K EMmBESR L®
HO36 F F 1 %K 19999 2H
Journal of the Society of
Naval Architects of Korea
Vol. 36, No. 1, February 1999

99

ZAFE T A 7IHE o8BS £1F AAolxd Be A+ (D)

- AAXNA =29 Mgt

neFr, ws@

MR wil e )

Graphics - part | (Design Aided Program Development)
by
Hyunkyoung SHIN* and Hogyun PARK**

2 o

21127} A Z(VEry High-rise Steel Artificial Reef, VEHSAR)2] &4 387 48 H3lA
3 wdel T2 I8S Windows % (¥ Windows NT) @434 MFC(Microsoft
Foundation Class)2 7]4re 238 Visual C++2 7iutaldch. AFelE Faf vig] 213 ZAAoz
AZE AAY o] FH) BozA FAH Ad oF 2 oA 8 & 7Ms3 she Ay&
NEEY dAEANAEE FESE A BERR ds o] Taaye AMAFgzzad 7ydd
CAD/CAM7I&2e] ®o=2 ik skdo] 7=, OpenCLO]i’Jr—‘ agy golagyE =33}
o Fo we nsldel 33k eug shEA Ve A & 4 gk

Abstract

The solid modelling program was developed for the 3-D representation and analysis of
VEry High-rise Steel Artificial Reefs(VEHSAR) using Visual C++ on the Microsoft’s Windows
% (or Windows NT) based on MFC(Microsoft Foundation Class). Importing oriented-object
program and CAD/CAM technique, this integrated design system which aims at low cost and
high efficiency makes it possible to predict problems and to establish counterplans through
visualizing the construction of Very High-rise Steel Artificial Reefs in advance. Also it is
useful in enhancing productivity. Introduction of OpenGL makes it display high quality 3D
graphics more faster.

A Study on Very High-rise Steel Artificial Reefs Based on Computer
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1. Mo

21417] A Erlend s 98, 8%
A At FA F2Ee U 21E Al
Z(Very High-rise Steel Artificial Reef,
VEHSAR)Y] 44 € A% 589 g8l 530
A RIE7A Y] BE FAHE 2 g9dEA selst
3 BEEly] AR @AM aRle] Hadol A
7153 ok

Tl e “dAtel e A NS )
24 AFojzrt s gto), F2 Zae
Ao} AFolxrt Az - AdHNT, FAlojzxe
3 el dlE] RS ErE ol =¥ Holr)
19763 ol d2eME ZAlxE A& sl
AlZFete] 199 EelE o 1200719 FAlejx7t
AAEA =AU 3o Hov Bxe 7= -
el oz *ﬂ’i}“’ﬂ e, n7Ee]7] wfgo
HBFZFEEZ Azl 23 & - T34AF
2] %@E#— “—H%} T den, disidx A
o] 7Fsd, 2% )°17‘—4 A - ARe =
< A3l AFE ajo|ch
BE ’I‘l‘dv‘?ﬁ ]*1 ’d 157}]‘”—4 CIME& % gt

g A7 =gt i, = g TR
ofll X HFE 1Y~ J|HE o] 8T 7le AL
of x¥3tn e olue] xnFAAAZE 3
%]_j&.)dzﬂ}\]/\ﬂl 7HHL0 }\]7] 7(-32—1{;}1:].:,—/_ 2 _/F_
Row, Mrlpibgehrlaende] d=g & Zo|th
Fol7t 0~40mA = 231 7‘1*]013_*“ &
Tole 23YE Wyt a, FIFole Ak
Zol glom Adide a7E 3FATE FX
7t el gdE 715E 2E 87130 ofxelt
2 =Fo)AE Windows®% (Window NT) &4
AR StollA Visual C++F AHEF Pz}
JEFH|AGUDE T ow, 21% Ao
25 FAIEA, EI AF AEHE 2E
(Module) # 2% H(Beam), H#(Plate)5S ¢
de4r Aoste] FNAHE A, 35
(Top~Down) #21-& *P%ﬁ}oq Ao = «] -:4
BE ZAAsvk 84
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AdE, et
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o|83te] FAlolxe] 2t RAE A 2F wx g
T WA Fo2H x3F FAojx L Yy
(VEHSAR Modeller) & 7W2stdch. 348, &) 3
g, Aoy =iy, gz}t ggzzaol At
HEFOE AMEEHT U= OpenGLE HEFoz
A BT E oY 35S 2 shgch
agn gep EY 2 Al (Parametric
design)®} A A Al(Redesign)”15& F 715}
o BEHE AAAFE Folu HAWY]
7HedtEE ST o8 T3 21 Ao
z9 HAE 9% 7EA2E A grg
F deH, 33 FAHR L HYJAHEE o]
B3t AAEZFHR HolE 5L ANY &

A& Aotk =& HFHE T vig 21
T AAx: AxE HAY Zo] FHE B
cE2H FAHY AMH % 2 gy £y F
< 7hsA e AuE nago] dBFAAA
2988 THie AL SRE 33 g

2157 Aol2 A4 VEHSAR Modelling
a9 54L& 2

© Solid Modelling

© Top-Down Technique
© Graphical User Interface(GUI) 38
© OpenGL AHE- [1—~8].

2. A Aig mad

e Z2ad Hew AN 3 de
U 2 BT FEE 7R dvH2~3).
74 3K Encapsulation)
@ B2 (Information Hiding)
@ < (Inheritance)
® 34 (Polymorphism)
@® )\g/\}-)d ?sol:M-
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class CPoint_3D{
protected:
double x;
double v;
double z;
public:
CPoint_3D(void);
CPoint_3D(double _x, double _y, double
_z);

double Z(void) {retum z};

class CPoint_3Dv /AR E Z2#] Rata 9l
o} & 7|EsAE]] FRREE 7R /e of A
Ho] ofwl HaRIA= & = glth ol #jAde
s AEF  AdAHEE JERliE dass
CGeoObject & THEO|A] o]o] TpAH AZE class
£ =1 CPoint 3DE dlolEH{2 7pzichd 7|&
9 I=E AT F A EHE Aotk
CGeoObject¥ name® ideh= F 719 dlo]HE
ZFA 3 Atk nameolE F-Ae] olFo] XU
idel= FAE vehls 9B Sof7i)

class CGeoObject {

#define CGeoObject_SIZE 11

protected:
char  name[20];
nt id;
public
~~~~~ Z e ~ e~

class CGeoObject <2 class CPoint_3D
& CGeoPoint_3Dz} 3}x}, o}efjef| A} o] 5 7
o} classE& A3 ZH3l AR ANEZE
classg At agn AAAGEI P &
AL Aggod vt 43U Aol 7FEdlA
21=8

class CGeoPoint_3D : public CGeoObject {
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public:
CPoint_3D  Point;

3. OpenGL

SGI(Silicon Graphics Inc.)olA eiEd® =F9
o] 2% OpenGLS ‘az#iy s=gol2 9%
ZEso] RIH#o|x'gla Aol o] k. o] T

OpenGLe] 3xHd efj9.g 98k =2y
o7yt 3x BEHEE e WHYskE 3D
U Ty AXE e} opd g 2onj
. OpenGL2 32H 2298 o] 83l &8Z2
WE vHE7] 913 APLelth o]& OpenGL-S #,
M 53 22 33 a4el "lEW Fo 2aigd
a40 TE HMBYPHE FF ol 249 HY
RGBAR Y7 INDEXED COLOREWel 2J3k A
4o A, vkt 23 ol AA, dax
g 5 3xY ey oo Z|diF 4 9l
= A9 RE S A 9 ol e
2]o]J(Antialiasing), 7l &3 E#9d(Blending),
i A3 (Double Buffering), %A-E-2/(Motion
Blur), NURBS(Non-Uniform Rational B-Spline)
9 aHE7leE TR £ Uk B T2
Al OpenGL®] EAQA HEWH(Double
Buffering)e]2te 71%5-& o|&3te] e Hzls:
=& ZJAZ) Double Bufferingolehs #2 2
dErieel wzeg 5 Mz throlA dioleE
Adsbe A ez OpenGLE AHEHA] gow
AFEY) W2 Ram)E ARREL7] diEo] &7}
oA He=d 9he] OpenGLE ARSSHH 2
B Fh=o) wWiReE AMEElY) Wil &%) &
2 =9, 101

B2 oA OpenGLE AHE-38l7] s

58 dE Eojral
void GLResize(int cx, int cy)

I 2 do b oIm

4n 2

U0

L
T ®LA
=

glViewport(0, 0, ¢cx, cy);
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giMatrixMode(GL._PROJECTION);
glLoadldentity();

giMatrixMode(GL_MODELVIEW);
}
void GLSetupRC(void *pData)

glEnable(GL_DEPTH_TEST);
glEnable(GL_COLOR_MATERIAL);

glShadeModel(GL_SMOOTH);

}

GLResizeOhH= #oe 9x%9 ITldE
do] Unle} Folg Hdsidr WM SIZEIS
Zlof o8 TZEHe Folvh VM 7Y EF
I REEES HAS] H3 AAde] 48F
e} OpenGLelA #F38hs glMatrixMode()2h=
e oW ¥ A=(GL MODELVIEW,
GL_PROJECTION)o] &% 2¢lol] AHg-He# 2
Asked] AHgETh o] el AlRshs PBRE=
A& v o] GLMODELVIEW: AH
LuAEEZ Fried AMEL Gl PROJECTION

=2 o

o

& 2YY 285 Aolsker gk

S8 GLSenpRCOZH: ¥4 ANy 29
~EE 27|83k AR Btk of ¥4
A wiEate HPATE BYIYE 87

st Bae ARl o] o|FojxE Folth9l.
4. 5tgt2|(Top-down) 7Hd

FEe) TS ATANN AT FEY
Z2aYse FEEL P Asel 5T 2
4% goog wdFs e AEe] ygom
BE 2 o8 W7k 4R (bottom-up) 4

(node)-& 443t

A%tk olejd =t

)
o
T oo

TEE AARES
(substructure)®] H*&
d YxE AAd) =

otk Agkubals- AP AL HIYE A
Aete] EHo=RE HIEYS FEHof
ddo] RAEL Ao} 317] el B2 =¥
7 A7 Zofstool b sharAbAle AdlH
o2 g A7 ZHE 7| 4 Utk Figld
A HXo| HW(plane)Ee ZFo g FXES ¢
HH B AE o A 2A5L HHE
o] Wl o3t zeHoR F& £ Qvh 370
o] Ho| Mz WA o 1 IAH(Fig3 o=
HZ(node)o] BAEH 2718] HHo] N2 mApgd
] 2 @A}HA(Fig.2 and Fig4)2 & 2.4 (element)
£ AAse stk galo] ARR-EojHTH11]
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Fig.2 Intersection lines
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Fig.3 Nodes

Fig.4 Elements

5. HIOIE+=

o] 742 ARE HFE el 75317 98l
AME dolEE Fx3lsteiol ghr12~14]

AA~ES niRlo R st vpztge e
o} class Nodet &8 o5 AR AEZRA dlo]
B A 2pae] oH& ThTle « preve} 2ale]
g2 7lelde +next® § F 709 addressE
744tk z2el3 class Pointy: x, y, z9 #Egk v
& 7tk

class Node{

protected:
Node *_next;
Node *_prev;,

public:
N - R

Node *remove(void);
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class Point{
public:
double x,y,z;

double length(void),

#1e] ¥ 7h9 class® & wot class VertexE
HEo] class Node % class Point® &3t & 9
Al el

class Vertex:public Node, public Point{
public:

Vertex():
Point(ident,x,y,2){}
~~~~~ ZEF

friend class Polygon;

I~

class Vertex™ class Pointol| Al x, v, z 4% &
8k, class Nodeolli= address& &33hct w3t
friend class® class Polygong Ao F class
Vertex®] B 71585 AHE F A st

class Polygon{

private:
Vertex *_QOutVertex;
NNNNNN S
¥

int get_angle_num{);

class Polygon class Vertex5-% o=

2E(Doubly linked list)”} =% class Vertex2]
class Node®& %2bsld, x, vy, z9 #2 class
Vertexoll Al x, v, z8 && d97AF o, class
Vertex7} class Nodeol Al BRE JdAFA &%
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6. A8 A (Primitive) A2 ¥ E3

Al nYAE| YR E(Fixed  Offshore
Structure)2 iR 9F, E 3 2 ged
Ao g o]FojA Q)

AL AHCylinder, tubular pipe)S UFE che]
F 79 WX E(radius], radius2)3} 1 Ale] ZHol
(length)2 A& & ity X3 H(beam)= &
(width), ¥ol(height)e} ZHolZ Hol& 4 itk

Aot 2 G 248 AF 2 A (Primitive) 2t

Ny

Fig.5 Primitives

oldl ¥¥2AEL 77t F4(function)E A
o] it} olwl H(beam) & FA Y &
AR FA(Circle)& HIFEA EdHee o] &
7Festnz Adat Aokzhge] wauzh 999 ol

FEE 28-S Fdo=m sk AR

AolA ek AP b ARE A sy] Ao
AT = (record)?] "E(fiedd) e o o] A
AR AAAHRE Zherh

schA

Type : FEFF

: % F(Cylinder, tubular pipe)
3 R(L-Beam)

: *P—?ﬁé H(Rectangular-Beam)
: 13 HE(I-Beam)

: T¥ BE(T-Beam)

[ 2 I S R e

Dimension : &&& 2437 AF A
dimension 1 dimension 2
tubular: A1 2H4 )X E-(Dial) E32 AE(Dia2)
L~Beam: Z(width) o] (height)
Rect-Beam: & width) %=°|(height)
I-Beam: Z(width) =] (height)

2
(o
o
=
ol
il

T-Beam: & (width) Eo|(height)

921g Uehie 2l (Pointer)

7. Z1EZ ’HIWE(VEHSAR)QJ HAX]
PTEAI - T2 Y
1. ZEA

HEAE offoh o] HAsATh

AR, T, sl JlsH Awel 49 it

Mz tz2n 7REo] Ax iAo Bxs)
7] ol AdA(Redesign) S HA & + U7
Az Fig. 734 o] ARTE, TIFTE, -
TZ2 Yeth

3. A8 LA (Primitive) &

SIYRE AL AW 9 5

]
sl e A7A|(Parametric Design) 71%<
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Fig.7 Selection of a elevation

Fig.8 Input of geometric Information on
primitives

7.4. 884 71 (Top-down Technique)

@ Planes (Fig. 9)

=9 ¥ E AAsle] PolygonES wlx|gc
@® Lines (Fig. 10)

PolygonE°] "+ intersection linegS &o}
WA 2™

@® Nodes (Fig. 11)

line®} line] whie HE zohlAl adch
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® Elements (Fig. 12)

Linked List& ©]83l%] Node®} NodeAleloff A
shshby dAzic) o] uf gddd A
b3} Identity, Names, Material, Member Type
ot

to o% wlo

Fig.9 Modelling planes

Fig.10 Intersection lines

Fig.11 Nodes
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Fig.12 Elements Fig.15 Lower structure
7.5 B2 X 4d 7.6. Solid Modelling
Zt RRgz2g AN Ao oL 2. Primitived] 338t AAREE °]83lo 7

FETEe FAE T8 A a2 ted 2o

Fig.13 Upper structure

Fig.16 Solid modelling

Yre Huig 19e et en

Fig.17 Parially zoom |
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L0+ Letstistshenun = 2460, 00¢100, 06109, 80+10.06+ 087800 B8+190
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12 - Loieeteanum = 2250, 06+180. 00100, 501006 983600, 0Beb05
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Fig.18 Partially zoom 11 Cf 2 LD Diae Diastenum = S56.00¢ 32,06 .86 113861.050 25
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7.8. XA A (Redesign)
ka7 7ro] Z} Primitive®] Member® -8 ¥

% (number), ¥/d(type), & (material), 2157} % AR FRE Holg AR A ¥ A
3 E¥HRE 7% ¢ Sl FPZES ] 2de] & £ Qle AgAA Jse

g :m  THBIGATE

Newber Number  MesberType  Material Vidth(futer Bianeter) Weight(Iner Diameter) Thickness Leagth

i 23 4O sy

' U] ] 10,000 0000 FNT TR TN 1)
1 1 b 19.000 .00 N 2RI
9
" 1t N 10,0000 19000000 0000 26000000
[ It ] 100000 18000 0000 26000000
g
m 12 ] 100000 1000008 w2500
m 12 5 19000 10000008 e 225000
m 1 5] 10000 .0 . 250008
34
[ ] a .00 10 L NN
"7 1] [1] 32.00 1.0 Lem 233370163
5Y
1152 3 ] 750080 75,000 [T RN T
1153 i 0 15,0008 75,000 [T TN
N
1% w I 1400004 10008 W 167500 1 f tot n
10 u 5 1900004 .m0 T 1412500 Fig.19 Input o al lengths
54
e 53 ] 150806000 L [ TR Y T N .
" P " 5.0 L L 5w TFEo] ZolE WHIAAH Rd"S 3 Ax=
32
1350 3] 1] 2.0 (X Lam 550. 000 q\_o 3 13
1251 3 [ 2.0 LN (X Y] =3 2

Member number= Member®] I ¥3oji
Member typee Zolet @] Aol waha] o
Tk @] Aol LI A LO~LA7HA,
d¥A A= 0~C271A otk nglm AAH
(materia)& S0%1 -5 ZA(SteeD ol 1, A0
3%+ 4505 (Aluminum)& YERH Holch

9] ARof| ofale] thEa} e A EHE 4 5 0k

L0~C2& ZHeols} Aol wel vl Member
Type2 YERA Zolx, L, W, H, t, O_Dia, IDia,
A nume 73ZF BAje) o] & spol T 97, Fig. 20 Solid modeling
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