; e3e\ x\’uTL8H6~T THE | NVENTION 4 July 2002 A 3-D structure
desi gn«syst emmmmﬁﬁmmmg designing 3-D structure and a recordi ng nedi um
readabl e by a ing a program al l owi ng the - conput éduly2@02:cut e
t he.met hod recor dets®fier ei n BACKGROUND OF THE | NVENTION 1. Field of the

I nventi on The present invention relates to a concrete-nmade 3-D structure

design system conprising a fPPE OF T8IE ISNENTIGN! | ng, a nethod for
designing the 3-D structure, and a recordi ng nedium which is readable by a

conput er aﬂ%-bﬁﬁtg%ctﬁfr@%@% f‘gi?%g%xﬁ?g nh B0 By ﬁ@éigﬁiln?né-g’ftrh@ﬁuﬁmé_eg to

execute the ne Mor e arly, the i1 nvent ates to a

structure I ] | i r]ﬁ%(% pre s
structure g%?#%glg?ﬁ esl gﬁagﬁewﬁﬁdﬁbﬁ%& heégggéggﬁ%gﬁéﬁlth%am ngs
and the quantity of the structune .to be obtained by designing the

concr et e-‘n‘é%p‘ég%%gﬁxﬁﬁ‘f%rt egfpﬁ@[?gcfeﬁgrdf%c%r%lnobj ect fromthe very

begi nni ng and associ ating quantities calculation. 2. Description of the
Prior Art Conventionally) in the design of a concrete-made 3-D structure, a
designer inputs a basic ' i.ng. | ) ijensi on CAD system upon
the request of a struct uﬁg%'ég@&iﬁﬁbag&ﬁ%&ngﬂﬁd desi gn draw ngs on
the structure wth a request of the structure client applied through

t wodi mensi Bff@mbogvﬁ@ﬁ%wnnanual wor k and each kind of quantities
calculation is read and prepared fromthe draw ngs whi ch have been

prepar ed. Furt hebhepresent inyentiaskelafesite a epncaetermade 3-B stistereanged, after
4 Ju]y 2002 the information on the ground surface which has been prepared
with the 2desigaBystes eempuisutmdfledr, xweH aida ceflinguarmethodsforal cul ation is
perfornmed agai n. Consequently, the drawing prepared by the 2-D CAD system

i s producedesigmiohgntdxeRMastirueture,adnda racor dimgnohedivin wehichris seadalde bych

computer and has a program recorded therein which allows the computer to
execute the method. More particularly, the invention relates to a 3-D
structure design system or the like which remarkabl;é shortens the structure
period of design and which allows the accurate design drawings and the
quantity of the structure to be obtained by designing the concrete-made 3-D
structure grasped as a cubic object from the very beginning and associating
quantities calculation.
2. Description of the Prior Art

Conventionally, in the design of a concrete-made 3-D structure, a
designer inputs a basic design drawing into a two dimension CAD system
upon the request of a structure client and prepares detailed design drawings
on the structure with a request of the structure client applied through two-
dimension CAD system and manual work, and each kind of quantities
calculation is read and prepared from the drawings which have been

prepared. Furthermore, in the case where the design is to be changed, after
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transcyribed on a separate sheet of paper so that the summ ng-up cal cul ation
i s performed. However ) according to such a nethod, there arises a case in
which the digital data of the 2-D CAD drawi ngs are not refl edtuly 20020 t he
gquantities cal culation and nat hematical values indicated in the CAD
drawings are not the sane with the quantities calculation. In many cases,

i naccurate quantities calgculation for ns_are prepared with th esult that
there arsetéledn&rgmtwn Onhe ground sukdagn pdieh has been BERR3YE Wi thRdeki ng the
val ues and correcting wong values, In particular, in the case where a
change i s PégtDisystare igekanged; na@lugmthog@wmm cddgulation wsmerfamest ur e
client, there arises a case in which a |large-scale correction work is

requi red sagainasCohseqpumnthy the dravingprepaped bythe gsDdhiDt systers-isal cul ati on
of quantity values. This will lead to an increase in the design cost, a

del ay i n tpreddesd, gmdommithematical vilassbirsfemt with avndan’s bges@sdil t of t he
quantities calculation and as a result, confidence fromthe client will be

| ost. Fur tthansoeild apaseparabkhe@ifgidpen¢e thadtlRxaanhiiag-s ealecelationed for
the check of the normal structure design. There is also a problemthat a

| ot of tifggpapdrmagor are required to prepare products free fromerrors to
be delivered to clients. SUMVARY OF THE | NVENTI ON Therefore, an object of

the present invedv @iy gcdofdiRgA¥ishehd Brebhdd, théreliiYes?DBdsSin whidH € desi gn
system and a nethod therefor i'n which a concrete-nade structure Is grasped

fromthe %B@Ei@i&ﬁ%@&%ﬁh@%b%‘mﬁaﬁn% %&'ﬂn& f’élie%géd uﬁc_n?gﬁge“ of the

desjigner along"wth a change in design s alleviated, ficient

| nvest | 9okl BRAR01 AR A3pRATRLEMRIRRM itk h ST ABNe Tesul ¢ of

t'the quantities calculation s autona arned he conpl etion
oL e, e R55ks s B DL ol BRI oSBT
e G QB R B oy B SRRSO o
B e R R T N R S
values and correcting wrong values. In particular, in the case where a

change is made in the design through a consultation with the structure

client, there arises a case in which a large-scale correction work is required

such as the correction of the CAD drawings, and the re-calculation of

quantity values. This will lead to an increase in the design cost, a delay in

the design period, and dissatisfaction with the result of the quantities

calculation and as a result, confidence from the client will be lost.

Furthermore, considerable experience and expertise are required for the

check of the normal structure design. There is also a problem that a lot of

time and labor are required to prepare products free from errors to be

delivered to clients.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide a 3-D



3-D structural data search neans for searching data on a portion between
menbers and data on a connection between nenbers on the basis of the input
data on the concrete-nmade structure) checking an interference4dulyt2082

bet ween nenbers, aligning nmenbers through the check of the result of
rivaling between nenbers, automatically adjusting the overl appi ng of

nmenbers ang, s chi t he .l nput, dat el . 1 to the
concrete- ng élgg"preu%et%mgy%%@yarb%gﬁ? ?“thggstﬁg{e%&cﬁl ﬁ@gﬁ?@ 8&80%%?'% (g%i ng each
of the quané.it'{e.s .of concrete, .forns, arll)d tinberi ng %Dth .copcr t e- made
struct ure; SHHGTHEIS Brashedfrony thestep ph basAeE™hES 2iotHlEPPICRl & sear ch
result of each neans such as.a sum.total sheet, or the. Jike. ,Furthernore, in
t he invent gBh‘EI"arbega‘tﬁ 1gnpralgnganth 3 chagge iy design,js alleyiatedya 5002 obj ect
is attained .providing a 3-D structure desigp, systemapd a net hod

t her ef or ﬁ%%%%l@ﬁﬁ%&ﬁmnsxs@adéaﬁtsnowﬁlpoafilﬁlﬂ. a5 d; %‘&gema%t Br
inputting data such as ground -quality data and data such as the

i ncl i nat i oresawhgplethef qeantities eadcretionlis automatically ohained aftestheut omati cal I y
calculating the quantity of drilled ground and the quantity of the residual
buri ed gr ocompktionhef therdesign ¢fithieustivnture) ddegcauhd sharedwith othevf -
constructing a concrete-nmade structure by using data on the concrete-nade
st ruct ur e; design eepbbtmaits, audahidtt@apseat bb madnt freventarwhs ngthde
quantity of drilled ground by displaying in a 3-D manner the drilled
surface frassigattherdofai ned with the earth-work draw ng input neans,
decgnposing the drilled surface into a square pole) a square cone) a

triangle cone anm gh isvéntiogocobdiddgaolclaiffal @d ke aboeabbieteise vol unes
t hereof, and searching the quantity of drilled ground) the quantity of the

resi dual gﬁﬁuﬁ%mpi(h&dﬁ%ad‘@m ¥tiRfctdleed daigd SektemoMidl aliMe oAl thli&far ! he
ma

vol unme of the concrete- e structure which cones under the ground surface
on the bas{&gﬁstéﬁecoggglgiﬂg_l configuration of the concrete-nmade structure
searched in v'™- claiml and the input data. Furthernore, in the invention

ding to cl aidm j  ARAVE Wb B Ol a DG tNRDELOR the 2t t ai ned
according to ¢ gqegﬁsuﬁpﬁf‘ﬂxeﬁ}xsgeemgﬁﬁisﬁglggsgh%ﬁx@ﬁaé%ﬂh@é%g&% the attaine

by providing a ucture Si m and a nethod therefor, the

system conpy,i,fd iy é,f?fl QJ%%%QE?%%%&MHE%%S for inputting the nunber

of reinforcenents-a arrangenent thereof peculiarly required
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between members and data on a connection between members on the basis
of the input data on the concrete-made structure, checking an interference
portion between meémbers, aligning members through the check of the result

i - of rivaling between members, automatically adjusting the overlapping of
members and searching the input data on members as data conforming to
the concrete-made structure;

body quantities search means for calculating each of the quantities
of concrete, forms, and timbering of the concrete-made structure; and
result display means for displaying and outputting é search result of

each means such as a sum total sheet or the like.

Furthermore, in the invention according to claims 2 and 5, the above



4 4 July 2002 reinforcenent, the length of one reinforcenent) and the
nunber of reinforcenents regarding all the nenbers for which reinforcenent
arrangement is done on the basis of the information from the 4ahdy2002t hod)
preparing a bending list on the basis of the search result of the

rei nforcenent data, and further calculating the dianeter and the nunber of

rei nforcengnts, requi.reqd,for the co te-made structure) and th i ght of
e whol o TBPR5rULHERL by R ke e G e S dEofeR Wooe ANGe lHehPY Slch
that an opgratjon.is realized wi.th a conputer by rendering a program
readabl e bynE¥REX; Hie 3yt COPMIIYNEhe et hod clainmed in clains 4 through 6
in the programwhich is to be executed by the conputer. In this nmanner) the
present inventi tprtwvark dravang igeut meapsforinputiing date sueh gsgrepndyst em a
met hod therefor as wel| as a recordi ng nmedi um which is _readable by a

conput er agealitysdatapanshdata sushoasidre ingkinatian wmighe ofia [dgilled marmadnput er to
execute the nethod are provided, the above system enabling the realization
of the dessupfacs oxt the lihanfor svdomadicaly rcabtwlatingtble yoangdipof drilled cal cul ati on
in a short time accurately and sinply without a - experience and know edge
on a speci giouny ad thequaitigess thie rebiduad bunjed: grdand, attthe fortian bugiddandl i ng
of the change in the design, and a renmarkable alleviation of a burden when
desi gni ng tuhéeigeoe @ e th@tien sdf domlstinrtingRl &dn oGl é st cbineTlijEu BIRAW NGS
Fig. 1 is a block view for explaining a structure of a 3-D structure design

syst em acc@itdi sigthdcdteetRBa@O btrvakeR: agd. Fig. 2 is a nodel view for
explaining a schematic structure of the 3 0 4 July 2002 D structure

desi gn syst em acLRiiligk lfahBiRidR Ra8H mdangToi &hrching: 3 is a flowchart for
designing a concrete-nade structure according to one enbodi nent of the

present i [T oK . o VIS (A raqgrjfp- i -1 6l £ i : structure
desi gn sy%ﬁd@ﬁgyd 'S éinéré’?& a aﬁsg?]%g\f}vn?h%%%ﬁgegéé??g%gpe of a

bl ock. Fi @ 1.Spe. | i A j ig. 7 i
B ook o Suafal 0, SRRt e SO DR R el 0, 71 @
fl hart . .Ei - ] . f { f it t.
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searching the quantity of drilled ground, the quantity of the residual ground

and the quantity of the buried ground by searching the volume of the
concrete-made structure which comes under the ground surface on the basis
of the external configuration of the concrete-made structure searched in
claim 1 and the input data.

Furthermore, in the invention according to claims 3 and 6, the above
object of the invention is attained by providing a 3-D structure design
system and a method therefor, the system comprising:

reinforcement data input means for inputting the number of
reinforcements and a method of arrangement thereof peculiarly required for
each member in the concrete-made structure input in claim 1; and

reinforcement quantities search means for searching the shape of



A 3-D structure design systemaccording to the present invention and a

met hod therefor will be explained on the basis of the drawi ngs hereinafter.
As shown in Fig. 2) the 3-D structure design system basical | ¢ Jubyn@00xes a
processing unit (conputer) 1 attached with a central processing unit, and
menories such as a RAM (Random Access Menory) constituting an internal
menory and a RC Rea I ry)...ah additional, disk .2 conprising a hard
ok, o pHSTHOER P i A O rere ot AT B ShE e ce 3
conprising a keyboard or the Iike, a displ device .4, such as a col or

i spl ay dSPRIGIGRMENS lﬁgﬁ’éA}ESﬁ&fﬁﬁ%@egﬁ?%(@%W%%m%) and an LCD
(Liquid Crystal Display), and ap qutput device 5 conprising a printer) a

pl ot't er oraltrnagqamﬁéf mgmlea%%e Basts of dhenigrmrtion feemtheaboge methpdd of
_programand G ' 4 July_ 2002 each kind of data required for processing each
program tiveppriograberdingliston: the hnsivekihiernpaueh result of ther ve as data i nput
nmeans) 3-D structural data search neans, body quantities search neans,

ear t h- wor kretnfavéemgentngath, andferthea calewhating thediametes andathemurebers)f

rei nforcenent data input neans, reinforcenent quantities search neans and
sear ch r esuinfoséenpérity rogaired dor theecdrickete-thade siranphre, and the weaightof whi ch
allows the processing unit 1 to serve as a 3-D structural data designing
means) a phedvldleatiifbrediditst ructural data search nmeans is nenorized for
not only searching the 3-D data of the structure and recogni zi ng connecti on

data between bl gcksordivl AbdiRinddb@¥8in £l dl¥in Tdgisteh dRat M OpEAItash ROT tion
of plocks through the result of rivaling between blocks) and adjusting the

| engt h and-ehfigedisditha @bmphgeByB& i deriBe s ip¥6svard ¥edd sB16 Hyafihohine byl | ows t he

processing unit 1 to serve as a 3-D structure data recognition neans, a

program ofyebfig Q@B{? fLRRSd El'a“:’ai%lea‘%ﬁr&élrr{?@ﬂ%rdu%hr@B’:Pﬂilezﬁfhgfrﬁfn WRi@f {3 i ng

n
specifications peculirar to a the concrete structures searched by the
program g \b%! ﬁeﬁq) &; cQrea of each nenber and a volune of a space
partltlone8 wt% the @r@grs n the basis of other nenbers data.

Furthernore, t h??ﬁgﬁvﬁgﬁgggt@%@%ﬂﬁ%v@{{? erfiirsréaﬁia&fﬁ%gﬁﬁ“:ﬁat% 3t_ he whol e

concrete-made s ur resu ers qu tres

" ecor i g IneR oA EES b & R AR RE AR D Bhbed R ARNEY, °

data are NoRAn i Foe Y L Qb golihes § o el iBlorh SGub st ABA o mor
Gi sk 2 by WovaceSriplek PEARRuS e SRReS AR BR TRPT ke Esbiol o ™
St uct ur ahaRLReghe FRus BTt Henigh O heRapErRh e R el R Anbe 7 o g1 am
of "t ho. quANBPRLGS CBER 80 @SBl A ER AR AP AGISG A ng e

result conformng to ,the quantities aon the design draw ngs.. Furthernore,
t'he pr oceSEPAgeneh and Rawledea o p sBROBHLY %ﬁaﬁir%ﬁ%&%@fn jepBf datoh romber

and the re] ationship hetween nmepbers,. on the basis_of eac ta of the

concr et e. (aadesihiabig ngwgﬁbeﬁﬁgn%w arﬁ)gwa@v%@aa;ewgag rching the
constituent. el emrents of the whole concrete-made structure, and a contact
surface baél\gEtioneefiiburdesywhen;designing the conaetesmade siature.r ecogni zes t he

coordi nates of each nenber of the concrete-made structure, and searches an
area of a portion that contacts other nenbers.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is a block view for explaining a structure of a 3-D structure
design system according to the present invention.

Fig. 2 is a model view for explaining a schematic structure of the 3-

[}



Furthernore, the processing unit 1 has earth-work draw ng input neans for
i nputting ground quality data, the relationship between the concrete-nade
structure and a ground | evel, and earth-work data such as inéJuha2002n of a
drilled surface as well as earth-work quantities search nmeans for searching
the quantity of drilled ground on the basis of input earth-wrk data, and

searching the vol u uantity which.is ried underground in the structure
from dat a Iéﬁ%tl}‘l’gu)fon%‘?ﬁgg%gﬂﬁt@é} gg%gglgsqoﬁﬁgtmpge%&vggﬁgnbn t he ground

| evel . Here, the_.search antity. of ground is handled as the quantity of
residual gr oundi?‘& 15 & Oﬂ%éégtqrrﬁ?s%‘i?{‘gf%%@tﬁ%a‘ée?‘ﬁ'%wl@n of

determ ning the quantity of the byried ground. Furthernore, the processing
unit 1 ha@%lrdamsrteen:emnb@menﬁﬁﬁth%presangm\gﬁnémz means for inputting
required reinforcement data peculiar to each nenber of the concrete-nade
structure via tAégihing medel vievwsofelaments inctherbPosinueture designisystemear ch
means for searching the | ength) the shape, the nunber and the weight of the
rei nf or cenent ofighleisals explanation viewshomangfadvasiereinapeadeft abloehy t her nor e,
the processing unit 1 has a function of displaying on and outputting on the
di spl ay devi ce Fig Gissamerplandition vigwathowing aanemdieesratte. st r uct ur e.
Furthernore, the reading device has a function of reading a program

menori zed in redygdl itga Medichast foudhe generadtion of £BefRgHfde. the |ike into the
additional disk 2 via the processing unit 1 on the basis of the program for

readi ng whi ch t Ifigg 8 ROAR B timatBIPlowathrtn the additional disk 2. The
recordi ng medi um according to the present invention is a recording nmedium

such as a FD, apgP-dyM fowichart fokthb Ar¥dHgeth e tRIf e0feditfok&eni&et0r ded for
allowing the 3-D Structure design system(a conputer) to serve as the above

data input ”Eanﬁ%.tﬂﬁis%rpoﬁéﬂdt%%ﬁhgGﬁhﬂeﬁ%ﬂ St WRAMSs pRreprddUspt i ties
search neans) earth-work drawi ng i nput neans, earth-work quantities search

means, T ek § TP ftile HRBEh SRAMT aclRUHPL AN BERVeHoRear oh means

i ncludi ng the preparation o esi gn draw ng I spl ay neans

for displaying thBHWpTMNr@fpﬁmp:@ﬂlhﬁjg)t BOhiMENTPe expl ai ned one

preferred enbodi ne a nethod for Sea e quantrty of the

SESELEE?ASE‘%GtE lr%? Yo P el SREUHACRATE (£ fiohl A tt’?mﬂfﬂgif e
_ _ _ _ L
St et or o el pie Y PheRed Be Bl SORTHE RSB BE MG 0lei gn System

accordi nghte(x?ei:[ngf enbodi ment, the nenbers data of the concrete-nade
structure 157 ptﬁf'in the beginning (step A), the 3-D nodel in the

t e- mad t . S, h t basi f dat he i t
Concr ot o-mmde st apptran SR Bje S 8tpkis BN Pt teRBS el of
th hed t e- made st t ' hed t he basi f .the si
of each nENBRFISG crigeesSiig Baik Comantey LaHPRE VR L ER 5T HIPEH veen t he

b t O, Sub ly, t h- Kk titi hed b
mput 1 ng e 2EHATAREHS S0 b BAM (Ehedipichcodd MigmorsT SRt the

concrete-made structure (step d furthernmore, an arbjtrary sectional
drawi ng | D3R ot en g adreMs ROt ). pdittonal Ao mmde
structure (step E). Further nore, the dianeter and the nunber of required
r ei nf or ceRURPESHEB Magdghishy) 3 Bhotocelecisormagnstic dsk or thelikgnapprpwbsi s of
the 3-D npdel of the concrete-made structure and the reinforcenent
processi ngewsd Sroempigingia feyfoardor the hker a display dewicedayucheas g selep F) to
di splay the design data of the concrete-nmade structure as a result. The
data of tHisptandedceonthielike compuising 8 GRP (EathodeRay) Tuhe)dibamiGly an
instruction for requesting, for exanple, the input of the whole body, and
oper at i ng(ltihed GustaliBiselay), rarat enodtmuedanicend compiistng agrirger, As dat a of
t he concrete-made structure, on the basis of the size of the bottomslab
menber, dplodtexrortthe I8ieze and t he position of the wall and an opening of the
slab is input in addition to the size of the colum, the wall) the beam
t he sl ab and t MBhéabove hdditiacih didk 2 heersddpss eddhulsindugf@roglemiamgut of t he
data on the concrete-made structure, the 3-D nodel of the concrete-nmade
structure is prepared based on the data (step 10

6




4 July 2002 B). Furthernore, the nmenbers data and the connection data of
the concrete-made structure are searched, and each of the quantities of the
concrete, fornms and tinbering for each nmenber is searched (stdwy@p02The

i nput data of the structure are specifically classified into el ements shown
in Fig. 4. Line segnents, circles, and polygons serve as a sinple el enent.
This is the smallest unit of elenents. - The collection of a plurality of

t hese si npheh kinghehdstacmquasddied precessing@ach ndgedre et progoamexanpl e, when
a rectangul ar parallelopiped is input, the upper surface, a rectangle of

t he bot t oallswinig@tlee prutessiaghimatlitoBesfe dhdatai ingus agrmist 3-Rennetiialg each of
t he apexes thereof forma conpound elenent which is referred to as a solid

el ement. Aatasdash in&dia) HodfRaiahtitids issahemehrs, durth Rorkiaiwigl four Kkinds
of basic shapes such as 1) a rectangul ar parallelopiped 2) a colum, 3) a

cylinder aiflithhedns, da@@@lorR ﬁ%ﬁgg%eﬁfdﬂnﬁan%?%&ﬁghﬂ&a% ﬁgati on

G
tree are shown in Fig. G Furd[ hernore, as shown in F upon

conpl et i op,9fst nfdi‘ﬁéﬂmﬁi Fﬁ:ﬁﬁtrirgg%g?a(éh(?ﬂ%t i an‘@%]s 2t gtreggmﬁ@a?r e searched

(step A2), so that the searc I's o p he basis of
t he acqui sj Ll a on the nenbers, respective nenbers are rival ed each
ot her (st@p?takggbr%flﬁgﬁgsehapes of the negative nenbers are changed (step A5),

(step A7) Dosi Sl e ek 35 oub ki Sitich 3P the idbading bficf lartng the
s o
2nd'the. Siantlnf dAlRarch rofansls tramouze L ERRG only 3eSGhn8 He Salei ¢

Bo. Connectiit Ges SLOIHTbABH SACNBINBESEREC 0 U PPeyEoB NS bubet  on
et et onatal s rgm i danr Jesedhs b - oo o
sha e Ito ~~Bevel shape data G rder ~hers, E Bea! shape dat al

Connect i oMfaivelingbatveersblosksyand adipsfngithe dength-angt theovidibsHdhei shape

No. NMch sx~bers~(: omect| m dat aBevet shape data Bevel shape Bo.
members.

Besides, as a program which allows the processing unit 1 to serve as
a 3-D structure data recognition means, a program of the body quantities
search means is memorized for determining specifications peculiar to all the
concrete structures searched by the program, a volume and a surface area of
each member and a volume of a space partitioned with the members on the
basis of other members data.

Furthermore, the above additional disk 2 memorizes a structure of
the whole concrete-made structure and the result of the members quantities
calculation, and such each kind of program and data are recorded on a
recording medium such as, for example, a FD (Floppy Disk), a CD-ROM
(Compact Disk Read Only Memory) or the like, so that the program and the

data are read into the additional disk 2 via a reading device. Furthermore,

=1



_. __! Bevel shape dataConnection data_Hua6er of! Connection
~e~beraccnecti ons ~sy6olConnection data i __ _ Bevel shape No. ..... .
~ ~B=Yl shape dat aCauKCti oweaber aS, ~. bot Bevel shape No. _Re\dilly2R82e dat a
. _ <basi ¢ data> dntn throughout the whol e 3esign <nenber
dat a> .dnta on the nenber unit which constitutes the core of nenber. <nenber
shape date> and <connection data> derive from here. <nenber shape data>

data on t kige pEQIRAT afREhe duwbd 65 Be endthutided in Bho addidionud dighg byt | east one
thereof exists 1 n <nenber data> <connection data> data connected to each

bevel of HhcpiRphttite NRCPIIREM fiH A&ta A8HEhd MoveiapydReice. bevel of

t he nenber whith Is to be connected <bevel data> the Shape of the bevel is

stored. Tabl e Iryfie s deshauhid £nal atf)8cA0RGE ShE/RdPAN ruct ure is

prepared, the g>~antiti‘es ca ation 1s determn e estimting

fl owchart [ I 8. ]k e j ntity are
sear ched \?\%ggm}ﬁ% aaf%g%%}leq??é%??t%}h%#egﬁr@ma n?%h% %%]5% ﬁfemcflrﬁgl ﬁgg surface,
and the gro | evel (.t he. hgi ght..of theg. dround surfage) are designated.
A'so, vor tnd s Buplieet i i Bonal sk AitoR ssAlT kel atiE bl U o

t her eby se {chi n yantjty of residual, grqund and ried grpund.

Fur t her m)Pé,hec %‘églbqggﬁ%og‘f(é\&"?f@' g’i’fﬂlstar%i g@@ﬁ%l“@?‘ﬁ”@‘ﬂg tg? &etlt par ed
(step E). n the di.aneter and the nunber_ of .the required reinforcenent
pecul i ar ?‘gl\y}gﬁél%%@}e aranfifieyen a1‘2HeSlﬂrn\Jdc}F“‘)‘}"nZé‘é)2 r the shape and the

| ength of the reinforcenent are searched after the rel ationship hetween
connecti on dat a'e¥thermore thepyosessingaeid 1 hasep fumction of regogrizing the
rei'nforcenent arrangement drawing and a flowchart of the quantities

cal cul at i dige obrachmeyabérsand theeelaidenglipfhetween megmbans af thenkasisptr et e- made
structure, the reinforcenent data for each nenber is either input or input
cor r ect edeqeh éptarof)theToaorede thada styuctairp inpal va the inhut device 3; andf or cenent
arrangenent and the reinforcenent data is described (step F3). Furthernore)
t he rei nf searehiog thercostisuent dlapertds of theapboledoncrdte mhade strnétoreement dat a.

Fig. 10, Table 2) Table 3 and Table 4 show a nodeling view of the 3-D
st ruct ur eanlé si @ntaotsuefacahdtwoere xemibeasof Saecifichliyt thieqgmotessing unit 1

recognizes the coordinates of each member of the concrete-made structure,
and searches an area of a portion that contacts other members.
Furthermore, the processing unit 1 has earth-work drawing input
means for inputting ground quality data, the relationship between the
concrete-made stru‘cture and a ground level, and earth-work data such as
in'clination of a drilled surface as well as earth-work quantities search
means for searching the quaptity of drilled ground on the basis of input
earth-work data, and searching the volume quantity which is buried
underground in the structure from data on the above concrete-made
structure and data on the ground level. Here, the searched quantity of
ground is handled as the quantity of residual ground, and the processing
unit 1 also has a function of determining the quantity of the buried ground.

Furthermore, the processing unit 1 has reinforcement data input
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Constr-ucti on nmenbersl : Buil ding eeobersxyz ( X coordi nate, 4 dulg2002ate, z
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0053. 7113. 963 8063 7111. 253 8073. 711 1. 251.0083. 7113.961 00 PerniQ =1
80 Parani{1l] = 2 70 Paranm(2) 0 20j Paranf3] = 0 00 Paraa[<] - 4 00 Nuobcr

of bevel xﬁ@axbﬁftﬁllﬁpaetmgléq«ﬂeed LeihfdrpOneaodhtd pécudiagab@dbRih&ibéwsf bevel 1x
yz ( x coordinate, y coordinate, z coordinate Tf H51 t 1. 253 202 3 il

11. 25: 8%e%oncrjeté§na<¥e53tlﬁgurév%—tﬂé”lip'ilt dei §a8& thé 1eﬁﬁ“ou§9ﬁedt' 31 13.963
FO7 d 31 13 753 80 .E B 51 13.753 E~Bevel type ID 1 (polygon) foras

S 11, 25 %%‘?bﬁeeva‘f*i‘f W-‘ﬁ%é%ﬁeﬁf“i%“%%“%%@@rsﬂ'aﬁ? oS 67 15 o6
1, o oot b e Bl SRR0ERR By tési%ﬁsﬁ% BESGetBF i nace, -

d
251" 00151t nERE TGS %@38%@%557 Yoty ﬁgé’ﬁ?lﬁsz&%%éf AhRERERE P c0r i nat o

ifé’gédg%%éﬁ%&w@géépélqh%?%w%aa% ot a3 Dap eﬁéegﬂﬁ%a%%é%c%‘%fea?niie )x

yz ( X coor |nate |nate coor3 7 253, NO2 3 71 1 753 80
Table 2 esr&cmey “31 ecifading ewe¢ baQﬁafHPFPPB§fW ~~~X
[y ~ r~ S3(Slab) tr' W\ 020|| ~~r| ~ =LSqo_ ''" b =2.7d Concretel

eo 2 70 apmeremppemerized ip reeording medinms §u5h> as@. FIDoa CR&OMrthe. ao Tot al
z),am Farms 2 70 * 1 a0 Formula | 12.9s m 4 80 . 0. 20 o, ss 2.50 O
20 . 1 pllikedntq tl®additiomal diskod via theprocgsging gt | ongbe bagis ofthe 88 t. 50
* 0. 20 * 2 places 0. 60 ~1.00r 0 10 * 2 plus 0.40 - 1 80 0 20 ~ ~ -0.96
- 0 20 2Progrand feoreadingohich fee pragram 3 1@emorizeddn the additfenalaligh - 1. 10
* 0 20 pl1) -0. BB - 020. 0 20 (Cn -0 01
2.
The recording medium according to the present invention is a
recording medium such as a FD, a CD-ROM or the like in which a program is
recorded for allowing the 3-D structure design system (a computer) to serve
as the above data input means, the 3-D structural data search means, body
quantities search means, earth-work drawing input means, earth-work
quantities search m‘eans, reinforcement data input means, reinforcement
qu.:mtity search means including the preparation of the design drawing, and
result display means for displaying the result thereof.
Hereinbelow, there will be explained one preferred embodiment of a
method for searching the quantity of the concrete-made structure, and for
searching the earth-work and reinforcement processing with the 3-D
structure design system.

Fig. 3 is a flowchart showing a main flow of a design of the concrete-

made structure by the 3-D structure design system.
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%tlg moc?el oil the Qz:lrrcl:geg cgr?&%g;neap structure is searched on the basis
of the size of each member of the 3-D model thereof and the connection data
betweeﬁ the members (step C).

Subsequently, the earth-work quantities are searched by inputting
the earth-work drawings on the basis of the 3-D model of the concrete-made
structure (step D), and furthermore, an arbitrary sectional drawing is
prepared on the basis of the 3-D model of the concrete-made structure (step
E). Furthermore, the diameter and the number of required reinforcements
peculiar to each member are input on the basis of the 3-D model of the
concrete-made structure and the reinforcement processing and the quantity
of the reinforcement are searched (step F) to display the design data of the
concrete-made sﬁ'ucture as a result.

The data ot: the concrete-made structure is input (step A) by
di;playing an instruction for requesting, for example, the input of the whole
body, and operating the input device in accordance with the instruction. As
data of the concrete-made structure, on the basis of the size of the bottom
slab member, data on the size and the position of the wall and an opening of
the slab is input in addition to the size of the column, the wall, the beam, the
slab and the hunch for each of the steps.

Thus, upon the input of the data on the concrete-made structure, the

3-D model of the concrete-made structure is prepared based on the data (step
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structure conprising a floor) a wall and a ceiling, the system conprising:
data i nput neans for classifying the whole structure on the basis of the
structure charactei zstics of a structure into each bl ock of 4&#U¢2802ki nds
such as a rectangul ar parall el opi ped, a colum, a cylinder, a trigonal
prism.or the like to subsequently input the structure data fromthe | ower
bl ock; 3-D structural data search neans for searching the result of the
rival i ng Bet vidertharmaiey the mbenbersddata andilid @mpentobaatanf the basis of the
characteristics of each block input fromthe data i nput nmeans, searching
dat a on eguicpeaenhadadtimetwre alescaycldie akidrgickat bhbélqaaktitiestdfiehbasi s of t he
result of the rivaling between the nenbers, and constituting an appropriate
bl ock shagkre@afdfisdnd anebring Nt @Himember Bskarelied (ks C)sear chi ng
connecti on data between respective bl ocks constituting the whol e body of

the concr et e- mapige fifutCddth ¥f thé Qtl%iﬁe%etsﬁéciﬂ@mlgmgsmt erials) and

at the sane tine, searching data on the area on the overl apped portion with

connecti g i chadm 3 i L : i data for
A shoun in 04| S BRRE A TEAT e S0

cal cul ati ng eac e str e fromthe data on

the 3-D shiiaL uidhosl 1R Ak SRANSSANE oPblIn S Pk BRY A 624 2L I G the

quantity o oncrete errng for eac ock; resu isplay

e e R
ComPr ! Wt b bR AE hSY PRARERR 8 A 10
e o g B Gt e A LT 9,15 11,
FERSERIEERE VIR ETE IR RS MR

referred to as a solid element. As a basic shape, modeling is executed by the

input of four kinds of basic shapes such as 1) a rectangular parallelopiped, 2)
a column, 3) a cylinder and 4) a trigonal prism. The kind of members and
the generation tree are shown in Fig. 6. Furthermore, as shown in Fig. 7,
upon the completion of the input of the data (step A), adjacent members are
searched (step A2), so that the search member is obtained (step A3). On the
basis of the acquisi'tion of data on the members, respective members are
rivaled each other (step Ad), the shapes of the negative members are
changed (step A5), the attribute thereof is set (step AG), and the design file is
generated (step A7). Designing the above members data file is made by
preparing the members data (Table 1) including the connection state of each
member object. The content comprises four sections: <basic data>,
<members data>, <bevel data>, and <connection data>. The <members

data>, the <bevel data> and the <connection data> form a tree structure.
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earth-work quantities search nmeans for searching the quantity of the buried
ground and the quantity of the residual
3. The 3-D structure design 4yelys2002

eart h-work drawi ng i nput neans.
according to claim1 or 2) further conprising:
I nputting the diameter and the nunber of

means .for

ground fromthe data of the

rei nforcenent data input
rei nforcenents

peculiarly required for the nenbers for each block on the basis of each
data on the concrete-nade structure searched by the systemof claim1; and
"RQr s

eafr chi t he shape of
shyere nbe{t%ﬁé—gge wei ght of the -

rei nforce
rei nforce
rei nforce

fromthe :-

prepari ng
desi gni ng
cei ling,

structure

into each bl ock of several :
colum, a cylinder-and trigonafiy

Sreacel

asi

\J

b oe ff"‘dm

»mzxmﬁ:re|e made 3-D

conpr|3|ng
hsi s of the
ki n

<basic data>
<maembar data>

pEsigetant | {1 ess seay c i meais ¢
& ch|afahl.| epdt Rmers ot
Dt toslabjneppers| ) Qeayihl e @t O

e sf|ruct’ULE:;[ar each bl ock portion
-tH"e*11"ei or mm:;ega}t d i nput nmeans and
aer@onll Tjeg sEction_Bortion. 4. A method for
ﬁ;;ﬁﬁ%ﬁ co ngwngzy floor) a wall and a
d adondett ut b8Pk Ccliassifying the whole
frfiedttr d cha metser pstlics of the structure
Eﬂguqmna ua rgﬂ%angutgr paral | el opi ped, a
of Connec(ion meabers
cennections symbol
Connecum data Bevel shape No.
- T Bevel shape data
Connection mesbers
sywhol
Bevel shape No.
Bevel shape data

data throughout the whole design
data on the member unit which constitutes the core of member.

<member shape data> and <connection data> derive from here.

<member shape data>

data on the member shape which are divided into 2 groups and

at least one thereof exists in <member data>

<connection data>

data connected to each bevel of the member is accommodated per

bevel for the number of bevel of the member which is to be
connected

<bevel data>

Table 1

the shape of the bevel is stored.

When the design file of the concrete-made structure is prepared, the

fos quantities calculation is determined from the estimating flowchart shown in

Fig. 8. The drilling shape and the drilled quantity are searched when the

ground quality, the inclination of the drilled surface, and the ground level

(the height of the ground surface) are designated. Also, volume of a buried,

underground portion of concrete-made structure, thereby searching quantity

of residual ground and buried ground. Furthermore, the plane drawing

and the sectional drawing are prepared (step E).

When the diameter and

the number of the required reinforcement peculiar to the member are input,

12



prismor the like to subsequently input structure data fromthe | ower
bl-ock; 3-D structural data search step of searching the result of the
rivali-ng between a main nmenber and an auxiliary menber on tHeJuy2082of the
characteristics of each block input fiomthe data input means, searching _
data aon equi pnment and materials by checking each block on the basis of the
result of the rivaling between the nenbers) and constituting an appropriate
bl ock shaplee shepe ahd the tengtbafitba ramfardesreméene sesyshediafterthecks
constituting the whole body of the concrete-nmade structure based on the
data on t belatigushipebdtwaed nmnaectibs)datadf tie memlzases judged (stearhi ng dat a
on the area on the overl apped portion with connection data; and body
quantities sear Big. 9tigp winfoecsmbnthgridagemient deawing ahd ndleediargofinti ty of
the concrete-made structure fiomthe 3-D structural data search step and

cal cul ati fge flign€tiddtalculdtion. 'Gn ¢ROBESIE RS tRé dBsighrilerstg FOrof¢heh bl ock;
and result display step of displaying/outputting the result of each of the

steps. 5. cdliGetlidiad stictlRS ilgae ir@&f%ﬂﬁm%h@d%%&‘&ﬁék]{&_ RemPlef &519155& cl aim 4,

further conprising earth-work cha~ing input step of inputting data on the

900 S BB TS g kg ! o

surface o ta’‘on e structure searched

oY uhe et eheheh B R al sk eptlasacanar agp Lo the
and an ar g 1 oy, GEGH,ON%h o SUARG LRSLERN SSREGN e LR HBLUTR;f gihe buri ed

portion of t"he concrete”made Structure; y ar th-wor k

e b e apoRest e, 3ECRDRR PSR RBRk iy ot SSHRY mhap a

L[‘gﬂmszeew Gggt 0es PP hgg%f'ohegf@g%m _ St atnrgiear:l)’ _e)?ax%tp & 6f a1 ou pclft%l(jrlnr]g to
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rei nforcenent data-input step of inputting the dianeter and the nunber of
reinforcenents peculiarly required for the nenbers for each bl ock on the
basi s -of each data on the concrete-made structure searched HJuly08@t hod of
claim4; and reinforcenent quantity search step of searching the

rei nforcenent configuration such as the length, the nunber, the weight or
the like of reinforcenent in the whole concrete-made structure. or each

bl ock portion with tg ﬁ’ nforcenment information at the reinforcenment data
i nput step. Hemberg data c 4Py E)] medi um readabl e by a conputer characterized by
COMPI i Si NQ oy s s R o X eCcUt e a
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Table 2

14



109& ()-FF 109 ()-109%& ()- s109%& ()-$.iK 109 ()-3 , 10% h& ()-#910%

h& ()-101010: 109& ()-- 10%& ()-,F *109%& ()-.xH V !fH9f 10% & ()- 3F 3F10%
h& ()-710% h& ()-z 10% h& ()- 9 10%hYh& ()-  s10% h& ()- 34 J0Bp2082() - ! s
NPQaB79f 10 h: s10% h& ()-710% h& ()-510% h& ()-+, 10%

h& ()-! @"109%h& ()-39f 10% h& () - 3QRS_: smV 3Y109%& () - 3#10%& () -F

109 ()- F109%& ()-F 109%& ()- #109& ()- 10 h 10 hsXaBm\V 3Y10%

Ol 109%&' ()-'9310% {& ()-1 ,10%R ()-3&10%& ()-3@10%& ()- |
109&' () - [ 3PaBN/ 3320% - : 109&' () -chvulddf®rdl) - ' y@ #10% {efanitied] &itl0V%&' () -
3%0% ()- ,#[0Y& ()- P RAYNC3YIO%
W"’Iﬂ ""q,'
|
] o L
a5 =
$3(S1ab) @dﬁ T o0
||." -—__-B"
) = u=410
b=2.10 W
H
c t 46042704020 Formula 1 258 ™
ONCTELE | 100+ 150+ 0.20 {Opening J -0.30
Total 229 m
Forss | 118248 Formila £ | ) o
S H o
cad0vg2 PuS 0 88
¢ 1.50 * 0.20 « 2 places 0.60
¢1.00 # 0 20 % places 0. 40
- (80020 (0\33 -0.96
-020%250 -0 50
-020¢0 2 {cs) -0 04
~020«020 (cs) -0.04
-4.40 %0 20 w4) -0.88
SR @l 30
- g.so °0 20 ) -0'50
Total 13 96 m!
Timbering 270 + 4.80 « 4 00 51.84 ™
Total S1 84 m®
Table 3



10 10 10F 7- 109& ()-y510%& ()-F s3S10%&' ()-11z109%& ()-F

f/109& () -

109& () - z#109& () - H #zodY: 3f #109B& () -

( H-\ =YNC3Y@ 39%4.09%&' ()-! @ 39%409%&' () -

| OF+z 10%&' ()-F ![F+z 10%& ()-F #h g!}[odY:!.
F] 1098& ()-!C 10%B=B& ()-!H 109BB& () -

109%hh& ()-2)!
10 10 10: s109& ()-! HA-Julyaess () - F

Cl 294098BB& ()- ! ClZ294098BB& () -

109& () -z

109B& ()-g! ! "F"H'I"J"K"W zodY: | f #10% h& ()- 10B 10B 10B: s109B& ()-! >l 1f
1098B8B& ()- !d 1f 10%& ()- ! x| 1fotal QRdntielikt) -
W " ##$Sh$UUBHYorbd¥ibOUe+ & () - #ISTLUYESE () - 7! XALO%x& () - #! a%0% & () -#! (C
YLOYHHE () - HH-AED RCHACBEBXZHPE—H0——16—h—$6—h910%
h& ()-!CY+z |169¢c& (9°ncretv(+z (099 He: (fyms | kBH.0v0h R Tipheripn \BOOR, ()|- #D( P( ) * ++
F2 12.00 36.00
St 1.98 9.90 39. 60
52 1.98 9.90 39. 60
$3 2.29 1396 51.84
$12 22 13.48 49. 92
L]} 10. 56 40. 00
, 2 10 08 38. 40
| %3 12 96 48.00
¥4 10. 56 40.00
WS 12. 96 48,00
L(] 10.08 38. 40
c2 256 1.92
Cc3 2 56 1.92
c4 2. 56 7.92
CS 2 56 1.92
c6 2.56 1.28
c7 ‘ 2.56 1.28
, G1 2 64 9.44 10. 56
| Bl 1 44 1.20 1.20
87 1.54 1.68 1.68
Total 168 63 406 60 206. 40

Table 4
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therein can be appropriately changed within the scope of not deviating from
the gist of the present invention without being limited by the above
embodiment. For example, the method can be used in the case where the

concrete-made structure exists over two places.
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body quantities search means for searching data for calculating each
quantity of the concrete-made structure from the data on the 3-D structural
data search means and, at the same time, calculating the quantity of
concrete forms timbering for each block; and
result display means for displaying/outputting the search result of
each of the above means.

2. The 3-D structure design system according to claim 1, further

compurising:
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the ground quality, and the inclination of the drilled normal surface on the
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claim 4 to search the drilled surface conforming to the above concrete-made
structure and searching the drilled quantity of ground and an arbitrary
sectional shape thereby searching the volume of the buried portion of the

concrete-made structure; and
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or 5, further comprising:
reinforcement data input step of inputting the diameter and the
number of reinforcements peculiarly required for the members for each block
on the basis of each data on the concrete-made structure searched by the
method of claim 4; and
reinforcement quantity search step of searching the reinforcement
configuration such as the length, the number, the weight or the like of
reinforcement in the whole concrete-made structure or each block portion
with the reinforcement information at the reinforcement data input step.
7. Arecording medium readable by a computer characterized by

comprising a program described therein which allows a computer to execute

a method according to any of claims 4 through 6.
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