KIEM SOAT PO NGHIENG CUA CONG TRINH DANG THAP BANG
PHUONG PHAP TQA PQ BEN NGOAI

ThS. LE VAN HUNG
Vién KHCN Xay dung

1. Pit van dé

Viéc giam sat thi cong va thuc nghiém tai mot sb cong trinh tai Ha Noi va mot sé dia phwong khac cho
thiy, trong qua trinh thi cdng cac cong trinh chua dat dugc do nghiéng cho phép. Do mot s6 nguyén nhan
khac nhau, cong trinh sau xay dung khong hoan toan bdo dém dung cac kich thuéc nhu ban vé thiét ké ma bi
sai léch trong mdt pham vi nao do. Néu dem g1a tri sai 1éch thyuc t& so sanh véi han sai cho phép quy dinh
trong tiéu chudn, chung ta s& danh gia dugc chét lugng hinh hoc ciia cong trinh va di den Kkét ludn 1a sai léch
nam trong pham vi cho phep hay vuot pham vi cho phep, tranh phai can ch1nh giy tén kém vé kinh phi va
lam cham tién do cong trinh. Tir thuc té do, tac gia bai bao ndy mubn d& xuit st dung céc loai may toan dac
dién tir (TPDT) thong dung véi phuwong phap do toa do bén ngoai két hop phan mém Tilt OV dé kiém soat
d6 nghiéng cua cac cong trinh dang thap trong qua trinh xay dung, hoan thién va dua vao sir dung.

Hinh 1. Sir dung may toan dac dién tir (TDDT) de kiém soat d¢ nghiéng cong trinh

2. Quy trinh do
Budc 1: Lap mot duong chuyen khép kin xung quanh dbi tuong can xac dinh d6 nghiéng (Hinh 2). S6
diém cua duong chuyén tdi thiéu 12 3, khuyén céo tir 5 dén 9 diém. Toa do va do cao cua cac diém
dugc xac dinh trong mot hé gia dinh.
Buwde 2: Lan lugt dat cac may TDDT tai cac diém cua duong chuyén nhép toa do va d6 cao cua diém
dat may, dinh huéng may theo toa d6 ctia mot diém duong chuyen khac.
Buwde 3: Khoi dong ché @6 xac dinh toa do khong gian ba chiéu va ngdm may vao ddi twong can xac
dinh d6 nghiéng ¢ doan sat mit dit (mat bang gdc cua cong trinh) theo huéng vudng goc vai bé mit
cua ddi twong xac dinh toa d6 Xa1, Yar, Has -
Buée 4: Pua dng kinh 18n cao din va do toa d6 cho dén khi Haz = Ha1+ Ah trong d6 Ah = 5m, 10m
hodc 15m tuy theo yu cau ciia co quan thiét ké hodc ban quan 1y cong trinh dé do céac gia tri Xaz, Yaz
va Hap va lan luot 1am nhu vay cho dén hét chiéu cao cua cong trinh.
Buwée 5: Chuyén may sang diém duong chuyén tiép theo va thuc hién twong tu tir budc 2 dén budc 4.
Buée 6: Dua vao toa do cua cac diém dugc do trén ting ddt xac dinh ra toa do tam XS, Y& va ban
kinh R; ctia dét do.
Buwde 7 : So sanh toa do tam X%, Y cua timg vong voi d6t gbc ¢ sat mat dat s& xac dinh duoc do
nghiéng cta cong trinh.
3. B chinh xic cia phuwong phap

Do chinh xac do d6 nghiéng bing may TDDT cha yéu phu thudc vao dé chinh xac cua loai may
duogc st dung. bPéi voi may TPDT d6 chinh xac do khoang cach duoc xac dinh theo cong thirc: mp =
+(@+hb.D® (1)



trong d(’) a - Thanh phén sai s6 khong phuy thudc khoang cach, gdm anh huong cua sai sé do hiéu pha
va sai s6 xac dinh hang s6 K ciia may (voi may TDDT thong dung thi a =+ 2mm );
b - Thanh phan sai sO phu thu¢c khoang cach, gdm anh hudng cua sai s6 xac dinh téc do truyen song
dién gu va sai s6 xac dinh tan s diéu bién cua may. Vi may TPDT thong dung thi thanh phan b =
2.10°

Kh1 do d6 nghiéng khoang cach tir may toi cac diém do thuong ngén (khoang vai chuc mét) vi vay
sai s6 do khoang cach chu yéu l1a thanh phan a, hon nita anh huong cua sai s6 xac dinh hang sO K cua
may ciing sé& bi loai trir vi vy sai sé xac dinh khoang cach chi nim trong khoang tir Imm dén 2mm.
Sai s6 xac dinh d6 nghiéng 1 lan do s& 14 :

Mex = Mey :2mm\/§:3mm (2)
Sai s6 xac dinh véc to téng hgp mot 1an do 14 :
me = 3mm\/_ 4.5mm 3)

Thong thuong tai mdi dlem do nguoi ta xac dinh cac yéu t6 bang cach do it nhat 1a 3 lan vi vay
sai s xac dinh gia tri xac xuat nhat cua vécto tdng hop s& 1a:
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Hinh 2. So' dé6 do nghiéng céng trinh dang hinh try
4. Xir 1y s liéu
Cac buodc thuc hién:
Buwée 1: Tinh toa d6 gan dung cua tim cong trinh theo cong thirc:

013

KR @
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yC:E;yI (5)
Trong do6:

(Xo)i, (Yo)i - Toa do gan dung cua tim cong trinh & doan thu i ;
XGyir Yi - Toa d6 cua cac diém do thuc té trén cong trinh ¢ doan thu i;
j=1,2,..k-S6 diém do trén vong dang xét.

Buée 2: Lap hé phuong trinh s6 hiéu chinh theo cong thirc:

V=AX+L (6)
Trong do6:

V - Véc to s6 hiéu chinh;

VT=V1,V2...Vn (7)

A - Ma tran hé s6 phuong trinh sé hiéu chinh;



XX Yy
Rll Rll
Xe =% Yo=Y,
Al-1 R, R', (8)
-1 X? — X, yg — Y
| R', R |
X -Véctoansd; X' = R,dx, dy (9)
L - Véc to sé hang tw do, L' = R'L, R'2, .. R'n (10) ,
Bude 3: Lap hé phuong trinh chuan theo nguyén ly s6 binh phuong nho nhat:
[VV] = min
ATAX+AL=0 (11)

Buée 4: Giai hé phuong trinh tuyén tinh (3.24) s& nhan duoc 3 an s dx, dy va R.
Budce 5: Tinh toa d6 tAm
Xc = XOC + dx (12)
yo =y’ + dy , , (13) ‘ ,
Lap lai cac budc tir (4) dén (11) cho dén khi sai 1éch x¢ Yc va R sau hai lan 1ap lién tiép khong sai 1éch
qua 1mm thi dirng lai s& dugc toa @0 Xc Yc chinh xac cho doan dang xét.
Quy trinh trén day dugc thuc hién cho tirng doan cua cong trinh.
C6 toa d6 tam cua cac doan c6 thé d& dang xac dinh dugc do nghiéng, huéng nghiéng.
5. Lap chwong trinh tinh todn d¢ nghleng

Visual Basic 6.0 (VB6) la ngén ngir lap trinh nam trong bd Visual Studio 6.0 ciing mot sb
ngdn ngir 1ap trinh rit manh khac nhu: Visual C++, Visual FoxPro va Visual J++. VB6 la phién
ban cho phép ngudi lap trinh sir dung né nhu mot céng cu twong tac véi hau hét cac san pham
khac cua hdng Microsoft nhu: SQL Serve, Access, Excell, Word, PowerPoint, Outlook. VB6 s&
cung cap cho ngudi lap trinh mot bo céng cu hoadn chinh dé don gian héa viéce trién khai lap
trinh ing dung cho MSWindows.

Phan mém “Tilt OV: chuong trinh tinh toén do nghiéng bing phuong phip do toa d6 tir bén ngoai”.
Vi giao dién chuong trinh than thlen don gian, nhap sb liéu tryuc tiép tren nén Windown, chay dugc trén
ca hé didu hanh Windown Vista, tbc do xir Iy nhanh...Nhap cac thong sb ddu vao bao gdm: tén dlem gia
tri toa d¢ khong gian X,Y,Z va phan ghi cha. Sau d6 qua chuong trinh s€ xac dinh dugc cac thong s6 nhur:
toa do tAm, ban kinh, sai s6 toa do tim cong trinh, sai s6 ban kinh va sai sb trung phuong trong s6 don vi,.
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Hinh 3. Giao di¢n tinh dg nghiéng bang phuong phép toa dé bén ngoai

Budc 1: Vao tén cong trinh, nguoi do, chu ky do va ngay do;
Budce 2: Nhap toa @0, do cao tirng vong do va d6 chinh xac hién thi;



Budc 3: Lya chon vong tinh d6 nghiéng (neu khong chuong trinh s& so sanh voi vong dau tién);
Budc 42 An niit Next dé vao sé lidu vong tiép theo va nit Back dé quay lai kiém tra hodc stra lai (néu
phai thay d6i thém hozc xoa dong thi 4n niit Add rows va Delete rows );

Buwde 5 An nit Calculate dé tinh toan dé nghiéng cong trinh va luu két qua.

Buwde 6: An nit Exit dé thoat.
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Ten cong trink: |ONG KHOI CAMNG Gl LAR - QUAMNG MNINH Chu ky do:

MNgay do:
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522.792 715.423
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Ten cong trinh: 1ONG KHOI CANG CAI LAN - QUANG NINH Chu ky do 11
Nguoi do }TRAN MARM TRUNG Moy da: 21-4-2008
[ Toadd timg vong do T Két quia ] H= |30 (m) |
KET QUA QUAN TRAC NGHIENG CONG TRINH - Display
ONG KHOI CANG CAI LEN - QUANG NINH
CHU KY : 1 Accuracy [0.0000 ~| (m)

NGUOI DO: TRAN NAM TRUNG
NGAY DO : 21-4-2008
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Middle result

Result between 2 circles]
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KET QUA TOA DO TAM VA BAN KINH CONG TRINH VONG: 1 (1m)
-

Sai so trung phuong trong so den vi : 0.0053 (m)

TOA DO TAM CONG TRINH BAN HINH

Back

523.8352 | 0.0056 | T11.8181 | 0.0027

| |

| | |

| ¥o () | mXo {m)| Yo {m) | m¥o (mi| Rm | mR (m
| I | I | |

! | 3.7467 |0.002
I

Sawe Fesult

KET QUA TOR DO TAM VA BAN KINH CONG TRINH VONG: 2 (15m)
-

= Add rows | Delete rows |

B 5= |

Sai so trung phuong trong so don vi : 0.0058 (m)

b. Cac buoc tinh toan ‘ké't quad
Hinh 4. Cac budc sir dung phan mém Tilt OV

6. Thue nghiém s li¢u do , ,
Bang 3. So liéu do nghiéng ong khoi

X Y X Y ;
Cao d0 1m (vong 1) Cao d6 15m (vong 2)
1 525.069 | 708.284 N1 1 520.429 712.042 N1
2 522.953 | 708.176 N2 2 525.343 708.772 N2
3 521.284 | 714.558 N3 3 525.004 708.619 N3
4 522.792 | 715.423 N4 4 526.960 713.260 N4




5 526.068 708.805 N5 5 522.362 714.938 N5
6 524.918 715.401 T 6 524.964 715.089 T
Cao d6 35m (vong 3) Cao d9 74m (vong 4)

520.862 | 712.104 N1 1 522.270 712.286 N1
525.228 | 709.332 N2 2 525.045 710.225 N2
524.885 | 709.165 N3 3 524.702 710.006 N3
526.453 | 713.036 N4 4 525.450 712.593 N4
522.407 | 714.388 N5 5 522.534 712.769 N5
525.026 | 714.499 T 6 525.188 712.915 T

7. Xir 1y s6 liéu do ] ,
Str dung phan mém Tilt OV dé tinh toan d6 nghiéng cho 6ng khoi.
KET QUA QUAN TRAC NGHIENG CONG TRINH
ONG KHOI - CAI LAN QUANG NINH
CHU KY :4 NGUOI DO: TRAN NAM TRUNG
NGAY DO : 21-1-2009
KET QUA TOA DO TAM VA BAN KINH CONG TRINH VONG: 1 (1m)
Sai so trung phuong trong so don vi : 0.0048 (m)

| TOA DO TAM CONG TRINH | BANKINH |

| | I~ |
| Xo(m) [mXo (m)| Yo(m) |[mYo(m) R(m) |mR (m)
| | | | |

| | |
| 523.8352|0.0050 | 711.81810.0024| 3.7467 |0.0019 |

- -]
KET QUA TOA DO TAM VA BAN KINH CONG TRINH VONG: 2 (15m)
Sai so trung phuong trong so don vi : 0.0058 (m)

| TOA DO TAM CONG TRINH | BANKINH |

| Xo(m) [mXo (m)| Yo(m) ImYO(rg)l R(m) Imll? (m)]

| | | | |
| 523.8449|0.0038| 711.8484|0.0032| 3.4250[0.0024 |
|- ]
KET QUA TOA DO TAM VA BAN KINH CONG TRINH VONG: 3 (35m)
Sai so trung phuong trong so don vi : 0.0195 (m)

| TOA DO TAM CONG TRINH | BANKINH |

| e T |
| Xo(m) |mXo(m) Yo(m) |mYo(m) R(m) |mR (m)

| | | | |
| 523.7834|0.0125| 711.8540|0.0109| 2.9117|0.0082 |
|- |
KET QUA TOA DO TAM VA BAN KINH CONG TRINH VONG: 4 (74m)
Sai so trung phuong trong so don vi : 0.0091 (m)

| TOA DO TAM CONG TRINH | BANKINH |

| | I~ |
| Xo(m) [mXo(m) Yo(m) |mYo(m) R(m) [mR (m)|
| | |- I I |-==-=]
| 523.9337|0.0054 | 711.6322|0.0057 | 1.79530.0039 |

oo e
KET QUA XU LY SO LIEU QUAN TRAC NGHIENG




| | DOLECHTAMSOVOIVONG1 | GOCNGHIENG | HUONG NGHIENG |
| STT | | SO VOI VONG 1| SO VOI VONG 1 |
| | dX(m) | dY(m) | dS(m) |Do PhutGiay | Do Phut Giay |
| |

| | | |
| 1| 0.0097| 0.303| 0.0318| 0 7 49.13| 72 15 59.20]|
| | | |

| _____ |"_ I | | | |
| 2| -0.0518| 0.0359| 0.0630| 0 6 22.33| 145 15 57.17|
| | | | |

| _____ |"_ | | | | |
| 3| -0.0682| -0.0018| 0.0682| 0 4 20.59| 181 32 38.29)
| | | | |

| _____ |"_ | | | | |
| 4| 0.0986| -0.1859| 0.2104| 0 9 54.41|297 56 14.25]
| | | | |

|-----]--- | | | | |
KET QUA QUAN TRAC NGHIENG VONG 2 SO VOI VONG 3

| DO LECHTAM GIUA?2 VONG | GOC NGHIENG | HUONG NGHIENG |
|- | GIUA 2VONG | GIUA 2 VONG |
| dX(m) | dY(m) | dS(m) | Do PhutGlay|Do PhutGlay|
|

e .
| -0.0615| 0.0056| 0.0617| 0 10 36.76| 174 48 57.18|

e |
KET QUA QUAN TRAC NGHIENG VONG 2 SO VOI VONG 4

| DO LECHTAM GIUA 2VONG | GOC NGHIENG | HUONG NGHIENG |
|- | GIUA 2VONG | GIUA 2 VONG |
| dX(m) | dY(m) | dS(m) | Do PhutGlay|Do PhutGlay|

| |
| 0.0889| -02162| 0.2337| 0 13 37.14| 292 20 41.67]

| DOLECHTAMGIUA2VONG | GOC NGHIENG | HUONG NGHIENG |
|- | GIUA 2VONG | GIUA 2 VONG |
| dX(m) | dY(m) | dS(m) |Do Phut Giay | Do Phut Giay |
| |

| | | |
| 0.1504| -0.2218| 0.2679| 0 23 37.00| 304 8 11.75]
T |

8. Két luan
- Quy trinh do trén d dua ra cac bude thuc hién viée do xac dinh toa d6 cac diém trén ting vong
ddng cao mot cach don gian;
- CO6 thé kiém soat do nghiéng cua cac cong trinh ¢6 hinh dang tron véi s6 diém do trén ting vong
ddng cao it nhit 1a 3 diém (tot nhét khoang 5 diém dén 9 diém) va khoang cach giira cac vong dong
cao kiém tra khoang tir 10m dén 15m;
- Nhap s6 liéu do, cac thong sb va tinh toan két qua trén nén Windown thong qua phin mém TiltOV
rat don gian;
- Ket qua tinh toan cua chuong trinh d& dua ra dugc cac thong sb vé do nghiéng, hudng nghiéng, sai
sb toa do tAm..cua tirng doan hay ca cong trinh va xuit ra file Word dé dang trong in an;
- Pé dam bao an toan khi do cac diém trén cao va khi cin ting tién do, nén sir dung may TPDT co
ché do do khong guong trong qua trinh kiém soat do nghiéng cua cong trinh;
- Khi sir dung ché d6 do khong guong cia may TDDT nén dat may cach dbi tuong do mot khoang
cach vira phai va tuong di vuong gbc voi ddi tuong do.
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