Measure the Immeasurable

David Fu ng HKIA Registered Architect
HKIBIM Vice-Chairman



Immeasurable;

1. Measurement of Organic Architecture (Cost)

2. Measurement of As — Built vs Design?

Immeasurables



Measure the right thing with the right tool !




Measure the right thing with the right tool !



Measure the right thing with the right tool !
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Information
Technology

Reality

Why Organic? .......... Because architects wants to push the limit!
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Building Information Modelling

Modelling Information

(Measurement)
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http://www.youtube.com/watch?v=oRXri01NzM4&feature=related
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DESCRIPTION

DRAWING NUMBER

P PRIMARY V CLADDING B10A/T/WKT/AAT/AB5/021/001
T TERTIARY FIN CLADDING | B10A/T/WKT/AAT/A65/021/002
EA EASTERN ARCH CLADDING | B10A/T/WKT/AAT/A65/022/002
SF SOUTH FACADE CLADDING | B10A/T/WKT/AAT/AG5/022/002
SWT | SOUTH WEST TERTIARY B10A/T/WKT/AAT/AB5/021/002
FIN CLADDING
W GLAZING B10A/T/WKT/AAT/AB5/022/001
SWW | SOUTH WEST GLAZING B10A/T/WKT/AAT/AG5/022/001
FB FOOT BRIDGE ONE B10A/T/WKT/AAT/AB5/301
D1 PLAZA SKYLIGHT B10A/T/WKT/AAT/AGT/301
D2 PLAZA SKYLIGHT B10A/T/WKT/AAT/ABT /302
L LIFT B1OA/T/WKT/AAT/AGT /501

SECTIONS THROUGH
SECONDARY STRUCTURE

B10A/T/WKT/AAT/A65/015
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e.g.P3506P008

STARTING OF
STRIP NAMING
(LONGEST SPLINE)

S06

SO03

PoO1 )- STARTING OF
) STRIP NAMING
(LONGEST SPLINE)

s04 -/ -\ S0

S02

e.g. P3S01P003

STRIP NAMING CONVENTION
(CLOCKWISE., FIRST STRIP
STARTS WITH LONGEST OVERALL

STRIP NAMING CONVENTION
(CLOCKWISE., FIRST STRIP STARTS
WITH LONGEST OVERALL SPLINE)

SPLINE)
Nomenclature - Fin Cladding HAMING CONNENTION: __ Nomenclature — V Claedding NAMING CONVENTION:
e.g. F1 ELEMENT/ STRIP(S) / PANEL(P) 1) 8.9. P3 ELEMENT/ STRIP(S) / PANEL(P)
g E.G. F1/ SXX / PXXX g E.G-. P3/ SXX / PXXX

F1S03P0T8 P3517P123




X 050 : 00 f
f9) Be Edk Wew [nset Format Took Dats Window el
NN NEVETIE Rk 2 AR R e A RR L N VTN % ) 210 +|B 7 U|EEEES % R
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A | B [ ¢ T ©o T €& 1T F T ¢ T W T 1 T 4 T ¥ T L T W T n 1]
1 P01 lengl PO1y## lengl P01 z## lengl PO2x## lengl PO2y## lengl PO2z## lengl PO3:x## lengl POSy## lengl PO3z## leng! PO4x## lengl PO4y## lengl PO4z## leng! Panel Typesdiot
2 |P3S06PODT | 149572632 431241138 30997 4089 150034.006 44497 0923 312011007 151472165 44220 6936 29756 4955 151017994 42846 0425 29553 4116 P3SOEP001
3 |P3S06P002 | 150034.096 44497 09231 312011007 150490205 458725015 314002904 151935 45597 7674 20955.086 151479.165 4422006936 29756.4955 P3S06F002

P3S06P003 | 150490205 45872 6015 314002904 15094093 47250 3052 | 31594 9821 | 152385.473 | 46977.2334  30149.1841 151935 45697 7674 29955086 P3S08P003

P3IS0EP004 | 15094093 4725030521 31594 9821 151386.267 486304698 317851616 152830.57 48359.0618 303387820 152385473 46977.2334 301491841 PISO6P004

FP3SOBPO0S 151385267 48630 4698 317851616 151474689 48906 7825 318226539 152918.944 486357079 303761618 15283057 4B8359.0618 30338.7828 P3ISOEPO0S
P3S06P006  151474.609 48906.7625 310226539 151913.575 502897323 320073072 153357.585 S0020.3276 30560.3477 152910944 48635.7079 30376.1616 PISOEPO0G

P3IS0BPO0Y | 151913.575 S0289.7323) 32007.3872 152347.08 51674.9657| 32187.576 153790.836 51407.2369 30740.0246 153357.585 S0020.3276 30560.3477 PISO6P007
P3506P008 | 152347 08 516749657 32187 576 152775147 53062 4739 323632813 154218667 52796.4316 309152314 153790636 51407 2369 30740.0246 P3S06P005

@/ ||| e
|

10 [PISO6P0O09 | 152775147 53062.4739) 323632813 153197.744 54452 3272| 32534 6167 154641.09 54158.0429 31086.0665 154218667 52796.4316 30915.2314 P3SOEF009
11 |P3S0EPO10 | 153197 744 54452 3272 32534 B167| 153281.603 547305766 325683694 154724924 S4466.654 311197184 15464109 54188.0429 31085.0655 P3ISOEPOI0

12 |P3S06P011 | 153261.603 54730.5766 32566.3694 153697624 56123.188 327345715 155140841 55861.1282 31285.4274 154724924 54466654 31119.7184 P3S06P011

13 |P3S06P012 | 153697 624 5B123.188 32734 5715 154108128 57517.7488 32896.4211 155551.199 57257 4509 31446.6027 155140.841 55861.1282 31285.4274 P3506P012

14 [P3S06P013 | 154108.128 57517.7498 328964211  154513.02 58914.0007 | 33053 6684 155555863 56655.1793 316035689 155551199 57257 4509 31446.8027 P3S06P013

P3S06P014 | 154513.02 589140007 330536684 154912075 B0311.9726| 33206.0604 | 156354 833 60054 3601 317554805 156955 BE3 58655.1793 3160E5.5689 PIS0EP014

P3S06P01S | 154912275 B0311.9726) 332060504 154991.455 B0591.8003 332359403 156433.956 BO334. 4167 317852395 156354833 600543601 31755.4605 PISOEPO1S

 |P3S06P01E | 154991.455 605918003 332359403 155384039 61992164 333823144 156526.258 617359125 31931.1206 156433.956 60334 4167 317852385 P3S06P016
P3S06P017 | 155304.009 61992.164 333823144 155771.104 63394 5402 335236095 157213.056 B63139.4019 32071.9532 156626250 B1735.9125 31931.1206 PIS0EFP017

9 |P3S06P018  155771.104 633945402 335236095 156152.641 £4799.0536 33659.8994 157594.320 545451147 32207 8035 157213.036 63139.4019 320719532 PISOEPO18

1 |P3506P020  156528.665 66205.8406  33791.3960 156603 207 GB4G7 4657 33817.1437 158044.711  BE235.2527 32364 5566 157970193 B5953.318 32338.8909 P3S06P020
P3S06P021 | 156803.207 B64587 4657 33817.1437 156972591 E7B96.8372 33943.1573 158414.002 B7646.2548 32490.1972 158044.711 BB235.2527 32364.5585 P3S0EP021

P3S06P022 | 166072501 B780G.8372 339431573 157336.320 693079002 34064.607 158777619 G9058.83 32611.2857 158414.002 A7646.2548 324301972 P3S06P022

15
16
17
18
19
20 |P3S0OBP019 | 156152641 647990536 336598994 156528665 662058406 337913989 157970.193 65953318 32330.8909 157594329 64545 1147 32207 8035 P3ISOSP019
2
22
23
4

P3S0BP023 | 157336329 BY9307 8002 34064 607 157694 338 707205482 341813772 1891355 70472822 37276793 158777 619 G2058.83 32611.2857 PIS0EP0Z3
P3S06P024  157694.338 7O720.5482 341813772 158046.558 72134 4265 342931711 159487 514 71887 6646 32830.0806 1991355 70472822 327276793 P3SOEP024

P3S0BPO25 | 158046.558 72134 4265 342931711 188116297 72417.2914 34314 8748 1509557 191 721706364 32860703 159487 514 71867 6646 32639.0806 P3ISOEP025
P3S06P026 | 1568116.297 724172914 343146740 158461 474 73032.0687 | 344197934 159901 955 735855129 329652043 159557 191 721706364 32860703 P3ISO6P026

} |P3S06POZ7 | 158461.474 | 73832.0667 | 34419.7934| 158800.798 75247 6674 34518.19268| 160240.723 750005299 33063.172) 159901.955 735855129 32965.2043 P3IS0EPOZ7
P3S06P025 158800798 75247 6674 3451819208 15913434 76664.522 346096093 160573.676 764164942 3315415389 160240723 750005299 33063172 F3S06P020
PISOBPO29 | 15913434 7BEE4.522| 34609 6099 159462105 7E082.6518  34693.7628 160S00.837 77833.534 33237.8995 160573676 7E416.4942 33154.1589 PISO6P029
P3S06P030 159462105 780526818 346937628 159526.064 7O366.4655 347096976 160265.574 78117.0662 33253.7554 160200837 77833534 33237.8935 P3S06P030

P3S06P031 | 159526.964 78366.4655 34709.6976 159847.917 7978C.6690 347848936 161285941 79536.0393 33326.5833 160965.574 78117.0662 33253.7554 P3ISOSPO

P3IS06P033 | 160163.369 B1209.1412] 348527734 160473.329 82633.6703| 3435237 161210348 52330.68678 3345659580 161600.864 B0957.37609  33396.1369 PISOEP0O33

5 |P3206P034 | 160473.329 826336703 349135237 160777.356 840585399 34967.1102 162213.944 838047494 33509.9212 161910.348 B2380.8678 33456.5958 P3ISOEP034
P3S06P035 | 160777 356 840585399 34967 1102 160837 419 84343 4967 349769482 162273925 540895132 335197114 162213.944 53804 7494 335099212 P3S06P035

7 |P3S06P036 | 160637 419 54343 4967 34976.9482) 161133.92) 85768.179 35021.638 ' 162570.037 | 85513.2534 33564.1916| 162273.925 B84089.5132 33519.7114 P3S06PO36
P3306P037 | 16113392 B5768.179 35021.639 161424.472 B7194.961 35058.7408 162860.157 865938.7178 33601.1181 162570.037 85513.2534 33564.1916 P3S06P037

2
28
2
30
3
32
33 |P3S06P032 | 155647.917 797866628 34784.8956 160163.369 812091412 34B852.7734 | 161600.864 80957 3769 33396.1360 161285941 79536.0393 33328.5833 P3S06P032
34
35
3k
i
38
39

PIS06PO38 | 161424.472 B7194.961| 350587408 161710.115 BB626.5835 35086.1259 163145242 BE366.1089 33630.3397  162860.157 BEY38.7178 33601.1181 PIS06PO3H

40 (F3506P039 | 161710.115 BBG26.5835 35088.1259 161991.372| 20062.1491 35109.5513 163425.853 898006144 33651.6209 163145242 98368.1089 35630.3397 P3506P059

41 |P3206P040  161991.372) 900621491 351095513 162046.965 903486387 | 35112.6371 163461.328 S0006.742 33654.60692 163425853 5906006144 35651.6209 PIS06P040

42 |P3506P041 | 162046.985 90348.8387 35112.8371) 1625200456 91777 2531 351241735 163754377 915132313 33666.1912 163481.328 90086.742 356548892 P3IS0EFP041

43 [P3S06P042 | 162320.456 91777.2531 | 351241735 1625082 475| 93187 6147 | 351269396 164016.680 929250915 33668.9867 | 163754.377 | 91513.2313  3366E.1912 P3S06P042
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. With this right triangle, we can again use Pythagoras to conclude that the distance from (a3, Jq, 71) to

(X2, y2, 22)is \](III&T" FAY ) b Az = Jﬂ.:r: FAY +AZ This is the general formula for the distance

between two points in three dimensions.

Calculate distance between two 3D points in space




case '®':
plindex] .x
hreak;
case 'y':
plindex] . ¥
hreak;
case 'z':
plindex] .=z
hreak;
default:
Mes=zageBox.
hreak;

i

System. Convert, Tolouble (para. AsValue3tring () ) 2

System. Convert, ToDbouble (para. AsValueitring () ) ;

System. Convert, Tolouble (para. AsValueString () ) 2

Show("Wrong format of parameter nawe');

CladdingPanel cl = new CladdingPanel(p, PanelCounter); // new panel created from li=st of points.

double Ares mZ2 = cl.Panellires 4 1000000;

fdfourrent family type parameter is updated with wvalue of Area mz ;

document . BeginTransactiont) ;

if{ symbol.ParametersMap["irea™] .3et (Area mz) == false |

i

MezzageBox.Show ("Wrong paraweter type'™) !

i
docwment . EndTransactioni) ;

ArrayQfPanels.iddicl); // new panel inserted into the array of panels

4/ diwvision by 1000000 to get area in mE from mms

output += cl.Uniguelwmber + "+ Area wZ2 + " " + cl.T edge[0] + " " + cl.T edge[l] + " ™ + cl.T edge[2] + "
/f creating panel ohjects in space

document . BeginTransactiont) ;

FamilyInstance instance = document.Create.NMewFamilyInstance(location, symbol, StructuralType.Non3tructural) !

document. . EndTransactioni) ;
i
/i MessageBox . 3how (output) ;

"+ el.T _edge[3
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Math. Mys (nextPanel .G edge[0]
k&
Math. Mas (nextPanel .G edge[1]
k&
Math. Mas (nextPanel .G edge[2]
k&
Math. Mis (nextPanel .G edge[35]
k&
Math.Mys (nextPanel .G diagonal 1 - G diagonal 1) <= tolerance * Math.3grt(z)

o edge[0]) <= tolerance

& _edge[l1]] <= tolerance

G edge[Z2]) <= tolerance

& _edge[3]] <= tolerance

!

1 return true; }
else
{ return false; i

'
fiendregion

public class Group

{
public int GroupMumber:
public double[] Edge: ffarray of lengths of groups's edoges.
public double Diagonal; //length of group's diagonal.
public double Area; f/area of a groupped panel;

double toFeet (double walue) //convertion of linear =sizes for family instances

i
return valuse * FACTOR MMCoFT:

double tol3gFeetidoukble walue)] /Sconvertion of areal siges for family instances
x
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Panel P3S03P082

Panel P3S03P079

Panel P3503P078

Group ..
Edge 1 ...
Edge 2 ......
Edge3..... Group ........ AL 40
Edge 4 Edge 1 ..... 1347 mm -
Diagonal ... 1405 mm Edge2.... 276 mm e e
Area ........ 0,400 m? Edge 3 ...... 1354 mm i Panel P3S04P079
Edge 4 ...... 276 mm 2
Diagonal .... 1379 mm § o
Area ......... 0.392 m? = i Panel P3S04P078:
=i Group ........
Edge 1 ..
Diagonal ... 1379 mm Edge2......
Area......... 0.392 m? Edge 3 ......
Edge4 ...... "
Diatnete s . 1354 mm
Area ......... 0. 276 mm
Diagonal .... 1378 mm
Area ......... 0.392 m?

Panel P3S02P082

Group ........ AL 30

Edge 2 . 8445 mm Panel P3502P01

Edge 3 ...... 1400 mm Group ........

Edge 4 ...... 8443 mm Edge -~ _
Diagonal .... 8559 mm Edge?2...... Group

Area .......11.892 m? Edge3 ... Edge 1 ... Panel P3502P079
Edge 4 ...... Edge?2 ... Group AL 29

Diagonal ... n Edge 3 Edge 1 ... 1400 mm Panel P3S02P078:
Area.......11.801 m? Edge 4 ...... Edge 2...... 8443 mm Group ........

Diagonal .... Edge 3 ...... 1367 mm Edga ... Panel P3S02P077
Pt Edge 4 ...... 8443 mm Edge 2 ' Pasu 7
Diagonal ... 8551 mm Edge 3. i ep1"""“1400 e
Area ... 11.801 m? Edged . .. Edge e
Diagonal .... Edge 3..... 1367 mm
AR v 11 Edge 4 ...... 8443 mm
Diagonal ..., 8551 mm
Area ......... 11.801 m?




Point 2

P02 x Fo2y

PO4z Cx

pasi0ee71 |8 18200 1835101802 518401012
b8 | & 535102 %

—
12209 835103855
12410 835104710
12560 835105447

7118528 |835103312 818398241 [12560

12745 835106166

8445

835104033 |318396862

12786 835106580

8313

%

1835106783 |818381211

835103228 |813385543

26 83510

6

8313

154 835111787

8313

e ool

835111414 |818379769

16822 835113994

8313

335113315 |818373375
835114909 |818368280

18888 £35115808
21297 835117532

8313
8313

ale

o

835104175 |818306588

2448

835110405 | 818382531

13005 836107001
16305 835

5113167

Ba45

335110918 {313381150

16734 &

|225682 |835111511 818379492
835111987 618378111 |1

17278 835114283
17757 835114755

5

NSNS

830112447 |818376730

1835112890 |818375351
835113398 | 818373701

18258 835118217
18781 83511

0436 835116156 |8

oale

835104863 |818395227

835105522 |318393385

835106181 /818382551

835108308 |316380843
835107510 {818389599
835108097 |816388252

00 835
13770 835108960

5 835107673

o

14116 835108702
14422 835110304
14745 835110860

oo o

835108670 |818386300

1835109337 |81 271

15084 835111460

15516 835112126

835109872 818383908
83511 818372332

]

835114189 (818370871 |2

15806 £35115564
20002 §35116558

20585

116946 |

5555114550 815369518 |2

35120084 |818372092 26716

21178 B3S117316

PISD1PCY1 [635120157 81837 1625] 26632

[835114977 [818368015 21297 |835120513]818370490 27416

21896 £35117736 [818369257 [ 24360 [ 1493

Lorlonon orlenlonlon o

=

Remark: An above table is a portion exiracted for presentation purpose from the full schedule of panels included in the BIM model.

Panel P3S02P002

Group ....... AL 14

Edge 1...... 1583 mm
Edge 2 8445 mm
Edge 3 1367 mm
Edge 4 8445 mm

Diagonal .... 8568 mm
Area ........ 12573 m?

N 818401012
E 835101802
EL 12299

Panel P3501P009
Group ........ AL §

N 818404239
—E 835106871
EL 18290

Panel P3S01P002
Group ........ AL 1
Edge 1 ...... 1493 mm
Edge 2 ...... 8446 mm

~ | Edged ... 1583 mm

Edge 4 ...... 8446 mm
Diagonal .... 8585 mm
Area .. 13111 m?




N 818398670
E 835109844
EL 18950

N 818405541
E 835106129
EL 18228

N 818398353
E 835096414
EL 18290

N 818402394
E 835101017
EL 12231

B m

3446 5445 IEZH 13010m?
8313 306 8313 18318 2504 m?
B448 1534 8448 18581 1290
] 3445 |8578 12786 153433 m”
8445 |as74 12,6861 m? 12,881 m®
3444 8572 401.734 m*

12554 m?

1

12068 m?

Grand total: 750 _

445 |sses 12673 me
8445 1368 5445 |8560 12479 m?
8445 1369 8445 |8s58 1287207
5 1374 5445 |as47 12311 mt
1386 8445 8538 12200
1387 8445 8534 12208 m?
1387 8445 18531 2102m¢ 12102 mF
1387 5425 3529 1984 me 11.984 me
1386 8444 8527 1871 m 11871 m?
L 2 27z 8298 |82gs 25,974 me
AL 24 1385 3444 8524 70.452 m*
AL 25 1384 B4ad 8524 51.716 mé
AL 26 1381 8443 8524 34.788 0@
AL 27 1389 8442 8539 23185 m?
AL 28 1367 8442 |8543 35,143 m?
AL 28 1367 5443 118,006 m*
1400 5443 |8ss9 11992 me
1431 2444 |8864 121,867 m?
1453 5444 8568 12334 ¢
1366 Eict] 1600 1.16% mé
269 824 387 0.234 m?
1379 859 [1617 1181 me
1398 839 |1628 1197 me
1426 Es] 11653 1.222 mé
1447 EE 1671 1240 m?
285 B 873 0248 m?
1364 276 1379 0.392 m*
266 271 381 0.078 m:
1368 278 11398 0.386 m*
378 275 [1e05
AL 44 1408 278 1432
AL 45 1425 278 1452
AL 46 281 271 1380
AL 47 1453 278 - - 209 m:
AL 48 [100 1474 1483 839 11760 1260 m? 126892 m*




P3 - schedule of finish groups

Finfsh
Group

Surfoce Finish T

Weather -proof [Trafficable |outsides | Acoustic

Finisl

Perforated [Thickness | Insice |Insulation|]

o Yes
ri N ! ic N
2 E No 1 i 0
o No Tes mm B No
i H l
¥ [ T TS d i [

P3 - scheduls of finishes Segment 01 - 08

P3 - achedula of finishes Sagment 01 - 08

Pane

| Accustic

Outslde
e | Insulation

Thermal|
Insulation

o/

Perforated |Thickness

Acoustic
Insulation

Thermal
Insulotion

Surface Finian
Finish [Weather-proof |Trafficabie o/
Group Einish Finish |Perforated |Thickness| Insi

5 | o T ] i s
s | o o - Tr
o )
M [ E NG :
N 2 0 —
e -
| i
i No No
e o 5 a o
o o
[ N 5
o =
o i 5
| o ]
I | I o
. [ o
(B o 5 o s o
No W i ]
% i i >
o -\ ] o
o I ] )
o o ] No
0 o i o > ]
o [ o 3
No B e ) 2
o No. o o 3
o W o
o 5
No No
o i
o iic 5 T
o o No "
o o o 08 o No 1
I m G ] ) T
[ W o 3
Remark: An above is a portion extracted for presentation purpose the full schedule of panels included in the BIM model.

Edge 1 ..
Edge 2 ..
Edge 3
Edge 4
Diagonal
Group(Size) ...
Group(Finish)... F 1

Panel P3S04P001

Edge 1
Edge 2
Edge 3
Edge 4
Diagonal .........
Group(Size) ...
Group(Finish)... F 2.
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Architect Is
In Control of
the smallest detall!

Building Information Modelling



Design /Approved = As built ?



Laser Scanner - 50,000 pts/s; Range: 300m; Accuracy 6mm



Projectl - 3D View: {30}
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@ 3D View

v] Edit Type
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3D View: {30}

Graphics
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Edit...
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o

Design / Approved drawing information



Point Cloud Data



Point Cloud to BIM Model
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Design / Approved Model + As-built Model




Building Information Modelling
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As-built Model > As-built Plan



Area Comparison As-built Model > As-built Plan



: » Design
DesigniSuy BIM Model ’\

Comparison
(GFA, Salable Area)

As built » Point Cloud » As Built d

BIM Model

Sales
Information

Building Information Modelling



1. Measurement of Organic Architecture (Cost)

2. Measurement of As—Built vs Design

Immeasurables Measurable

Conclusion
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