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L&i néi dau
TCVN 9400:2012 dwoc chuyén dbi ttr TCXDVN 357:2005 theo quy dinh tai khoan 1 Biéu 69 cua
Luat Tiéu chuan va Quy chuan ky thuat va diém a khoan 1 Biéu 7 Nghj dinh s6 127/2007/ND-CP

ngay 01/8/2007 ctia Chinh phd quy dinh chi tiét thi hanh mét s6 diéu clia Luat Tiéu chuén va Quy
chuan ky thuat.

TCVN 9400:2012 do Vién Khoa hoc Cong nghé Xay dwng - BO Xay dung bién soan, Bo Xay
dyng dé nghi, Téng cuc Tiéu chuén Do lvdng Chét lvgng thadm dinh, B Khoa hoc va Céng nghé
cbng bo.

NHA VA CONG TRINH XAY DUNG DANG THAP - XAC DINH DO NGHIENG BANG PHU'ONG
PHAP TRAC DIA

Buildings and tower structures - Tilt monitoring by surveying method
1 Pham vi ap dung

Tiéu chuan nay ap dung dé quan sat dd nghiéng clia cac nha cao tang, cac hang muc va cac két
cAu trén cac cong trinh cong nghiép nhw cac silé chira cac vat liéu réi, cac bdn chira nhién liéu,
6ng khéi nha may, thap truyén hinh, ang ten vé tuyén vién théng va cac cong trinh khac trong giai
doan thi cong xay dwng cling nhw trong giai doan khai thac st dung.

2 Tai liéu vién dan

Céc tai liéu vién dan sau la can thiét cho viéc ap dung tiéu chudn nay. Béi v&i cac tai liéu vién
dan ghi nam cong bo thi ap dung phién ban dwgc néu. Boi voi cac tai lieu vién dan khong ghi
nam cong bo thi ap dung phién ban m&i nhat, bao goém ca cac stra doi, bd sung (néu co).

TCVN 9360:2012, Quy trinh k§ thuat xac dinh do lan céng trinh dan dung va cong nghiép bang
phuwong phap do cao hinh hoc.

TCVN 9398:2012, Céng tac tric dia trong xay dwng cong trinh - Y&u cau chung.
3 Ky hiéu

a la géc phuwong vi, hwéng nghiéng;

B 1a goéc do;

C 1 sai sb truc ngdm ctia may kinh Vi;

D la khoang cach gitra hai diém, dinh thirc;

e la véc to do léch (d6 nghiéng) clia mot diém so véi chan cong trinh theo hwéng truc Y (truc
tung);

¢ la géc nghiéng cla cong trinh;

ey la véc to dd léch (d6 nghiéng) clia mot diém so véi chan cong trinh theo hwéng truc Y (truc
tung);

ex la véc to do léch (d6 nghiéng) ctia mot diém so véi chan cong trinh theo hwdng truc X (truc
hoanh);

AX, Y |a gia s6 toa do;

Ah la chénh Iéch dd cao gilra hai diém;



H, h 1a d6 cao clia mét diém, chiéu cao cla cong trinh;

m |& sai sb trung phwong clia mét dai lwgng do; mp 1a sai sb trung phwong do géc;
mp 1a sai s6 trung phwong vi tri diém:;

MO 14 sai s vach chi tiéu ban dd dirng ctia may kinh vi;

Z 1a géc thién dinh ctia diém quan trac.

4 Quy dinh chung

4.1 Viéc do d6 nghiéng duoc thirc hién dbi voi tat ca cac cong trinh nhw da néu trong phan pham
vi ap dung theo quyét dinh clia co quan thiét ké hoac Ban quan ly cong trinh.

4.2 Phuong phap do do nghiéng sé dwoc lwa chon tly theo dd 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 hwéng nghiéng ddi véi mdi cong trinh can xac lap mot hé toa do
thdng nhat. Hé toa dod nay cé thé 1a chung cho toan bd cdng trinh hodc ciing c6 thé 1a cuc bod dbi
v&i tieng hang muc riéng biét. Viéc chon hé toa do can do do can bd ky thuat cha tri quan trac
quyét dinh.

4.4 Bbi véi cac cong trinh cé truc ding duy nhat va rd rang nhw éng khéi nha may, thap truyén
hinh, angten vé tuyén vién théng, si 16 bdn chitra nhién liéu ... thi do nghiéng cla cbng trinh dwgc
hiéu la sw sai léch cta truc ding thuc té ctia né tai diém dang xét so véi duwdng thidng dirng
duoc xac dinh bang dudng day doi. P nghiéng ctia cdng trinh dwoc déc trung béi véc to do
léch tdng hop e (Hinh 1). Théng thwdng ngudi ta thudng phan tich véc to nay thanh hai thanh
phan vudng géc véi nhau. Thanh phan truc X (ky hiéu la ex) va thanh phan truc Y (ky hiéu la ey).
Dbi véi cac cong trinh khéng ¢6 truc dirng duy nhét va ré rang nhu cac tda nha cao tang thi do
nghiéng clia n6 dwgc danh gia qua do nghiéng clia cac blrc twong va cac cét chju lwe chinh.

4.5 DG nghiéng clia cong trinh con dwoc thé hién bang goc nghiéng & va hwédng nghiéng a. Goc
nghiéng la géc hop béi truc dirng ly twong (dwong day doi) va truc dirng thwe té cla cong trinh.
GOc nghiéng ¢ (Hinh 1) dwgc xac dinh theo cdng thirc:
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Huwong nghleng o la goc dinh huo’ng cla véc to e, 1a géc hop bdi nira trén cla truc Y 1a hinh
chiéu cta véc to e trén mat phang (Hinh 1). Hwéng nghiéng sé dwoc xac dinh theo cong thire:
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4.6 Viéc quan trac do nghiéng phai duoc the hién bang cac may moc, thiét bi phi hop vai ting
phwong phap va dé chinh xac yéu cau. Trwéc khi dwa vao st dung cac may moc thiét bi phai
dwoc kiém nghiém va hiéu chinh theo dung cac quy dinh cta tiéu chudn hodc quy pham chuyén
nganh.

4.7 Trong giai doan thi cong xay dwng dé nghiéng cua cong trinh xuét hién do 18i ctia nguoi thi
cOng, vi vay no6 can phai duwgc phat hién kip thoi dé bén thi cong cé bién phap chinh stra.
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Hinh 1- Nhitng yéu té vé d6 nghiéng ctia cong trinh

4.8 Bo nghiéng cla cong trinh trong giai doan khai thac st dung xuét hién do nhiéu nguyén
nhan: Do tac ddng cua tai trong, tac dong cua gidé, do anh huwéng clia do lun khéng déu .Vi vay
viéc xac dinh d6 nghiéng clia cong trinh trong giai doan nay can phai dwoc thwe hién lap di lap lai
theo cac chu ky dé theo déi va danh gia sw phat trién clia né theo thoi gian. Chu ky do dwoc
chon dai hay ngén tuy thudc vao tbc dd phat trién ctia d6 nghiéng va do co quan thiét k& hodc
Ban quan ly coéng trinh quyét dinh.

4.9 Sy phat trién clia d6 nghiéng cla cong trinh trong giai doan khai thac st dung cé lién quan
truc tiép voi sw lun 18ch clia né, vi vay song song v&i sw theo ddi dd nghiéng can theo déi d6 Iun
clia cdng trinh bang phwong phép thay chuén hinh hoc chinh xac theo TCVN 9360:2012.

4.10 Khi quan trac d6 nghiéng ctia cong trinh trong diéu kién khéng cé khéng gian thao tac du
réng thi may kinh vi hodc may toan dac dién tlr can phai duoc trang bi thém kinh ngdm vuéng
goc va phai sir dung loai may c6 con lac dién ttr dé bu xién cho hai truc va con l&c nay phai dwoc
kich hoat & ché do hoat déng.

4.11 Sai sé gi6i han khi quan trdc dd nghiéng ctia mét sb cong trinh dwoc cho trong Bang 1.
Sai s6 trung phuong cho phép quan tréc chuyén dich ngang theo TCVN 9398:2012.

Bang 1- Sai s6 gi¢i han khi quan sat dd nghiéng cong trinh

Loai cong trinh Sai sb gi6i han
Nha & cao tng 0,000 1 x H
Ong khéi nha may 0,000 5 x H
Cac sild chira vat liéu rdi, bdn chira diu, khi hoa 16ng 0,001 x H
Thép truyén hinh, dngten vo tuyén vién thdng 0,000 1 x H




5 Quan trac dé nghiéng clia cac nha cao tang

5.1 Hé toa d6 quy wéc dung dé quan tréc do nghiéng cac tda nha cao tang tét nhat nén chon sao
cho cac truc clia né song song hodc vuéng géc véi cac canh clia tdéa nha (Hinh 2).

5.2 Cac diém quan trac d6 nghiéng nén chon tai cac khu virc c6 thé dac trung t6t nhat cho su
dich chuyén cda tda nha nhuw: cac goc nha, khu vire khe 1un, khu vipe 6 xuat hién cac vét nit va
cac khu vire do co quan thiét ké hodc Ban quan ly céng trinh yéu cau.

5.3 Dé xac dinh do nghiéng clia nha cao tang can bd tri cac diém do cb dinh As, Az, Anva By, Bz,
Bn, khi dat may tai cac diém Ai s€ ngam tdi cong trinh theo hudng song song véi truc Y con khi
dat may tai cac diém Bi thi ngam t&i céng trinh theo huwédng song song vai truc X (Hinh 2).

5.4 Do dd nghiéng clia cac tda nha cao tang trong giai doan thi cong xay dung

5.4.1 Trong giai doan thi cong xay dung nha cao tang do théng ding téng thé clia n6é dwoc dam
bao bang cac dung cu chiéu dirng dé chuyén toa do tir mat bang co sO (mat béng tang mat) 1én
cac tang Vi vay trong giai doan nay chi do do nghleng cuc bo clia cac yéu té trén ting tang. Cac
yéu t6 can xac dinh d6 nghiéng la cop pha dé dab bé tong cac cot, twdng chiu lwe, budng thang
may va cac yéu td khac.
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Hinh 2- Hé truc toa do va cac diém quan tric do nghiéng nha cao tang

5.4.2 Phwong phap don gidn nhat dé xac dinh do nghiéng clia cac yéu té clia nha cao tang trong
giai doan thi cong |a treo day doi va dung thuéc dé do khodng cach tir day doi dén yéu té can
kiém tra & phia trén va phia dudi. D6 nghiéng cla yéu td can quan trdc dwoc danh gia théng qua
chénh léch khoang cach do duwoc & phia trén va phia dwai (Hinh A.1, Phu luc A).

5.5 Do dd nghiéng clia cac tda nha cao tang trong giai doan khai thac s dung

5.5.1 B nghiéng cua cac toa nha cao tang trong giai doan khai thac sr dung co thé duwoc do
bang cac may toan dac dién tlr co ché do do tryc tiép khdng can guwong, cac may toan dac dién
tr thdng thuwdng hodc cac may kinh vi.

5.5.2 Viéc do dd nghiéng ctia cac tda nha cao tang trong giai doan khai thac st dung bét dau
bang viéc danh diu cac diém dat may cb dinh nhw Hinh 2 va cac diém do tai cac vi tri dwoc xem
xét can than theo yéu cau ctia Ban quan ly cong trinh va Co quan thiét ké. Cac diém dat may
duoc ¢b dinh bang cac mébc bé téng kién cb trén mat dat cach cdng trinh mét khodng cach phu
hop dé& do ngdm moét cach thuan loi va ddm bao dd chinh xac (néu didu kién cho phép thi nén
chon khoang cach tir diém dat may téi chan cong trinh bang chiéu cao cla né). Cac diém quan
tréc cé thé lam bang kim loai gan cb dinh vao céng trinh, cling cé thé danh diu cac diém quan
trdc bang son hodc dan vao dé guong gidy dac biét.



5.5.3 Do d6 nghiéng ctia nha cao tang bang may toan dac dién t&r cé ché d6 do tryc tiép bang
Lazer khéng can gwong dugc thye hién theo trinh tw sau:

a) D&t may tai diém Ai (i = 1,2, ... n la cac diém cb dinh danh d4u trén mét dat) sao cho mat
phéng chuén tryc clia may vuéng goc vai hwdng X. Twr Ai lan lwot ngdm may téi cac diém Al (j =
1,2, ..., k, la cac diém quan trdc dwoc danh dau trén than cong trinh) va do cac khoang cach
ngang twong (ng la DWa, D@4, ...DMa (Hinh A.3, Phu luc A).

b) Chuyén may ra diém B thuc hién cac thao tac twong tw nhw & diém Ai va do dwoc cac khodng
cach DWg, DA, ...DWg

¢) Tinh thanh phan dé nghiéng ctia céng trinh doc theo hwéng X béng céng thirc:
_ i) (1

£, = D.; _D.4 (3)

d) Tinh thanh phan d6 nghiéng ctia cong trinh doc theo huwéng Y bang cong thirc:

e, =Dy’ - Dy’ )

e) Tinh dd I&n cla véc to tdng hop e:

e=[lel +el) (5)

f) Tinh géc nghiéng theo cong thire (1) va hwéng nghiéng cta cong trinh theo cong thirc (2).

5.5.4 Néu khong c6 may toan dac dién ttr cé ché do do trwe tiép bang Lazer thi ¢ thé siv dung
may toan dac dién ti thdng thworng nhung trong trweérng hop nay tai cac diém AQ va B0 can phai
dan cac guong gidy chuyén dung. Trinh tw do va tinh cac yéu td dac trung cho do nghiéng cla
cbng trinh twong tw nhw trong 5.5.3.

5.5.5 Néu khoéng c6 may toan dac dién tt va diéu kién do ngdm cho phép thi c¢é thé s& dung may
kinh vi thdng thwéng, tot nhat nén dung may kinh vi dién t&r co hé théng con I&c dién ti dé hiéu
chinh d& nghiéng cua hai truc (dual axis coorrection). Trinh tw do ngdm va xac dinh yéu té dic
trwng cho dd nghiéng nhw sau:

a) Dat may kinh vi tai diém A;, can may can than bang bot thay dién tir, dat dual - axis coorrretion
& ché do moé.

b) Lan lwot ngdm may lén cac diém Al da danh d4u & chu ky 1 va doc dwoc cac goc ai®, o, ...
i®,

c) Chuyén may sang diém Bi va lam twong tu sé& doc dwoc cac goc Bi@, B2, ... pi®

d)Tinh d6 léch theo hwéng X béng céng thirc:
i I
€, = [al' _al'] X D-! {.S}

e) Tinh dd léch theo hwéng Y béng cong thirc:

e/ =(B/-p) x D, (7)

Véc to do léch tdng hop duorc tinh theo cong thire (5), hwdng nghiéng duoc tinh theo cong thire
(2) twong tw nhw trong 5.5.3. Cac khoang cach tir cac diém Ai va Bi t¢i cong trinh dwoc do voi
sai sO khdng vwot qua 1 cm.

5.5.6 CO thé st dung may kinh vi va mét thwéc nhra hoac thwdc kim loai théng thuwong dé do do
nghiéng theo trinh tw nhw sau:

a) D&t may tai diém A twong tw nhw trong 5.5.3.



b) Lan lugt ngdm I&n cac diém Aj va ha dan éng kinh xubng dé co thé doc s6 trén thudc dat tai
diém A theo chi d*ng ctia may kinh vi. Khoang cach tir diém A trén thudc t6i vi tri chiéu clia
diém Al chinh 1a thanh phan dé léch theo hudng X (ex) ctia diém Al nhw Hinh A.2, Phu luc A.

c) Chuyén may sang diém Bi va lam tuong ty sé xac dinh dwoc thanh phan d6 léch theo hwang
Y (ey); cac yeu to khac dwoe xac dinh theo cong thive (5) va (6).

6 Quan trac dé nghiéng ctia cac céng trinh c6 dang hinh try trén

6.1 Hién nay viéc thi cong cac cong trinh dang hinh tru trén bang bé téng cbt thép nhw silé chira
vat liéu roi, 6ng khoi nha may chi yéu duoc thwe hién bang phwong phap cop pha truot, vi vay
viéc do d6 nghiéng clia no trong giai doan thi cdng xay dwng tét nhat nén thuc hién bang cac
may chiéu chuyén dung. Cac may chiéu thich hop cho loai cdng viéc nay dwoc gidi thiéu trong
Phu luc F.

6.2 Tuy theo két cau ciia mam sang (san cong tac) va tlly theo diéu kién do ngam cu thé ma co
thé st dung phwong phap chiéu tir tam 1én hodc phwong phap chiéu tir bén ngoai.

6.3 Quy trinh xac dinh do nghiéng theo phuong phap chiéu tir tam 1én dwoc thwe hién theo trinh
tw sau:

a) Truoc khi thi cong xay dwng cong trinh bang phwong phap cop pha trot can bb tri chinh xac
vi tri tdm cua cong trinh (sil6 hodc 6ng khoi) ngoai hién tredng, co dinh né bang mét moc kién co
trén do co lap dat bé phan dinh tdm bat budc dé dat may chiéu nhuw trinh bay trong Phu luc G.

b) Dwng mét hé toa dd gia dinh co gbc toa d6 la diém vira duoc danh dau nhw da néu & phan
trén, hai truc X va Y clia né dwge danh dau trén thwe dia bang cac moc bé tong kién co.

c) Dung hé truc toa d6 vudng goc thir hai trén m&t mét tAm mica. TAm mica nay c6 kich thuwéc
khodng 60 cm x 60 cm (Hinh 3) trén do cac truc X va Y dwoc chia thanh cac vach 1 cm béng hai
loai muc khac nhau dé dé nhan biét. Trong hé toa do nay dé tién cho viéc tinh toan vi tri thuc té
clia mam sang nén ghi cac vach khéc cé dau (-) theo hwéng tir gbe toa dd 1én phia trén va sang
bén phai va ngwoc lai gia tri vach khéc cé ddu dwong bén trai va phia duéi gbc toa do tang dan
tly trén xudng dwdi va tlr phai qua trai.

Hinh 3 - TAm mica c6 khac hé toa d6 gén trén mam sang



d) Bat tAm mica c6 hé toa dd nay vao tdm mam sang sao cho diém O’ clia hé toa dd trén tAm
mica trung voi géc toa d6 O trén mat dat va cactruc X’ va'Y trung v&i cac truc X va Y da danh
d4u nhw da néi & phan trén.

e) Trong qua trinh thi cong xay dwng cong trinh bang phwong phap cop pha truot, sau mdi lan
trwot can d&t may chiéu tai diém da danh dau & tam cong trinh va ngdm vao tAm mica dat & mat
dwdi mém sang doc cac s doc Ax va Ay trén hé truc toa d6, day chinh la phan do Iéch tam cla
cong trinh tai diém dang quan sat (ex va ey) so v&i vi tri tdm chinh xac ctia né dwéi mat dat.

f) Gia tri clia véc to' dd nghiéng tdng hop va huéng nghiéng dwoc tinh theo cac cong thire (5) va
cong thre (2).

g) B0 léch thanh phan, véc to d6 1éch téng hop va hwong léch phai dwoc théng bao kip thoi cho
don vi thi cong dé chinh mam sang veé vi tri thang dng.

6.4 Néu két cau ctia cong trinh khong cho phép chiéu tryc tiép tir tam I&n thi co thé thuc hién
viéc xac dinh ddé nghiéng bang phwong phap chiéu tir bén ngoai theo quy dinh sau day:

a) Bé tri diém tam cla cong trinh va dung hé toa d6 gia dinh XOY gibéng nhw 6.3 nhung khong
can danh dau diém O bang méc kién cb va ciing khdng can xay dwng méc doi tam bét budc. Mbc
O & tam cla cdng trinh chi str dung tam thoi.

b) Tt tdm clia cong trinh b tri bdn diém O1, Oz, O3, Os, sao cho diém nay nam trén cac truc toa
do va cach mép ngoéilcﬂa cong trinh tr 0,8 m dén 1 m (Hinh A.8, Phu luc A). Cac diém dwoc
danh dau bang cac mébc bé téng kién cd co hé théng doi tam bat budc dé dat may chiéu loai ZI;
c) Dwng trén bén tAm mica bbn hé toa d X’'01'Y’, X O2Y’ va X'03’Y’ va X'O’sY’ gibng nhw lam
trong 6.3.

d) Bat may chiéu ZI tai diém Oz va gan tdm mica co chia vach nhw Hinh 3 1&n mam sang & vong
dau tién sao cho diém O trung voi cac diem Oa’ va cac truc O1'X’, O1'Y’ song song véi cac truc
01X, O1Y. Ciing lam twong tw nhw vay doi véi cac diem O2, Oz va Oa.

e) Trong qua trinh thi céng silo bang phwong phap cbp pha trwot, sau méi lan trwot can bo ky
thuat Ian lwot dat may chiéu ZI tai cac didm O1, Oz, O3 va O4 doc cac gid tri Ax va Ay trén cac
thang sé twong ng. Dwa vao cac sé doc nay tinh dwoc toa do thuc té cla cac diém O1', O2’, O3’
va O4 trén co s& do tinh ra toa dd thwe té ctia tam cong trinh.

f) Tinh dwoc do nghiéng thuc té clia nd dé don vi thi cong kip thoi diéu chinh. Trinh tw xd ly s6
liéu xac dinh dd nghiéng bang phwong phap nay dugec trinh bay trong Phu luc B.

6.5 Trong giai doan khai thac st dung di v&i cac cong trinh c6 dang hinh cén hodc hinh tru tron
c6 ban kinh 1&n thi tét nhat nén xac dinh d6 nghiéng ctia chiing bang phuong phép do toa dé bén
ngoai cong trinh st dung cac may toan dac dién tlr c6 ché do truc tiép bang lazer khéng can
gwong phan xa. Trinh ty thwe hién viéc do dd nghiéng trong trwdng hop nay nhw sau:

a) Lap moét dwong chuyén khép kin xung quanh déi twong can xac dinh d6 nghiéng (Hinh A6,
Phu luc A) S6 diém dwong chuyén toi thiéu la 3, khuyén cao tr 5 diém dén 9 diém. Toa dd va dd
cao cla cac diém dwoc xac dinh trong mot hé gia dinh.

b) Lan lwot dat cac may toan dac dién tt tai cac diém cla duo’ng chuyeén, nhap toa dé va do cao
cta diém d&t may, dinh hwéng may theo toa dd clia mot diém dwong chuyén khéac.

c) Kh&i dong ché do xac dinh toa QQ khéng gian ba chiéu va ngam may vao déi twong gén xac
dinh d6 nghiéng ¢ vong sat mat dat (chan cta cong trinh) theo hudng vudéng goéc vai bé mat cia
déi twong, xac dinh toa dd xMa , yWa, HOA,

d) Pwa 6ng kinh 1én cao dan va do toa do, dd cao dén khi H?A bang HVa + Ah trong d6 Ah bang

2m, 5 mhoac 10 m ity theo yéu cau clia co quan thiét ké hodc Ban quan ly cong trinh, do cac
gia tri x@a, y@a, H@A va 1an lwot lam nhw vay cho dén hét chiéu cao cua cong trinh.

e) Chuyén may sang diém dwong chuyén tiép theo va 13p lai cac thao tac nhw budc b, cvad
nhuw tai diém A.

f) Dwa vao toa do clia cac diém dwoc do trén tirng vong xac dinh ra toa do xc?, y.» va ban kinh
Ri ctia vong do do.



g) So sanh toa d6 x." , yc cta tirng vong véi vong do & sat mat dét sé xac dinh dwoc do
nghiéng cua cong trinh. Trinh tw tinh toan so liéu xac dinh d6 nghiéng cta cdng trinh dwoc trinh
bay trong Phu luc B.

6.6 Néu khong co may toan dac dién tir voi ché do do truc tiép bang Lazer thi co thé st dung
may kinh vi théng thwéorng dé xéc dinh toa do tam cong trinh béng phuo’ng phap giao héi thuan.
Bai toan giao hoi thuan cé thé thuc hién tir 2 diém, 3 diém hodc 4 diém & day chi trinh bay quy
trinh giao héi tir 2 diém (Hinh A.4, Phu luc A) . Viéc m& rong ra giao hgi tir 3 diém hodac 4 diém
dwoc thwe hién tvong tw nhw déi voi trwdng hop 2 diém, trinh tw thwe hién nhw sau:

a) Trién khai mot dwéng chuyén khép kin 3 diém dén 4 diém xung quanh déi twgng can kiém tra
d6 nghiéng nhw muc 6.5. Vi tri cac diém phai chon cach cong trinh mot khoang t6i thiéu bang
chiéu cao clia né. Toa dd va dd cao cla cac diém duoc tinh trong mét hé gia dinh.

b) Dat may tai diém A do chidu cao may va hwédng may |én dbi twong tai diém nam sat mat dat
do cac gia tri aa’, ai”, a1Bva Za.

trong do:

a1 la sb doc trén mat ban d6 ngang khi tia ngédm tiép xutc véi déi twong & mép bén trai cla vong
l;

ai® 1a sb doc trén mat ban d6 ngang khi tia ngam tiép xtc véi déi twong & mép bén phéi cta
vong [;

Z1 1a géc thién dinh khi ngdm vong |.

c) Dwa vao khoang cach tir diém d&t may téi cong trinh tinh céc gia tri Zi ’ng v&i cac vong trén
doi tweng can quan trac theo céng thire:

i D '\I
Zi= Arctg (8)
H ., +DctgZ +dH |

trong do:
D la khodng cach tir diém dat may téi cong trinh;

dH l1a chénh cao gitra cac vong: 2, 3, 4, 5 m hodc 10 m, tly theo yéu cdu clia Co quan thiét ké
hodc Ban quan ly céng trinh);

Hst 12 chiéu cao may tai diém A.

d) Lan lwot dat gia tri cGia ban do dung bang goc Zi viva tinh dwo'c va ngdm vao mép trai hodc
mép phai cia ddi twong va doc cac so doc ai', ai” va ai nhw doi véi vong 1.

e) Chuyén may sang diém B va l13p lai cac thao tac nhw & diém A. Cac sé doc trén ban dd ngang
ky hieu 1a BT, B va pi

trong doé:

Bi 1a s6 doc trén ban dé ngang khi tia ngam tiép xuc vai dbi twong & mép bén trai clia vong I;

Bi" la s6 doc trén ban do ngang khi tia ngém tiép xdc v&i dbi tugng & mép phai goc thién dinh khi
ngam vong |;

Bila sb doc trén ban d6 ngang khi ngam t&i tiéu ngédm dat tai diém A.

f) Tinh cac goc i, Bitheo cong thire:



a,= af —%{a_j‘“ +al) (9)

1 T B A
B, =E{ﬁf +B7) -5 (10)

g) Tinh toa dd (Xc)i va (Ye)i (toa do tam clia vong thir i) theo cong thirc:

(Xc ),- - _T_{Cfgﬁ + ‘rﬂ Cfgﬂ' - .v.-i + .vH {-1 -1 J
ctgo + ctgfl

(}.:: ): = .]':.-! Cfg - .vﬁcrgg - 'r.-f - 'TH {.1 2}
' ctgo +ctgff

h) Tinh cac thanh phan d6 léch theo cac truc X va Y theo cong thirc:
e.), = (x.) = (x.), (13)
e,) = () - () (14)

Véc to d6 nghiéng tdng hop va géc nghiéng dwoc tinh theo cac cong thire (5) va (1)

6.7 Néu co thé chon dugc hai diém dat may sao cho chiing tao thanh hai hwong vuéng goc véi
nhau (Hinh A.5, Phu luc A), thi c6 thé xac dinh dé nghiéng ctia doi twong bang phwong phap do
huwdng nhw theo trinh ty sau:

a) Dat may tai diém A, can bang may chinh xac, do khoang cach tir may téi dbi twong Da va
chiéu cao may ia sau d6 ngam theo hwéng tiép tuyén véi 2 mép cliia doi twong & vong sat mat
dét (chan cong trinh) doc cac sb doc i, o va Zi (Hinh A5, Phu luc A).

b) Tinh gia tri cac géc thién dinh Zi clia cac vong cach nhau 2, 3, 4, 5 ho&c 10 m tuy theo yéu ciu
clia Ban quan ly cong trinh theo cong thirc (8).

c) D&t ban d6 ding clia may lan lwot vao céac gia tri goc Zi tinh dwoc clia cac vong, tai méi vong
doc cac gia tri oi” va oif.

d) Chuyén may sang diém B va lap lai cac thao tac nhw & diém A;

e) D6 nghiéng cla cong trinh theo hwéng X tai vong th i dwoc tinh theo cong thire sau:
e.), =(a,-a) x D, (15)
trong dé:
o, =t (16)
Thanh phan do nghiéng cla cong trinh theo hwéng Y dwgc xac dinh theo cong thirc:

[J_'l ) =B -F) x Dy (17)



trong do:

(g7 +p)
hi="

Véc to dd nghiéng tdng hop va géc nghiéng duoc tinh theo céac cong thire (5) va (1).

(18)

Hwdng nghiéng duwoc tinh theo cdng thire (2).

7 Quan trac dd nghiéng cua cac thap truyén hinh va thap dng ten vé tuyén vién théng

Cac thap truyén hinh va thap ang ten v6 tuyén vién thong hién nay déu co tiét dién ngang la hinh
vuong va dwoc lap rap bang cac loai thép ong va thép hinh. Chiéu cao toi da cua cac thap hién
nay & nwdc ta nhd hon 200 m, vi vay phwong phap thich hop nhat dé quan trac dé nghiéng ctua
thap la phwong phap do géc nhé bang may kinh vi theo trinh ty sau day:

a) Khoi phuc vi tri tam clia thap truyén hinh hodc ang ten vé tuyén truyén hinh, danh dau n6 bang
mot diém co dinh trén mat dat va dat tai day mot tiéu ngam;

b) Dwng hé toa dd gia dinh c6 gdc toa dd la tam cla thap vira duwoc xac dinh trong 7a) va hai truc
X va Y vudng goc véi cac canh clia thap nhw Hinh 4.

f\ll

gns]
W]us]

Ao

Hinh 4 - So' @b xac dinh dd nghiéng cla thap truyén hinh va ang ten v tuyén vién théng

c) Trén hai hwong X va Y chon méi hudng hai diém A, Al va B, B1. Néu diéu kién cho phép thi
nén chon cac diém nay sao cho khodng cach tlr chiing téi tam thap x&p xi bang chiéu cao cla
thap. Dung may toan dac dién tlr hodc thwdc thép xac dinh cac khoang cach nay;

d) Bat may kinh vi hodc may toan dac dién tt tai A va do géc tao bdi diém gitra cla tirng tAng va
tam thap dé xac dinh cac goc a;

e) Chuyén may sang cac diém A1, B, B1 va thwc hién qua trinh do dac twong tw nhu tai diém A
do duoc cac géc oL; B va BiPL, tao bdi diém gitra cla tirng tang thap véi tam thap;

f) D6 nghiéng clia tAng thap thi i theo hwdng cac truc X va Y dwoc tinh theo cong thirc:



) = e+ E)

-

a

() = (s

(f, ]—['a al) x D,
Je
“] = {;ﬂf; Qli) x D,
0
e }: (ﬁﬁ B j D,
P
(E;HI ],- = w x Dy, (19)

ye,
trong do:
ai” 1a s6 doc ban d6 ngang khi ngdm may 1én diém gitra cta dbt thv i khi d&t may tai diém A;
o' 1a sb doc ban do ngang khi ngdm may |én diém gira clia dbt thw i khi dat may tai diém A1;
Bi®1a s6 doc ban dd ngang khi ngdm may lén diém gilra ciia d6t ther i khi dat may tai diém B;
B! 1a sb doc ban d6 ngang khi ngdm may 1én diém gitra cGia dbt thir i khi dat may tai diém B1;

Theo céac cong thirc trén day, ngoai d6 nghiéng con cé thé danh gia duwoc dd vén xodn cla thap.
Néu cac cap gia tri (e)i va &8, (&y°)iva (&%) co d4u ngwoc nhau hodc co gia tri khéng bang
nhau nghia la thap bi van xoén. Véc to' do I&ch tdng hop va géc nghiéng dwoc xac dinh theo
cbng thire (5) va (1).

Phu luc A
(Tham khao)
Cac phwong phap xac dinh dé nghiéng. D6 chinh xac va kha nang ap dung cuta ching
A.1 Xac dinh dd nghiéng bdng phwong phap co hoc
A.1.1 NGi dung

Day la phwong phap don gidn nhat dé xac dinh do nghiéng ctia cong trinh. Dé xac dinh do
nghiéng nguoi ta treo moét soi day doi va do khodng céach tir day doi dén bé mat ctia cong trinh &
phia trén (dinh) va phia duéi (gbc) nhw Hinh A1. D6 nghiéng thanh phan (ex) cia cong trinh theo
hwéong thuwde do sé dwge xac dinh dwa vao chénh léch cla hai khodng cach nai trén. Mudn xac
dinh dd nghiéng thanh phan (e,) can treo doi va thyc hién do & hwdng vudng géc véi mét vira do

(ex).
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Hinh A.1 - X&c dinh d6 nghiéng cta cac cot bang day doi
A.1.2 B0 chinh xac ctia phwong phap
Phuwong phép co hoc dung day doi c6 dé chl'r]h xa}c khong cao. Do day doi bi dao déng nén kho
do dwoc khoang cach chinh xac tir day doi dén bé mat ctia cong trinh. Bac biét la cong trinh
cang cao thi d6 chinh xac cang giam. V6i cac cong trinh ¢6 d6 cao tir 3 m dén 5 m thi sai so do
khoang cach nam trong khodng ttr 2 m dén 3 m trong diéu kién khong cé gid.
A.1.3 Pham vi (rng dung

Phwong phap chi cé thé kiém tra d6 nghiéng clia cac cot trong pham vi tirvng tAng nha hoéc kiém
tra d6 nghiéng clia cac blrc twong.

A.2 Xac dinh dd nghiéng béng phwong phap chiéu bang chi ding ctia may kinh vi
A.2.1 NGi dung

Dé thyc hién phuong phap nay cé thé str dung bat ky loai may kinh vi nao. Tuy nhién dé tang do
chinh xac cua phwong phap, khi st dung may quang co thdng thwérng can cé bot thiy ndm
ngang (dat trén truc quay cua 6ng kinh). Néu st dung may kinh vi dién tlr hodc may toan dac
dién tr thi ché do bu xién cda hai truc can phai dat & trang thai hoat dong. Viéc xac dinh do
nghiéng thanh phan bang phwong phap nay dwoc thye hién nhw sau:
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Hinh A.2 - Do d6 nghiéng bang may kinh vi va thuéc

- May kinh vi dt tai diém cb dinh (vi du diém A1, Hinh A.2) céch cong trinh mét khoang bang
chiéu cao cla nd, can may bang bot thiy dai (dbi v&i may kinh vi quang co’) hodc bang bot thay
dién tlr (d6i v&i may kinh vi dién tt). Danh d4u cac diém A®, A@, A trén cong trinh (dan hodc
V& cac tiéu ngam). Tai diém AD & sat mat dat, dat mot thuéc co khac vach milimét (mm) nam
ngang. Chiéu cac diém A0 (j= 1,2, ... k) bang chi dirng ciia may kinh vi xudng thwéc dat & phia
du6i ta sé doc dwoc khodng cach d; tinh tir diém A0 t&i hinh chiéu ctia diém AWM. Chénh léch
khoang céach d; trong cac chu ky do so véi khoang céch (dj): do dwoc trong chu ky dau cho phép
danh gia dwoc dd nghiéng cla cong trinh theo huéng vudng goéc vai tia ngadm. Do nghiéng cla
cbng trinh theo hwéng thr hai cling dwgc xac dinh tvong tuw.

- Néu khong c6 diéu kién dat thude do truc tiép, thi d6 1éch cé thé dwoc xac dinh mét cach gian
tiép théng qua viéc do hwéng téi cac diém AD, A®, ... A Trong trwérng hop nay dé tinh dwoc

do léch thanh phan can phai biét ca khoadng cach tir diém d&t may téi cong trinh. Cong thirc dé

xac dinh do léch thanh phan dwoc néu trong 5.5.5.

A.2.2 B6 chinh xac clia phwong phap

Ngudn sai s6 chii yéu trong phuong phap nay la sai s6 ngadm chuén diém A. Sai s6 nay nam

trong khoang ttr 5” dén 10”. Voi khoang cach tt d|em dat may t&i cong trinh khoang 100 m thi sai
s0 xac dinh do nghiéng thanh phan do sai s6 ngédm chuan gay ra nam trong khoang tir 3 mm dén
5 mm. Ngoai ra cling phai ké dén sai s6 lam trung vach chuan cua thude voi vach chuén tai dlem
B va sai s6 doc sb trén thwdc. Téng hop hai ngudn sai s6 nay xap xi bang 1 mm. Nhw vay sai sb



xac dinh do nghiéng theo mdt hwéng sé xap xi bdng 5 mm; Sai sb xac dinh véc to téng hop 1a 5
X V2 x&p xi bang 7 mm.

A.2.3 Pham vi rng dung

Phwong phap nay nén (rng dung dé xac dinh dé nghiéng cla cac tda nha cao tang.

A.3 Xac dinh dd nghiéng béng phwong phap st dung may toan dac dién td

A.3.1 NGi dung

Chuén bj cac diém dat may va cac diém do giéng nhw trong treong hop do @6 nghiéng bang may
kinh vi thong thwong. Neu may co ché do do truc tiép khong can guwong thi cac diém do nén
danh dau bang cac vong tron. Néu dung may toan dac dién t&r thong thwdng thi cac diém do can
phai dwoc gia co sao cho co thé lap dwoc cac gwong chuyén ding hodc gian cac guong giay.
Viéc xac dinh d6 nghiéng thanh phan trong trwéng hop nay rat don gian bang cach do cac
khoang cach ngang ttr q’iém dat may téi cac diém quan trac. Chénh Iéch khoang cach ngang ttr
dieém dat may toi cac diem do so voi khoéng‘céch tte diem dat may toi diem do dau tién trén mat
bang tAng médt chinh la d6 nghiéng thanh phan cla diém do nay theo huwéng tia ngam.

A.3.2 D6 chinh xac clia phwong phap

D6 chinh xac do d6 nghiéng bang may toan dac dién & chd yéu phu thudc vao dé chinh xac ctia

loai may dwgc str dung. D6i v&i mady toan dac dién tlr do chinh xac dwgc xac dinh theo cong
thirc:

Mp==a+ (b x D (A.1)

trong do:

a la thanh phan sai s6 khong phu thuéc khoang cach, gém anh hwéng clia sai sb do hiéu pha va
sai s6 xac dinh hang s6 K clia may (da s6 cac may toan dac dién t&r thanh phan a = £ 2 mm);

b la thanh phan sai scf) phu thudc khoang cach, gbm anh hwéng cla sai sb xac dinh tbc do truyén
song dién tir va sai sO xac dinh tan so diéu bién cia may (da so cac may toan dac dién t&r thanh
phan b =2 x 10);

Khi do d6 nghiéng khoang cach tir may téi cac diém do thwdng ngén (khoang vai chuc mét) vi
vay sai s6 do khodng cach chul yéu la thanh phan a, hon nira &nh huéng cla sai sb xac dinh
hang sb K clia may va clia gwong cling sé bi loai trir vi vay sai s6 xac dinh khoang cach chi nam
trong khoang ttr 1 mm dén 2 mm.

Sai s6 xac dinh d6 nghiéng 1 1an do sé la:

Moy = Mgy = 2 % ﬁ=3mm

Sai s6 xac dinh véc to tbng hop mét 1an do la:

m=3 x ‘-JE= 4.5 mm

Thong thuong tai mbi diém do ngudi ta xac dinh cac yéu t6 bang cach do it nhét 1a ba 1an vi vay
sai s xac dinh gia tri xac xuat nhat cua véc to tong hop sé la:
4.5
Mg = —=3 mm

NE}

A.3.3 Pham vi trng dung

Phuong phap nay rat thuan tién cho viéc quan trac dé nghiéng ctia cac nha cao tang. Hiéu qua
kinh té dac biét cao néu cac may toan dac dién tlr dwgc tich hop ché do do triec tiep khéng can
guwong.

A.4 Xac dinh d6 nghiéng béng phwong phap giao héi thuan



A.4.1 N6i dung
Khi tién hanh cac thao tac do can thuwc hién cac diém sau:

a) Vi khong tryc tiép ngdm téi tam ctia cong trinh tai dinh va day vi vay thay cho viéc ngdm vao
tam cla cong trinh c6 thé ngdm vao mép clia cong trinh theo dudng tiép tuyén bén phai va bén
trai. Gia tri cia hwdng do tir diém dat may téi tdm cong trinh dwoc lay 14 gia tri trung binh khi
ngém theo dudng tiép tuyén mép bén trai va mép bén phai;

b) Viéc xac dinh géc a va p trong so' d6 giao héi dwoc thuc hién it nhat 1a ba vong do day dd, méi
vong do thwc hién cac thao tac sau:

- Dat may tai diém A;
- Ngam duwdng tiép tuyén bén trai cong trinh & vi tri ban do trai, doc sb trén ban d6 ngang;
- Ngam dudng tiép tuyén bén phai cong trinh & vi tri ban d6 tréi, doc sbé trén ban dd ngang;

- Ddo kinh sang ban d¢ phai va thyc hién trinh tw ngadm va doc s6 nguoc lai bat dau tw diém B
va két thac la dwong tiép tuyén phia bén trai ctia cong trinh;

» Dau son

Hinh A.3 - Do d6 nghiéng bing may toan dac dién tc

c) DBé tang do chinh xac xac dinh toa d tdm cla céng trinh can chon thém mot diém cb dinh C
véi didu kién twong tw nhw cac diém A va B. Viéc chon thém diém C va chwong trinh do cho
phép xac dinh tirng toa dé tdm cbng trinh hai l&n doc lap véi nhau. Gia tri toa do chinh thirc dwoc
4y 13 trung binh clia hai gia tri toa do thu dugc va d6 chinh xac xac dinh toa d6 téng xap xi bang
1,5 lan;



Hinh A.4 - Po d6 nghiéng clia cdng trinh bang phwong phap giao hdi thuan
A.4.2 D6 chinh xac clia phwong phap

Do chinh xac xac dinh toa do tam cla cong trinh & phia trén va phia dwéi dwoc xac dinh theo
cong thire cda giao héi thuan nhw sau:

m 1."52+53
M,=—"L x T—— (A.2)
0 sin ¥

trong doé:

y=180° - (a + )

S1, Sz la khoang céch tir hai diém dat may téi tam cong trinh;
V&i S1=S2=100m, mg= 110", y =90°tacO mp =+ 7 mm

Néu chon ba diém ¢b dinh co toa do A, Bva C thi toa d6 tam cong trinh sé dwoc xac dinh hai lAn
ddc lap nhau, nghia la d chinh xac téang Ién 42 |an, trong trwdng hop nay:

.
M,=* — mm =%+ 5 mm

2
A.5 Xac dinh d6 nghiéng béng phwong phap do hwéng
A.5.1 N6i dung

N6i dung clia phwong phap do huong dé xac dinh do nghiéng cting gan giéng phwong phap giao
héi goc thuan. Phwong phap nay chi cé mét so dieém khac biét sau day:

a) Néu trong phuong phap giao héi thuan goc & tam tao bdi hai tia ngam téi hai diém cb dinh
khéng nhat thiét phéi’lé go6c vubng thi trong trwdng hop xac dinh dé nghiéng bang phwong phap
do huwéng goéc nay bat budc phai la géc vudng.

b) Néu trong phwong phap giao hoi thuan toa do clia cac diém cb dinh phai duoc bi{ét trwede thi
trong phwong phap nay hudng toa do cua cac diem nay la khdng can thiét ma chi can xac dinh
khoang céach tir cac diém co dinh trén tam cong trinh.

c) Néu trong phwong phap giao hgi goc thuén phai do goc hop béi hwong tai diém dat may toi
diém cb dinh khac va hwdng tdi tam cong trinh thi trong phwong phap do hwdng tai moi diém
dlrng may chi can do duy nhat hwéng téi tam cong trinh & trén va & dwoi.

A.5.2 B6 chinh xac ctia phwong phap

Sai s6 xac dinh do léch thanh phan dwoc tinh theo cong thirc:



m g
m,_=—— x D ( A3)

ax ‘D

V6i khoang cach tir diém dat may toi cong trinh D béng 100 m, sai s6 do géc mp = 10" thi sai s6
xac dinh d6 nghiéng thanh phan mex va mey tinh theo céng thirc (A.3) Ia 5 mm. Sai s6 xac dinh

véc to do nghiéng tdng hop me =5 x +/2 mm =7 mm.
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Hinh A.5-Bo dé nghiéng cua cong trinh hinh try hoac hinh cén theo phwong phap do hwéng
A.5.3 Pham vi rng dung

Phwong phap nay cé thé dwoc (rng dung cho cac cong trinh ¢6 tiét dién hinh tru tron hodc hinh
con cé ban kinh nho.

A.6 X&c dinh d6 nghiéng bang phwong phap do toa do bén ngoai céng trinh

A.6.1 NGi dung

NGi dung clia phwong phép nay la xac dinh toa dd tam clia cong trinh trén cac do cao khac nhau
dwa vao toa d6 do thuc té cia cac diém trén than & phia trong hodc phia ngoai cong trinh (Hinh
AB).

A.6.2 B0 chinh xac ctia phwong phap

Do chinh xac xac dinh do nghiéng clia cong trinh bang phwong phap nay phu thudc vao dé chinh
xac xac dinh toa d6 tdm cua no trén cac d6 cao khac nhau. B6 chinh xac xac dinh tam cua cong
trinh khdng nhirng phu thudc vao sb diém do toa dd trén tieng vong ma con phu thudc vao phan
bd cac diém nay trén vong tron. Trwong hop sé diém do toa dd Ién hon 6 va cac dlem phan bd
twong d6i déu thi d6 chinh xac xac dinh toa dd tam vong tron bang phwong phap sé binh



phwong nhé nhat twong dwong véi dd chinh xac xac dinh toa do cla cac diém bang may toan
dac dién tcr.

A.6.3 Pham vi trng dung

Phwong phap nay nén ap dung cho cac cong trinh ¢ tiét dién |4 hinh tron cé dwong kinh Ion
nhw sild chira vat liéu r&i, bon chira xang dau hoac khi hoa 1éng LPG, ong khoi nha may ...

XYz XY.Z

XYZ

XYZ

g 4 Lor

C
Hinh A.6- Xac dinh dd nghiéng bang phwong phap do toa dé bén ngoai

A.7 Xac dinh d6 nghiéng béng phwong phap chiéu dirng tir tam cong trinh
A.7.1 N6i dung

St dung may chiéu dirng loai ZL chiéu tryc tiép tir tam cong trinh 1&n cac vong & trén cao dé xac
dinh toa d tam thuc té cua no tai vong dang xét. DO nghiéng cla cdng trinh dwgc xac dinh thong
qua gia tri chénh léch toa d6 tam thuc té cla vong dang xét va tam clia cong trinh & chan cda né.

=

- -

Hinh A.7- Xac dinh d6 nghiéng béng phwong phap chiéu dirng ti tam cong trinh
A.7.2 D6 chinh xac clia phwong phap



bay la phwong phap xac dinh d6 nghiéng cé d6 chinh xac cao. Néu st dung cac may chiéu loai
PZL (Bwrc) hoac NZL (Thuy Sy) dé xac dinh d6 nghiéng cua cac cong trinh c6 chieu cao khdng
qua 100 m thi sai s6 nam trong khoang vai milimét.

A.7.3 Pham vi trng dung

Phuwong phap nay nén st dung cho cac cong trinh c6 dang hinh tron hodc hinh con trong giai
doan thi cong xay dwng cé kha nang chiéu tryce tiép tir tam 1én.

A.8 Xac dinh d6 nghiéng bang phwong phap chiéu tir bén ngoai cong trinh
A.8.1 NGi dung

NGi dung cuia phwong phap nay la st dung may chiéu dirng dé xac dinh toa dé thuc té clia cac
diém Or’, 02, Oz’ va O4’ ndm trén cac truc toa dd, théng qua ching xac dinh dwoc toa do thuc té
clia tam cong trinh tai vong dang xét va xac dinh dwgc dd nghiéng clia né.

A.8.2 B6 chinh xac clia phwong phap

Phwong phap nay cé dé chinh xac gan twong duong voi phwong phap chiéu tir tam lén, nghia l1a
cling cho phép xac dinh dwgc d6 nghiéng véi sai s6 khodng vai milimét.

A.8.3 Pham vi trng dung

Phwong phap nay tng dung de xac dinh d6 nghiéng cutia cac silé hoac 6 ong khoi trong giai doan

thi cong bang phwong phap cbp pha trot nhwng khéng cé kha nang chiéu truc tiép tir tam cong
trinh 1én.

Hinh A.8 - Xac dinh dé nghiéng bang phwong phap chiéu ding tlr bén ngoai cong trinh

Phu luc B
(Tham khao)

Xt ly s6 liéu do dac va xac dinh d6 nghiéng céng trinh cé thiét dién hinh tron bang
phwong phap do toa do bén ngoai

So dd bd tri cac diém do dwoc thé hién trén Hinh A.6



Cac buwdc thwe hién nhw sau:

Bwéc 1: Tinh toa dd gén dung cua tam cong trinh theo céng thirc:

'I n
xl==)x, (B.1)
1

i

'I "

0

e == v (B.2)
|

trong dé:

(x9);, (y°)i la toa dd gan dung ctia tam cong trinh & vong thir i;

x0, yi0) 14 toa d6 cha cac diém do thuwc té trén cdng trinh & vong thi i;

jbang 1, 2,... k 1a s diém do trén vong dang xét.

Budc 2: Lap hé phuwong trinh sé liéu chinh theo cong thirc:

V=AX+L (B.3)
trong do:
V 1a véc to sd hiéu chinh;
0 0 ,
|_—I X, — X }E—},—l
H: Rl'
0 0 ,
=1 X, =X, Ye =Va |
‘I = | Hi [
-[:l — |IJ — 1 .
-1f xﬂ I-}’I:' I}’H |
[ L]
L I Hu Rn J
X 1a véc to an sd;
-T
X =J:‘E=f,fx=.|f."_1 (B.6)
L la véc to s hang tw do;
T _ ot ' ¥
L' =R.R,....R (B.7)

(B.5)

Budc 3: Lap hé phuwong trinh chuén theo nguyén ly sé binh phwong nhd nhat [vv] = min.

ATAX+AL = 0 (B.8)

Budc 4: Giai hé phwong trinh tuyén tinh (B.8) sé nhan dwoc ba an sé dx, dy va R.
Buwéc 5: Tinh toa d6 tam



x.=x"+d (B.9)

& c X

V. =y, +d, (B.10)

Lap lai cac budc tir 2 dén 5 cho dén khi sai léch xc, yc va R sau hai Ian 13p lién tiép khong sai
[éch qua 1 mm thi dirng lai s&€ dwoc toa dd Xxc, yc chinh xac cho vong dang xét.

Quy trinh trén day dwoc thue hién cho tivng vong cla cong trinh. C6 toa d6 tam cua cac vong co
thé dé dang xac dinh dwoc dé nghiéng theo cac céng thire (1) va céng thire (2).

Vi DU:

Qua trinh x& ly s6 liéu quan tréc dé nghiéng cua sild bt liéu nha may xi mang X thue hién bang
may toan dac dién t& TCR - 303 dé do theo phuong phap do toa dd tir bén ngoai:

Bang B.1 - Toa d cac diém trén vongl,H=4,73 m

Diém Toa dd cla cac diém do truc tiép
X, m Y, m
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 dd gan dung tdm cla vong 1 xac dinh theo cong thire (B.1) va (B.2) la:
(x) = 047,648 m;
e Ll 1 1

("), = 20,094 m;

Vi cac gia tri nay ta cd ma tran hé phwong trinh sé hiéu chinh theo céng thire (B.5) nhu sau:



1,0000 +0,2543 09671 [+ 4,0858 ]

| —1,0000 —0,1067 +0,9943 | | +8,0928 |
—1,0000 —03003 09538 | £9,3397 |
| — 1,0000 +0,5737 +0,8191 | | +4.4715 |
A= -10000 +0,6252 +0,7805 | L={+42775|
| —1,0000 + 0,0689 -0,9976 | | +4,7056 |
— 1,000O +0,0017 1,0000 +4.9715
—1,0000  -05328  —0,8462 | | +7,9629 |
| 1,0000 +0,3397 —0,9405 | | +3,8280 |
Hé phwong trinh chuén theo cong thirc (B.8) cé dang:
9,000 OR - 0,923 6dx + 1,203 8dy -51,7353 =0,0000
-0,923 6R + 1,290 2dx + 0,380 3dy +0,0000 =0,0000
1,203 8R + 0,380 3dx + 7,709 8dy -0,0000 =0,0000
Giai hé phuwong trinh nay ta dwoc:
R =+ 6,425 0m
dx=+4,9670m
dy=-1,2482m
Nhuw vay, cac 4n sé can xac dinh cla vong tron sau lan &p thtr nhét la:
R=6,4250m

(Xch)1=952,6150m
(yel)1 = 958, 845 8 m

S& dung (xcb)1 va (yc)1 dé tinh 13p cho Ian thi hai ta c6 ma tran hé sé phuong trinh sb hiéu chinh
nhw sau:

"—1,0000 +0,7560  _,6545] T+ 17,9442
—1,0000 +0,5167 +0,8561 17,9406
' —1,0000 +0,2716 +0,9624 | +7.9596
—1,0000 +0,9523 +0,3052 +7.9097
A= —1,0000 £09646  —0,2639 L= +79220
' —1,0000 +0,6650  —0,7469 '+ 17,9569
' —1,0000 +0,6247  —0,7809 | 17,9647
| —1,0000 +0,0903  -0,9959 +8,0194

| ~1,0000 £0,7909  -0,6119] | +7,9239

Hé phwong trinh chuén cla lan I&p the hai ¢ dang:
+9,000 OR -5,632 1 dx + 1,402 5dy -71,5411 =0,0000



-5,632 1R +4,215 7dx - 0,804 2dy
+1,402 5R - 0,804 2dx + 4,784 3dy
Giai hé phuwong trinh nay ta duoc:
R=+8,0059m

dx=+0,0952 m

dy=+0,017 3 m

+44,702 8
-11,2340

=0,0000
=0,000 0

Cac tham sb can xac dinh cta vong tron sau lan 1&p thi hai la:
R=+8,0059m

(x™)1=952,710 2 m

(yc!™)1 =958,8631m

S dung xc? va yc2 dé tinh 13p cho 14n thi ba, ta c6 ma tran hé sé phwong trinh sé hiéu chinh nhw
sau:

—1,0000 +0,7622 —0,6474 [+ 8,0052]
—1,0000 +0,5245 + 08514 + 8,0049
—1,0000 +0,2821 +0,9594 +8,0026
—1,0000 +0,9528 + 03037 +8,0056

A=|-1,0000 +0,9648 —-0,2628 L=+8,0183
—1,0000 +0,6725 —0,7400 + 88,0077
—1,0000 +0,6329 —0,7742 +8,0111
—1,0000 +0,1023 —0,9948 +8,0114
' —1,0000 +0,7964 — I],ﬁﬂ48_' + 7,9889

Hé phwong trinh chuén cda lan lap the 3 1a:

+ 9,000 OR -5,690 6dx + 1,383 7dy -72,0558 =0,0000

-5,690 6R +4,272 0dx - 0,804 4dy +45,5593 =0,0000

+1,383 7R - 0,804 4dx + 4,728 0dy -11,0785 =0,0000

Giai hé phwong trinh nay duworc:
R =+ 8,006 6 m
dx =+ 0,000 6 m
dy = +0,000 1 m

Cac tham sb can xac dinh cta vong tron sau lan 1&p th ba la:

R® = + 8,007 m

(xW)3 =952,711 m

(yc)s = 958,863 m

Sau lan 1ap thr ba cac an s6 khong thay di so véi lan 1ap thir 2 qua 1 mm vi vay qua trinh 13p sé&
dirng lai va cac tham soé trén sé dwoc lay chinh thirc clia vong 1.

Doi vai cac vong tiép theo cling lam twong tw nén trong cac bang dwoi day chi thong ké cac s6
liéu do va két qua cudi cung.



Bang B.2 - Toa d) cac diém do trén vongthr 2, H=150m

Piém do X, m Y, m
1 956,731 964,102
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 sb clia vong thi 2 sé la:
R® =+8,017m
xc® = 952,669 m
yc@=958,785 m
Bang B.3 - Toa d cac diém do trén vong thr 3, H=20,0 m
Diém do x(m) y(m)
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 sbé cla vong thir 3 sé Ia:
R® = +8,019 m
x® = 952,663 m
yc® = 958,753 m
Bang B.4 - Toa dd cac diém do trén vong tht* 4, H=25,0m
DPiém do X, m Y, m
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 sbé cla vong thir 4 sé 1a:
R® =+ 8,025 m
xc® =952, 659 m




yc® = 958,807 m

Bang B.5 - Toa dd cac diém do trén vong tht 5, H=30,0 m

Diém do X y
m m

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 sbé cla vong thir 5 sé |a:

R® =+ 8,027 m
xc® = 952,672 m
ye® = 958,825 m

Bang B.6 - Toa dd cac diém do trén vong tht 6, H=35,0m
Diém do X y
(m) (m)
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

Céc tham sbé cla vong thir 6 sé |a:

R® =+8011m
x® =952 717 m
yc® = 958,866 m

Bang B.7 - Toa d0 cac diém do trén vong th 7, H=40,0 m

Diém do X y
(m) (m)

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 sbé cla vong thir 7 sé Ia:
R™ =+ 8,037 m
XV = 952,645 m
yc = 958,820 m

Bang B.8 - Toa dd cac diém do trén vong tht» 8, H=450m

Diém do X Y
m
1 958,747 964, 116
2 952,023 966,313
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 sb cla vong the 8 sé la:
R® =+8,031 m
xc® = 952,654 m
y<®=958,785 m

Bang B.9 - Toa d) cac diém do trén vong thtr 9, H=50,0 m

Diém do X y
m m

1 958,714 964,088

2 952,628 958, 113

3 956,664 951,863

4 946,598 964,082

5 948,434 951,811

6 946,326 963,710

Céc tham sbé cla vong thir 9 sé Ia:
R® =+ 8,041 m
xc® = 952,626 m
y® = 958,767 m

Bang B.10 - Toa d6 cac diém do trén vong thir 10, H = 55,0 m

Diém do X Y
m m

1 958,699 964,076

2 952,749 966,620

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 sbé cla vong thir 10 sé la:

R0 = + 8,037 m
xc19 =952 571 m
yc1® = 958,713 m

Bang B.11 - Toa dd cac diém do trén vong thi» 11, H=60,0 m

Diém do X y
m m

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 sbé cla vong thir 11 sé la:

RAD = + 8,068 m
xct = 952 563 m
ye1) = 958,801 m

Bang B.12 - Toa dd cac diém do trén vong thi¥ 12, H=70,0 m

Diém do X y
m m

1 960,604 958, 135

2 946,558 964,213

3 948,433 951,840

4 945,716 962,980

Céc tham sb cla vong thir 12 sé la:

R = + 8,069 m
x:12 = 952,564 m
yc? = 958,777 m

Bang B.13 - Bang tinh d6 nghiéng va hwéng nghiéng cla sild

Th ty| DO cao so Yé’i Véc to do léch tdng hop Géc nghiéng Hwéng nghiéng
Chén silé m 0% 0
m
1 0,00 0,000 00°00'00” 0°00'00”
2 10,27 0,088(1/120) 00°29'00” 241°16°00”
3 15,27 0,119(1/130) 00°26°'10” 246°29°00”




4 20,27 0,076(1/270) 00°12’00” 227°20°00”
5 25,27 0,054(1/470) 00°07°00” 224021’ 00”
6 30,27 0,006(1/5000) 00°00'40” 200°00°00”
7 35,27 0,079(1/450) 00°07°00” 212°56°00”
8 40,27 0,096(1/420) 00°08'00” 233°45°00”
9 45,27 0,128(1/350) 00°09'00” 228°30°00”
10 50,27 0,205(1/250) 00°14°00 226°48'00”
11 60,27 0,160(1/380) 00°09°00 202°27°00”
12 70,27 0,171(1/400) 00°08’00 210°17°00”
Phuluc C

(Tham khao)
Xt ly két qua xac dinh dé nghiéng bang phwong phap do hwéng
So d6 b tri cac diém do duoc thé hién trén Hinh A.5

Sé liéu quan trdc dd nghiéng ciia mét cong trinh hinh tru cao 62 m theo phwong phap do huéng
dwoc ghi trong cac Bang C.1 va Bang C.2.

Bang C.1 - Sé liéu do tai diém A, D =51,132m

Diém ngdm| D6 cao Sb doc trén may Trung binh Do léch
m M. trai (L) | M.phai (R)| (0'") Géc Dai
0" 0'") " mm
1 0,0 0°00'03” 1°21'20” 1°40'42” 00'00” 0,000
2 25,0 0°00'10” 1°21'08” 1°40'29” -00'12” -3,000
3 48,0 0°08'10” 1°24'26” 0°48' 48” +08'06” + 120,500
4 62,0 0°41'17” 1°02'20” 0°51' 49” +11'07” + 165,300
Bang C.2 - Sé liéu do tai diém B, D = 54,820 m
Diém Do cao Sb doc trén may Trung binh Do léch
ngam m M. tréi (L) | M. phai (R) " Géc Dai
0" 0" (" mm
1 0,0 359°59'57” 0°16'20” 38'08” 0'00” 0,00
2 25,0 359°58'45” 1°15"13” 36'59” -1'09” -18,30
3 48,0 359°51'50” 1°08'02" 29'56” +8'12” -130,80
4 62,0 000°12'04” 0°31'10” 21'40” +16'28” -262,60

Budc 1: Tinh gia tri ciia hwéng di tir diém A qua tam cla cong trinh bang gié tri trung binh ctia s6
doc trén may & ban do trai (L) va ban do phai (R).

(o) = (Li + Ri)/2 (Sé liéu tinh trong Bang C.1)
(Bi)e = (Li + Ri)/2 (Sb liéu tinh trong Bang C.2)

Buwéc 2: Tinh d6 léch & don vi goc clia cac vong so véi chan cdt theo cong thirc:



(a'.- ): - (Q1 ).:
ap, =(B.).-(B,).

do. =

trong doé:

da. va df la d6 léch cta vong thir i & don vi goc theo huwéng vudng goc véi tia ngdm clia may
kinh vi.

Buwdc 3: Tinh dd léch cla tam vong th i so v&i chan cot (theo huwéng vudng goc véi tia ngdm
clia may kinh vi) theo cdng thirc (5):

_EJFEZ':—D_,

e =—— e

x p

Phu luc D
(tham khao)
Xt ly s6 liéu xac dinh dd nghiéng bang phwong phap giao hoi

So d6 do theo phuwong phap giao héi tir hai diém A va B dwoc trinh bay trén Hinh A 4

Cac sb lieu do thuc dia ciia vong dau tién (chan cong trinh) dwoc ghi trong cac Bang D.1 va

Bang D.2
Bang D.1 - s6 liéu do trén tram may A
Vong E)iém CL CR 2C |Hwoéng trung| Tri hwéng | Tri hwéng Goc a
do | ngam 0" 0 ™ binh quy O t&i tam 09
1 | (9 | ©
1 La 0°00'00” | 188°00'00” | -6” | 0°00'03” | 0°00'03”
Ra | 33°13'017 | 213°13'05” | -4” | 33°13'03” | 33°13'00” | 16°36'30” | 59°02'10”
B 75°38'41” | 255°38'45” | -4” | 75°38'43” | 75°38'40”
2 La 60°00'00” | 240°00'08” | -8” | 60°00'04” | 0°00'00”
Ra 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°38'43" | 75°39'38”
3 La | 120°00'00” | 200°00'10” [-10”| 120°00'05” | 0°00'00”
Ra |153°13'12"| 333°13'16” | -4” | 153°13'14” | 33°13'09” | 16936'34" | 59°02'04"
B 195°38'40” | 15°38'46” | -6” | 195°38'43” | 75°38'38”
CHU THICH: o = 59°02'07"
Bang D.2 - s6 liéu do trén tram may B
Vong Diém BL CR 2C | Trihwéng | Tri hwéng | Tri hwéng Goc a
do | ngam trung binh quy O t&i tdm
0" 0'") (") 0" 0" 0" 0"
1 A 0°00'00” | 180°00'10” | -10” | 0°00'03" 0°00'00”
Ls | 40°12'28" | 220°12'36” | -8" | 75°38'43" | 40°12'37” | 56°18'40” | 56°18'40”
Re | 72°24'43" | 252024'50" | -7" | 75°38'43" | 72024'42"




2 A 60°00'00” | 240°00'12” | -12” | 60°00'06” | 0°00'00”
Ls |100°12'30" | 280°12'12” | -10” | 100°12'35”" | 40°12'29" | 56°18'36” | 56°18'36”
Re | 132924'45” | 312°24'56" | -11” | 132°24'50" | 72°24'44"
3 A | 120°00'00” | 300°00'10” | -10” | 120°00'05” | 0°00'00”
Ls | 160°12'26” | 340°12'56” | -10” | 160°12'31 " | 40°12'26” | 56°18'36” | 56°18'36”
Re | 192924'45” | 12924'58” | -12" | 192°24'51" | 72°24'46”
CHU THICH: Bw=56°18'37"
Bang D.3 - Toa do cuia cac diém cb dinh AvaB
Diém Y X
m
a 982,000 970,000
B 1 020,000 970,000
Tinh gia tri hwéng tir diém dat may téi tam cda cong trinh:
1 Céac sb liéu do ngoai nghiép dwoc ghi & Bang D.2.
2 Tinh sai s6 2C ctia may kinh vi theo cdng thirc:
2C = CL+ 180-CR (D.1)
Bién dong sai s6 2C trong mot vong do khong duoc vuot qua 12"
3 Tinh tri s6 hwéng trung binh theo cong thic:
Ate=CL-C=CR-180+C (D.2)
4 Tri sb hwéng trung binh quy 0 dwoc tinh theo cdng thirc:
AP =(4,) -(4,), (D.3)
trong dé:
i bang 0, 1, 2 1a s6 lwong huéng do trén mot tram may
5 Tri s6 hwéng téi tam cong trinh dwoc tinh theo cong thire:
I
A= —(4,+4,) (D.4)
2
6 Géc mé tai diém dat may duorc tinh theo cong thire:
a=A, - Aan (D.5)
=8, -Bun (D.6)

7 Tinh toa d6 tam cong trinh (diém giao hoi) theo cong thirc:
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V&i cac sb liéu da tinh dwoc nhw trong Bang D.1 va Bang D.2, toa d6 tAm cla cong trinh & vong
1 sé co gia tri nhw sau:

x1=1 000,000 m
y1=1 000,000 m

Dbi véi cac vong con lai cling dwoc thue hién tinh theo trinh tw cac budc nhw da trinh bay & trén.
Sau khi tinh dwoc toa d6 tam clia cac vong, c6 thé tinh dwoc do nghiéng ctia dbi twong quan tréc
theo céc cong thirc (1), cdng thirc (2), cong thire (5).

PHU LUC E
(Tham khao)

Xt ly s6 liéu quan trac dé nghiéng ctia céng trinh trong giai doan thi céng xay dwng béng
phwong phap chiéeu ttr bén ngoai

So d6 b6 tri cac diém do xem trong Phu luc A, Hinh A.8.

Bang E.1 - Toa dd cla cac diém cb dinh

Tho tw Tén diém Toa d6 Ghi chd
X Y
m
1 O1 1 000,000 988,800 Diém do mép bén trai
2 02 1 011,200 1 000,000 Piém do mép bén trén
3 O3 1 000,000 1 011,200 Pidm do mép bén phai
4 O4 988,800 1 000,000 Piém do mép bén dudi
5 (@) 1 000,000 1 000,000 [Tam cong trinh trén mat dat
Bang E.2- Két qua tinh toan
The tw Piém da dat S6 doc Toa dd
may Ax Ay X %
(mm) (mm) (m) (m)
1) 2 3) 4) (©) (6)
1 01 -123 +166 999,877 988,966
2 02 +82 +140 1011,282 1 000,140
3 03 -84 +95 999,916 1011,295
4 04 + 141 +122 988,941 1 000,122

1 Céc sb liéu quan tréc thuc té ctia vong thir i dwoc ghi trong Bang E.2.

2 Thanh phan toa do (X’) va (y’) tai Bang E.2 dwoc tinh theo cong thirc:



¥
Xy =x;+A

x

Y=y +4 (E.1)
3 Tinh hé s6 A, B, C ctia phuong trinh duong thang A« + By + C = 0 di qua hai diém dau tién (D)
c6 toa dd xd ya va diém cudi (C) co toa db X, yc theo cac cong thire sau:

A =-(Yc-Yd)
B = - (X - Xg)

C=(Xx Ya)- (Xg x Ye) (E.2)
Hé sb cla phwong trinh dwdng thang ndi 2 diém O1 va Os la:
A1=-22,329 ; B1 =+ 0,039; C1 =- 22 287,684
Hé sb cla phwong trinh dwdng thang ndi 2 diém Oz va Oq la:
A2 =+ 0,018; B> =-22,341; C> =-22 325,925
4 Tinh cac dinh thirc:

D=(A;x Bs)- (A:x B;) =4984851
D.=¢(Cyx Bs) -(Csx By ) =498 799,859

.E-}_l_' = "J"I_I. X C2 ,j = I'{."I:) X CI ; = 498 E}Iﬁ_. ?58 {E.E}
Tinh toa d6 tam thuc té cta cong trinh tai vong the i (chinh Ia giao diém clia hai dwong thang noi
gitba O1 v&i Oz va ndi gitka O2 v&i Og):
(Xc)s = Dx /D =999,897 m
(ye)s = Dy /D =1 000,132 m (E.4)

5 Tinh d6 Iéch cla tam vong th i theo hwéng truc X

ex = (Xc)B - (Xc)1 = 999,897 m -1 000,000 m =-0,103 m (E.5)
Tinh @6 léch cta tdm vong th& i theo huéng truc y
ey = (Ye)B - (Yc)1 =1 000,132 m- 1 000,000 m = -0,132 m (E.6)

6 Tinh véc to dd léch téng hop cla thm vong thir i so vdi vong thir nhat (trén mat dat)

e=fle2+e’) =0167m (E.7)

7 Tinh hwéng nghiéng cda tam cong trinh tai vong thir i

i
]

a = Arctg = = 322°02'06" (E.8)

E,"E

B

8 Tinh gdéc nghiéng cla cdng trinh tai vong th i



0,167

=21573=0"10
56

Phu luc F

(Tham khao)

Tinh nang ky thuat cia mét s6 may sir dung do dd nghiéng cong trinh

(E.9)

Bang F1- Tinh nang ky thuat cia mét s& may st dung do dé nghiéng céng trinh

The tw | Tén may Hangva | D6 chinh xac do | DY chinh xac Tam hoat| Trong lwong,
Nwéce ché goc do canh déng’ xa kich thwéce
tao Ngang | Béng mm nhat (kg, mm)
) ) km
Cac may toan dac dién t&r thong thuwdng do bang gwong phén xa

1 DTM-750 Nikon 2 2 +(2+2x 10°°D) 4.4 6,9
Nhat Ban 175x182x367

2 SET-2B Sokkia 2 2 +(2+2x10%D) 3,5 7,5
Nhat Ban 181x177x371

3 TC-600 Leica 5 5 *+(2+2 x10°D) 2,4 4,2
Thuy S§

4 TC-705 Leica 10 10 | #(2+2x10°D)| 1,3 4,2
Thuy Sy

Céac may toan dac dién t& c6 ché do do khéng can gwong phén xa

1 TCR-303 Leica 3 3 +(2+2 x 10°°D) 2,0 7,2
Thuy Sy 0,080(5)

2 TCR-703 Leica 3 3 |+(2+2x10°D)| 2,0 7.2
Thuy S¥ 0,080(5)

3 NPL-350 Nikon 5 5 +(2+2 x 10°°D) 2,0 7,2
Nhat Ban 0,080(5)

4 TRIMBLE Trimble 2 2 +(2+2 x 10°°D) 2,0 10,2

5602-DR My 0,300
300*
Cac may kinh vi dién t&

1 NE-10H Nikon 5 - - 3,6
Nhat Ban

2 ETLI Topcon 2 2 - - 3,6
Nhat Ban

3 DT-2E Sokkia 2 2 - - 4.8

Nhat Ban




Cac may chiéu dirng

1 PZL Plc - - 1 mm/100 m - 3,2
2 NZL Leica Thuy - - 0,5 mm/100 m - 3,5
Sy
Phu luc G

(Tham khao)
Cau tao moéc cb dinh doi tam bat budc

Hinh G1- C4u tao méc cb dinh doi tam bt budc

THU MUC TAI LIEU THAM KHAO

1 Technical Specification for Urban Surveying Using Global Positioning System - CJJ 73 - 97.
NXB Cong nghiép xay dwng Trung Qudc, Bac Kinh, 10/1997.

2 Trac dia cong trinh. Nha xuét ban Giao théng van tai - Ha Noi 1999.

3 B&o cao dé tai 46A - 05 - 01, Quy trinh cong nghé trac dia trong do vé cdng trinh ngdm, trong
thi cong, trong quan trac chuyén dich bién dang cac cong trinh quan trong va kha nang dam bao
trac dia, ban do trén khu vwe xay dwng, diéu tra khai thac tai nguyén khoang san”. Ha Noi 1991.

4 Bao cao dé tai cAp Bo ma sb B2000 -36- 14, Nghién ciru quy trinh cong nghé cong tac quan
trac bién dang cong trinh thay dién”. B6 Gido duc va Bao tao Ha Noi 2003. Chu nhiém dé tai TS.
Tran Khanh.

5 Bao cao tong két dé tai Nghién ctru (rng dung cong nghé GPS trong trac dia cong trinh cong
nghiép va nha cao tang (ma so: RD - 02). Ha NGi - 200. Bao cao tong ket dé tai cap B6 (Bo Xay
dwng).



6 Bao cao tdng két dé tai cap bo (Bo Gigo duc va Dao tao). Nghién ciru (ng dung cong nghé
GPS trong trac dia cong trinh, ma s6 B2001 - 36 - 23. Ha N&i - 2003.

MUC LUC
L&i noi dau
1 Pham vi ap dung
2 Tai liéu vién dan
3 Ky hiu
4 Quy dinh chung
5 Quan tréc dod nghiéng clia cac nha cao tang
6 Quan tréc dd nghiéng cla cac cdng trinh cé dang hinh try tron
7 Quan tréc do nghiéng cla cac thap truyén hinh va thap ang ten vo tuyén vién thdng

Phu luc A (Tham khao): Cac phwong phap xac dinh dé nghiéng. Do chinh xac va kha nang ap
dung cla chung

Phuluc B (Tham khao): Xt ly sé liéu do dac va xac dinh dd nghiéng cong trinh cé thiét dién hinh
tron bang phwong phap do toa d bén ngoai

Phu luc C (Tham khao): xt¥ ly két qua xac dinh dd nghiéng bang phwong phap do hwéng
Phu luc D (Tham khao): x¥ ly s6 liéu xac dinh dd nghiéng bang phuwong phap giao hoi

Phu luc E (Tham kh&o): xt ly sé liéu quan trac dd nghiéng ctia cong trinh trong giai doan thi cong

xay dung bang phwong phap chiéu tlr bén ngoai
Phu luc F (Tham khao): Tinh ndng ky thuat ctia mét sé6 may st dung do dé nghiéng cong trinh
Phu luc G (Tham kh&o): C4u tao méc cb dinh doi tam bét buéc

Thw muc tai liéu tham khao



