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D E S I G N  TO  B E  R E C O N F I G U R E D
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K I T  O F  PA R T S  A S S E M B LY

Take inspiration from other industr ies for their 
ease of assembly,  repairabi l i ty and disassembly by 
designing a kit  of  parts for the bui lt  environment.



G E N E R A L 
C O N T E X T 
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T H E  C O N S T R U C T I O N  I N D U S T R Y



Benjamin Bomben | P5 aE Graduation Studio General Context | 7

S T U B B O R N

A determination not to change one’s att itude or 
posit ion on something,  especial ly in spite of good 

arguments or reasons to do so.

[adjective]



Benjamin Bomben | P5 aE Graduation Studio General Context | 8

INCREASED DEMAND LACK OF INNOVATION DEPENDENCY ON RENNOVATIONS 
AND DEMOLITIONS 



Benjamin Bomben | P5 aE Graduation Studio General Context | 9

Over  the  nex t  10 years ,  t he  demand 
fo r  g lobal  cons t ruc t ion  i s  expec ted to 

inc rease by  70%”(PWC)

I N C R E A S I N G  D E M A N D
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I N C R E A S I N G  D E M A N D
Demand fo r  res iden t ia l  cons t ruc t ion  se r v ices  has  grown 
a t  a  ra te  o f  6% every  year  f rom 2020 to  2030.  Due to 
inc reased need fo r  a f fo rdable  hous ing ,  and changing 
l i fes t y les  resu l t i ng  in  more  people  l i v ing  a lone or  w i th 

fewer  fami ly  members  than ever  be fore .
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High leve l s  o f  r i sk  avers ion  are  due to  the  fac t  tha t  the 
indus t r y ’s  overa l l  p ro f i tab i l i t y  i s  abou t  5  percen t ,  and lower 
in  cer ta in  par t s  o f  the  va lue  cha in .  Moreover,  cons t ruc t ion 
pro jec t s  t yp ica l ly  take 20 percen t  longer  to  f i n i sh  than 

schedu led and can be up to  80 percen t  over  budget

L AC K  O F  I N N OVAT I O N
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L AC K  O F  I N N OVAT I O N
Annual  p roduc t i v i t y  g rowth  over  the  pas t  20 years  was 
on ly  a  th i rd  o f  to ta l  economy averages .  R i sk  avers ion 
and f ragmenta t ion  as  wel l  as  d i f f i cu l t ies  in  a t t rac t ing 
d ig i ta l  ta len t  s low down innova t ion .  D ig i ta l iza t ion  i s 

lower  than in  near ly  any  o ther  indus t r y.  (Mckinsey)
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Accord ing to  the  US EPA (Env i ronmenta l  Pro tec t ion 
Agency)  92% of  a l l  cons t ruc t ion  re la ted was te 
produced annua l ly  in  the  US i s  the  resu l t  o f 
renova t ions  & demol i t ions ,  w i th  on ly  8% produced 

f rom new cons t ruc t ion

D E P E N D E N CY  O N  R E N OVAT I O N /  D E M O L I T I O N
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D E P E N D E N CY  O N  R E N OVAT I O N /  D E M O L I T I O N

Concre te  has  one o f  the  longes t  use fu l  l i ves  among 
bu i ld ing mater ia l s ,  bu t  concre te  s t ruc tu res  accoun t  fo r 
the  mos t  demol i t ion  pro jec t s  by  fa r.  (Tampere  Un ivers i t y 

o f  Techno logy)
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G E N E R A L  C O N T E X T 
P R O B L E M  S TAT E M E N T

The bu i l t  env i ronment  i s  unable  to  eas i l y  adapt  to  fu tu re 

soc ia l ,  env i ronmenta l  and economic  con tex t s .  Produc ing a 

s ign i f i can t  amoun t  o f  was te  in  o rder  to  t r y  and upgrade the 

pas t ,  ra ther  than t r y ing to  des ign  fo r  the  fu tu re .  Wi th  the  wor ld 

changing more than ever,  t here  i s  a  major  p rob lem wi th  how 

we genera te  our  bu i l t  env i ronment .
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M a t e r i a l C i rc u l a r i t y P re - Fa b r i c a t i o n

I n  a  year  500 mi l l ion  cub ic 
meters  i s  harves ted f rom 

European Fores t s

Genera t ing  bu i ld ing componten t s 
more  sus ta inab ly  whi le  m i t iga t ing 

on-s i te  cons t ruc t ion  t ime

Abi l i t y  to  reconf igure  bu i ld ings , 
t rans fo rming them in to  mater ia l 

banks  fo r  fu tu re  use
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± 95% of a tree’s material 
comes from the air.  Result ing 
in it  being a carbon negative 

material

T imber weighs 20% of Brick 
and 25% of Concrete

T imber is considered a high 
qual ity and valuable product 

that can be repeatedly 
processed into lower qual ity 

products. 

W E I G H T C I R C U L A R I T Y CA R B O N  N E GAT I V E 

W H Y  T I M B E R ?



Benjamin Bomben | P5 aE Graduation Studio General Context | 19

S P R U C E

Due to its good workabi l i ty 
and high avai labi l i ty,  i t  is the 
most widely used construction 

t imber in Europe. 

Due to its low weight,  i ts 
elasticity,  i ts soft structure 

and its load-bearing capacity, 
spruce wood can be processed 
very well  both by hand and by 

machine.

Spruce is l ight and elastic at 
the same t ime. Spruce can 

be glued very well  and holds 
screws and nai ls very well . 

Al lowing for it  to be used for 
al l  1D, 2D and 3D systems.

W O R K A B I L I T Y/  AVA I L A B I L I T Y LOA D - B E A R I N G  CA PAC I T Y 1 D / 2 D / 3 D  SYS T E M S
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L inear  t imber  members  such  as 
co lumns  and beams .  Typ ica l ly 

made o f  Glue lamina ted t imber

Typ ica l ly  c ross  lamina ted t imber 
(CLT)  f loor  and wal l  pane l s . 

A  pre fabr ica ted assembly  o f  2D 
CLT  members  to  c rea te  a  modu le 
to  be brought  and p lace a t  s i te . 

P R E - FA B .  SYS T E M S

1 D  SYS T E M S 2 D  SYS T E M S 3 D  SYS T E M S
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E D U CAT I O N A L

1 D

1 D 2 D

2 D

2 D 3 D

3 D

E D U CAT I O N A L

E D U CAT I O N A L

-OR-

-OR-

R E S I D E N T I A L

R E S I D E N T I A L

R E S I D E N T I A L

R E S I D E N T I A L
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1 D  SYS T E M S 2 D  SYS T E M S 3 D  SYS T E M S



C A M P U S 
C O N T E X T
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T U  D E L F T  CA M P U S
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H O U S I N G 
O N  CA M P U S 

There  are  2144  Hous ing Un i t s  on  Campus 
whi le  there  are  more  than 25,000  s tuden t s 
cu r ren t ly  a t tend ing TU Del f t . 
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R E A L I S E D  S T U D E N T  AC C O M O DAT I O N  T H R O U G H O U T  D E L F T  F R O M  2 0 1 7  -  N O W 

Student seeking accomodation expected to increase to  2 3 , 0 0 0
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F R E E  Z O N E S
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F R E E  Z O N E S

???
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Zone A 

Zone C

Zone D
Zone E
Zone F

Zone B

F R E E  Z O N E S
There  are  on ly  6  i so la ted ‘ f ree 
zones ’  on  Campus  to  promote  the 
l i v ing- lab ambi t ion
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CA M P U S  PA R K I N G  LOT S
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Parking Lot  Areas

1:  6410m 2

2:  3810m 2

3:  4013m 2

4:  3451m 2

5:  3865m 2

6:  3324m 2

Total  Unopt imized Area:  28738m 2

S E L E CT E D 
PA R K I N G  LOT S



Benjamin Bomben | P5 aE Graduation Studio Campus Context | 32

P OT E N T I A L  CA M P U S 
C I R C U L AT I O N



D E L F T  CA M P U S
P R O B L E M  S TAT E M E N T

There is a lack of high density,  adaptable 

programming on Delft Campus to faci l i tate  a 

l iv ing-lab for experimentation, col laberation and 

innovation. With the number of students and 

faculty increasing, there is cur rently not enough 

mixed-use accomodation provided on campus.



D E L F T  CA M P U S
P R O B L E M  S TAT E M E N T

G E N E R A L  C O N T E X T
P R O B L E M  S TAT E M E N T

P R O J E CT  O B J E CT I V E

Material Living Lab

Circular ity 

Pre-Fabrication Housing
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P R O J E CT  O B J E CT I V E
Transform the underused locations of exist ing 

parking lots into an active hybrid environment 

by integrating temporary high density 

residential  and educational uses.  Exceeding 

TU Delft ’s need to accommodate 23,000 

students by 2029, through an optimized pre-

fabricated t imber kit  of  parts configuration.



E X P E R I M E N T S 
&  O U T C O M E S
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PA R K I N G  LOT S
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S E L E CT E D  PA R K I N G  LOT
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PA R K I N G  S PAC E
P R O P O R T I O N S
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PA R K I N G  LOT  G R I D
5 x 7.5 meter grid
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S I T E  P L A N
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M A S S I N G  E X P LO R AT I O N
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2.5
M

2.5
M

3.75M
3.75M

‘ W E T ’  M O D U L E ‘ D RY ’  M O D U L E
Wet Modules containt functions such 
as kitchens, washrooms, laundry 
rooms, etc.  These modules also house 
the mechanical services and should be 

stacked on top of each other.

Dry Modules are uti l ized for l iv ing 
rooms, class rooms, bedrooms, etc. 
They can also contain mechanical 
services but typical ly that is left to 

the wet modules. 



Benjamin Bomben | P5 aE Graduation Studio Experiments & Outcomes | 47

M O D U L E  L AYO U T 
Uti l iz ing a 2.5x3.75m module.  Different configurations 
were developed to re-shape the init ial  massing. The 

3D modules were layed out f irst as they were the 
more r igid of the 3 t imber systems. 
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I N I T I A L  C O N F I G U R AT I O N
When playing around with the module layout,  there is 
that init ial  idea of rotating, pushing and pul l ing the 

modules as much as possible to create an interesting 
form. However,  this makes structural and mechanical 

aspects of the project increasingly diff icult .
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R E F I N E D  M A S S I N G
Laying out the modules help to ref ine the overal 

massing and as a result ,  better relate to the 
proport ions of the parking lot . 
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TIMBER SYSTEM MANUFAC TURING ASSEMBLY STRUC TURE FIRE ACOUSTICS TRANSPORTATION

1D
RES.

• The use  o f  1D sys tems  are  ra re ly  u t i l ized in 
Res iden t ia l  cons t ruc t ion  as  2D and 3D sys tems 
are  be t te r  op t im ized fo r  those  t ypo log ies . 

• Ins tead o f  us ing 1D sys tems ,  i t  i s  recommended 
to  use  2D,  3D or  a  combina t ion  o f  bo th  fo r 
mu l t ip le  res iden t ia l  un i t s  where  repe t i t ion  o f 
un i t s  i s  l i ke ly  to  occur

Class  4  (he ight  o f  the  uppermos t  f loor  =  13 meters ) 
and c lass  5  (he ight  o f  the  uppermos t  f loor  =  22 
meters )  bu i ld ings  requ i re  longer  f i re  res i s tance 
dura t ions  o f  60 and 90 minu tes  because f i res  a re 
harder  to  ex t ingu i sh  in  ta l le r  bu i ld ings .

I t  i s  impor tan t  to  no te  tha t  in  genera l ,  fo r  res iden t ia l 
t ypo log ies  the  impac t  sound requ i remen t  shou ld  be 
L ’n ,  w≤ 50 dB where  the  lower  the  va lue  the  be t te r. 
Moreover,  a  res iden t ia l  un i t  mus t  have an a i rborne 
sound reduc t ion  index  o f  R ’w≥ 54dB,  where  the 
h igher  the  va lue  the  be t te r.  Typ ica l ly,  i f  a  pro jec t  i s 
we l l  des igned fo r  impac t  sound i t  w i l l  a l so  per fo rm 
wel l  fo r  a i rborne sound requ i remen ts

1D
EDU.

2D
RES.

2D
EDU.

3D
RES.

3D
EDU.

• D = Depth :  114mm -  2128mm t yp . 
• W = Wid th :  365mm t yp . 
However,  i f  a  grea te r  w id th  i s  des i red ,  then  i t 
can be manufac tu red in  50mm increments ,  i .e ) 
415mm,  465mm,  e tc . . .
Memberss  then  become exponen t ia l l y  more 
expens ive . 
• L  =  Leng th :  De te rmined by  the  des i red 

span f rom the  des igner.  Shou ld  take 
t ranspora t ion  and assembly  ru les  o f  thumb 
in to  cons idera t ion . 

• D = Depth :  114mm -  2128mm t yp . 
• W = Wid th :  365mm t yp . 
However,  i f  a  grea te r  w id th  i s  des i red ,  then  i t 
can be manufac tu red in  50mm increments ,  i .e ) 
415mm,  465mm,  e tc . . .
Memberss  then  become exponen t ia l l y  more 
expens ive . 
• L  =  Leng th :  De te rmined by  the  des i red 

span f rom the  des igner.  Shou ld  take 
t ranspora t ion  and assembly  ru les  o f  thumb 
in to  cons idera t ion . 

• D = Depth :  500mmmm t yp . 
• D1 = Depth  o f  Assembly :  60mm-215mm t yp . 
• W = Wid th :  3500mm Maximum 
• L  =  Leng th :  16500mm Maximum
Typica l ly  CLT  pane l s  w i th  a  depth  f rom 60mm-

100mm cons i s t  o f  3- layers . 
Where  as  CLT  pane l s  w i th  a  depth  f rom 120mm-

180mm cons i s t  o f  5- layers . 
In  o rder  to  a t ta in  i t s  s t ruc tu ra l  p roper t ies ,  CLT 

pane l s  a lways  need to  have an odd number  o f 
layers .  i .e )  3-Layers ,  5-Layers ,  7-Layers ,  e tc . . .

• D = Depth :  500mmmm t yp . 
• D1 = Depth  o f  Assembly :  60mm-215mm t yp . 
• W = Wid th :  3500mm Maximum 
• L  =  Leng th :  16500mm Maximum
Typica l ly  CLT  pane l s  w i th  a  depth  f rom 60mm-

100mm cons i s t  o f  3- layers . 
Where  as  CLT  pane l s  w i th  a  depth  f rom 120mm-

180mm cons i s t  o f  5- layers . 
In  o rder  to  a t ta in  i t s  s t ruc tu ra l  p roper t ies ,  CLT 

pane l s  a lways  need to  have an odd number  o f 
layers .  i .e )  3-Layers ,  5-Layers ,  7-Layers ,  e tc . . .

• H = Height :  ±3000mmmm t yp . 
• W = Wid th :  3500mm Maximum 
• L  =  Leng th :  16500mm Maximum
Note tha t  the  2D manufac tu r ing  o f  CLT  pane l s 

a l so  has  an  in f luence on the  d imens iona l i t y  o f 
3D modu les . 

Wi th in  the  ‘wet ’  modu le ,  the  red represen t s 
f i n i sh ing fo r  wet  cond i t ions  and be low the 
ce i l i ng  CLT  member  i s  a  drop ce i l i ng  fo r 
mechan ica l  ins ta l la t ions .  A l te rna t i ve ly  th i s  can 
be loca ted agains t  one o f  the  wal l s  o f  the 
modu le  or  in  the  ra i sed f loor  sys tem

• H = Height :  ±3000mmmm t yp . 
• W = Wid th :  3500mm Maximum 
• L  =  Leng th :  16500mm Maximum
Note tha t  the  2D manufac tu r ing  o f  CLT  pane l s 

a l so  has  an  in f luence on the  d imens iona l i t y  o f 
3D modu les . 

Wi th in  the  ‘wet ’  modu le ,  the  red represen t s 
f i n i sh ing fo r  wet  cond i t ions  and be low the 
ce i l i ng  CLT  member  i s  a  drop ce i l i ng  fo r 
mechan ica l  ins ta l la t ions .  A l te rna t i ve ly  th i s  can 
be loca ted agains t  one o f  the  wal l s  o f  the 
modu le  or  in  the  ra i sed f loor  sys tem

• Transpor t ing  a  1D sys tem i s  mos t  cos t  e f fec t i ve 
i f  t hey  are  s tacked regu lar ly  and compact ly 
w i th  no was ted space and no requ i remen ts  fo r 
w ide or  long loads . 

• The same ru le  applys  to  2D pane l s  as  wel l . 
• To ensure  t rasnpor ta t ion  i s  mos t  e f fec t i ve , 

p re fabr ica ted members  shou ld  be as  t yp ica l 
as  poss ib le ,  avo id ing cus tom or  one -o f f 
memebrs .

• Transpor t ing  a  1D sys tem i s  mos t  cos t  e f fec t i ve 
i f  t hey  are  s tacked regu lar ly  and compact ly 
w i th  no was ted space and no requ i remen ts  fo r 
w ide or  long loads . 

• The same ru le  applys  to  2D pane l s  as  wel l . 
• To ensure  t rasnpor ta t ion  i s  mos t  e f fec t i ve , 

p re fabr ica ted members  shou ld  be as  t yp ica l 
as  poss ib le ,  avo id ing cus tom or  one -o f f 
memebrs .

Transpor t  S izes  wi th  no addi t iona l  requ i remen t s : 
• H = Maximum Height :  4m 
• W = Maximum Width :  2 .55m
• L  =  Leng th  o f  S tandard Semi-Tra i le r :  13.5m
Transpor t  S izes  i f  t he re  i s  an  escor t  vehic le  on 
Urban and coun t r y  roads :
• H = Maximum Height :  4m
• W = Maximum Width :  3m
• L  =  Leng th  o f  S tandard Semi-Tra i le r :  13.5m
Transpor t  S izes  i f  t he re  i s  a  Po l ice  escor t  vehic le 

on  Urban and coun t r y  roads :
• H = Maximum Height :  4m
• W = Maximum Width :  3.5m
• L  =  Leng th  o f  S tandard Semi-Tra i le r :  13.5m

Transpor t  S izes  wi th  no addi t iona l  requ i remen t s : 
• H = Maximum Height :  4m 
• W = Maximum Width :  2 .55m
• L  =  Leng th  o f  S tandard Semi-Tra i le r :  13.5m
Transpor t  S izes  i f  t he re  i s  an  escor t  vehic le  on 
Urban and coun t r y  roads :
• H = Maximum Height :  4m
• W = Maximum Width :  3m
• L  =  Leng th  o f  S tandard Semi-Tra i le r :  13.5m
Transpor t  S izes  i f  t he re  i s  a  Po l ice  escor t  vehic le 

on  Urban and coun t r y  roads :
• H = Maximum Height :  4m
• W = Maximum Width :  3.5m
• L  =  Leng th  o f  S tandard Semi-Tra i le r :  13.5m

Transpor ta t ion  o f  3D modu les  fo l lows  the  same 
s ize  cond i t ions  as  2D sys tems .  However,  s ince 
3D modu les  con ta in  a  lo t  o f  dead space wi th in 
themse lves  whi le  be ing t ranspor ted ,  as  opposed 
to  s tack  pane l s ,  beams and co lumns .  Depending 
on the  s ize  o f  the  3D modu le ,  the  more  t r ips  a re 
requ i red to  br ing every th ing to  s i te ,  a f fec t ing 
overa l l  cons t ruc t ion  t ime .  However,  th i s  i s  to  be 
ba lanced wi th  assembly  ru les  o f  thumb. 

Transpor ta t ion  o f  3D modu les  fo l lows  the  same 
s ize  cond i t ions  as  2D sys tems .  However,  s ince 
3D modu les  con ta in  a  lo t  o f  dead space wi th in 
themse lves  whi le  be ing t ranspor ted ,  as  opposed 
to  s tack  pane l s ,  beams and co lumns .  Depending 
on the  s ize  o f  the  3D modu le ,  the  more  t r ips  a re 
requ i red to  br ing every th ing to  s i te ,  a f fec t ing 
overa l l  cons t ruc t ion  t ime .  However,  th i s  i s  to  be 
ba lanced wi th  assembly  ru les  o f  thumb. 

• Try  to  use  s tandard s iz ing fo r  a l l  componen t s 
wherever  poss ib le  in  o rder  to  s impl i f y  on  s i te 
assembly,  resu l t i ng  in  fas te r  cons t ruc t ion . 

• Requ i res  s imple  l i f t i ng  equ ipment .
• S impl i f y  connec t ion  de ta i l s  be t ween e lemen ts . 
• Typ ica l ly  uses  wrap around s t raps  fo r  beams .

• Try  to  use  s tandard s iz ing fo r  a l l  componen t s 
wherever  poss ib le  in  o rder  to  s impl i f y  on  s i te 
assembly,  resu l t i ng  in  fas te r  cons t ruc t ion . 

• Requ i res  s imple  l i f t i ng  equ ipment .
• S impl i f y  connec t ion  de ta i l s  be t ween e lemen ts . 
• Typ ica l ly  uses  wrap around s t raps  fo r  beams .

• The la rge fo rmat  componen t s  enable  a  fas t 
assembly  and ensure  the  bu i ld ing i s  we l l 
b raced

• Avoid  cus tom s izes/ one -o f f  cu t s  to  ensure 
fas t  cons t ruc t ion .  

• Depending on the  f ina l  des ign .  The p ick  po in t s 
used to  l i fe  the  pane l s  in to  p lace may be 
exposed.  The des igner  shou ld  then  take th i s 
in to  cons idera t ion  in to  the  f ina l  des ign . 

• However,  i f  t he  facade and o ther  f i na l 
f i n i sh ing are  comple ted on s i te ,  then  these 
p ick  po in t  w i l l  be  h idden wi th in  the  assembly.

• The la rge fo rmat  componen t s  enable  a  fas t 
assembly  and ensure  the  bu i ld ing i s  we l l 
b raced

• Avoid  cus tom s izes/ one -o f f  cu t s  to  ensure 
fas t  cons t ruc t ion .  

• Depending on the  f ina l  des ign .  The p ick  po in t s 
used to  l i fe  the  pane l s  in to  p lace may be 
exposed.  The des igner  shou ld  then  take th i s 
in to  cons idera t ion  in to  the  f ina l  des ign . 

• However,  i f  t he  facade and o ther  f i na l 
f i n i sh ing are  comple ted on s i te ,  then  these 
p ick  po in t  w i l l  be  h idden wi th in  the  assembly.

• The la rger  the  modu les ,  the  more  cos t -e f fec t i ve 
th i s  s t ruc tu re  wi l l  be .

• In  some cases ,  the  ce i l i ng  can be comple te ly 
omi t ted f rom the  modu le  so  tha t  when s tacked, 
the  unders ide o f  the  f loor  becomes  the  ce i l i ng . 
The same idea can be appl ied to  the  wal l s  o f 
the  modu le .  i .e )  Two 3m wide modu les  come 
toge ther  to  c rea te  a  6m room.

• I t  i s  idea l  to  separa te  ‘wet ’  modu les  f rom ‘dry ’ 
modu les  to  inc rease cons t ruc t ion  speed.

• To opt im ize the  use  o f  the  fac tory  se t t i ng , 
in tegra t ion  o f  techn ica l  ins ta l la t ion  can 
inc rease on s i te  cons t ruc t ion  speed.

• The la rger  the  modu les ,  the  more  cos t -e f fec t i ve 
th i s  s t ruc tu re  wi l l  be .

• In  some cases ,  the  ce i l i ng  can be comple te ly 
omi t ted f rom the  modu le  so  tha t  when s tacked, 
the  unders ide o f  the  f loor  becomes  the  ce i l i ng . 
The same idea can be appl ied to  the  wal l s  o f 
the  modu le .  i .e )  Two 3m wide modu les  come 
toge ther  to  c rea te  a  6m room.

• I t  i s  idea l  to  separa te  ‘wet ’  modu les  f rom ‘dry ’ 
modu les  to  inc rease cons t ruc t ion  speed.

• To opt im ize the  use  o f  the  fac tory  se t t i ng , 
in tegra t ion  o f  techn ica l  ins ta l la t ion  can 
inc rease on s i te  cons t ruc t ion  speed.

CLT  F loor  Spans  fo r  Res iden t ia l  Program:
• One can use  the  ca lcu la t ion  L/27 = D  to 

de te rmine the  depth  (D)  o f  a  pane l . 
• Where L  =  the  span in  m i l l ime te rs
• Some t yp ica l  span to  depth  ra t ios  inc lude 

(Manual  o f  mu l t i  s to rey  t imber ) :
• Span 4m = 140mm Depth
• Span 5m = 180mm Depth 
• Span 6m = 220mm Depth 

For  de te rmin ing spans  o f  3D modu les ,  i t  i s 
recommended to  re fe rence the  ru les  o f  thumb 
for  2D Spans  as  wel l  as  2D manufac tu r ing  and 
t ranspor ta t ion  to  ensure  an  easy  combina t ion  o f 
2D and 3D sys tems

• For  3D modu les ,  use  2D ru le  o f  thumb to 
ca lcu la te  fo r  the  f loor  pane l  f i rs t . 

To  de te rmine the  ‘ce i l i ng ’  depth  o f  a  CLT  pane l  in 
a  3D Module : 

• The ce i l i ng  pane l  i s  t yp ica l ly  ±50% th inner 
t han  tha t  o f  the  CLT  F loor  pane l  in  a  res iden t ia l 
modu le

Glu lam Beam Depth  ca lcu la t ion  fo r  Of f ice/ 
Educat ion  Program:  
• One can use  the  ca lcu la t ion  L/16 = D  to 

de te rmine the  depth  o f  a  beam.  Where L  =  the 
span in  m i l l ime te rs

CLT  F loor  Spans  fo r  Res iden t ia l  Program:
• One can use  the  ca lcu la t ion  L/47 = D  to 

de te rmine the  depth  (D)  o f  a  pane l . 
• Where L  =  the  span in  m i l l ime te rs

For  de te rmin ing spans  o f  3D modu les ,  i t  i s 
recommended to  re fe rence the  ru les  o f  thumb 
for  2D Spans  as  wel l  as  2D manufac tu r ing  and 
t ranspor ta t ion  to  ensure  an  easy  combina t ion  o f 
2D and 3D sys tems

• For  3D modu les ,  use  2D ru le  o f  thumb to 
ca lcu la te  fo r  the  f loor  pane l  f i rs t . 

To  de te rmine the  ‘ce i l i ng ’  depth  o f  a  CLT  pane l  in 
a  3D Module : 

• The ce i l i ng  pane l  i s  t yp ica l ly  ±25% th inner 
t han  tha t  o f  the  CLT  F loor  pane l  in  a  res iden t ia l 
modu le

• The requ i red cor r idors  and s ta i rcases  mus t  be 
kep t  f ree  o f  f i re  loads  by  means  o f  pane l ing 
wi th  non-combus t ib le  c ladding .

• I f  t he  ce i l i ng  and f loor  a re  made o f  v i s ib le 
wood,  the  wal l s  shou ld  be pane led wi th  a  non-
combus t ib le  mater ia l ,  o r  i f  t wo wal l s  a re  no t 
l i ned ,  then  e i ther  the  ce i l i ng  or  f loor  may be 
made o f  v i s ib le  t imber.

In  p r inc ip le ,  i nc reased requ i remen ts  fo r  f i re 
res i s tance can be compensa ted by  the  fo l lowing 
measures :

• Increase the  th ickness  o f  the  CLT  e lemen t
• Increase the  number  o f  layers  o f  the  CLT 

e lemen t
• Clad CLT  member  wi th  f i re  ra ted gypsum board

For  3D sys tems ,  fo l low the  ru les  o f  thumb s ta ted fo r 
2D sys tems .  However,  fo r  3D sys tems : 

• The double  s tack ing o f  CLT  pane l s  inc reases 
the  f i re  res i s tance ra t ing  o f  the  pro jec t 

• Resu l t i ng  in  the  po ten t ia l  fo r  th inner  CLT  Pane l s
Impor tan t  to  keep in  m ind o f  the  double  s tack ing o f 
f loor  to  ce i l i ng  and wal l  to  wal l

As  a  resu l t  o f  Glue lamina ted t imber  be ing rare ly 
used in  mu l t i - s to rey  res iden t ia l  un i t s ,  t he re  are  no 
spec i f i c  f i re  ru les  o f  thumb for  th i s  cond i t ion .  As 
s ta ted prev ious ly,  i t  i s  recommended to  u t i l ize  2D, 
3D or  a  combina t ion  o f  bo th  fo r  res iden t ia l  un i t s . 

• The requ i red cor r idors  and s ta i rcases  mus t  be 
kep t  f ree  o f  f i re  loads  by  means  o f  pane l ing 
wi th  non-combus t ib le  c ladding .

• I f  t he  ce i l i ng  and f loor  a re  made o f  v i s ib le 
wood,  the  wal l s  shou ld  be pane led wi th  a  non-
combus t ib le  mater ia l ,  o r  i f  t wo wal l s  a re  no t 
l i ned ,  then  e i ther  the  ce i l i ng  or  f loor  may be 
made o f  v i s ib le  t imber.

In  p r inc ip le ,  i nc reased requ i remen ts  fo r  f i re 
res i s tance can be compensa ted by  the  fo l lowing 
measures :

• Increase the  th ickness  o f  the  CLT  e lemen t
• Increase the  number  o f  layers  o f  the  CLT 

e lemen t
• Clad CLT  member  wi th  f i re  ra ted gypsum board

For  3D sys tems ,  fo l low the  ru les  o f  thumb s ta ted fo r 
2D sys tems .  However,  fo r  3D sys tems : 

• The double  s tack ing o f  CLT  pane l s  inc reases 
the  f i re  res i s tance ra t ing  o f  the  pro jec t 

• Resu l t i ng  in  the  po ten t ia l  fo r  th inner  CLT  Pane l s
Impor tan t  to  keep in  m ind o f  the  double  s tack ing o f 
f loor  to  ce i l i ng  and wal l  to  wal l

• For  2D sys tems ,  in  bo th  res iden t ia l  and 
educat iona l  t ypo log ies  i t  i s  impera t i ve  tha t 
the  de ta i l i ng  o f  CLT  pane l s  takes  f lank ing in to 
cons idera t ion  dur ing the  des ign .  To  mi t iga te 
th i s ,  t he re  mus t  be an acous t ica l  b reak 
be t ween CLT  pane l  members .  Typ ica l ly  5mm-
10mm th ick .

• On average,  2D f loor  assembl ies  u t i l ize 
30mm-40mm  o f  impac t  sound insu la t ion  in 
addi t ion  to  thermal  insu la t ion

• Prov id ing an a i rspace be t ween the  wal l  f i n i sh 
and the  CLT  member  he lps  to  m i t iga te  impac t 

• 3D modu le  prov ides  the  oppor tun i t y  to  deve lop 
a i r t ight  de ta i l s 

• Use o f  insu la t ion  to  separa te  modu les 
• Acous t ic  b reaks/ sea l s  where  modu les  connec t 

to  m i t iga te  impac t  sound 
• Double  s tack ing o f  CLT  wal l s  he lps  to  improve 

the  acous t ica l  ra t ing .

• For  2D sys tems ,  in  bo th  res iden t ia l  and 
educat iona l  t ypo log ies  i t  i s  impera t i ve  tha t 
the  de ta i l i ng  o f  CLT  pane l s  takes  f lank ing in to 
cons idera t ion  dur ing the  des ign .  To  mi t iga te 
th i s ,  t he re  mus t  be an acous t ica l  b reak 
be t ween CLT  pane l  members .  Typ ica l ly  5mm-
10mm th ick .

• On average,  2D f loor  assembl ies  u t i l ize  7mm-
30mm  o f  impac t  sound insu la t ion  in  addi t ion  to 
thermal  insu la t ion

• Prov id ing an a i rspace be t ween the  wal l  f i n i sh 
and the  CLT  member  he lps  to  m i t iga te  impac t 
and a i rborne sound reverbera t ions

• 3D modu le  prov ides  the  oppor tun i t y  to  deve lop 
a i r t ight  de ta i l s 

• Use o f  insu la t ion  to  separa te  modu les 
• Acous t ic  b reaks/ sea l s  where  modu les  connec t 

to  m i t iga te  impac t  sound 
• Double  s tack ing o f  CLT  wal l s  he lps  to  improve 

the  acous t ica l  ra t ing .

• Mi t iga t ing impac t  sound as  much as  poss ib le 
wi th  assembly 

• Use o f  acous t ic  b reaks 
• Accommodat ing fo r  A i rborne sound i s  achieved 

through the  in f i l l  o f  i n su la t ion  be t ween members
• Ut i l iz ing acous t ic  t i les  o r  d rop ce i l i ng  in  a 

beam sys tem 

D E S I G N  TO O L
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1D Systems: 2D Systems: 3D Systems:

General Rules of Thumb: 

M A N U FACT U R I N G 

D

L

W

• D = Depth: 114mm - 2128mm typ. 
• W = Width: 365mm typ. 
 However,  i f  a greater width is 
desired, then it  can be manufactured in 
50mm increments, i .e) 415mm, 465mm, 
etc. . .  
Memberss then become  exponential ly 
more expensive. 
• L = Length: Determined by the desired 

span from the designer.  Should take 
transporation and assembly rules of 
thumb into consideration. 

H H

W

‘Dry’ Module ‘Wet’ Module

WL L
D

D1

W
L

• D = Depth: 500mmmm typ. 
• D1 = Depth of Assembly: 60mm-215mm 

typ. 
• W = Width: 3500mm Maximum 
• L = Length: 16500mm Maximum
Typical ly CLT panels with a depth from 

60mm-100mm consist of 3-layers. 
Where as CLT panels with a depth from 

120mm-180mm consist of 5-layers. 
In order to attain its structural propert ies, 

CLT panels always need to have an odd 
number of layers.  i .e) 3-Layers, 5-Layers, 
7-Layers, etc. . .

•  H = Height:  ±3000mmmm typ. 
• W = Width: Dependent on transportation 

and                   assembly rules of 
thumb 

• L = Length: 16500mm Maximum
Note that the 2D manufacturing of CLT 

panels also has an inf luence on the 
dimensional ity of 3D modules. 

Within the ‘wet ’  module,  the red represents 
f inishing for wet condit ions and below the 
cei l ing CLT member is a drop cei l ing for 
mechanical instal lat ions. Alternatively 
this can be located against one of the 
walls of the module or in the raised f loor 
system
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1D Systems: 2D Systems: 3D Systems:

Structure Rules of Thumb: 

E D U CAT I O N A L 
T Y P O LO G I E S : 

Glulam Beam Depth calculat ion for Off ice/ 
Education Program:  
• One can use the calculat ion L /1 6  =  D  to 

determine the depth of a beam. Where 
L = the span in mil l imeters

CLT Floor Spans for Residential Program:
• One can use the calculat ion L / 4 7  =  D  to 

determine the depth (D) of a panel . 
•  Where L = the span in mil l imeters

• For 3D modules, use 2D rule of thumb 
to calculate for the f loor panel f i rst . 

To determine the ‘cei l ing’ depth of a CLT 
panel in a 3D Module: 

• The cei l ing panel is typical ly ± 2 5 % 
t h i n n e r  than that of the CLT Floor panel 
in a residential module

D

L D
L

Floor Panel

Ceiling Panel ±25% thinner 
than f loor panel
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PA R K I N G  LOT 
C O N T E X T

PA R K I N G  S PAC E
P R O P O R T I O N S

M A S S I N G  D E V E LO P M E N T R U L E S  O F  T H U M B
D E S I G N  TO O L

K I T  O F  PA R T S

=+++
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K I T  O F  PA R T S
U T I L I Z E D
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3D 2D 1D

1 D / 2 D / 3 D  SYS T E M S

K I T  O F  PA R T S
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U N I T  T Y P E S
P O S S I B I L I T I E S
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S E L E CT E D

U N I T  T Y P E S
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R E C O N F I G U R A B I L I T Y
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R E C O N F I G U R A B I L I T Y
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TA B L E  A XO N O M E T R I C
Making contact with the ground while maintaining the 

function of the exist ing parking lot
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TA B L E K I T  O F  PA R T S S K I N S E RV I C E S F L E X I B I L I T Y

30 - 300 YEARS 30-50 YEARS 10-50 YEARS 7-15 YEARS MONTHLY/ YEARLY
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= ?+ +

PA R K I N G  LOT K I T  O F  PA R T S TA B L E
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S M L
GFA: 39321 m2

±26 Units
±8 People
4 Floors

GFA: 78243 m2

±40 Units
±50 People

5 Floors

GFA: 71121 m2

±64 Units
±70 People

7 Floors



Benjamin Bomben | P5 aE Graduation Studio Experiments & Outcomes | 66



Benjamin Bomben | P5 aE Graduation Studio Experiments & Outcomes | 67

I need more 
residential units!

Who wants 
spare modules?

More classroom 
space please!

Anyone have a 
spare facade?

Beams! I need 
beams!
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E X T R E M E 
P R O P O S A L
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S E L E CT E D  PA R K I N G  LOT
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1 .

4 .

7.

2 .

5 .

8 .

3 .

6 .

9 .
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E X T R E M E  R E S U LT
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N o r t h  B l o c k :

8  F l o o r s 

6 0  U n i t s 

6 6  O c c u p a n t s 

E a s t  B l o c k :

6  F l o o r s 

2 8  U n i t s 

3 2  O c c u p a n t s 

S o u t h  B l o c k :

7  F l o o r s 

4 7  U n i t s 

5 4  O c c u p a n t s 

We s t  B l o c k :

7  F l o o r s 

4 7  U n i t s 

5 4  O c c u p a n t s 

To t a l :  1 7 2  U n i t s  w i t h  1 9 8  O c c u p a n t s
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L E V E L  1
Scale:  1:300

Ex t reme I te ra t ion 

Vers ion  t ype :  P4

Locat ion :  Meke lweg 5, 

  2628 CC Del f t 

Number  o f  Un i t s :  16

Number  o f  Un i t  Types :  5

1.  Res iden t ia l  Un i t 

2.  Common Work  Space

3.  Ex te r io r  Free Zone

4.  Shared K i tchen

5.  Shared L i v ing Space

6.  U t i l i t y  C lose t 

0m 6m 16m

1m

SOUTH BLOCK

WEST BLOCK

EAST BLOCK

NORTH BLOCK



Benjamin Bomben | P5 aE Graduation Studio Floor Plans | 82

L E V E L  2
Scale:  1:300

Ex t reme I te ra t ion 

Vers ion  t ype :  P4

Locat ion :  Meke lweg 5, 

  2628 CC Del f t 

Number  o f  Un i t s :  30

Number  o f  Un i t  Types :  6

1.  Res iden t ia l  Un i t 

2.  Common Work  Space

3.  Pro to t ype Lab

4.  Shared K i tchen

5.  Shared L i v ing Space

6.  U t i l i t y  C lose t 

7.  S tudy  Space

8.  Open S tud io  Space

0m 6m 16m

1m

SOUTH BLOCK

WEST BLOCK

EAST BLOCK

NORTH BLOCK
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L E V E L  3
Scale:  1:300

Ex t reme I te ra t ion 

Vers ion  t ype :  P4

Locat ion :  Meke lweg 5, 

  2628 CC Del f t 

Number  o f  Un i t s :  19

Number  o f  Un i t  Types :  5

1.  Res iden t ia l  Un i t 

2.  Common Work  Space

3.  Ex te r io r  Free Zone

4.  Shared K i tchen

5.  Shared L i v ing Space

6.  U t i l i t y  C lose t 

7.  S tudy  Space

8.  Open S tud io  Space

9.  Computer  Lab

0m 6m 16m

1m

SOUTH BLOCK

WEST BLOCK

EAST BLOCK

NORTH BLOCK
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P E R S P E CT I V E  S E CT I O N  A - A



I N - B E T W E E N  S PAC E
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S O U T H  B LO C K

Studio Space Digital  Fabrication Workshop Computer Lab Quiet Study Space

W E S T  B LO C K N O R T H  B LO C K E A S T  B LO C K
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I N - B E T W E E N  S PAC E
S O U T H  B LO C K
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W E S T  B LO C K

I N - B E T W E E N  S PAC E
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N O R T H  B LO C K

I N - B E T W E E N  S PAC E
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E A S T  B LO C K

I N - B E T W E E N  S PAC E



C O N C L U S I O N S 
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1 D  SYS T E M S 2 D  SYS T E M S 3 D  SYS T E M S R E S U LT

?

Uti l ize these systems for 
publ ic/ educational spaces as 
they provide the most amount 

of f lexibi l i ty and as a reult , 
oppourtunity for adaptabi l i ty

3D systems make residential  plan 
configurations easy and al low for 

the designer to quickly iterate.

The combination of al l  three 
al lows for quick design 
development with more 

informed decision making 
throughout the process
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