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A Study on the simplification of Inputting Attributes into
a Building Information Model -1I: The Development of Parametric
Model with Structural Calculation Formula for Retaining Wall
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BIM Development Department, Seoyoung Engineering Co., Ltd.
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Abstract The purpose of this study was to develop a parametric building information model (BIM) for
retaining walls that can calculate structural calculation information and automatically return it as
attributes. The parametric BIM was developed in a scripting language, and we verified that the correct
results were derived. The three main functions of the model can be summarized as follows. First, a 3D
model of a retaining wall, including rebar, is constructed at the design level by user input of design
variables. Second, as the 3D model of the retaining wall is built, all design review information in current
structural computation documents is automatically calculated, and the dependent variable assigned to
these values is automatically returned as an attribute. Third, it is possible to perform a stability review
and a cross-sectional review of the retaining wall at any position in the section where the cross section
changes. Using the method presented, it is expected that the building information model can be used
as a structural calculation tool and design product rather than existing BIM conversion design, in which

3D models are recreated with completed 2D drawings.
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Table 1. List of Input Parameters & 3D objects, 3D
graphic of Reinforced Concrete Retaining

Wall
0 List
3D Object Input Parameters
ipath, wall height, base width, base T1, toe
@O Concrete length. top width, base T2, front slope,
back slope, hanch
@ Rebar cover depth, diameter, space
® Lean Concrete thickness
@ Front banking height,
Soil ® Back various distance & slope
Banki
anking | ® Base position, depth, width,
(key) distance & slope
. space, initial distance from starting
@ Expansion . . ) . .
Joint position, thickness, various dimensions for
sub object
diameter, thickness, slope, vertical distance
Drain Pipe from bottom, vertical space, horizontal
space, distance from @
thickness,
©® Drain Board range(from top surface
& bottom pipe),

43D graphlc of Remforced Concrete Retaining \Wall
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Table 2. Input data, Formular, Flow Chart of Structural
Computation for the Reinforced Concrete
Retaining Wall

Formular & Input Data

Flow Chart
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-Soil Properties

(rt, ytb, @, @1, @b, C),
‘Load Condition (qL, kh)
-Material(yc, fck, fy)
‘BEarth Pressure Computing
Method

- ‘

Apply the design condition

l Design cross scetion

.-Section Dimension

ke

l

sin (a—®)
=—F<XW
cos(a—P—6)
- Puh = 0.5kah Xt X H*
Pav = 0.5kav Xyt X H?

when Pa is max

-
‘Module for finding delta(s)

At ordinary times
& during earthquake

Compute carth pressure

v

i and find centroid

. -Make solid( concrete & soil)!

“Hu= Cx A+ VXtangs
-Compute Passive Earth
Pressure(Pp) &
Coefficient(Kp)

“Hk= VXtanos+

o=
B/2—(ZMr—ZMo)/ZV
fr=3(B/2—¢)
g(max,min)
=(ZV/B)x(1+6¢/B)

= Compute load & moment
-
Check Stability .
-

w Sliding, Overturning,
Bearing Capacit;
N g Capacity

" Concrete
\ Modeling

y

(Mu, Vu, Mo)

w

-Pa
sin(a—9+w) «
cos(a—d—5—0) " cos(w)
- Pach = 0.5kaeh Xyt X H*
Paev = 0.5kaev X ~t X H*
Pach’ =0.5kaeh’ Xt X H?
-Make solid( concrete & soil)
and find centroid

for @web and @lower part
of Wall, @Hill, @Toe, ®Key

NG

¥

Desgin rebar

for bending & shear force
for Mweb and @lower part
of Wall, @Hill, @Toe, ®Key

Apply the design condition

‘Compute Required As

_ Mu
0.85fy < (d—a/2)

spmin = 1.4/ fy

pmax

o parn o S 6000
0.64k1¢ 705000+ 7y

»@Vc:0A75><%><fck><bd

- fs = Mo/ As < (d—x/3)
nAs 2bd

1—4/1+

X

( fek, fy, K1, Of, ®v, b=1m )

!

Design rebar
( diameter, space )

x

N

_~Check Section™_
< for Bending, Shear,

Crack

-
~

N

b nAs

S

ﬂﬂ'l“'-mm I TR TR TEATETI

| ‘”
il
I Design Horizontal rebar mil"sj
\ ( diameter, space ) \
| T
N

Bl i
q]ﬂw]H‘ ‘”l
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Table

2. Scripting for the Stability Check

Script & Result

sumi = 1d81 [ 5 ]

REPEAT

sumi = sumi + 1de1 [ 15 ]
FORi=1T0n[6]

sumi + (i-1) *1del [ 15 ]

cmBl[:‘L][3]:1d91[1]+yg[1][2][key

O} NEXT i
9] FoRi=1TOon[6]
8 cm@ls [ i ] [6]1=(cmel [i][ 3]+ 1der [ 18]
o cmBls [ i ] [ 8] =(cmdl [ i ][ 3]+ 1ldet [ 18 ]
:\ cm@ls [ 1 ][ 5] =cmels [ i ][ 8] -cm@ls [ i] |
= IF 1del [ 16 ] = @ THE!
=% el [ 1 ][ 2] =9
S} ELSE
=] IF ldel [ 16 ] > lde1 [ 5 ] THEN
~o§ cm@1 [ 1] [27]=1dex1 [ s ]
Sla ELSE
© s cm@l [ i ][ 2] =ATAN( 1de1 [ 18 ] / ( cmel:
I = ENDIF
S5 ENDIF
S = NEXT i
9|9 FORi=1Ton[6]
5= emBls [ i ][9] =(1/2%(cmdls [i][8B] -
73 cm@ls [ 1 ] [11]=1/2* (emdl [ 1 ][ 3]+ Lk
E cm@l [ 1 ][4 ]=cm@ls [ 1 ][ 11 ] -ecm@ls [ i ]|
@ cemdl [1][5]=cmel [ £ ][4]*SIN(cmel [1
PUT cm@l [ 1 ][ 5]
NEXT i
UNTIL cm@l [ n [ 7 1 1[5 ] =max ( GET ( ) )
Variable: cm01[5][8]=
[1] @ B [ [s] 6] [ [8
= [1] 54.600 16.728 7.623 509.161 213.970 0.388 0.371 0.112
2 [2] 54.700 16.770 7.623 507.173 213.977 0.388 0.371 0.112
=N [3] 54.800 16.813 7.623 505.190 213.979 0.388 0.371 0.112
- [4 54.900 16.856 7.623 503.213 213.976 0.388 0.371 0.112
[5] 55.000 16.899 7.623 501.240 213.968 0.388 0.371 0.112
Sliding
Tdel [ 46 ] = @.5 * 1de1 [ 27 ] - ( ldei [ 33 ] - 1ldei [ -
1del [ 41 ] = 1del [ 27 ] - 2 * 1del [ 46 ]
1del [ 42 ] =@ ! - cohesion
1d81[43]:1d91[42]‘1d91[41]+1d81[3?]‘1
ldol [ 44 ] = 1de1 [ 43 ] / 1dea [ 38 ] ! - F.
1del [ 45 ] = 1.5 ! F.5.CODE
IF 1d@1 [ 44 ] < 1d@1 [ 45 ] THEN
lsel [1 ][ 1] ="nNg
1se2 [1][1]="¢ +tx[6]1[31+" )" +tx
ELSE
1se1 [1 ][ 1] ="0K
1sez [1 ] [1]="( +tx[61[371+" ) +tx
ENDIF
IF 1de1 [ 27 ] / 6 » ]dal [ 46 ] THEN
lse1 [ 3] [1] =
ls@2 [ 3] [ 1] =" (e) +tx [2][3]+7 +tx
» 61 [ 3][1]=" NG
Q 1se2 [3][1]="(e) +tx[2][3]+  +tx
£y ENDIF
@
o
3 Tde1 [ 55 ] =3 * (1der [ 27 ]/ 2 - 1dea [ 46 ] ) !-x
o IF 1d81 [ 55 ] > 1del [ 27 ] THEN
” 1se2 [6][1]=tx[18]1[3]
8 1de1 [ 56 ] = 1de1 [ 37 ] * (1 +6 * 1d8l [ 46 ] / 1
o ldel [ 57 ] =1de1 [ 37 ] * (1 -6 *1de1 [ 46 ] / 1
= ELSE
b= 1502 [6 ][ 1]=tx[13][3]
1de1 [ 56 ] =2 * ldel [ 37 ] / 1deil [ 55 ]
lde1 [ 57 ] = @
ENDIF
1de1 [ 58 ] = max ( 1de1 [ 56 ] , ldel [ 57 ] )
1de1 [ 59 ] =308 | qa »
IF 1de1 [ 58 ] < ldei [ 59 ] THEN
181 [ 5] [ 1] = 0K
1se2 [5 ][ 1] =tx[3]1[3]1+  +tx[17]]
ELSE
1se1 [ 5] [ 1] ="ng
1s82 [5 ] [1]=tx [3][3]+  +tx[17][
ENDIF
OK/NG Description
Variable: 1s01[5][2]| | Variable: Is02[6][2]=
[ [ [1 2
M Ne" Ne" [1] T(EEYXEO0EA M) ZE0 ot &
‘E_ [Z] "OK" "OK" [21 T(ESYXE 2R A )220 06 ‘?_’E

Bl ook ||[3 () =0 Cte orEEe
M ook ||[@ (o) TE0 e prEEe “
[5] OK" oK™ | |[s] “XIXI=0| Choho :

6l -MoEEsE s
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Table 3. The Scripting for Bending Check(example,
Lower Part of Wall)

Script & Result

| (2) check bending moment
!
! @ Reg.As
!
lde2 [ 26 ] [ k] =(1de2[21 ] [k]*1de2[1][k]*1der [ 13]"*
lde2 [ 27 J[k]=1de2 [ 23 ] [ k ]/ (1de2 [ 21 ] [k ] * 1de1 [ 14 ]
!
! @ check rebar ratio
idez[zs][k]="Ax(1.4/1d01[14],e.zs*sqk(ldel[la])/
1de2 [ 29 ] [ k ] = @.64 = 1de2 [ 1 k]=1de2 [ 21 ] [ k] * ( lde1 [
lde2 [30 J[k]=1de2[5][k]/ (lde2[7][k]=*1de2[19][
!
IF 1de2 [ 30 ] [ k ] < 1de2 [ 28 J [ k ] THEN
TFlde2 [ 30 ] [k]>4/3*1de2[27] [k]/(ld2[7][k]*
de2 [31 ] [k]=tx[42][3]
de2 [32 ] [k]=tx[19][3]
ELSE
o»n de2 [31 ][k ]=tx[43][3]
o} de2 [32][k]=tx[18][3]
=3 NDIF
w2 SE
g IF 1de2 [ 30 ] [ k ] > 1de2 [ 29 ] [ k ] THEN
2 de2 [31 ][k ]=tx[43][3]
5 de2 [32 ][k ]=tx[18][3]
[ sE |
lde2 [31 ] [k]=tx[44][3]
g_ lde2 [32 ] [k]=tx[19][3]
@ ENDI
OW‘ ?nm:
! & check bending moment
!
1de2 [ 33 ] [k]=1de2 [ 5] [k]*1de1[14]/ (lde2[21][k]?*
1de2 [34 ] [k]=1de2 [ 21 ] [ k] *1de2 [ 5] [ k] * 1de1 [ 14 ] * (
lde2 [ 35 J [k ]=1de2 [ 38 ] [ k] /1dez2 [ 23] [ k ] ! safety factor
TF1de2 [ 23 ] [ k] > 1de2 [ 34 ] [ k ] THEN
1do2 [ 36 ] [k]=tx[45][3]+ ( +SR(1de2[23][k],
de2 [37 ] [k]=tx[18][3]
ELSE
1do2 [ 36 ] [k]=tx[46 ] [3 ]+ ( +STR(1de2[23][k],
de2 [37 ] [k]=tx[19][3]
ENDIF
[29] 0.017 0.017
? [30] 0.004 0.003
D || 311 Pmax = Puse = Pmin — TR FHE" “4/3Preq < Puse — TH|TE
£.]/B2 ok oK
= || [33] 60.722 30,361
[24] 837.738 272.083
[35] 1752 4.097
[36] "= Mu (478.076 k'm) [2HH & 1.752]" "= Mu (66.402 kN'm ) [2HF 8 4.097]"
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0.017
0.005

Distance from
Starting Node
=11.8m

172 Mu (77.315kN'm)

L

Distance from
Starting Node

0.003
"4/3Preq < Puse — ETE|2UE"
"OK"

15.576
78.925

=

e

= 2.605]"

Distance from
Starting Node
=42.6m

Fig. 4. The Structural calculation for cross sections
of arbitrary locations
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Table 4. Two ways for Returning a Value of Global
Parameters into an Attribute in Allplan

Using Parameter Page

SmartPart Editor @

I I Name ['3'5 ] Typ
2r Script Script  Dialog Script 2D Script 3D Script  Resources
4 & ! Al
<F X e | rt?up [A]4Revr Allplan O ?w.u
2 | Name Type awbi  User Attributes 1y s ¢
o e Combo Box .
[1 [A]4Rev v -+ o+
411 40001010101 01 ] Decmal |[oo0rsoro0 or.2=m ]|+ + +
: — D

33 02092 )t
A000133_03, 4202 + o+
A000134_02. S Y

A000134_03.0HE 2

A000134_04. X BHORE 4 (2t t+ + +
A000134_05. K| SHOrE A =(F 3t + o+ o+
A000134 06 EEE T+ s
A0001516_03. £t 7} 3 + + 4
AD001516_05, 5| & p-m-mmmmmmaan, v
Axis end point (X) | g "
ods end point () | Selection |
Axis end point (Z) N

..................

® Using Command 'Newparameter'

NEWPARAMETER creates a new parameter.
Existing parameters with the same name are replaced.

(Syntax)

NEWPARAMETER type, name, value, descr, group, attr, diml,
dim2, export, save, geom

-attr(integer): associated attribute number

(-1=default if no association)

Table 5. The Simplification of Inputting Structural
Computation Information into a Building
Information Model

BIM conversion design Using Parametric Model
No. Work No. Work
1 Open structural 1 Execute
design document(.xls) parametric model
2 Input geometry & material 2 Input geometry & material
data data
3 find failure angle
4 Check result and
Define final design
5 Make 2D drawings 3 Check result and
Define final design
6 Make a BIM
Input structural
7 | computation information
into a BIM
8 Export IFC model 4 Export IFC model
2.6 71X Akt BEQ HE
£ AFoA Big Bdo] 2715 &2 ALt AFHE
O = CER EE e N e g
o A4 uhio] e AT o) 54 WS
HSIAZ] ohefet A9l tigh A 21 ¥

_l

ki

e,
b

T2 ARA ()] LS At & W mdo] &
4 Aol keEd #t 71E F2 ARMACIA ol FFs
€ #e0l FLY AHde FRlske Aes 72 AL
2Ee A5t (Fig. ).

Global Parameter
of External Force

[ 2
[1] 573.686 597.384
[ 219.47 249.848
[3] 1534.067 1
GCE N /00014010101 01222
[5] 219.530 3} ” pee
8 S5 A00014010101_02.5%

[71 4300 3 A00014010101_03.2%E

Parametric
model

i
Attributes i
573.686000 kN
219.476000 kN
1534.067000 kN.m

A00014010101_04.%2 0.463000 m
A00014010101_05. 2o/ 8+ 219.530000 kN/m2
A00014010101_06. X127 ger 47.301000 kN/m2
: ANNN14010101 07.5i%%2= 4.300000 m
Structural Computation Documents i
§ 8 Erg AR
EEEIED KN 574.447
=T H KN 220.220
2o E KN.m 1539.365
WA m 0.461
Z|cH Al BHer KN/ m? 220.415
E| X hdbed KN/ m? 47,970
H HIEAER m 4.300

Fig. 5. Verification of the Module for Structural
Computation & Attributes Return
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