
1 958.748 964.117
2 952.953 966.833
3 960.643 958.132
4 956.527 951.850
5 946.610 964.039
6 948.450 951.885
7 946.337 963.702

Cac tham s6 cua vong thir 4 sé la:
R = +8.025m
x®. = 952.659m
y®.=958.807m
Bang B.5 Toa dd cac di€ém do trén vong thir 5, H=30.0m

Diém do X Y
1 958.762 964.129
2 952.968 966.844
3 960.642 958.132
4 956.596 951.856
5 946.604 964.061
6 948.470 951,935
7 946.329 963.707

Cac tham s6 cua vong thir 5 sé la:
R®) = +8.027m
x®). = 952.672m
y(®.= 958.825m
Bang B.6 Toa dd cac di€ém do trén vong thir 6, H=35.0m

Piém do X Y
1 958.786 964.150
2 952.981 966.854
3 960.662 958.130
4 956.622 951.859
5 946.606 964.054
6 948.335 951.703

Cac tham s6 cua vong thir 6 sé la:
R® = +8.011m
x®.=952.717m
y(®). = 958.866m
Bang B.7 Toa dd cac di€ém do trén vong th& 7, H=40.0m

Diém do X Y
1 958.750 964.118
2 953.000 966.868
3 960.601 958.135
4 956.665 951.863
5 946.595 964.091
6 948.463 951.917
7 946.312 963.720

Cac tham s6 cla vong thr 7 sé la:
R” = +8.037m

x(”. = 952.645m

y(”. = 958.820m



Bang B.8 Toa dd cac di€ém do trén vong thi' 8, H=45.0m
Diém do X Y
1 958.747 964.116
2 952.923 966.813
3 960.631 958.133
4 956.608 951.858
5 946.609 964.043
6 948.442 951.865
7 946.344 963.696

Cac tham s6 cua vong thir 8 sé la:
R® = +8.031m

x®_ = 952.654m

y®, = 958.785m

Bang B.9 Toa dd cac di€ém do trén vong thir 9, H=50.0m

Piém do X Y
1 958.714 964.088
2 952.628 958.133
3 956.664 951.863
4 946.598 964.082
5 948.434 951.844
6 946.326 963.710

Cac tham s6 cua vong thir 9 sé la:
R® = +8.041m

x®). = 952.626m

y®. = 958.767m

Bang B.10 Toa dd cac di€ém do trén vong thir 10, H=55.0m

Piém do X Y
1 958.699 964.076
2 952,749 966.62
3 960.541 958.140
4 956.710 951.868
5 946.593 964.099
6 948.410 951.781
7 946.313 963.720

Cac tham s6 cua vong thir 10 sé la:
R1? = +8.037m

x(1% = 952,571m

y(1%_ = 958.713m

Bang B.11 Toa dd cac diém do trén vong thir 11, H=60.0m

Diém do X Y
1 958.724 964.098
2 960.574 958.138
3 956.592 951.856
4 946.562 964.200
5 948.423 951.813
6 946.258 963.762

Cac tham s6 clia vong th(r 11 sé la:
R = +8.068m

x(1Y_ = 952.563m

y®. = 958.801m




Bang B.12 Toa dd cac diém do trén vong thir 12, H=70.0m

Diém do X Y
1 960.604 958.135
2 946.558 964.213
3 948.433 951.840
4 945.716 962.980

Cac tham s6 cua vong thir 12 sé la:
R(?? = +8.069m
x(1?) = 952.564m
y??_ = 958.777m
Bang B13. Bang tinh do nghiéng va huéng nghiéng cua silo

, Do cao so p P ~ p
th:rl.l’ v@i chan Vec t(:;gg I(?;:;' tong Go6c nghiéng n::?gngg
: silo(m) ;
1 0.00 0.000 0°00'00” 0°00'00"
2 10.27 0.088(1/120) 0°29'00" 241°16’
3 15.27 0.119(1/130) 0°26'10” 246°29’
4 20.27 0.076(1/270) 0°12'00" 227°20’
5 25.27 0.054(1/470) 0°07'00" 224°21’
6 30.27 0.006(1/5000) 0°00'40” 200°00’
7 35.27 0.079(1/450) 0°07°00” 212°56’
8 40.27 0.096(1/420) 0°08'00” 233°45’
9 45.27 0.128(1/350) 0°09'00” 228°30’
10 50.27 0.205(1/250) 0°14'00" 226°48
11 60.27 0.160(1/380) 0°09'00” 202°27
12 70.27 0.171(1/400) 0°08'00” 210°17’

Phu luc C
(Tham khao)

Xu ly két qua xac dinh doé nghiéng bang phuong phap do huéng
SG dd bé tri cac diém do dudc thé hién trén H.A.5
S6 liéu quan tréc dd nghiéng ciia mot cong trinh hinh tru cao 62m theo phudng phap do

hudng dugc ghi trong cac bang C1 va bang C2 (tur cot 1 dén cot 4)

Bang C1: S§ liéu do tai di€ém A, D = 51.132m

Piém A SO d?c trén méY Trung PO léch _
ngé"lm bo cao M. trai M. phai binh Géc Dai
(L) (R) (mm)
1 2 3 4 5 6 7
1 0.0 0°00'03” | 1°2120” | 0°40'42” 0’0" 0.000
2 25.0 0°0010” | 1°21'08” | 0°4029” | -0'12" -3.0
3 48.0 0°0810” | 1°2426” | 0°48'48” | +8'06 | +120.5
4 62.0 0%4117” | 1°02'20” | 0°51’48” | +11.07 | +165.3
Bang C2: S6 liéu do tai diém B, D = 54.820m
g n SO doc trén may Do léch
Diém | B9 , oy | ung T T pai
ngam cao M. trai (L) | M.phai(R) binh Goc (mm)
1 2 3 4 5 6 7
1 0.0 359°59'57” 1°1620” 38'08” 0'0” 0.00
2 25.0 359°58'45" 1°1513" 36'59” | -1'09” -18.3
3 48.0 359°51'50" 1°08'02” 29'56" +8'12 | -130.8
4 62.0 0°12'04" 0°31'10” 21'40” | +16'.28 | -262.6

Cac s0 liéu ghi trong cac cot con lai tir cot 4 dén cot 6 dudc tinh theo trinh tu sau:




Budc 1: Tinh gid tri cia hudng di tir diém A qua tdm cula cbng trinh (cot 5) bang gid tri
trung binh cua cot (3) va cot (4).
(a)c = (Li + Ri)/2 (S6'liéu tinh trong bang 1)
(B)c = (Li + Ri)/2 (S6'liéu tinh trong bang 2)
Budc 2: Tinh d6 Iéch & don vi goc cla cac vong so véi chan cot (cot 6) theo cong thirc:
doj = (a)c - (a1)c
dpi= (B)c - (B1)c
Trong d6 da ; va dp: d6 léch clua vong th i & don vi goc theo hudng vuong géc vdi tia
ngam cla may kinh vi.
Budc 3: Tinh do léch cua tdm vong th( i so véi chan cot (theo hudng vudong géc vdi tia
ngam cla may kinh vi) theo cong thic 5:
da,xD, dg. x Dy
x = @ & =——

p p



Sc d6 do theo phuang phap giao hoi tir 2 diém A va B dudc trinh bay trén HA.4

Phu luc D
(Tham khao)
Xur ly so liéu xac dinh do nghiéng bang phucong phap giao hoi

Cac s0 liéu do thuc dia cua vong dau tién (chan cbng trinh) dudc ghi trong cac bang 1 va
2 tUr cot 1 dén cot 4

Bang D1: SO liéu do trén tram may A

[=)]
O e - = E
-] £ E Huong Tri 0 .
g |werg CL CR 2 trung hudng 2 3? ch
S Qc binh qui 0 -E-fg
1 2 3 4 5 6 7 8 9
1 La 0°00'00” 180°0000” | -6" 0°00'03” 0°00'00”
Ra 33°13'01” | 213°1305” | -4” 33°1303" 33°13'00” | 16°36'30” | 59°02'10”
B 75938'41” | 255°3845” | -4" | 75°38'43” 75°38'40”
2 La 60°0000” | 240°008” | -8 60°00'04" 0°00'00”
Ry 93%13'04” | 273°13'10" | -6 93°13'07” 33°13'03"” | 16°36'32” | 59°02'06”
B 135°38'38” | 315°38'48” | -10 | 135°3843” | 75°3938”
3 La 120°0000” | 300°0010” | -10 | 120°0005” 0°00'00”
Ry 153°1312” | 333°13'16” | -4 153°13'14” | 33°13'09” | 16°36734” | 59°02'04”
B 195°3840” | 15°38'46” -6 195°38'43” | 75°38'38”
aw = 59°02° 07"
Bang D2: SO liéu do trén tram may B
o Tri hudng
T | EE trung Tri Tri Géc
2 @8 BL CR 2C binh huéng | huéng "
g | @€ qui 0 tdi tam
1 2 3 4 5 6 7 8 9
1 A 0°00'00” | 180°0010” | -10 0°0005” | 0°0000”
Lg 40°1228” | 220°1236" | -8 40°12'32” | 40°12'37” | 56°18'40" | 56°18'40”
Rg 72924'43" | 252°24'50" | -7 72924'47" | 72°24'42"
2 A 60°0000” | 240°0012" | -12 60°0006” | 0°0000”
L | 100°12'30” | 280°12'12" | -10 100°12'35” | 40°1229” | 56°18'36” | 56°1836"
Rg | 132°24'45” | 312%°24'56” | -11 132924'50” | 72°24'44"
3 A 120°0000” | 300°0010” | -10 120°0005” | 0°0000”
Ls | 160°1226” | 340°12'56” | -10 160°1231" | 40°1226" | 56°18'36" | 56°1836”
Rg | 192°24'45" 12°24'58" | -12 192924'51" | 72°24'46"

Toa dd cuia cac diém cb dinh A va B dugc cho trong bang D3

Bang D3: Toa dd cua cac diém cé dinh

Bw= 56°1837

Diém Y(m) X(m)
A 982.000 970.000
B 1020.000 970.000

Tinh gia tri hudng tir diém d&t may tdi tdm cla cdng trinh
1. Cac s0 liéu do ngoai nghiép dugc ghi tir cét 1 dén cot 4

2. Tich sai s6 2C cua may kinh vi (c6t 5) theo cong thirc

2C =CL +180 - CR
bi€n déng sai s6 2C trong mét vong do khéng dugc vugt qua 12”
3. Tri s6 hudng trung binh (cét 6) dugc tinh theo cong thirc

A =CL-C=CR-180 +C

4. Tri s6 hudng trung binh qui 0 (c6t 7) dudc tinh theo céng thic

A\O = «b;_ Ab;

Trong do:

i =0,1, 2 - s6 lugng hudng do trén mot tram may




5. Tri s6 hudng t&i tam cong trinh (cot 8) dudgc tinh theo cong thirc
1
Ac = E(A| +A||)
6. Goc md tai di€ém dat may dudc tinh theo cong thic (cbt 4)
o = Ag - Atsm
B = Ba - Bizm ,
7. Tinh toa d6 tam cong trinh (diém giao hoi) theo cong thirc
« = X CtgfB + XgCtgar — Y, + Vg
‘ ctga +ctgp

_YACtgB + ygltgar + X, — Xg
ctga +ctgp

V@i cac s liéu da tinh dudc nhu trong bang D1 va D2 trén toa do tam cua coéng trinh &
vong 1 tinh theo cong thific trén sé cd gia tri nhu sau

X; = 1000.000 m

y; = 1000.000 m
DGi vai cac vong con lai cling thuc hién tinh toan theo trinh tu cég budc nhu trinh bay &
trén. Sau khi tinh dugc toa d6 tdm cla cac vong chung ta cd thé tinh dugc do nghiéng
cla d6i tugng quan trac theo cac cong thirc da ghi & phan trén.

c



Phu luc E
(Tham khao)
Xt ly so liéu quan trac do nghiéng cua cong trinh

trong giai doan thi cong xay dung bang phuong phap chiéu tir ngoai.
Sc dd bd tri cac diém do xem trong phu luc A, H.A8
Bang E1 - Toa dd cia cac di€ém cé dinh

Th tu | Tén diém _—Toadd _ Ghi cha
1 0, 1000.000 988.800 | Piém do mép bén trai
2 0, 1011.200 | 1000.000 | Biém do mép bén trén
3 05 1000.000 | 1011.200 | Biém do mép bén phai
4 04 988.800 | 1000.000 | Piém do mép bén dudi
5 0 1000.000 | 1000.000 | Tam cOng trinh trén mat dat
Bang E2- Két qua tinh toan
, Piém dat S6 doc Toa do
Thur ty may Ax(mm) | AY (mm) X' (m) Y' (m)
(1) (2) (3) (4) (5) (6)
1 0, -123 +166 999.877 988.966
2 0, +82 +140 1011.282 1000.140
3 05 -84 +95 999.916 1011.295
4 04 +141 +122 988.941 1000.122

1. Céc s6 liéu quan trac thuc té cta vong th& i dudc ghi trong bang E2 tlr cot 1 dén cot 4
2. S0 liéu trong cac cot (5) va (6) dugc tinh theo cac cong thiric

Xg' = Xg + Ax

ys' =ys + Ay ) ,
3. Tinh hé s6 A, B, C cia phuadng trinh dudng thang Ax + By + C = 0 di qua hai diéem b
(dau) cb toa do x4, Ya va C (cudi) cd toa do X, Y. theo cac cong thic sau

A=- (Y Ya)

B = - (Xc- Xq)

C = XcYa- Xayc) , i
Hé s6 cua phudng trinh dudng thang ndi 2 diém O; va Os la

A; = -22.329; B; = +0.039; C, = -22287.684
Hé sb cua phuong trinh dudng thadng ndi 2 diém O, va 04 la
A, = +0.018; B, = -22.341; C, = -22325.925

4. Tinh cac dinh thic
D = Ale - AzB1 = 498.851
D, = C;B, - C;B; = 498799.859
D, = A;C, - A,C; = 498916.758
Tinh toa d6 tdm thuc té clia cong trinh tai vong th i (chinh 1a giao diém cua hai dudng
théng noi 01 vOi 03 va 02 vOi 04)
(x)s = Dy/D = 999.897m
(Yo)s = Dy/D = 1000.132m
5. Tinh d0 léch ciia tam vong thr i theo hudng truc X
ex = (Xd)s - (Xo); = 999.897m - 1000.000m = -0.103m
Tinh d6 Iéch clia tdm vong th( i theo hudng truc Y
e, = (Vo)s - (Vo) = 1000.132m - 1000.000m = +0.132m
6. Tinh véc to dod Iéch téng hop clia tdm vong th( i so vdi vong thir nhat (trén mat dat)

e=,/€+el =0.167m

7. Tinh hudng nghiéng clia tam cong trinh tai vong th(r i
eI
a = Arctg = = 322°02' 06"
e
8. Tinh gdc nghiéng cua cong trinh tai vong th(ri
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Phu luc F
(Tham khao)
Tinh ndng ky thuat cia mdt sé6 may sir dung dé
do do nghiéng cong trinh

Do chinh xac do

géc Tam Trong lugng,
2 Tén Hang va PO chinh xac| hoat kich thuéc
E may nudc ché 2 o do canh dong xa (kg,mm)
= tao 5 \g (mm) nhat
e c (km)
Cac mdy toan dac dién tu théng thudng do bang guong phan xa

1 | DTM-750 | Nikol 2" 2" +(2+2.10°D) 4.4 6.9kg

Nhat Ban 175x182x367
2 | SET-2B | SOKKIA 2" 2" +(3+2.10°D) 3.5 7.5kg

Nhat Ban 181x177x371
3 | TC-600 LEICA 5" 5" +(3+3.10°D) 2.4 4.2

Thuy Sy
4 | TC-705 | LEICA 10" 10" [ £(5+5.10°D) 1.3 [4.2

Thuy Sy

Cac may toan dac dién tu c6 ché do do khong can guong phan xa

1 | TCR-303 LEICA 3" 3" +(2+2.10°D) 2.0 7.2

Thuy Sy 0.080(5)
2 | TCR-703 LEICA 3" 3" +(2+2.10°D) 2.0 7.2

Thuy Sy 0.080(5)
3 | NPL-350 | NIKON 5" 57 | £(3+3.10°D) 20 |72

Nhat Ban 0.080(5)
4 | TRIMBLE | TRIMBLE 2.0

5602 - My 2" 2" | +(2+2.10°D) | 0.300 [10.2
DR 3007
Cac may kinh vi dién to

1 NE-10H NIKON 5” 5” 3.6

Nhéat Ban
2 ETL1 TOPCON 2" 2" 3.6

Nhéat Ban
3 DT-2E SOKKIA 2" 2" 4.8

Nhéat Ban

Cac may chiéu dirng

1 PZL 19]U(e 1mm/100m 3.2
2 NZL LEICA

Thuy Sy 0.5mm/100m 3.5




Phu luc G
(Tham khao) ,
Cau tao moc co dinh doi tam bat budc




