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Abstract 
This paper examines how design intent and rationale are described in the Danish architectural, 
engineering and construction (AEC) industry, providing the description needed to investigate how 
design rationale is documented and which tools can be utilised to do so. Through semi-structured 
interviews, a need for capturing and exchanging design rationale between project participants was 
identified. It was, furthermore, revealed that design rationale is rarely captured and that 
documentation of design rationale is usually only found implicitly in CAD and Building Information 
models or in emails, documents, handwritten notes or minutes of meetings. Most design rationale is, 
however, never documented which can lead to information loss and re-working of already functional 
design solutions. Lack of design rationale can additionally lead to model-changes being discarded, as 
the argument or rationale for the solution or change is not accessible.  

Keywords: Design Rationale, Design Intent, Information Management, Building Information 
Management 

1 Introduction 
डUoXghoXW Whe SaVW cenWXU\, Whe comSle[iW\ of bXildingV haV incUeaVed dXe Wo Whe deYeloSmenW of 
neZ maWeUialV, meWhodologieV and WechnologieV in Whe bXilding indXVWU\. LegiVlaWion and bXilding 
oZneU aV Zell aV end-XVeU demandV foU hoZ bXildingV mXVW SeUfoUm haV addiWionall\ gUoZn in UecenW 
\eaUV, in addiWion Wo Whe amoXnW of VWakeholdeUV and VSecialiVWV Zho aUe inYolYed in Whe deVign and 
bXilding SUoceVV (ZoX and Tang, 2012). डiV haV led Wo an incUeaVed need foU infoUmaWion and an 
enhanced focXV on digiWaliVaWion and XVe of Wechnolog\ Wo VolYe deVign and conVWUXcWional SUoblemV 
(BoligVW\UelVen, 2019). FocXV haV fXUWheUmoUe been e[Wended Wo imSUoYing bXilding TXaliW\ (Molio, 
2018; NeYe and Wandahl, 2018), and UedXcWion of conVWUXcWion Wime and coVW (ZoX and Tang, 2012; 
BU\de, BUoTXeWaV, and Volm, 2013).  

DeVign infoUmaWion ৲oZing e৳cienWl\, iV accoUding Wo ZoX and Tang ( 2012), Whe foXndaWion foU a 
VXcceVVfXl conVWUXcWion SUojecW. Hence, WoolV and meWhodologieV foU deYeloSing, VWoUing and 
e[changing daWa haV been inWUodXced Wo Whe AUchiWecWXUal, EngineeUing and ConVWUXcWion (AEC) 
indXVWU\, Wo faciliWaWe WhiV e৳cienW infoUmaWion ৲oZ.  

E[amSleV of VXch WoolV and meWhodologieV aUe ComSXWeU Aided DeVign (CAD) and BXilding 
InfoUmaWion ManagemenW (BIM), Zhich Woda\, aUe common-SUacWice in Whe AEC indXVWU\ in man\ 
coXnWUieV, dXe Wo Whe beneৱWV Whe WoolV SUoYide b\ faciliWaWing deYeloSmenW, collaboUaWion (ESVWein, 
2012), VWoUing and e[change, aV Zell aV XVe and Ue-XVe of bXilding infoUmaWion (SackV, EaVWman, Lee, 
and Teichol], 2018). HoZeYeU, anoWheU UeaVon foU BIM adoSWion can accoUding Wo A\inla and AdamX 
(2018) be foXnd in SeeU SUeVVXUe fUom comSeWing comSanieV oU WhaW a comSan\ doeV noW ZanW Wo loVe 
SaWUonage in Whe BIM-maUkeW.  
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In WhiV SaSeU, Ze XVe Whe deৱniWion b\ Penऔill¦ (2006) deৱning BIM aV a meWhodolog\ Wo manage 
Whe eVVenWial bXilding deVign and SUojecW daWa in digiWal foUmaW WhUoXghoXW Whe bXildingۃV life-c\cle 
(SXccaU, SheU, and AUanda-mena, 2007). 

UVe and Ue-XVe of bXilding infoUmaWion on a SUojecW can be haUd Wo do, aV bXilding infoUmaWion iV 
oऑen deYeloSed baVed on a SooU modelling VWUaWeg\ (AldXcin-ठinWeUo, Rojo, PlaWa, HeUn£nde], and 
ConWeUo, 2012), aUe fUagmenWed and e[changed aV Zell aV VWoUed in mXlWiSle analogoXV and digiWal 
UeSUeVenWaWion foUmaWV dXUing Whe YaUioXV ShaVeV of a deVign SUojecW. InfoUmaWion and knoZledge 
gained fUom a SUojecW aUe fXUWheUmoUe UaUel\ UeWained and Ue-XVed on laWeU SUojecWV (BU\de, BUoTXeWaV, 
and Volm 2013).  

In conWUaVW Wo boWh good and SooUl\ docXmenWed deVign infoUmaWion, Vome infoUmaWion iV neYeU 
docXmenWed in CAD, BIM noU an\ZheUe elVe, bXW e[iVW onl\ in Whe memoU\ of Whe deYeloSeU of Whe 
infoUmaWion. डiV can lead Wo infoUmaWion loVV in Whe SUojecW oUganiVaWion beWZeen ShaVeV and Zhen 
SUojecW SaUWiciSanWV aUe VXbVWiWXWed. EYen if Whe SeUVon XVing Whe memoU\ aV docXmenWaWion-SlaWfoUm 
foU bXilding infoUmaWion doeV noW leaYe Whe deVign-Weam dXUing Whe SUojecWۃV lifec\cle, infoUmaWion-
loVV can occXU, aV ۆWhe memoU\ۇ iV noW a Ueliable VWoUage foU bXilding infoUmaWion.  

डe deVign and bXilding SUoceVV can be diYided inWo foXU SUimaU\ ShaVeV, iniWial deVign, SUojecW 
deVign, conVWUXcWion and oSeUaWion, ZheUeaV Whe SUojecW deVign ShaVe can be diYided in WZo SaUWV, 1) 
Whe deVign SUoSoVal and 2) deWailed deVign (FRI and DanVke ARK, 2012; LandgUen, JakobVen, 
WohlenbeUg, and JenVen, 2019).  डe ShaVeV inclXde Whe mileVWoneV VhoZn in ৱgXUe 1, aV deVcUibed b\ 
LandgUen, JakobVen, WohlenbeUg, and JenVen (2019). डe SUoceVV of comSleWing Vaid mileVWoneV iV, 
hoZeYeU, an iWeUaWiYe SUoceVV, in Zhich deVigneUV mXVW go back and foUWh beWZeen Whe mileVWoneV Wo 
comSleWe Whe infoUmaWion deYeloSmenW needed, in oUdeU Wo achieYe aSSUoYal fUom Whe bXilding oZneU, 
and aऔain bXilding SeUmiW fUom local goYeUnmenW. 

In moVW deVign SUojecWV, Whe XVe of CAD and BIM beginV in Whe iniWial deVign ShaVe. AW WhiV SoinW 
VSeciৱcaWionV aUe XVXall\ WUanVlaWed fUom Whe ZUiऔen deVcUiSWion of Whe demandV foU Whe bXilding, VeW 
b\ Whe bXilding oZneU and oWheU VWakeholdeUV Wo Whe SUojecW, inWo dUaZingV and modelV XVing CAD 
and BIM WoolV.  AccoUding Wo ZoX and Tang (2012) iW iV eVVenWial WhaW a deVigneU SUoSoVeV moUe Whan 
one VolXWion Wo hoZ deVign VhoXld be VolYed Wo faciliWaWe Whe demandV VeW b\ Whe bXilding oZneU in Whe 
eaUl\ deVign ShaVeV, Zhich enWailV collaboUaWion beWZeen Whe deVigneU and YaUioXV VSecialiVWV in oUdeU 
Wo Ueach a deVign Zhich iV VXiWable foU conVWUXcWion. 

MoVW bXilding infoUmaWion VWoUed in CAD and BIM UeSoViWoUieV, boWh in Whe iniWial and in Whe 
deVign SUoSoVal ShaVe, aUe conceUned ZiWh Whe geomeWU\ of a bXilding, and Whe SUoSeUWieV of Whe objecWV 
aऔached Wo Vaid geomeWU\. In addiWion Wo infoUmaWion docXmenWed in CAD and BIM WoolV, a deVcUiSWion 
of bXilding infoUmaWion iV W\Sicall\ alVo XWiliVed on deVign SUojecWV in DenmaUk.  

BXilding infoUmaWion foXnd WhUoXgh CAD and BIM WoolV oऑen makeV an imSliciW oU e[SliciW 
docXmenWaWion of Whe deVign inWenW of a deVign; hoZeYeU, oऑen Whe UaWionale foU a deVign iV noW 
docXmenWed in an\ Ueliable foUmaW.  

Figure 1 The design, construction and operational phases and their milestones (FRI and Danske ARK, 2012; Landgren, 
Jakobsen, Wohlenberg, and Jensen, 2019) 
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DeVign inWenW iV a VSecial kind of deVign knoZledge (Chen, He, LY, and Cai, 2019), डeUe iV, 
noneWheleVV, cXUUenWl\ no conVenVXV foU hoZ deVign inWenW VhoXld be deৱned (Camba and ConWeUo, 
2015).  

In a VWXd\ aboXW deVign inWenW in 2D CAD, I\eU and MillV (2006) deVcUibe deVign inWenW aV, ۆWhe 
inVighW inWo Whe deVign YaUiableV (deVign objecWiYeV, conVWUainWV, alWeUnaWiYeV, eYolXWion, gXidelineV, 
manXfacWXUing inVWUXcWionV and VWandaUdV) imSliciW in Whe VWUXcWXUal, VemanWic and SUacWical 
UelaWionVhiSV beWZeen Whe geomeWUical, maWeUial, dimenVional and We[WXal enWiWieV SUeVenW in Whe CAD 
UeSUeVenWaWionۇ.   

Chen, He, LY, and Cai, ( 2019) deৱne deVign inWenW in Whe conWe[W of e৳cienW clean-VheeW oU Ue-XVe 
CAD-modelling aV, ۆa deVcUiSWion of Whe collaboUaWion SUoceVV, a cooUdinaWion SUocedXUe of deVign 
inWenWV fUom eYeU\ SaUWiciSanW and an oSWimal deVign VolXWion aV a UeVXlW of a collecWiYe inWelligenceۇ. 
डe WaVk of deVign inWenW caSWXUing, iV fXUWheUmoUe deVcUibed aV, a UecoUding of hoZ diৰeUenW SUojecW 
SaUWiciSanWV geneUaWe Whe foUm of a SUodXcW and Zh\ Whe foUm iV geneUaWed in Whe Za\ iW iV.  

AccoUding Wo Whe InWeUnaWional OUganiVaWion foU SWandaUdiVaWion (ISO) ۆDeVign inWenW iV caSWXUed 
in Whe VchemeV of SaUameWeUi]aWion and conVWUainWV imSoVed XSon modelV dXUing WheiU 
conVWUXcWionۇ(ISO, 2005a), and iV Whe ۆinWenWionV of Whe deVigneU of a model ZiWh UegaUd Wo hoZ iW ma\ 
be inVWanWiaWed oU modiৱedۇ (ISO, 2005b).  

BaVed on anal\ViV b\ OWe\, ComSan\, ConWeUo, and Camba (2018) Whe deVign inWenW SUimaUil\ 
SUoYideV behaYioXU and fXncWion, bXW doeV alVo make deVign UeTXiUemenWV e[SliciW and eaVeV 
commXnicaWion, and iV accoUding Wo Camba and ConWeUo (2015) diUecWl\ UelaWed Wo CAD TXaliW\.  

On Whe oWheU hand, OWe\, ComSan\, ConWeUo, and Camba ( 2018), deVcUibe deVign UaWionale aV Whe 
e[SliciW docXmenWaWion of Whe UeaVonV behind Whe deciVionV made Zhen deVigning, Zhich SUoYideV Whe 
aUgXmenW oU UaWionale Zhich VXSSoUWV and helSV XndeUVWanding Whe choiceV made (MacLean, YoXng, 
and MoUan, 1989).  Lee (1997) addV WhaW Zell-VWUXcWXUed deVign UaWionale can helS deVigneUV WUack Whe 
iVVXeV and Whe alWeUnaWiYeV being e[SloUed Vand WheiU eYalXaWionV, and can be UeSUeVenWed aV boWh 
infoUmal, Vemi-foUmal and foUmal. InfoUmal UaWionale can enWail XnVWUXcWXUed deVcUiSWionV in naWXUal 
langXe, aXdio/ Yideo UecoUdingV and UaZ-dUaZingV, ZhilVW a V\VWem can Uead and maniSXlaWe a foUmal 
UeSUeVenWaWion, XVing foUmal oSeUaWionV. Semi-foUmal UeSUeVenWaWion of deVign UaWionale conViVWV of 
boWh infoUmal and foUmal (Lee, 1997), and UelaWeV Zell Wo Whe conVWUXcWion indXVWU\, Zhich  iV alUead\ 
XWiliVing Vemi-foUmal UeSUeVenWaWion in Whe deVign SUoceVV.  

InWeUSUeWed b\ OWe\, ComSan\, ConWeUo, and Camba (2018), Pe³a-MoUa, SUiUam, and LogcheU 
(1993) VWaWeV WhaW Whe AEC indXVWU\ can beneৱW fUom e[SliciW deVign inWenW UeSUeVenWaWion in foXU Za\V.  

1. ChangeV in comSle[ SUojecWV UeTXiUe ceUWain deVign deciVion Wo be modiৱed dXUing Whe 
deYeloSmenW SUoceVV. When Whe jXVWiৱcaWionV deৱned dXUing Whe iniWial VWageV aUe loVW, 
Whe\ need Wo be UecUeaWed, Zhich haV a negaWiYe imSacW on SUojecW coVWV and deYeloSmenW 
WimeV. डe abiliW\ Wo VWoUe, SUoceVV, and UeWUieYe WhiV infoUmaWion can VigniৱcanWl\ imSUoYe 
SUodXcWiYiW\. 

2. When deVign inWenW infoUmaWion iV UeSUeVenWed e[SliciWl\ and iV eaVil\ aYailable foU 
UeYieZ, Whe oYeUall TXaliW\ of Whe SUodXcW incUeaVeV.  

3. E[SliciW commXnicaWion of deVign inWenW leadV Wo a moUe inWelligenW XVe of UeVoXUceV and 
knoZledge. 

4. E৳cienW commXnicaWion of deVign inWenW iV eVVenWial foU inWegUaWing VolXWionV and 
WUanVfeUUing deVign knoZledge.  

In Whe Vame SaSeU Pe³a-MoUa, SUiUam, and LogcheU, (1993) deVcUibe deVign inWenW aV eTXiYalenW Wo 
a VeW of deVign UeTXiUemenWV, and Whe deVign UaWionale aV Whe UeaVoning WhaW VhaSed Whe deVign.  

In WhiV SaSeU Ze focXV on deVign UaWionale docXmenWaWion in Whe DaniVh conVWUXcWion indXVWU\, 
deৱning deVign UaWionale aV Whe aUgXmenW Zhich VXSSoUWV and helSV XndeUVWanding choiceV made, in 
a Vemi-foUmal UeSUeVenWaWion, XWiliVing boWh infoUmal and foUmal UeSUeVenWaWion of deVign UaWionale aV 
VXggeVWed b\ Lee (1997). We fXUWheUmoUe diVWingXiVh beWZeen deVign inWenW and deVign UaWionale, 
deৱning deVign inWenW aV Whe deVign knoZledge haUboXUing noW onl\ geomeWUical, bXW alVo non-
geomeWUic aVSecWV of Whe deVign, inclXding SUodXcW infoUmaWion and deVign SUoceVV infoUmaWion. 

डUoXgh ৱYe Vemi-VWUXcWXUed inWeUYieZV ZiWh UeVSondenWV fUom Vmall and mediXm-Vi]ed 
comSanieV in DenmaUk, WhiV SaSeU idenWiৱeV hoZ deVign UaWionale iV docXmenWed and e[changed on 
deVign SUojecWV. In Whe WhiUd VecWion of Whe SaSeU, Whe UeVXlWV fUom Whe inWeUYieZV aUe SUeVenWed, 
folloZed b\ a diVcXVVion in VecWion foXU, idenWif\ing VimilaUiWieV and diVcUeSancieV beWZeen oXU UeVXlWV 
and e[iVWing liWeUaWXUe, Wo XndeUVWand 1) if and hoZ deVign UaWionale iV docXmenWed and e[changed 
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and 2) idenWif\ Zhich WoolV AEC comSanieV cXUUenWl\ XVe Wo docXmenW and e[change deVign UaWionale. 
Finall\, VecWion Vi[ SUeVenWV a VXmmaU\ and conclXVion of Whe UeVeaUch.  

2 Methodology 
डe daWa collecWion foU WhiV SaSeU ZaV diYided in WZo SaUWV. FiUVWl\, a Vmall V\VWemaWic liWeUaWXUe UeYieZ 
and Vecondl\, an emSiUical daWa collecWion XVing Vemi-VWUXcWXUed inWeUYieZV. InWeUYieZV ZeUe mainl\ 
condXcWed dXUing an inWeUdiVciSlinaU\ leaUning eYenW in NoUWheUn DenmaUk, called Whe DigiWal Da\V. 
AW Whe DigiWal Da\V, VWXdenWV fUom diৰeUenW edXcaWional leYelV and SUogUammeV, aV Zell aV indXVWU\ 
UeSUeVenWaWiYeV, ZoUkV WogeWheU in WeamV of 10-15 SeoSle. डe eYenW iV held annXall\ and Wook Slace 
online in 2021. MoVW of Whe inWeUYieZV ZeUe WheUefoUe condXcWed XVing online meeWing SlaWfoUmV and 
Whe WeleShone.  

2.1 Literature review 
LiWeUaWXUe ZaV collecWed XVing Whe ke\ZoUdV: deVign UaWionale, deVign inWenW, infoUmaWion 
managemenW, bXilding infoUmaWion modelling and deciVion-making in Whe Web of Vcience and ScoSXV 
daWabaVeV. To enVXUe a bUoadeU docXmenWaWion of Whe VWaWe of Whe aUW, backZaUdV VnoZballing ZaV 
SeUfoUmed on ke\-UefeUenceV foXnd XVing Whe ke\ZoUd VeaUcheV. Non-AEC liWeUaWXUe ZaV noW 
e[clXded.  

2.2 Empirical data collection  
EmSiUical daWa ZaV collecWed XVing Vemi-VWUXcWXUed inWeUYieZV, baVed on Whe UecommendaWionV of 
TanggaaUd and BUinkmann (2015). UVing Vemi-VWUXcWXUed inWeUYieZV SUoYideV Whe inWeUYieZeU Whe 
abiliW\ Wo aVk boWh SUe-deWeUmined TXeVWionV, aV Zell aV VSonWaneoXVl\ aUiVing TXeVWionV. डe XVe of 
Vemi-VWUXcWXUed inWeUYieZV fXUWheUmoUe alloZV UeVSondenWV Wo VSeak in a naUUaWiYe, Zhich can SUoYide 
infoUmaWion aboXW SUoceVV and conWe[W. One inWeUYieZ ZiWh WZo SeUVonV fUom an aUchiWecWXUal 
comSan\ ZaV condXcWed, in SeUVon, ZhilVW Whe UeVW of Whe inWeUYieZV ZeUe condXcWed dXUing Whe DigiWal 
Da\V 2021, XVing an online meeWing SlaWfoUm oU Whe WeleShone.  

In all, ৱYe UeVSondenWV fUom boWh aUchiWecWXUal and engineeUing comSanieV ZeUe inWeUYieZed aV 
VhoZn in ৱgXUe 2.  

2.3 Data Analysis 
डe TXaliWaWiYe daWaVeWV collecWed fUom Vemi-VWUXcWXUed inWeUYieZV ZeUe VoXnd-UecoUded and 
WUanVcUibed. डe WUanVcUiSWion alloZed coding of Whe inWeUYieZ daWa, VWUXcWXUed XVing Whe ke\ZoUdV 
fUom Whe liWeUaWXUe VeaUch, in oUdeU Wo faciliWaWe a Zell-oUganiVed SUeVenWaWion and diVcXVVion of Whe 
daWa. डiV alloZed diUecW comSaUiVon of Whe emSiUical daWa and Whe liWeUaWXUe and made iW SoVVible Wo 
highlighW VimilaUiWieV and diVcUeSancieV beWZeen Whe WZo daWa collecWionV.  

3 Results   
In WhiV VecWion, Whe UeVXlWV fUom Whe Vemi-VWUXcWXUed inWeUYieZV aUe SUeVenWed diYided in Whe foXU WoSicV, 
1) deVign UaWionale, 2) deVign inWenW, 3) infoUmaWion managemenW and BIM, and 4) deciVion-making.  

3.1 Design rationale 
InWeUYieZV VhoZed WhaW deVign UaWionale can be docXmenWed and e[changed XVing diৰeUenW W\SeV of 
WoolV inclXding CAD modelling. FoU moVW of Whe UeVSondenWV, deVign UaWionale iV noW a W\Se of deVign 
knoZledge Whe\ VSeciৱcall\ docXmenW and e[change, hoZeYeU in Vome caVeV deVign inWenW and 
UaWionale ZaV UeSoUWed Wo be SUeVenW in CAD and BIM imSliciWl\. डe degUee of infoUmaWion maWXUiW\ 

Figure 2 Structure and information about the interviews and the respondents 
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ZaV noneWheleVV Whe SUimaU\ deWeUminaWiYe foU if deVign inWenW and UaWionale ZeUe acceVVible 
imSliciWl\.  

ReVSondenW 2 noWed WhaW XVe of YiVXaliVaWion WechnologieV like ViUWXal RealiW\ (VR) made iW SoVVible 
Wo inVSecW modelV YiVXall\ and inWeUSUeW Whe UaWionale behind Whe deVign deciVionV made in eaUlieU 
deVign ShaVeV. DeVign made b\ oWheUV on Whe deVign Weam ZaV fXUWheUmoUe made eaVieU Wo XndeUVWand, 
aV Whe immeUVion SUoYided WhUoXgh VR acWV aV a beऔeU SlaWfoUm foU commXnicaWing deVign inWenW and 
UaWionale, Whan 2D and 3D UeSUeVenWaWionV of Whe Vame deVign VhoZn WhUoXgh a modelling Wool. 

ReVSondenW 2 alVo e[Slained WhaW deVign deciVionV made in Whe eaUl\ deVign ShaVeV, aUe oऑen 
alWeUed WhUoXghoXW laWeU deVign ShaVeV, onl\ Wo be changed back Wo Whe oUiginal deVign befoUe iW iV 
handed oYeU foU conVWUXcWion. डiV iV dXe Wo deVign-changeV noW liYing XS Wo coVW-limiWaWionV oU noW 
ৱऔing ZiWh demandV foU Whe bXilding Zhen eYalXaWed WhoUoXghl\.  

ReVSondenW 3 added Wo WhiV deVcUiSWion, b\ e[Slaining WhaW VomeWimeV a deVign VolXWion geWV 
XSdaWed in Whe deVign model, onl\ Wo be changed back again b\ anoWheU SeUVon ZoUking on Whe SUojecW, 
becaXVe WhaW SeUVon did noW XndeUVWand Whe UeaVon foU Whe change. डe UeVSondenW fXUWheU noWed WhaW 
docXmenWaWion of deVign UaWionale, in WhiV UegaUd, coXld make a diৰeUence.  

डUee of Whe UeVSondenWV deVcUibed hoZ Whe\ XWiliVe ۆbUeadcUXmbVۇ in AXWodeVk ReYiW, Zhich iV a 
famil\ baVed collaboUaWion Wool (AXWodeVk, 2021), alloZing deVigneUV Wo Slace noWeV in a bXilding model. 
डe Wool iV XVed Wo e[change noWeV among deVigneUV on a SUojecW, deVcUibing ZhaW needV Wo be changed, 
hoZeYeU, aV e[Slained b\ UeVSondenW 3, VXch noWeV, e[changed XVing ۆbUeadcUXmbVۇ, UaUel\ inclXde a 
UaWionale e[Slaining Zh\ a change iV needed.  

3.2 Design intent  
In conWUaVW Wo Whe lack of deVign UaWionale foXnd in ۆbUeadcUXmbVۇ XVed b\ Vome of Whe UeVSondenWV, 
deVign inWenW, deVcUibing Zhich demandV needV fXlৱlmenW, aUe oऑen e[changed beWZeen SUojecW 
SaUWiciSanWV. डiV iV done XVing a collaboUaWion Wool like ۆbUeadcUXmbVۇ oU WhUoXgh email 
coUUeVSondence oU oUal commXnicaWion.  

HaYing UegXlaU meeWingV, faciliWaWing oUal diVcXVVion of deVign VolXWionV beWZeen SUojecW 
SaUWiciSanWV ZeUe deVcUibed aV eVVenWial b\ UeVSondenWV 3 and 4, highlighWing WhaW VXch meeWingV can 
limiW Whe WUanVfeUUing of iVVXeV UegaUding hoZ, ZheUe and ZhaW Wo model in Whe XVed CAD and BIM 
WoolV, beWZeen ShaVeV, WhUoXghoXW a SUojecWۃV life-Wime.  

ReVSondenW 1 UeYealed WhaW deVign inWenW and change-UeTXeVWV Wo a deVign-model aUe baVed on 
handZUiऔen SoVW-iW noWeV, oU noWeV inVeUWed inWo Whe bXilding deVcUiSWion docXmenW in heU comSan\. 
HoZeYeU, VomeWimeV infoUmaWion iV loVW, XVing VXch SUocedXUeV.  

ReVSondenW 3 deVcUibed hoZ hiV comSan\ oऑen haV inWeUdiVciSlinaU\ diVcXVVion aboXW hoZ Wo 
VolYe a deVign SUoblem. डe SUimaU\ facWoU foU Zhich VolXWion iV choVen dXUing VXch diVcXVVionV aUe 
Whe coVW, and Whe comSan\ WheUefoUe UaUel\ XVeV BIM-baVed anal\ViV WoolV, Wo UeYeal if Whe deVign liYeV 
XS Wo Whe demandV VeW foU Whe deVign, oU Wo SUoYide an aUgXmenW oU UaWionale foU a VSeciৱc VolXWion.  

3.3 Information management and BIM  
All UeVSondenWVۃ comSanieV XVe CAD and BIM WoolV. HoZeYeU, UeVSondenW 1 diVcloVed WhaW onl\ 
geomeWUic modelling iV XWiliVed in heU comSan\, aV Whe comSeWenceV ZiWh UeVSecW Wo SaUameWUic 
modelling aUe limiWed in Whe comSan\.  

ReVSondenWV 4 and 5 e[Slained hoZ Whe\ aUe WU\ing Wo connecW Whe deVign deVcUiSWion docXmenW, 
ZiWh WheiU 3D model, Zhich ZoXld connecW a ZUiऔen docXmenW Whe comSan\ XVeV Wo deVcUibe all 
bXilding comSonenWV and WheiU inWenW, ZiWh Whe 3D model, and alloZ beऔeU infoUmaWion e[change 
beWZeen SUojecW SaUWiciSanWV. HoZeYeU, Whe cXUUenW SUoceVV of e[changing infoUmaWion UelieV heaYil\ 
on oUal commXnicaWion and email coUUeVSondence, VWoUed ZiWhoXW being connecWed Wo CAD and BIM.  

FoXU of Whe ৱYe UeVSondenWV UeSoUWed WhaW Whe\ XVe aXWomaWic model checking, aW leaVW Wo Vome 
degUee, indicaWing, WhaW WUacking of changeV iV occXUUing in Whe comSanieV, docXmenWing changeV made 
Wo Whe deVign inWenW, hoZeYeU, ZiWhoXW caSWXUing Whe aUgXmenW behind Whe changeV. 

3.4 Decision-making  
All UeVSondenWV e[Slained hoZ Whe\ XVe CAD and BIM in YaUioXV Za\V, hoZeYeU; onl\ UeVSondenWV 4 
and 5 deVcUibed WheiU deVign modelV aV a meanV foU deciVion-making. HoZeYeU, Whe commXnicaWion of 
Whe deciVionV made baVed on model VcUXWin\, UelieV on docXmenWaWion, Zhich iV noW VWoUed WhUoXgh Whe 
CAD and BIM WoolV.  
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4 Discussion 
BIM XVage, makeV iW SoVVible foU mXlWiSle SUojecW SaUWiciSanWV Wo collaboUaWe XVing Whe Vame model 
(ESVWein, 2012),  and XVe of BIM VeemV aV a feaVible VolXWion foU infoUmaWion e[change beWZeen SaUWieV. 
IW iV WheUefoUe, of no VXUSUiVe WhaW all UeVSondenWV UeYealed WhaW Whe\ XVe 3D modelling WoolV. HoZeYeU, 
aV noWed b\ UeVSondenW 1, adoSWion of AXWodeVk ReYiW in heU comSan\ ZaV baVed on one SeUVonۃV 
commiWmenW, aV Whe oWheU emSlo\eeV in heU comSan\ ZeUe comfoUWable XVing 2D modelling onl\. 

When XVing 3D modelling in deVigning, Vome UeVSondenWV e[Slained WhaW Whe\ XVe BIM, haYing 
Whe 3D model aV a baViV foU commXnicaWing of deVign on WheiU SUojecWV. डiV iV a common SUacWiVe in 
Whe conVWUXcWion indXVWU\, and a SUoceVV Zhich iV commonl\ diYided inWo foXU ShaVeV ZiWh VSeciৱc 
mileVWoneV aऔached, aV deVcUibed in ৱgXUe 1 (LandgUen, JakobVen, WohlenbeUg, and JenVen 2019). 
HoZeYeU, baVed on Whe UeVXlWV fUom Whe inWeUYieZV, Whe chUonological XndeUVWanding of Whe deVign 
SUoceVV doeV noW ৱW ZiWh Whe deVcUiSWion of Zhen infoUmaWion aboXW deVign inWenW and UaWionale mXVW 
be acceVVible. Some eaUl\ deVign inWenW and UaWionale mighW VXSSoUW deciVion-making in laWe ShaVeV, 
and coXld hindeU changeV being made Wo a deVign VolXWion, Zhich ZoUkV oU mighW noW be changeable 
dXe Wo an XndeUl\ing UaWionale.   

To SUoYide deVign UaWionale Wo all ShaVeV of a deVign SUojecW, iW mXVW be docXmenWed WhUoXghoXW 
Whe fXll deVign SUoceVV, and VWoUed in an acceVVible UeSUeVenWaWion, foUmaW and locaWion, aV VhoZn in 
ৱgXUe 3. DocXmenWaWion of deVign UaWionale mighW be moVW XVefXl if docXmenWed WhUoXgh BIM and 
CAD WoolV; hoZeYeU, WhiV oSWion cannoW be conclXded aV feaVible baVed on WhiV UeVeaUch alone.  

ReVSondenWV 4 and 5 e[Slained WhaW Slanning ahead of modelling iV Whe ke\ Wo VXcceVV on WheiU 
SUojecWV, and WhaW iVVXeV UegaUding hoZ Wo model, ZhaW Wo model, and Zhich modelling WoolV mXVW be 
XVed, can be aYoided WhUoXgh VXch Slanning. डe\ fXUWheU noWed WhaW commXnicaWion WhUoXgh BIM-
WoolV alone, iV noW enoXgh, and WhaW oUal diVcXVVionV aboXW deVign inWenW and deVign UaWionale aUe 
needed WhUoXghoXW Whe deVign SUoceVV Wo enVXUe iVVXeV doeV noW gUoZ dXUing Whe YaUioXV deVign 
ShaVeV. 

DeVign ShaVeV mighW be diYided ZiWh UeVSecW Wo Zhich mileVWone Wo Ueach, bXW Whe\ aUe noW diYided 
ZiWh UeVSecW Wo infoUmaWion and Zhen deVign UaWionale iV needed Wo infoUm deciVion-making.   

Figure 3 The commonly accepted phases and milestones for a design project, combined with documentation of 
design rationale information in a BIM or CAD model, allowing accessibility to the information for all project 
participants, in all phases, as indicated by the full coloured arrows.  
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Some aऔemSWV aUe alUead\ being made Wo digiWiVe Vome of Whe infoUmaWion WhaW mighW UeVXlW fUom 
oUal deVign meeWingV, WhUoXgh combining bXilding deVcUiSWionV and bXilding modelV, aV Zell aV XVing 
WoolV like ۆbUeadcUXmbVۇ in AXWodeVk ReYiW, Wo commXnicaWe changeV. HoZeYeU, UaWionale needV Wo be 
added Zhen XVing VXch WoolV, aV deVign UaWionale can helS deVigneUV aYoid Ue-deVigning a fXncWional 
VolXWionV, oU go back on a change made b\ anoWheU deVigneU, dXe Wo lack of XndeUVWanding foU Zh\ Whe 
change ZaV made (MacLean, YoXng, and MoUan, 1989).  

DeVign UaWionale iV VomeWimeV VWoUed imSliciWl\ in a deVign-model, bXW onl\ becomeV obYioXV Zhen 
YieZed WhUoXgh anoWheU mediXm Whan a BIM-Wool. डiV coXld be YiUWXal UealiW\, aV noWed b\ one of Whe 
UeVSondenWV, aV Whe immeUViYe naWXUe of YiUWXal UealiW\ WhUoXgh head-moXnWed-diVSla\V, mighW make 
iW eaVieU foU a deVigneU Wo XndeUVWand Zh\ a deVign VolXWion iV aV iW iV.  

When deVign UaWionale iV noW foXnd imSliciWl\ in deVign modelV, a VWUXcWXUed UeSUeVenWaWion of iW 
iV neceVVaU\, inclXding noW onl\ foUmal, V\VWem-Ueadable infoUmaWion, bXW alVo infoUmal UaWionale, 
Zhich mighW inclXde handZUiऔen noWeV and docXmenWaWion of oUal-commXnicaWion.  

AV deVcUibed b\ ZoX and Tang (2012) mXlWiSle deVign SUoSoValV VhoXld be Whe foXndaWion foU 
deciVion-making, enVXUing Whe fXlৱlmenW of Whe deVign demandV VeW b\ Whe bXilding oZneU. HoZeYeU, 
aV UeYealed WhUoXgh Whe inWeUYieZV, deciVionV aUe noW made baVed on VelecWing a VolXWion fUom a 
caWalogXe of oSWionV. DeVign VolXWionV and changeV Wo a model aUe oऑen made on an indiYidXal leYel. 
SXch changeV can be WUacked XVing aXWomaWic UXle-checking VoऑZaUe aSSlied Wo a CAD oU BIM model, 
hoZeYeU, Whe UaWionale foU Whe changeV made b\ an indiYidXal SUojecW SaUWiciSanW aUe noW WUaceable in 
WhiV Za\, if Whe\ aUe noW docXmenWed in Whe model. 

EYen WhoXgh Vome comSanieV VWUiYe Wo SUeVeUYe Whe Vame SaUWiciSanWV on a SUojecW WhUoXghoXW Whe 
deVign SUoceVV, SeoSle along ZiWh WheiU knoZledge of bXilding UaWionale aUe oऑen UemoYed fUom 
SUojecWV. डiV haV a negaWiYe imSacW on SUojecW coVWV and deYeloSmenW Wime (Pe³a-MoUa, SUiUam and 
LogcheU, 1993; OWe\, ComSan\, ConWeUo, and Camba, 2018), aV Zell aV Whe abiliW\ Wo conWain deVign 
UaWionale on a deVign SUojecW.  

5 Limitations and future work 
डe emSiUical UeVeaUch daWa ZaV collecWed onl\ fUom Vmall and mediXm-Vi]ed comSanieV in DenmaUk. 
EYen WhoXgh A\inla and AdamX (2018) in WheiU UeVeaUch haYe conclXded WhaW Vmall and laUge 
oUganiVaWionV aUe VomeZhaW VimilaU in VoShiVWicaWion of BIM Wechnolog\ XWiliVed and WheiU adoSWion 
VSeed, Whe VWXd\ ZoXld haYe beneৱऔed fUom inWeUYieZing majoU-Vi]ed comSanieV alVo, Wo achieYe a 
bUoadeU XndeUVWanding of Whe docXmenWaWion and e[change SUoceVVeV UelaWed Wo deVign UaWionale. 

डe geneUaliVabiliW\ of Whe VWXd\ iV limiWed b\ iWV local naWXUe and fXWXUe UeVeaUch VhoXld inclXde 
an emSiUical daWa collecWion ZiWh an inWeUnaWional VcoSe.  

डe VWXd\ did noW conVideU docXmenWaWion and e[change of deVign UaWionale in a bXilding 
infoUmaWion maWXUiW\ conWe[W, Zhich VhoXld be inclXded in fXWXUe ZoUk. 

6 Conclusion 
डiV SaSeU SUeVenWed a Vmall liWeUaWXUe UeYieZ, VXmmaUiVing diৰeUenW SeUVSecWiYeV and deৱniWionV of 
deVign inWenW and deVign UaWionale, UeVXlWing in a deৱniWion, of deVign inWenW and UaWionale, aV Whe 
aUgXmenW Zhich VXSSoUWV and helSV XndeUVWanding choiceV made, in a Vemi-foUmal UeSUeVenWaWion 
(MacLean, YoXng, and MoUan, 1989; Lee, 1997). We fXUWheUmoUe diVWingXiVhed beWZeen deVign inWenW 
and deVign UaWionale, deৱning deVign inWenW aV Whe deVign knoZledge haUboXUing boWh geomeWUical, 
SUodXcW infoUmaWion and deVign SUoceVV infoUmaWion. 

डUoXgh ৱYe Vemi-VWUXcWXUed inWeUYieZV, ZiWh UeVSondenWV fUom Vmall and mediXm-Vi]ed 
comSanieV in DenmaUk, iW ZaV UeYealed WhaW no VSeciৱc SUoceVVeV occXU dXUing Whe deVign ShaVeV 
caSWXUing deVign UaWionale. A need foU docXmenWaWion and acceVVibiliW\ of deVign UaWionale ZaV, 
noneWheleVV idenWiৱed. 

डe deVign and bXilding SUoceVV iV oऑen diYided inWo foXU ShaVeV, in Zhich Whe deVign SUoceVV 
conWainV an iniWial deVign and a SUojecW deVign, Zhich inclXdeV VeYen mileVWoneV eVWabliVhed in Whe 
BXilding and Planning RegXlaWionV b\ डe DaniVh AVVociaWion of ConVXlWing EngineeUV and Whe DaniVh 
AVVociaWion of AUchiWecWXUal FiUmV (FRI and DanVke ARK, 2012). EYen WhoXgh Whe ShaVeV and 
mileVWoneV mighW be comSleWed in a chUonological oUdeU, infoUmaWion fUom one ShaVe iV noW onl\ 
infoUmaWiYe foU deciVion-making in Whe folloZing ShaVe. InfoUmaWion of deVign inWenW and UaWionale 
fUom Whe eaUl\ deVign ShaVeV can infoUm deciVion-making in laWe ShaVeV.  
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 ImSliciW deVign inWenW iV oऑen SUeVenW in CAD and BIM, WhUoXgh XVe of collaboUaWion WoolV VXch aV 
  .oU docXmenWed in emailV and deVign bUiefV ۇBUeadcUXmbVۆ

DeVign UaWionale iV VomeWimeV docXmenWed on deVign SUojecWV imSliciWl\ WhUoXgh XVe of CAD and 
BIM WoolV, in emailV, docXmenWV oU handZUiऔen noWeV, oU in minXWeV of meeWingV. HoZeYeU, moVW 
deVign UaWionale iV noW docXmenWed and eYen if iW iV, iW iV UaUel\ VhaUed beWZeen SUojecW SaUWiciSanWV in 
an\ e[SliciW oU Ueliable UeSUeVenWaWion. 
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