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PHUONG PHAP TiNH THE TICH KHOI DIA HINH
THEO LUOI TAM GIAC

NGUYEN QUANG KHANH, Truwong Pai hoc M6 - Dia chdt

Tém tat: Noi dung bai bdo trinh bay gidi phdp tinh thé tich khoi dia hinh théng qua mé
hinh s6 dang ldi tam gide (TIN) ciia bé mat dia hinh thoi diém dau ky va cudi ky. Trong dé
sw dung cdc thudt toan tam giac hoa bé mat dia hinh; ndi suy do cao diém trén mé hinh sé;
bién tdp, trinh bay két qua tinh todn tirng tam giac dia hinh va tong hop két qua tinh true
quan trén Excel. T&c gid da xdy dung mét chicong trinh phan mém thwce hién cic bwede tinh
toan Va tién hanh thwc nghiém voi dir liéu cu thé dé danh gid so sanh.

1. it van dé

Tinh thé tich khéi dia hinh 1a cong viéc
thuong xuyén phai thuc hién cua cic don vi
hoat dong trong linh vuc k¥ thuat. T két qua
tinh thé tich, chung ta c6 thé xac dinh duoc khdi
luong dao dip trong xiy dung, khdi lugng mo
da va s€ khai thac, dung tich céc long song,
long ho thuy lgi v.v. Trén thé gidi, da va dang
sir dung nhiéu phuong phép tinh thé tich khi
dia hinh, nhung pho dung nhat hién nay 1a cac
phuong phép sau:

- Phuong phap tinh theo mat cit dia hinh:
khdi dia hinh cin tinh toan dugc chia ra thanh
cac khdi nho thong qua cic mat cit dja hinh.
Thé tich cac khdi nhd dugc xac dinh boi mit cat
trén, mit cat dudi va khoang cach giita hai mat
cit. Téng thé tich cac khdi nho s& 1a thé tich
khéi dia hinh can xac dinh. Phuwong phép nay co
wu diém 1a cho d6 chinh xac cao, tinh toan don
gian, ap dung dugc véi nhidu dang dia hinh
nhu:ng nhugc diém 1a viéc xac dinh cic mit cat
dau ky, cu01 ky phai thyc hién trén thyc dia, tai
cac vi tri cit c¢b dinh, thoi gian do dac lau, dir
liéu dau vao phirc tap.

- Phuong phép tinh theo duong dong mic:
khéi dia hinh ciing duoc chia thanh cac khéi
nho théng qua cic duong dong muc. Thé tich
timg khéi nho duoc xac dinh thong qua dién
tich khu vyc kep giira hai duong dong mirc va
cao do trung binh cua khu vuc d6. Phuong phap
nay c¢6 vu diém 1a tinh toan don gian, dir lidu
dau vao c6 thé s dung ngay cic ban d6 dia
hinh, nhuoc diém 1a do chinh xac cua két qua
tinh khong cao, chi phu hop véi dang dia hinh
bién ddi tuyén tinh.
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- Phuong phép tinh theo ludi 6 vudng: khdi
dia hinh duoc chia thanh cac khdi 6 vudng nho.
Thé tich timg khéi dugc tinh thong qua cao do
trung binh ciia bén diém goc 6 vudng & dau ky
va cudi ky. Phuong phap nay c6 vu diém la két
qua tinh todn tryc quan, d chinh xac tang khi
kich thudc 6 vudng nhd, nhugce diém 1a do dac,
xac dinh cao d0 cac diém mat ludi phuc tap,
khong phu hgp véi dang dia hinh c6 do chénh
cao lén.

- Phuong phép tinh theo ludi tam giac: khbi
dia hinh duoc chia thanh cac khdi tam giac du
nho, lién ké. Thé tich cia timg khdi dia hinh
dang tam giac tinh dugc thong qua cao dd trung
binh cta ba dinh va dién tich tam giac d6. Uu
diém cua phuong phap 1a do chinh xac tinh toan
cao, do dac thyc dia don gian, phu hop voi
nhiéu dang dia hinh, nhugc diém 13 viéc quan ly
cac tam giac dia hinh phuc tap, dit lidu thé hién
chua truc quan.

O nuéc ta, phuong phap tinh thé tich dya
theo dudong dong muc, theo mit cit dia hinh,
theo ludi 6 vuong da duge sir dung twong ddi
pho bién va linh hoat trong cac linh vuc khai
thac mo, xay dung, giao thong, thuy loi...
Phuong phap tinh theo ludi tam giac co Xuat
hién trén mot sb phin mém nhu SoftDesk,
Civil3D nhung chua duoc st dung phd bién ma
chi dimg lai & mirc tham khao két qua tinh toan.
bay 1a mot phuong phap tinh toan c6 do chinh
xac cao, linh hoat trong moi dia hinh va don
gian hoa viéc do dac thuc dia do vay can phai
trién khai vao thuc té sao cho truc quan dé hiéu
nhu phuong phap ludi 6 vuong, tu dong tinh
toan nhu phuong phap mit cit va don gian hoa



vi€c tinh todn nhu phuong phéap str dung duong
ddng mirc.
2. Co sé tinh thé tich khdi dia hinh theo
phuong phap lugi tam giac

Gia st thoi diém dau ky c6 n diém dic
trung dia hinh ky hiéu tap diém la P(xi,yi,hi) véi
i=1+n va xay dung dugc ludi tam gidc biéu
dién bé mat dia hinh dang TIN ky hiéu 1a mat P.
Thoi diém cubdi ky c6 m diém dic trung dia hinh
ky hiéu tap diém 1a P’(x’jy k) voi j=l=mva
cling xay dung duoc ludi tam gidc biéu dién bé

Dia hinh d4u ky
Mat P
Tap diém P(xi,yi,hi)

»

W=

Y

Dia hinh cudi ky
Mgt P’
Tép diém P’(x’},y’;h’)

Luéi tam giac dang TIN
mit dia hinh ky hiéu 1a mit P’. S6 luong diém Mat PP’
ddu ky n c6 thé khac s6 luong diém cudi ky m. o Py P ey )
Chia khoi dia hinh can tinh thé tich (nam kep
gilra hai mat P va P) thanh cac khdi dia hinh Hinh 1. Phuong phap luéi tam gide
nho dang tam gidc bang cach tao mot ludi tam
gidc dang TIN (ky hiéu 13 PP’) tir tap diém
P(Xi,yi,hi,h ’ins) & P’(x ’j y’j,]’l ,j,hjns) trong do hins 02 (ayahe)| P1 (X1,y1,h1)
1a d6 cao cua diém pi (Xi,yi) noi suy trén mat P’ :
va hjns 12 d6 cao ctia diém p j(x j,y j) ndi suy trén E
mat P (hinh 1). Nhu vay luéi tam giac PP’ E i P Conh)
duogc tao boi tap diém PP (xk,Ykhk/ k) trong d6 ! b
PP (xyx) = P(Xi,y)& P’(x"iy’i), hk la do cao o Gayala)
trén mat P, 4’k 1a d§ cao trén mat P’ (gom do |
cao do dugc hodc dd cao ndi suy). Voi mdi khdi E
dia hinh | nhy hinh 2, ¢6 thé tinh dugc thé tich o' oy
V) theo cong thuec:
V= hl+h2+h3_h1+h2+h3:|xsp 1 1) Hinh 2. Khéi dia hinh try tam giac
) 3 o 3 - , Va tong thé tich khdi dia hinh duoc tinh

trong d6, Sp 1a dién tich tam giac pip2ps, I=1 +
n (v6i n 1a s6 tam giac dia hinh). theo cong thirc: V = ZVI , (2)
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Hinh 3. Giao dién chirong trinh tinh thé tich
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3. X4y dung phin mém tinh thé tich khéi dia
hinh
3.1. Quy trinh tinh

Quy trinh tinh thé tich dugc thuc hién
nhu trong hinh 4.

cpuén bi 6 liéu
bau ky - Cudi ky
Nhép s6 liéu dau ky
P(xi,yi,hi)

Nhép s6 liéu cudi ky
P’(x’y’3h%)
Xay dyng mo hinh s6 bé mat dau ky
Mdt P

'

X4y dung mo hinh s6 bé mit cudi ky
Mat P’

Ding

Noi suy do cao hj ciia diém P’(x’},y})
trén mat P

v

Noi suy do cao /i ciia diém P(xi,yi)
trén mat P’

v

Cap nhat s liéu mat PP |
PP’ (xx,Yk,hi, 1 k) h

v

Xay dung ludi tam giac tir tap diém PP’
Ludi tam giac PP’

'

Két qua tinh thé tich V

Hinh 4. Quy trinh tinh thé tich
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3.2. Xdy dung thudt toén
Céc thuat toan thuyc hién cac budc trong
quy trinh tinh thé tich nhu trén chu yéu tap
trung vi¢c télchl'rc dir li¢u, xay dung ludi tam
gidc tu tap diém va ndi suy do cao trén mé hinh
sO.
a) T6 chirc dit lidu
Dit liéu tham gia tinh dugc x4y dung gdm:
- Danh sach cac tap diém P(xyihi),
P’(x’jyi,h’}) va PP’ (xk,Y,h i k);
- Danh sach cé4c tam giac A(pi1,piz,pis), moi
tam gidc chura dir li¢u cia ba dinh;
- Danh sach cac canh S(pia,pic) chtra diém
dau, diém cubi cua canh.
b) Thudt toan xay dung md hinh ludi tam
giac
Ludi tam gidc duge xay dung trén co sé
thuat toan Tang tién ngdu nhién [1] nhu sau:
Khi thém mot diém vao mo hinh TIN thi s& chia
tam giac chira diém d6 thanh nhiéu tam giac
nho va thuc hién kiém tra cac tam giac do dé
thoa man diéu kién 1a cac tam giac tdi wu. Do
cac diém thém vao nam ngiu nhién trén toan
mit phang nén viéc kiém tra cac tam gidc nay
duoc tién hanh trén tit ca cac tam giac hién c6
trén mo hinh TIN va thoi gian tinh toan trong
truong hop xdu nhat 13 O(n?), truong hop tot
nhat 1a O(nlogn) phu thudc vao sy phan bd cua
cac diém dic trung dia hinh. Thuat toan dugc
mo ta nhu sau [2]:
Thuat toan TAMGIACHOADELAUNAY(P)
Input:  Tap P gdm n diém trén mat phang.
Output. Ludi tam giac Delaunay cla P.
(1) Xac dinh p.1, p2 va p.s sao cho tam giac p.1p-2 p
chitacéc diém thudc P.
(2) Khdi tao ludi tam giac (ky hiéu la T) vai tam giac
dau tien la p.1p pa.
(3) Tinh toan véi timg diém p, py, ..., p» thudc P.
Forr=1ton
do (*thém diém pr vao trong T *)
Tim tam gi&c ppjpx thudc T va chira diém p,
if p. ndm trong tam giac pipjpx then
Chia tam giac pipjp« thanh ba tam giac.
CANHHOPLE (p, pip;,T)
CANHHOPLE (p;, pipx, T)
CANHHOPLE (p:, pxpi, T)
else (* diém p, n3m trén mot canh clia



Pipip, Vi du canh ppp; *)

Thém céc canh ndi tur p, t6i p va téi dinh thir
ba p; clia tam giac c6 chung canh pjp; va chia hai
tam giac co chung canh

p;p; thanh bén tam giéc.

CANHHOPLE (p, pip,T)

CANHHOPLE (p, pip;,T)

CANHHOPLE (p:, pip, T)

CANHHOPLE (p:, pp;,T)
next r

(4) X6a bd cac diém p. , p2 va p.s va cac canh noi
vGi ba diém nay khoi T.
(5) T la ludi tam giac Delaunay cla tap diém P.
¢) Thuét toan ndi suy diém

Cong thic ndi suy do cao diém P(x,y,z)
nam trong tam giac pa(X1,y1,21), P2(X2.y2,22) Va
P3(X3,y3,23) theo phuong phap noi suy tuyén tinh
nhu sau [2]:

727 — (X B Xl)(y21'231 B y31-221) + (y B yl)(zzl-xal B Zsrle)
!

X21'y31 - y21'X31
©)
Trén co s& do, thuat toan ndi suy do cao

trén mo hinh sé thuc hién nhu sau:
(1) Input. Tap cac tam giac thuéc TIN, toa do cac
dinh cac tam giac va toa do diém P can noi suy do
cao.
(2) Xac dinh diém d6 nim trong tam giac nao.

Fori=1to s6 tam giac trong T
Kiém tra diém P ¢6 ndm trong tam giac do

khong

next i
(3) Tinh d6 cao diém P theo cong thic (3).
3.3. Xdy dung phan mém

Phan mém duoc xdy dyng bang ngdn ngir
lap trinh CH#, nén dd hoa st dung thu vién
LiteCAD. Giao dién chuong trinh nhu thé hién
trong hinh 3, két qué tinh thé tich duoc thé hién
bang so do ludi tam giac trén tép DWG trong
AutoCAD va XLS trong Excel.
4. Thye nghiém va két luin
4.1. Thuwe nghiém
Chuong trinh tinh thé tich theo phuong

phép tam gidc dugc thuc nghiém véi dir lidu
cua mo than Khe Tam, Quang Ninh. Di li¢u
dau ky do dac ngay 01/09/2011 gém 133 diém,
dir lidu cudi ky do ngay 01/10/2011 gdbm 136
diém. Sau khi chay chuong trinh, ludi tam giac
PP’ tao dugc 1a 505 tam giac dugce danh s6 tir 1
dén 505 va thé hién trén ban v& nhu hinh 5, két
qua tinh thé tich timg khéi tam giac va két qua
tong hop dugc thé hién trong bang tinh Excel
nhu hinh 6. Két qua tinh dugc so sanh véi sb
liéu thuc té cua don vi khai thac mo dang quan
ly c6 @6 1éch khong vuot qua 5%.

Hinh 5. So' d6 lwéi tam gidc PP’
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P1 P2 P3 KHOI_LUONG
TG CAO_DO | DIEN_TICH

X1 Y1 VAl X2 Y2 22 X3 Y3 3 bao Pap

1 2327942,89 | 451053,62 | 135,76 | 232791962 | 451057,60 | 135,64 | 232792617 | 451058,81 | 135,32 2,11 16,26 -34,28 0,00

2 | 232792290 | 45104147 | 135,77 | 2327923,61 | 45104536 | 13584 | 2327931,55 | 451040,39 | 135,74 -1,90 17,19 -32,68 0,00

3 | 2327918,80 | 451038,04 | 136,20 | 2327922,90 135,77 | 135,77 | 232792497 | 451034,81 | 136,10 -1,66 17,20 -28,58 0,00
504 | 232787169 | 451042,81 | 153,26 | 2327880,75 | 451043,22 | 150,16 | 232787568 | 451038,79 | 140,44 10,29 19,01 195,70
505 | 2327880,75 | 451043,22 | 150,16 | 2327880,83 | 451037,51 | 142,26 | 2327875,68 | 451038,79 | 140,44 6,62 14,64 96,95
Téng 21337 -80199 | 26085

Hinh 6. Bang két qua tinh thé tich theo phwong phdp tam gidc

4.2. Két lugn

Tinh thé tich khéi dia hinh theo phwong
phép tam giéc trong quy trinh trén da dam bao
duogc tinh tryc quan va do chinh xac trong két
qua tinh. Thao tac tinh toan don gian, s lidu do
dac, vi tri dlem do khong can phai gidng nhau ¢
dau ky va cudi ky ma chi 1iy theo quy tic do
dia hinh thong thuong véi cac diém do 1a cac
diém dic trung dia hinh ¢ dau va cudi ky.

Phuong phap nay ket hop v6i phan mem
tinh toan c6 thé duogc trién khai trong thuc té

san xuat dem lai hiéu qua va chat lugng cho céc
san pham do dac tinh khoi lugng.
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SUMMARY
Calculating volume of terrain by the triangulation method

Nguyen Quang Khanh, Hanoi University of Mining and Geology

The article presents the solutions for the volume calculation using the TIN network of terrain
surface with the beginning and the end of period, it also including the software program to perform
the calculation experimental and result is reported in the Excel file format. This method can apply
to the real volume works with easy using and release the rules of getting survey data on the field.

NGHIEN CUU HOAN THIEN PHUONG PHAP CHUYEN PO CAO...

(tiép theo trang 65)

SUMMARY
The improving research of method that carry elevation from the earth’s surface into the tunel
through vertical well by total stations

Tran Viet Tuan, Hanoi University of mining and geology.

The content of this paper presents the principle and possibility of method that carry vertical
control from the ground into tunnel through vertical well by total stations. In the content article also
inlucdes results of experimental measurements when applying special solution so that transfers
vertical into tunnel through vertical well by total stations.
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