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GGLLASSS             CONCCRETTE        OLLDD BUILDINNGS



SSTTRUUCTURAAL GLLASS

Danteum, 1938
Giuseppe Terragni



SSTTRUUCTURAAL GLLASS

Apple 5th Ave, 2019
Foster + Partners



Glass II, 2017
MIT Media Lab

SSTTRUUCTURAAL GLLASS



SSTTRUUCTURAAL GLLASS

MFA Houston, 2020
Steven Holl & Associates

Crystal Houses, 2016
MVRDV

Ports, 2015 
UUfie

Hermès, 2001
Renzo Piano



TTTRRAANSSPPAARRENNCCCYY

Perspecta (Vol. 8), 1963
Colin Rowe and Robert Slutzky

Basilica di Siponto, 2016
Edoardo Tresoldi



GGLLASS INNTEERVENNTIONNS IIN HHISTORIC BBUIILDDINGSS

Massendemonstration vor dem Reichstagsgebäude
Bildarchiv Preussischer Kulturbesitz



GGLLASS INNTEERVENNTIONNS IIN HHISTORIC BBUIILDDINGSS

The Reichstag after WWII
Josef Heinrich Darchinger, 1958
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Menokin House
Machado Silvetti
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RREEUSSE OOF HHISTOORIC CCONNCRRETE BUILDDINGSS

Las Palmas
Rotterdam, 1953

Van den Broek & Bakema

Benthem Crouwel Architekten, 2008



Las Palmas
Rotterdam, 1953

Van den Broek & Bakema

Ibelings van Tilburg, 2012



Las Palmas
Rotterdam, 1953

Van den Broek & Bakema

MAD Architects, 2020
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CASE STUDY 
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CCAASSE STTUDDY: FFENIXX II



fenix i

2019 addition

demolished 1947

CCAASSE STTUDDY: FFENIXX II



Ronde van Katendrecht
1958



Ronde van Katendrecht
2018



CCAASSE STTUDDY: FFENIXX II



CCAASSE STTUDDY: FFENIXX II

Current state of demolition
Olympia Apostolopoulou, yesterday



CCAASSE STTUDDY: FFENIXX II

Rijnhaven facade
Bouwkundig Weekblad, 1931



CCAASSE STTUDDY: FFENIXX II

Roof construction
Archief Holland-Amerika Lijn, Rotterdam



CCAASSE STTUDDY: FFENIXX II

oorrigginaal rooof ddesignn looadd: 4.988 kNN//mm2

maintenance

service

rain/snow



CCAASSE STTUDDY: PPROPOOSEDD NEWW USES

 nneww deesign loaads: 10.88 kNN/m2

       111.0 kkNN//m2

       122.5 kNN/m2
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RRROOOOFF  GAARDDEENN



CCAASSE STTUDDY: PPROPOOSEDD NEWW USES

SSSKKAATEEBOOARDDDINGG



CCAASSE STTUDDY: PPROPOOSEDD NEWW USES

BBBAARR//CCAFFE//EEVVENNTSS



1. ANALYZE ORIGINAL STRUCTURE 

Riet Garcia-Bruns
Stichting Historisch Katendrecht



EEXXISSTINNG CCONCRETTE // AABT FEENIXX I

1949 1916



unoccupied roof

warehouse

warehouse

nnnnooo gggrroouuunnndd fflloooor slabbb

EEXXISSTINNG CONNCRETE / TTYPICCAL BAAY

13.5m

1000x400

1800x500

1000x700

600x500

900x400

600x300

roof plan





design load

area of reinforcement



EEXXISTIINGG COONCREETEE / DESIGGNN LLOADS ATT ROOOOF

CCCoonnccreetee seelff-wweeigght

110000mm sslaabb == 22.44 kNN//mm2

SSSeerrvvicee liivvee looaadd

111.44  kkkNNN////mm22

eeeeqquuiivvaaaleennnt too:

wwwweigghtt ooff oonne ffaaat ccowwbbooy pper mm2
roof plan



EEXXISSTTINNG CCOONCCRREETTE // SLLABBB



design load

area of reinforcement



EEXXIISSTINNGG COONNCCRRETTE // BEAMMMM



EEXXXISSTTINNNGG COOONNCRREETTE / GGGGIRDERRR
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Moment Reinforcement Deflection

0.8 1.07 0.53

0.85 0.73 0.3

0.41 0.48 0.26

EEEXXISTTINGG COONNCCRETE  // UUTILIZAATIOON

some excess capacity

but more here

with 4.98 kN/m2



2. INITIAL DESIGN



PPRREVVAILIING METHODSS OFF STTRENGTHENNINNG

steel
- alters perception of existing space

+ can carry heavier loads

+ reversible

fiber-reinforced polymers (GFRP/CFRP)
- less effective than other options

- irreversible

+ no change to cross-section

extend cross section
- invasive

- irreversible

+ same material



UUUSSEE GGLLAAASSS

reversibility

minimal 

intervention

durability



TTTYYPPEES OOOF GGLLAASS

heat-strengthened
+   keeps strength, maintains 

residual capacity at fracture

laminated
-    difficult to recycle 

+   holds together when broken

pre-stressed

low high strength

45 MPa 70 MPa 120 MPa

fully tempered
-    crumbles, loses stiffness

+   high bending strength

annealed
-    low strength

+   breaks into large shards



DDDEESSIGGNNN LOOAAADD
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DDDEESSIGGNNN STTUUDDYY 1

existing concrete slab carries 

own self-weight

new beams carry new loads

AAAddd nneww beamss bbetwweenn 

sseecconndary cconcrrette beamms::

1. shortest span = save material

2. change direction of slab span

SSiizee gglasss beeamms tto 

aacccceppt all neew looaddss:

 4.5m



DDDEESSIGGNNN STTUUDDYY 1



at the bar: 

with a tributary 

width of 2.15m, 

use 75x310mm

DDDESSIGGN STUUDYY 1 // CCHECK SLLAAB, BBEAM

1m x 2.15m strip

 4.5m

 2.15m

CChheckk conncrette slabb is stilll ok in bbendingg

CChheckk utillizattion annd defleectioon oof glass beamm

include only new loads

include self-weight of slab + new loads

75

310

5-ply x 15mm



DDEESIIGN  STUUDY 22 / REEDUUCEE SECTTIONN BYY CCOMPPOSITE AACTIOON

75

310

5-ply x 15mm

IInssteaad off all nnew looads too  glass, llett ann effeectivve widtth of thhe 

cconcrrete sslab act ass a T-seectioon fllange.

60

270

5-ply x 12mm

77755xx3100mmmm 66600xx22700mmmm == 300%% 
governing in bending deflection governing reduction in material



DDEESIIGN  STUUDY 22 / ACCCIIDEENTALL LOAADSS

36

270

3-ply x 12mm

BBBaarr:

*buitengewonesituaties met brand, EN 1990

36

270

3-ply x 12mm

GGGGaarrddeenn::

UUUCC:: 00,,5500

UUUCC:: 00,,9922

CCheeck tthe beaam if ttwo pliess didn’t fuunction inn an accideental limmit sttate,, such ass fire



DDDESSIGNN SSTUDDY 1 // EEXIISTINNG BBEAAMM STTRENGTTHENNING



DDDESSIGNN SSTUDDY 1 // EEXIISTINNG BBEAAMM STTRENGTTHENNING



3. FINAL DESIGN



DDESSIGNN SSTTUDDYY 22



DDEESIGN SSTUUDDYY 2 // GRRAAVITTY LOOADDD PATTH

TTraansfeer forcees direectly to ggirder:

bypass strengthening of secondary beams

reduce total amount of reinforcement required



DDDESSIGGN STUUDYY 22 // CONFIIGGURATTIONSS PERR USE



DDDESSIGGN STUUDYY 22 // CONFIIGGURATTIONSS PERR USE



DDDESSIGNN SSTUDDY 2 / EEXXISTINNG BBEAAMM STTRENGTHENNING

OOriiginaal utilizzationn of girdeer: 0.41

4.98 kN/m2

UUtilizattion wiith neww loads aadded:
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1.40

1.61



DDDESSIGNN SSTUDDY 2 / EEXXISTINNG BBEAAMM STTRENGTHENNING

OOriiginaal utilizzationn of girdeer: 0.41

4.98 kN/m2

UUtilizattion wiith neww loads aadded:

Garden

Skate

Bar

1.27

1.40

1.61

might be ok with frp

use steel,

add columns?





e

4. ASSEMBLY

DETAILING + CONNECTION DESIGN SHOULD BE:

1. reversible

2. no holes in glass

3. do not remove substrate material

4. mechanical connections



RRAAISSE ++ BOOLT BEAMM EENDDS TOO EXXISTTINNG CCONCRRETE BBEEAM



BBOOLTT STEEEL AANGLLES TOO SLLAB,, MORTTAR BBETTWEEN GGLASS ANND COONNCRETE 



RREEVEERSEE INTTERVEENTION



SSUUMMMMAARYY

EExxisstinng conncrette sstrructuure
- slab section and reinforcement governs capacity

- some room for increase in beams and girders

- even though large dimensions, low strength concrete [L1 loads not as high as originally designed]

LLaayyouut
- secondary beams not enough capacity to hold new loads 

- girders have most excess capacity: redirect new loads here

- bias toward glass-concrete connections for sake of simplicity in installation

- use more beams with smaller sections for redundancy at congregation areas

EExxisstinng beaam sttreenggtheeninng
- at least the girders must be strengthened

- this could mean FRP, new steel elements, new columns, separate structures

GGGlaass deesignn
- monolithic and rectangular section

- laminated HS glass for strength and residual capacity at fracture

- plies no thicker than 15mm

- fire generally mediated through addition of sacrificial layers

CCCommpposite vvs. nnott
- material savings of 30-40% when acting as fully composite but this requires sufficient anchorage

- more anchorage may result in more steel components, affecting aesthetic



RREECOOMMEENNDDATTIOONNNS

VVVerrifyy asssummptiionns
- determine whether columns and foundations would require strengthening

- evaluate materials for strengthening existing elements and whether it should be glass

SSttuudy  coomppositee
- connection design to allow fully composite action

- if in historic buildings, fastener should also be reversible

SSeecctioon ddesiign
- develop options other than monolithic glass

- optimize geometry

- try reinforcement with other materials or post-tensioning

FFiiree reesisstannce
- determine whether backup transfer mechanisms should be in place

- how to protect sides and bottom of beam from cracking due to high heat

EExxpperiimentaal teesttingg
- test preliminary designs on substrate replicating existing condition

- ideally test on actual building pieces

- compare to calculations and modelling



GLASS 
that

FLOORS,

and

TELLS 

strengthens

CHANGE,  
FACILITATES

stories


