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1. Summary

Glass is one of the oldest building materials used in the building envelope. Its attractiveness to architects, 
designers and users is mainly due to its fascinating ability to combine two otherwise contradictory functions; 
to separate and protect the interior from the exterior environment while at the same time allow for openness by 
letting daylight penetrate the space. 

$SDUW� IURP� WKH� DSSDUHQW� DQG�EDVLF� IXQFWLRQ�RI� WUDQVSDUHQF\�� JODVV�� LI� SURSHUO\� GHVLJQHG�� FDQ� IXOıOO� DOPRVW�
any role in a building structure, from insulating a facade, to taking building loads besides its own weight and 
the imposed wind forces. Especially in terms of a building’s thermal performance, the assembly of single 
glass panes into insulated units is a colossal advancement for the building sector towards more sustainable 
structures since it allows the creation of fully glazed facades with minimised thermal losses. 

However, the use of insulated glass units while improves greatly the energy conservation of glass buildings, it 
neglects to account for the impact of this assembly procedure on the waste streams the materials used create 
once their service life is over. Currently, there is no provision for extending the life-time of IGUs by the means 
RI�UHXVH��UHIXUELVKPHQW�RU�UHF\FOLQJ�DQG�FRQVHTXHQWO\�WKH\�HQG�XS�EHLQJ�GLVFDUGHG�LQ�ODQGıOOV�DIWHU�D�OLPLWHG�
time of use. 

For this reason, it is crucial to design an alternative IGU that abides by the laws of circularity, meaning the 
use of design approaches with an end-of-life plan for new products used as construction elements. Such a 
FLUFXODU�DSSURDFK�FRXOG�JUHDWO\�EHQHıW�WKH�WUDQVLWLRQ�IURP�D�OLQHDU�WR�D�FLUFXODU�HFRQRP\�ZKLFK�LV�LQGLVSHQVDEOH�
for the building sector since it accounts for a large amount of construction and demolition waste that end in 
ODQGıOOV�HYHU\�\HDU��7KH�SROOXWLRQ�IURP�WKHVH�ZDVWHV�FRXOG�EH�VLJQLıFDQWO\�UHGXFHG�LI�WKH�SURGXFWV�DSSOLHG�ZHUH�
initially designed to be used in a circular way instead of having a single-life character.

7KH�FXUUHQW�PDVWHUŖV�WKHVLV�IRFXVHV�RQ�WKH�H[SORUDWLRQ��WKURXJK�GHWDLOHG�GHVLJQ��RI�WKH�GLĳHUHQW�ZD\V�LQ�ZKLFK�
an insulated glass unit can become more circular without compromising its transparency. The term circularity 
here refers to a design that tackles the end of life of the unit by facilitating its remanufacture in case its thermal 
performance starts decreasing; the reuse of parts of it or of the whole unit, and the recycling of the glass 
panes when neither reuse nor remanufacture are an option. Moreover, the aim is to create an IGU that is as 
transparent a possible by minimising the optical result of the current IGU edge seal connections.

,Q�RUGHU� WR�FUHDWH�D�FLUFXODU� ,*8��ıUVWO\��FRQWDPLQDWLQJ� IDFWRUV�RQ� WKH�JODVV�VXUIDFHV�WKDW�FRXOG�KLQGHU� WKHLU�
UHF\OFDELOLW\� VKRXOG� EH� DYRLGHG�� 6HFRQGO\�� D� UHYHUVLEOH� ZD\� RI� FRQQHFWLQJ� WKH� GLĳHUHQW� JODVV� SDQHV� WKDW�
comprise the IGU is opted for. Currently used IGUs have edge seals that consist of an element called a 
spacer bar and sealing elements that ensure the structural stability of the unit and prevent the air and moisture 
GLĳXVLRQ�WR�WKH�FDYLW\��7KH�HOHPHQW�WKDW�FRQQHFWV�WKH�JODVV�ZLWK�WKH�VSDFHU�EDU�LQ�WKH�FXUUHQW�,*8V�LV�D�VWURQJ�
structural adhesive of black colour that cannot be removed without contaminating the glass. This is precisely 
the element that this thesis aims at replacing through an alternative connection design that enables the 
reversibility of the unit and the reduction of the optical impact of the edge seal. 

7KH�GHVLJQ�H[SORUDWLRQ�SKDVH�OHG�WR�D�ıQDO�GHVLJQ�WKDW�DFKLHYHV�WKH�LQLWLDO�JRDO�XVLQJ�DQ�LQQRYDWLYH�DOWHUQDWLYH�
connection that replaces the spacer bar and secondary seal of a typical IGU with two cast glass elements 
HDFK�IXVHG�WR�WKH�HGJH�RI�WKH�ĲRDW�JODVV�SDQHV��7KH�FRQQHFWLRQ�RI�WKHVH�FDVW�JODVV�HOHPHQWV�RFFXUV�ZLWK�WKH�
use of a simple mechanical clamping element, a metal spring clip that can be easily applied and just as easily 
UHPRYHG��7KH�VPDOO�GLPHQVLRQV�RI�WKLV�FOLS�DQG�LWV�DSSOLFDWLRQ�LQWHUQDOO\�EHWZHHQ�WKH�ĲRDW�JODVV�SDQHV�HQVXUHV�
the reversibility of the edge seal as well as its improved optical result. 

7KH� ıQDO� GHVLJQ� UHPDLQV� LQ� D� UHVHDUFK� VWDJH� SURSRVDO� DQG� IXUWKHU� WHVWLQJ�ZRXOG� EH� QHFHVVDU\� UHJDUGLQJ�
its thermal performance, its structural rigidity and the assurance of its good weather sealing. However, this 
research through design exploration concluded to a feasible, in theory, design that achieves the initial goal.

Keywords: 
Reversible Insulated Glass Units, Demountable Glass Facade, Reversible Glass Connections,  
Circular Glass Facade
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2. Research Framework

2. Research Framework

2.1 Problem Statement

-PN\YL����0UZ\SH[LK�.SHZZ�<UP[Z��-YVT�O[[WZ!��NSHZZ\WWS �̀JVT�PUZ\SH[LK�NSHZZ�\UP[Z�

-PN\YL� ���>PUKV^�NSHZZ� YLJ`JSPUN�TVTLU[\T� YLJ`JSPUN�� -YVT�O[[WZ!��JVSVYHKV�TVTLU[\TYLJ`JSPUN�JVT�JVSVYHKV�^PUKV^�
YLJ`JSPUN�

;OL�HK]HUJLTLU[Z�PU�[OL�YLJLU[�KLJHKLZ�PU�[OL�[LJOUVSVN`�VM�NSHZZ�Z[Y\J[\YLZ�OH]L�YLZ\S[LK�PU�H�]HZ[�\ZL�
VM�NSHZZ�PU�[OL�I\PS[�LU]PYVUTLU[��;OL�THPU�YLHZVU�MVY�[OL�NYLH[�HWWLHS�NSHZZ�OHZ�[V�HYJOP[LJ[Z�HUK�\ZLYZ�
is its inherent transparency that can be successfully combined with other compelling functional roles that 
\U[PS�YLJLU[S`�ZLLTLK�PTWVZZPISL�MYVT�Z\JO�H�KPHWOHUV\Z�HUK�IYP[[SL�TH[LYPHS��6\[�VM�[OLZL�YVSLZ��ZVTL�VM�
the most important ones are the ability of glass to be thermally insulated and to bear loads while continuing 
[V�THPU[HPU�OPNO�[YHUZWHYLUJ`�SL]LSZ��

,ZWLJPHSS`�PU�[LYTZ�VM�NSHZZ»�[OLYTHS�WLYMVYTHUJL��[OL�HZZLTIS`�VM�ZPUNSL�NSHZZ�WHULZ�PU[V�KV\ISL�HUK�[YPWSL�
NSHaLK�PUZ\SH[LK�\UP[Z�PZ�H�[YLTLUKV\Z�IYLHR[OYV\NO�MVY�[OL�NSHZZ�PUK\Z[Y`�ZPUJL�P[�LUHISLZ�[OL�KLZPNU�HUK�
JVUZ[Y\J[PVU�VM�M\SS`�NSHaLK�MHJHKLZ�^P[O�TPUPTPZLK�[OLYTHS�SVZZLZ��5L]LY[OLSLZZ��[OPZ�HZZLTIS`�VM�NSHZZ�
PU[V� PUZ\SH[LK�NSHZZ�\UP[Z� �0.<Z��Z[PSS� YLX\PYLZ�ZVTL�TH[[LYZ�VM�H[[LU[PVU� [OH[�JV\SK�IL� M\Y[OLY� PTWYV]LK�
YLNHYKPUN�P[Z�Z\Z[HPUHISL�\ZL�HUK�P[Z�HLZ[OL[PJ�WYVWLY[PLZ��

;OL�VUS`�J\YYLU[S`�RUV^U�̂ H`�VM�IVUKPUN�[^V�ÅVH[�NSHZZ�WHULZ�PU[V�HU�PUZ\SH[LK�\UP[�̂ P[O�H�JH]P[`�IL[^LLU�
PZ�^P[O�[OL�LTWSV`TLU[�VM�Z[Y\J[\YHS�ZPSPJVUL�HKOLZP]LZ��;OPZ�IVUKPUN�TL[OVK�JYLH[LZ�H�]PZPISL�ISHJR�LKNL�
PU�[OL�WLYPTL[LY�VM�[OL�\UP[�YLZ\S[PUN�PU�YLK\JLK�[YHUZWHYLUJ`�SL]LSZ�VM�[OL�\UP[�JVTWHYLK�[V�H�ZPUNSL�NSHZZ�
WHUL�

0U�[LYTZ�VM�Z\Z[HPUHIPSP[ �̀�NSHZZ�PZ�H�TH[LYPHS�[OH[� PZ�]LY`�K\YHISL�PU�[PTL�HUK�OHZ�[OL�HIPSP[`�[V�IL������
YLJ`JSHISL�PM�JLY[HPU�JVU[HTPUH[PUN�MHJ[VYZ�HYL�H]VPKLK��THRPUN�P[�H�WV[LU[PHSS`�]LY`�Z\Z[HPUHISL�JVUZ[Y\J[PVU�
TH[LYPHS��/V^L]LY��[OL�HZZLTIS`�VM�NSHZZ�PU[V�0.<Z�^OPSL�TPUPTPZLZ�[OL�WYVISLT�VM�LULYN`�JVUZ\TW[PVU�
PU�[OL�I\PSKPUN�LU]LSVWL��H[�[OL�ZHTL�[PTL��OPUKLYZ�[OL�WV[LU[PHS�VM�[OL�0.<�[V�IL�YLM\YIPZOLK�HUK�VM�[OL�
NSHZZ�LSLTLU[Z�[V�IL�YLJ`JSLK�H[� [OL�LUK�VM� [OL�\UP[»Z� SPML��;OL�\ZL�VM�LKNL�ZLHSZ� [OH[�HKVW[�Z[Y\J[\YHS�
ZPSPJVUL�HKOLZP]LZ�THRLZ�[OL�NSHZZ�WHULZ�ZLWHYH[PVU�]LY`�KPѝJ\S[�HUK�L]LU�^OLU�H�ZLWHYH[PVU�PZ�HJOPL]LK�
[OL�NSHZZ�Z\YMHJLZ�HYL� SLM[�^P[O�JVU[HTPUH[PUN�LSLTLU[Z�[OH[�WYVOPIP[� [OLPY� YLJ`JSPUN�IHJR�[V�ÅVH[�NSHZZ��
-\Y[OLYTVYL��[OLZL�ZLHSZ�HYL�[OL�^LHRLZ[�ZWV[Z�PU�[OL�0.<�PU�[LYTZ�VM�SPML[PTL�L_WLJ[HUJ �̀�>OPSL�NSHZZ�K\L�
[V�P[Z�K\YHIPSP[`�JHU�IL�\ZLK�MVY�TVYL�[OHU�����`LHYZ��[OLZL�LKNL�ZLHSZ�Z[HY[�MHPSPUN�HM[LY�HWWYV_PTH[LS`����
`LHYZ��SLHKPUN�[V�[OL�YLK\JLK�[OLYTHS�WLYMVYTHUJL�VM�[OL�0.<��;OL�SHJR�VM�WYV]PZPVU�MVY�[OL�YL]LYZPIPSP[`�VM�
[OLZL�ZLHSZ�MVY�[OL�YLM\YIPZOTLU[�VM�[OL�0.<�JVUZLX\LU[S`�YLK\JLZ�ZPNUPÄJHU[S`�[OL�SPML[PTL�VM�[OL�^OVSL�
\UP[�[OH[�LUKZ�\W�ILPUN�\ZLK�HZ�H�ZPUNSL�SPML�JVTWVULU[�[OH[�PZ�KPZJHYKLK�PU�SHUKÄSSZ��

;OL� I\PSKPUN� PUK\Z[Y`� PZ� J\YYLU[S`� ÄUKPUN� P[ZLSM� PU� HU� H[[LTW[� [V� LTIYHJL� HUK� WYVTV[L� TVYL� JPYJ\SHY�
approaches in terms of waste streams and material usage as a way to help in the combat against 
NYLLUOV\ZL�NHZ�LTPZZPVUZ��./.��[OH[�PZ�KLLWS`�HќLJ[LK�I`�[OL�L_JLZZP]L�\ZL�VM�LULYN`�[V�JVU[PU\V\ZS`�
WYVK\JL�UL^�WYVK\J[Z�HUK�I`�[OL�WVSS\[PVU�K\L�[V�JVUZ[Y\J[PVU�HUK�KLTVSP[PVU�^HZ[L��0U�[OH[�KPYLJ[PVU��H�
TVYL�JPYJ\SHY�HWWYVHJO�ULLKZ�[V�IL�PTWSLTLU[LK�PU�[OL�KLZPNU�VM�PUZ\SH[LK�NSHZZ�\UP[Z�PU�VYKLY�[V�ÄYZ[S �̀�
WYVSVUN�[OLPY�SPML[PTL�I`�LUHISPUN�[OLPY�YL�THU\MHJ[\YPUN�VUJL�[OLPY�LKNL�ZLHSZ�HYL�V\[KH[LK"�HUK�ZLJVUKS �̀�
[V�LUHISL�[OL�YLJ`JSPUN�VM�NSHZZ�PM�YLTHU\MHJ[\YPUN�HUK�YL\ZL�VM�[OL�\UP[�PZ�UV�SVUNLY�HU�VW[PVU�

;OL�HIV]L�TLU[PVULK�TH[[LYZ�VM�H[[LU[PVU� YLNHYKPUN� PUZ\SH[LK�NSHZZ�\UP[Z� SLHK� [V� [OL� MVYT\SH[PVU�VM�H�
WYVISLT�Z[H[LTLU[�[OH[�JVUJLYUZ�[OL�X\LZ[PVU�VM�^OL[OLY�P[�PZ�WVZZPISL�[V�JYLH[L�HU�HS[LYUH[P]L�0.<�[OH[�
[HJRSLZ�[OL�J\YYLU[�JOHSSLUNLZ�VM�JPYJ\SHYP[`�PU�[LYTZ�VM�YLM\YIPZOTLU[�HUK�YLJ`JSPUN�^OPSL�ZPT\S[HULV\ZS`�
PTWYV]PUN�[OL�]PZPISL�YLZ\S[�VM�[OL�ULJLZZHY`�LKNL�ZLHSZ�VM�[OL�\UP[��
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9L]LYZPISL�*VUULJ[PVUZ�VM�4H_PT\T�;YHUZWHYLUJ`�PU�HU�
Insulated Glass Unit (IGU);OL� VUNVPUN� [OLZPZ� HPTZ� H[� L_WSVYPUN� [OL� WVZZPIPSP[PLZ� VM� KL]LSVWPUN� H� JPYJ\SHY� KLZPNU�^P[O�TH_PTPZLK�

[YHUZWHYLUJ`�IV[O�H[�[OL�SL]LS�VM�HU�PUZ\SH[LK�NSHZZ�\UP[�HZ�^LSS�HZ�PU�P[Z�HWWSPJH[PVU�PU�H�M\SS`�NSHaLK�MHJHKL��

+LÄUP[PVU�VM�*PYJ\SHYP[`

The circularity in this thesis is described by a design that can prolong the lifetime of the product and 
SLHK�[V�ML^LY�SHUKÄSSZ��HPTPUN�MVY�[OL�YL\ZL��YLM\YIPZOTLU[�HUK�YLJ`JSPUN�VM�[OL�^OVSL�\UP[�VY�P[Z�PUKP]PK\HS�
JVTWVULU[Z�HM[LY�[OL�SPML[PTL�VM�[OL�VYPNPUHS�\ZL�OHZ�ILLU�JVTWSL[LK��

+LÄUP[PVU�VM�;YHUZWHYLUJ`

;OL� [LYT� [YHUZWHYLUJ`� ZOV\SK� HSZV� IL� JSHYPÄLK� OLYL� HZ� P[� PZ� H� UVU�[HUNPISL� [LYT� [OH[� PZ� KPѝJ\S[� [V� IL�
X\HU[P[H[P]LS`�HZZLZZLK��;OLYLMVYL��HZ�P[�PZ�PTWVZZPISL�MVY�HU`�RPUK�VM�Z[Y\J[\YL�[V�IL�JVTWSL[LS`�[YHUZWHYLU[�
[OPZ�[OLZPZ�HPTZ�H[�H�JVUULJ[PVU�KLZPNU�[OH[�PZ�HZ�VW[PJHSS`�\UVI[Y\ZP]L�HZ�WVZZPISL��TLHUPUN�TPUPTPZLK�
HUK� VW[PJHSS`� KPZJYL[L� JVUULJ[PVU� LSLTLU[Z� PU� [LYTZ�VM� KPTLUZPVUZ� L]LU� PM� [OL�TH[LYPHSZ� \ZLK� HYL� UV[�
[YHUZWHYLU[�[OLTZLS]LZ���

Research Focus

;OL�WYPTHY`�MVJ\Z�VM�[OL�KLZPNU�YLZLHYJO�PZ�[OL�JVUULJ[PVU�IL[^LLU�[OL�KPќLYLU[�NSHZZ�WHULZ�[OH[�THRL�
\W�HU�0.<�PU�H�^H`�[OH[�P[�JHU�IL�YL]LYZPISL�HUK�LUHISL�H�JPYJ\SHY�\ZL�VM�[OL�PUKP]PK\HS�JVTWVULU[Z�VM�[OL�
^OVSL�WYVK\J[�^OPSL�LUZ\YPUN�H�OPNO�[YHUZWHYLUJ`�SL]LS��:LJVUKS �̀�[OL�HWWSPJH[PVU�VM�[OLZL�PUZ\SH[LK�NSHZZ�
\UP[Z�PU�H�M\SS`�NSHaLK�MHJHKL�SL]LS�PZ�VW[LK�MVY��^P[O�TH_PTPZLK�[YHUZWHYLUJ`�HUK�YL]LYZPIPSP[`�HZ�[OL�THPU�
KLZPNU�N\PKLSPULZ��

;OL�KLZPNU�HWWYVHJO� PZ�WYPUJPWHSS`�IHZLK�VU� YLZLHYJO�K\YPUN� [OL�^OVSL�ZWHU�VM� [OL�WYVQLJ[��-PYZ[S`�HZ�
YLZLHYJO�VU�L_PZ[PUN�SP[LYH[\YL�VU�[OL�[VWPJ�VM�Z\Z[HPUHISL�NSHZZ�Z[Y\J[\YLZ�HUK�JVUULJ[PVUZ��:LJVUKS �̀�[OL�
YLZLHYJO�PZ�JVU[PU\LK�K\YPUN�[OL�KLZPNU�WOHZL�PU�H�TL[OVKPJHS�^H`�VM�[YPHS�HUK�LYYVY��;OL�PUP[PHS�WHY[�VM�[OL�
KLZPNU�WOHZL�JVUZPZ[Z�VM�KL]LSVWPUN�KPќLYLU[�KLZPNU�JVUJLW[Z�HUK�HZZLZZPUN�[OLT�IHZLK�VU�[OL�KLZPNU�
JYP[LYPH�ZL[�K\YPUN�[OL�SP[LYH[\YL�YL]PL �̂�4VYLV]LY��SP[LYH[\YL�YLZLHYJO�PZ�JVU[PU\V\ZS`�JVUK\J[LK�YLNHYKPUN�
Z\P[HISL�TH[LYPHSZ�HUK�WVZZPISL�TLJOHUPZTZ�[OH[�JHU�^VYR�PU�[OL�KPќLYLU[�KLZPNUZ��(WHY[�MYVT�YLZLHYJO��
[OL�THPU�MVJ\Z�VM�[OL�KLZPNU�HWWYVHJO�PZ�IHZLK�VU�[OL�JVUZ[Y\J[PIPSP[`�VM�[OL�JVUULJ[PVUZ�[OYV\NO�KL[HPSPUN�

Application in a Fully Glazed Facade

2.2 Design Assignment

1

2
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2.4 Relevance2.3 Research Question

Relevance to Graduation Studio

;OL�I\PSKPUN�[LJOUVSVN`�Z\Z[HPUHISL�KLZPNU�NYHK\H[PVU�Z[\KPV�HPTZ�MVY�PUUV]H[P]L�HUK�Z\Z[HPUHISL�KLZPNU�
[LJOUVSVNPLZ�PU�[OL�I\PS[�LU]PYVUTLU[��;OL�\ZL�VM�NSHZZ�PU�[OL�I\PS[�LU]PYVUTLU[�OHZ�ILLU�RUV^U�ZPUJL�[OL�
WLYPVK�VM�[OL�YVTHU�LTWPYL��.SHZZ�PZ�H�TH[LYPHS�[OH[�JHU�IL�\ZLK�]LY`�Z\Z[HPUHIS �̀�OV^L]LY��[OL�J\YYLU[�
\ZL�VM� NSHZZ� PU�I\PSKPUN� PUK\Z[Y`� HWWSPJH[PVUZ� Z[PSS� MHJLZ�THU`�VIZ[HJSLZ� YLNHYKPUN� Z\Z[HPUHIPSP[ �̀� ;OLZL�
VIZ[HJSLZ�HYL�THPUS`�HZZVJPH[LK�^P[O�H�SHJR�VM�KLZPNU�VW[PVUZ�[OH[�[HJRSL�[OL�LUK�VM�SPML�VM�PUZ\SH[LK�NSHZZ�
WYVK\J[Z� HSSV^PUN� P[Z� YL\ZL�� YLM\YIPZOTLU[� HUK� YLJ`JSPUN�� ;<�+LSM[� OHZ� ILLU� SLHKPUN� [OL�^H`� [V^HYKZ�
]HS\HISL�YLZLHYJO�VU�[OL�HS[LYUH[P]L�̂ H`Z�VM�\ZPUN�NSHZZ�TVYL�Z\Z[HPUHIS �̀�PUJS\KPUN�[HRPUN�HK]HU[HNL�VM�P[Z�
YLJ`JSPUN�WV[LU[PHS��^OPSL�PTWYV]PUN�P[Z�Z[Y\J[\YHS�JHWHJP[ �̀�[OLYTHS�WLYMVYTHUJL�HUK�HYJOP[LJ[\YHS�HWWLHS��
;OL�J\YYLU[�[OLZPZ�HPTZ�[V�M\Y[OLY�JVU[YPI\[L�[V�[OPZ�X\LZ[�MVY�PUUV]H[PVU�PU�Z\Z[HPUHISL�NSHZZ�Z[Y\J[\YLZ�I`�
MVJ\ZPUN�VU�ÄUKPUN�JPYJ\SHY�HUK�VW[PJHSS`�KPZJYL[L�^H`Z�[V�JYLH[L�PUZ\SH[LK�NSHZZ�\UP[Z�[OH[�HYL�ULJLZZHY`�
MVY�[OL�TPUPTPZH[PVU�VM�[OLYTHS�SVZZLZ�PU�JVU[LTWVYHY`�I\PSKPUNZ�

:JPLU[PÄJ�HUK�:VJPHS�9LSL]HUJL

;OL�º[HRL�THRL�^HZ[L»�TVKLS�VM� [OL�J\YYLU[� SPULHY�LJVUVT`�VM� [OL�^VYSK�OHZ�H�]HZ[S`�ULNH[P]L� PTWHJ[�
VU�UH[\YHS�YLZV\YJLZ�KLWSL[PVU�HUK�LU]PYVUTLU[HS�WVSS\[PVU�K\L�[V�PUJYLHZLK�^HZ[L�]VS\TL�HUK�LTPZZPVU�
VM�NYLLUOV\ZL�NHZLZ�[OH[�HYL�JH\ZPUN�[OL�JSPTH[L�JYPZPZ��;OL�+\[JO�NV]LYUTLU[�PZ�HPTPUN�PU�[YHUZP[PVUPUN�
[V�H� M\SS`�JPYJ\SHY�LJVUVT`�I`�������.V]LYUTLU[Z�� PUK\Z[YPLZ�HUK�JP]PS� ZVJPL[`�VYNHUPZH[PVUZ�T\Z[� QVPU�
[VNL[OLY�[V�MHJPSP[H[L�H�JPYJ\SHY�LJVUVT`�PU�[OPZ�H[[LTW[�[V�ZOPM[��(JJVYKPUN�[V�[OL�,\YVWLHU�*VTTPZZPVU��
JVUZ[Y\J[PVU�HUK�KLTVSP[PVU�^HZ[L�JVUZPZ[�VM�HWWYV_PTH[LS`��������VM�[OL�[V[HS�^HZ[L�NLULYH[LK�PU�[OL�
,<�PU�[LYTZ�VM�THZZ�HUK�]VS\TL��YLZ\S[PUN�PU�VUL�VM�[OL�IPNNLZ[�^HZ[L�Z[YLHTZ�WYVK\JLK�PU�[OL�,<��(�
IPN�WHY[�VM�[OPZ�^HZ[L�PUJS\KLZ�TH[LYPHSZ�[OH[�JHU�IL�YL\ZLK�VY�YLJ`JSLK��.SHZZ�PZ�H�TH[LYPHS�[OH[�PM�\ZLK�
JVYYLJ[S`�JHU�IL�]LY`�JPYJ\SHY�ZPUJL�P[�OHZ�H�IPN�SPML[PTL�K\L�[V�P[Z�K\YHIPSP[`�HUK�P[�JHU�HSZV�IL�YLJ`JSLK�PM�UV[�
JVU[HTPUH[LK�I`�WVZ[�WYVK\J[PVU�WYVJLZZLZ�

/V^L]LY��[OL�JVUZ[Y\J[PVU�PUK\Z[Y`�J\YYLU[S`�\ZLZ�PUZ\SH[LK�NSHZZ�\UP[Z�[OH[�HYL�WLYTHULU[S`�IVUKLK�\ZPUN�
structural sealants that contaminate the glass surfaces, thus, hindering its potential for recycling or reuse at 
[OL�LUK�VM�[OL�\UP[»Z�SPML��4VYLV]LY��[OLZL�ZLHSHU[Z�OH]L�H�]LY`�SPTP[LK�SPML�ZWHU�JVTWHYLK�[V�[OL�NSHZZ�P[ZLSM�
HUK�ZPUJL�[OLYL�PZ�UV�WYV]PZPVU�MVY�YLWSHJPUN�[OLT�HUK�MVY�YLM\YIPZOPUN�VY�YLJ`JSPUN�VM�WHY[Z�VM�[OL�PUZ\SH[LK�
NSHZZ�\UP[Z�[OL`�LUK�\W�ILPUN�ZPUNSL�\ZL�WYVK\J[Z�^P[O�H�SPTP[LK�SPMLZWHU�[OH[�LUK�\W�PU�[OL�SHUKÄSSZ�

The aim of this thesis is to contribute to a more circular design in insulated glass structures that exhibit 
[OL�ULJLZZHY`�[OLYTHS�PUZ\SH[PUN�WYVWLY[PLZ�^OPSL�THPU[HPUPUN�OPNO�SL]LSZ�VM�[OL�KLZPYLK�[YHUZWHYLUJ �̀�;OL�
JPYJ\SHYP[`�PZ�THPUS`�[HJRSLK�PU�[OL�MVYT�VM�YL]LYZPISL�JVUULJ[PVUZ�[OH[�LUHISL�[OL�YL]LYZPIPSP[`�VM�[OL�^OVSL�
Z[Y\J[\YL�HUK�MHJPSP[H[L�LP[OLY�[OL�YLM\YIPZOTLU[�VM�[OL�\UP[�VY�[OL�YL\ZL�VY�YLJ`JSPUN�VM�P[Z�PUKP]PK\HS�WHY[Z�

(JJVYKPUN� [V� [OL� WYVISLT� Z[H[LK� HIV]L�� [OL� THPU� VIQLJ[P]L� VM� [OL� YLZLHYJO� PZ� [V� JVU[YPI\[L� [V� [OL�
PUUV]H[PVU� VM� Z\Z[HPUHISL� NSHZZ� Z[Y\J[\YLZ� I`� KL]LSVWPUN� H� UL^� YL]LYZPISL� PU\ZSH[LK� NSHZZ� \UP[� Z`Z[LT�
^P[OV\[�JVTWYVTPZPUN�P[Z�[YHUZWHYLUJ`�HUK�[OL�HWWSPJH[PVU�VM�P[�PU�HU�HSZV�YL]LYZPISL�M\SS`�NSHaLK�MHJHKL��

;OPZ�^PSS�IL�KVUL�I`�PU]LZ[PNH[PUN�[OL�WV[LU[PHS�HUK�SPTP[H[PVUZ�VM�HWWS`PUN�YL]LYZPISL�JVUULJ[PVUZ��UV[�VUS`�
MVY�JVUULJ[PUN�HU�0.<�[V�P[Z�HKQ\Z[TLU[�Z[Y\J[\YL�I\[�HSZV�MVY�JVUULJ[PUN�[OL�KPќLYLU[�LSLTLU[Z�VM�HU�0.<�
[VNL[OLY��^P[O�[OL�NVHS�VM�TH_PTPaPUN�[YHUZWHYLUJ`�IV[O�^P[OPU�[OL�0.<�HUK�PU�P[Z�JVUULJ[PVU�Z`Z[LT��

Main Research Question

To what extent can transparency and circularity be combined in an insulated glass unit (IGU) that 
can be applied in fully glazed facades?

Research Subquestions

��� >OH[� HYL� [OL� THPU� KLZPNU� JYP[LYPH� PU� [OL� KL]LSVWTLU[� VM� H� JPYJ\SHY� 0.<� VM� TH_PTPZLK�
[YHUZWHYLUJ`&

(a) in terms of the whole unit

 and 

�I��PU�[LYTZ�VM�P[Z�LKNL�ZLHS�JVUULJ[PVU&

2. What are the potentials and limitations of implementing a circular design of maximised 
transparency:
 
(a) in an insulated glass unit (IGU) 

 and

(b) during its application in fully glazed facades? 
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2.5 Research Methodology

;OL�WYVJLZZ�VM�KL]LSVWTLU[�VM�[OPZ�[OLZPZ�PZ�KP]PKLK�PU[V�MV\Y�WOHZLZ!
7OHZL��!�3P[LYH[\YL�9L]PL^
7OHZL��!�,_WSVYH[PVU�HUK�(ZZLZZTLU[�VM�(S[LYUH[P]L�+LZPNUZ�
7OHZL��!�+L[HPSLK�+L]LSVWTLU[�VM�7YL]HPSPUN�+LZPNU�
7OHZL��!�*VUJS\ZPVUZ�HUK�9LÅLJ[PVUZ

7OHZL� �� JVUZPZ[Z� VM� H� [OVYV\NO� SP[LYH[\YL� YL]PL^� VM� IVVRZ�� WHWLYZ�� YLWVY[Z� HUK� ^LIZP[LZ� YLSL]HU[� [V�
[OL�YLZLHYJO�X\LZ[PVU�SLHKPUN�[V�H�IL[[LY�\UKLYZ[HUKPUN�VM�[OL�KLZPNU�WYVISLT�HUK�[OL�KLÄUP[PVU�VM�[OL�
KLZPNU�JYP[LYPH�ULLKLK�MVY�[OL�UL_[�Z[LW��4VYL�ZWLJPÄJHSS �̀�[OL�YLZLHYJO�ILN\U�MYVT�H�YL]PL^�VM�NSHZZ�HZ�H�
JVUZ[Y\J[PVU�TH[LYPHS��MVJ\ZPUN�VU�P[Z�WYVWLY[PLZ��[OL�J\YYLU[S`�\ZLK�NSHZZ�Z[Y\J[\YL�[`WLZ��KPќLYLU[�NSHZZ�
YLJPWLZ�HUK�WVZ[�WYVK\J[PVU�WYVJLZZLZ��(�YL]PL^�VM�[OL�MHJ[VYZ�[OH[�MHJPSP[H[L�HUK�SPTP[�[OL�JPYJ\SHY�\ZL�VM�
NSHZZ�PU�[OL�I\PS[�LU]PYVUTLU[�MVSSV^LK��;OL�J\YYLU[�Z[H[L�VM�[OL�HY[�VM�PUZ\SH[LK�NSHZZ�\UP[Z�[LJOUVSVN`�̂ HZ�
studied in terms of their thermal performance and their edge seals, focusing on the necessary functions 
[OH[�ULLK�[V�IL�M\SÄSSLK��HUK�[OL�LќLJ[�[OL�LќLJ[�LHJO�VM�[OLT�OHZ�VU�[OL�JPYJ\SHY�\ZL�VM�NSHZZ��-PUHSS �̀�
[`WPJHSS`� \ZLK� JVUULJ[PVUZ� PU� NSHZZ� Z[Y\J[\YLZ�^LYL� HSZV� YL]PL^LK� SLHKPUN� [V� [OLPY� HZZLZZTLU[� IHZLK�
VU� [OLPY� SVHK�[YHUZMLY�HIPSP[PLZ�� [OLPY�WV[LU[PHS� MVY� YL]LYZPIPSP[`�HUK� [OLPY�LќLJ[�VU� [OL� [YHUZWHYLUJ`�VM� [OL�
Z[Y\J[\YL��([�[OL�LUK�VM�[OL�SP[LYH[\YL�YL]PL �̂�[OL�JVUJS\ZPVUZ�SLK�[V�[OL�KL]LSVWTLU[�VM�ZWLJPÄJ�KLZPNU�
criteria that need to be integrated into the design phase and some initial design concepts that could 
HUZ^LY�[OL�YLZLHYJO�X\LZ[PVU�

7OHZL���JVUZPZ[Z�VM�H�YLZLHYJO�I`�KLZPNU�WYVJLK\YL�K\YPUN�^OPJO�H�TL[PJ\SV\Z�L_WSVYH[PVU�WYVJLZZ�VM�
HS[LYUH[P]L�KLZPNU�VW[PVUZ�MVJ\ZPUN�THPUS`�VU�[OL�UL^�LKNL�ZLHS�^HZ�JVUK\J[LK��+\YPUN�[OPZ�WOHZL�ÄYZ[S �̀�
TVYL�YLZLHYJO�^HZ�JVUK\J[LK�PU[V�L_PZ[PUN�HWWSPJH[PVUZ�HUK�TLJOHUPZTZ�PU�KPќLYLU[�ÄLSKZ�VM�LUNPULLYPUN�
PU�VYKLY�[V�L_[YHJ[�PUZWPYH[PVU�HUK�LUNHNL�PU�HU�V\[�VM�[OL�IV_�[OPURPUN�HWWYVHJO�[V�[OL�KLZPNU�HZZPNUTLU[��
;OPZ�WYVJLZZ� SLK�[V�[OL�KL]LSVWTLU[�VM�LPNO[�KPќLYLU[�WVZZPISL�KLZPNU�ZVS\[PVUZ�MVY�[OL�UL^�LKNL�ZLHS�
JVUULJ[PVU�VM�[OL�0.<��;OLZL�ZVS\[PVUZ�^LYL�Z\IZLX\LU[S`�L]HS\H[LK�HJJVYKPUN�[V�[OL�ZL[�KLZPNU�JYP[LYPH�
^P[O�[OL�OLSW�VM�HU�HZZLZZTLU[�TH[YP_��([�[OL�LUK�VM�[OL�HZZLZZTLU[�WYVJLK\YL��[^V�KLZPNU�JVUJLW[Z�
WYL]HPSLK��;OL`�^LYL�M\Y[OLY�KL]LSVWLK�PU�TVYL�KL[HPS�\U[PS�VUL�VM�[OLT�^HZ�JOVZLU�HZ�[OL�ÄUHS�KLZPNU�
[OH[�JV\SK�HUZ^LY� [OL�KLZPNU�HZZPNUTLU[�TVYL�HW[S �̀�:PUJL� [OL� MVJ\Z�VM� [OPZ� [OLZPZ�^HZ�ZL[�V\[� [V�IL�
the constructibility and detailing, the research and design tools used during this exploratory phase are 
ZRL[JOPUN���K�TVKLSPUN�HUK�YLZLHYJO�VU�[OL�TH[LYPHSP[ �̀�:PT\S[HULV\Z�^P[O�[OL�KL]LSVWTLU[�VM�[OL�LKNL�
ZLHS��[OVYV\NO�YLZLHYJO�VU�[OL�L_PZ[PUN�NSHZZ�MHJHKL�[`WVSVNPLZ�^HZ�THKL��;OPZ�SLK�[V�[OL�PKLU[PÄJH[PVU�
VM�ZVTL�RL`�WVPU[Z�YLNHYKPUN�[OL�WV[LU[PHSZ�HUK�SPTP[H[PVUZ�VM�TH_PTPZPUN�[OL�[YHUZWHYLUJ`�VM�[OL�MHJHKL�
^OPSL�LUZ\YPUN�P[Z�JPYJ\SHY�JOHYHJ[LY�[OH[�^HZ�[HRLU�PU[V�JVUZPKLYH[PVU�MVY�[OL�KLZPNU�VM�[OL�LKNL�ZLHS��

;OL�MVJ\Z�VM�WOHZL���̂ HZ�[OL�ÄUHSPZH[PVU�VM�[OL�KLZPNU�VM�[OL�0.<�LKNL�ZLHS�JVUULJ[PVU�HUK�[OL�HWWSPJH[PVU�
VM�[OL�\UP[�PU�H�MHJHKL�[`WVSVN`�SLHKPUN�[V�[OL�KL[HPSPUN�VM�[OL�JVUULJ[PVU�IL[^LLU�[OL�KPќLYLU[�\UP[Z�VUJL�
HWWSPLK�PU�H�M\SS`�NSHaLK�MHJHKL��;OYV\NO�YLZLHYJO�VU�[OL�TH[LYPHSP[`�VM�[OL�LKNL�ZLHS�JVUULJ[PVU��[OL�ÄUHS�
�K�KL[HPSZ�^LYL�KL]LSVWLK�MVSSV^LK�I`�H��K�TVKLS�VM�[OL�^OVSL�\UP[�HUK�P[Z�HZZLTIS`�VYKLY��(M[LY^HYKZ��
[OL�HWWSPJH[PVU�VU�H�J\Y[HPU�^HSS�MHJHKL�ZJLUHYPV�^HZ�JVUK\J[LK�^P[O�[OL�WHYHSSLS�ÄUHSPZH[PVU�VM�[OL�MHJHKL�
QVPU[�JVUULJ[PVU�IL[^LLU�[OL�KPќLYLU[�NSHZZ�WHULSZ��-HJHKL�KL[HPSPUN�PU��K�HUK��K�TVKLSPUN�HUK�HZZLTIS`�
VYKLY�HSZV�VJJ\YYLK�PU�[OPZ�Z[HNL�MVY�[OL�ÄUHS�MHJHKL�HWWSPJH[PVU��

;OL�ÄUHS�Z[LW�MVY�[OL�ÄUHSPZH[PVU�VM�[OPZ�[OLZPZ�HUK�[OL�JVTWSL[PVU�VM�[OL�KLZPNU�HZZPNUTLU[�VJJ\YZ�PU�WOHZL�
��^OLYL�HU�V]LY]PL^�VM�[OL�ÄUHS�KLZPNU�HZ�^LSS�HZ�[OL�^OVSL�YLZLHYJO�I`�KLZPNU�WYVJLZZ�PZ�JVUK\J[LK��
*VUJS\ZPVUZ�JVUJLYUPUN�[OL�̂ OVSL�WYVJLZZ�HYL�THKL�HUK�YLJVTTLUKH[PVUZ�MVY�M\Y[OLY�YLZLHYJO�HYL�NP]LU�
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2.6 Time Planning

3. Final Design
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03. Literature Review
 Glass in the Building Envelope

3.1 Glass as a Construction Material

3.3 Insulated Glass Units - Thermal Performance

3.6 Literature Review Overview and Conclusions

3.5 Connections in Glass Structures

3.2 Circularity in Glass Structures

3.4 Insulated Glass Units - Edge Seals

7KH�IROORZLQJ�FKDSWHU�FRQVWLWXWHV�WKH�ıQGLQJV�RI�D�WKRURXJK�UHVHDUFK�RQ�WKH�WRSLF�RI�JODVV�XVHG�LQ�
the building envelope. The aim of the research is the understanding of the current potentials and 
limitations of using insulated glass in the building envelopes in a more circular way while at the 
same time maximising their transparency in the unit itself as well as in a facade application level.

The research is divided into six main chapters. It begins with a broader review of the properties of 
glass as a construction material and the current production methods of glass for building envelope 
usage focusing on the reasons that facilitate or impede its circular use. The research is further 
expanded to include the technology behind the creation of insulated glass units and the properties 
they must possess as well as the factors that are interfere with their circular use. Typical connections 
used in glass structures are also studied and are assessed in terms of their load transfer abilities, 
WKHLU�SRWHQWLDO�IRU�UHYHUVLELOLW\�DQG�WKHLU�HĳHFW�RQ�WKH�WUDQVSDUHQF\�RI�WKH�VWUXFWXUH��$W�WKH�HQG�RI�WKH�
research, conclusions are drawn leading to the formulation of the design criteria for the new IGU 
UHJDUGLQJ�WKH�ZKROH�XQLWV�DV�ZHOO�DV�WKH�FRQQHFWLRQ�EHWZHHQ�WKH�GLĳHUHQW�JODVV�SDQHV�
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3. Literature Review

3. Literature Review

3.1 Glass as a Construction Material

;HISL����:VKH�SPTL�NSHZZ�WYVWLY[PLZ�JVTWHYLK�[V�V[OLY�JVUZ[Y\J[PVU�TH[LYPHSZ��6YPNPUHSS`�-YVT�.SHZZ�:[Y\J[\YLZ!�+LZPNU�HUK�
*VUZ[Y\J[PVU�VM�:LSM�Z\WWVY[PUN�:RPUZ����Z[�LK���W������I`�>\YT��1���
�7LH[��9���������

.SHZZ�PZ�H�JY`Z[HSSPUL�HTVYWOV\Z�ZVSPK�HUK�PZ�HSZV�KLZJYPILK�HZ�H�ZVSPKPÄLK�SPX\PK�HZ�P[�WVZZLZZLZ�X\HSP[PLZ�
VM�IV[O��;OL�TVSLJ\SLZ�[OH[�P[�JVUZPZ[Z�VM�HYL�PU�YHUKVT�VYKLY�HUK�[OLYLMVYL�JHUUV[�MVYT�H�JY`Z[HS�SH[[PJL��
;OL� YLZ\S[� PZ�NSHZZ»Z�JOHYHJ[LYPZ[PJ� [YHUZWHYLUJ �̀�*VTWHYLK� [V�V[OLY�JY`Z[HSZ��NSHZZ� PZ�JOHYHJ[LYPZLK�I`�
HTVYWOV\Z�PZV[YVW`�ZPUJL�P[Z�WYVWLY[PLZ�HYL�UV[�KLWLUKLU[�VU�[OL�KPYLJ[PVU�[OL`�HYL�TLHZ\YLK��

Glass is manufactured by a mixture of raw materials in a solid state that is heated at a high enough 
[LTWLYH[\YL�MVY�[OL�TP_[\YL�[V�ILJVTL�]PZJV\Z��(M[LY^HYKZ��[OL�TP_[\YL�PZ�JVVSLK�KV^U�YHWPKS`�ZV�[OH[�
UV�JY`Z[HSSPZH[PVU�JHU�VJJ\Y��+\YPUN�[OL�JVVSPUN�WYVJLZZ��[OL�H[VTZ�HYL�SVJRLK�PU�H�YHUKVT�HYYHUNLTLU[�
[OH[�PZ�ZPTPSHY�[V�[OH[�VM�H�SPX\PK�Z[H[L�HUK�[OLYLMVYL�[OL`�JHUUV[�MVYT�H�JY`Z[HSSPUL�Z[H[L�[OH[�ZVSPKZ�WVZZLZZ��

;OL�YH^�TH[LYPHSZ�[OH[�HYL�\ZLK�[V�MVYT�[OL�TP_[\YL�[V�IL�OLH[LK�HYL�KLWLUKLU[�VU�[OL�NSHZZ�[`WL��;OL�THPU�
JVTWVULU[Z�HYL�[OL�MVSSV^PUN��;OL�MVYTLY�PZ�[OL�THPU�PUNYLKPLU[�[OH[�PZ�OLH[LK�PU�]LY`�OPNO�[LTWLYH[\YLZ�[V�
LUZ\YL�[OL�]PZJVZP[`�VM�[OL�TP_[\YL��;OL�TVZ[�\Z\HSS`�\ZLK�MVYTLY�PZ�ZPSPJVU�KPV_PKL��:P6���̂ OPJO�PZ�[OL�THPU�
JVTWVULU[�VM�ZPSPJH�ZHUK��)LJH\ZL�VM�[OL�]LY`�OPNO�[LTWLYH[\YLZ�ULLKLK�[V�OLH[�[OL�MVYTLY�PU�VYKLY�MVY�P[�
[V�ILJVTL�]PZJV\Z��H�Å\_��Z\JO�HZ�ZVKH�HZO�HUK�WV[HZO�ULLKZ�[V�IL�HKKLK�[V�[OL�TP_[\YL�PU�VYKLY�MVY�[OL�
TLS[PUN�[LTWLYH[\YL�[V�IL�SV^LYLK��4VYLV]LY��H�Z[HIPSPZLY�Z\JO�HZ�JHSJP\T�V_PKL�MYVT�SPTLZ[VUL�PZ�HKKLK�
[V�H]VPK�[OL�NSHZZ�MYVT�KPZZVS]PUN�VY�MVYTPUN�\U^HU[LK�JY`Z[HS�PTW\YP[PLZ��4VYL�HKKP[P]LZ�PU�HU�HTV\U[�VM�
SLZZ�[OHU�VUL�WLY�JLU[�VM�[OL�^OVSL�TP_[\YL�JHU�IL�PUJS\KLK�[V�HS[LY�[OL�VW[PJHS�WYVWLY[PLZ�VM�[OL�NSHZZ��
;OL�KY`�PUNYLKPLU[Z�HYL�TP_LK�[VNL[OLY�PU�H�IH[JO��(�M\YUHJL�TLS[Z�[OL�IH[JO�[V�MVYT�H�SPX\PK�JVTWV\UK��
-PUHSS �̀�IYVRLU�NSHZZ�WPLJLZ��JHSSLK�J\SSL[��HYL�HKKLK�[V�[OL�TP_[\YL�[V�HPK�[OL�TLS[PUN�WYVJLK\YL���4PSSZ��U�K��

;OL�ÄUHS�Z[LW�HM[LY�[OL�JYLH[PVU�VM�[OL�NSHZZ�TP_[\YL�JVUJLYUZ�WV\YPUN�[OL�TP_[\YL�PU[V�ZOHWL�HUK�SL[[PUN�
P[� JVVS�KV^U��;OL�JVVSPUN�WYVJLZZ�VM�NSHZZ� PZ�JHSSLK�HUULHSPUN�� 0[� PZ� PTWVY[HU[� [OH[�HUULHSPUN�OHWWLUZ�
NYHK\HSS`�HUK�L]LUS`�[OYV\NOV\[�[OL�NSHZZ�JVTWVULU[�PU�VYKLY�[V�H]VPK�Z[YLZZ�JVUJLU[YH[PVUZ�^OPJO�JHU�
SLHK�[V�\U^HU[LK�IYLHRHNL�

+PќLYLU[� [`WLZ� VM� NSHZZ� HYL� WYVK\JLK�^P[O� ZTHSS� HS[LYH[PVUZ� PU� [OL� JOLTPJHS� JVTWVZP[PVU� VM� [OL� \ZLK�
TP_[\YL��;OL�TVZ[�JVTTVUS`�\ZLK�NSHZZ�PU�[OL�I\PSKPUN�LU]LSVWLZ�PZ�ZVKH�SPTL�NSHZZ��:VKH�SPTL�NSHZZ�PZ�
HS[LYUH[P]LS`�RUV^U�HZ�^PUKV^�NSHZZ�ZPUJL�P[�PZ�[OL�TVZ[�JVTTVU�[`WL�VM�NSHZZ�\ZLK�PU�[OL�^PUKV^Z�VM�
I\PSKPUNZ��0[�PZ�HSZV�]HZ[S`�\ZLK�PU�[OL�WHJRHNPUN�PUK\Z[Y �̀�0[Z�JVTWVZP[PVU�PZ�����ZPSPJH�HUK�[OL�YLTHPUPUN�
HTV\U[�PZ�KP]PKLK�IL[^LLU�ZVKH�HZ�Å\_�HUK�SPTL�HZ�[OL�Z[HIPSPZLY��:VKH�SPTL�NSHZZ�PZ�]LY`�WVW\SHY�ILJH\ZL�
P[�PZ�[OL�SLHZ[�L_WLUZP]L�NSHZZ�[`WL��0U�HKKP[PVU��P[�PZ�JOLTPJHSS`�Z[HISL�HUK�LHZPS`�̂ VYRHISL�THRPUN�P[�H�Z\P[HISL�
JOVPJL�MVY�MHIYPJH[PVU�HUK�J\[[PUN��6U�[OL�V[OLY�OHUK��P[�PZ�UV[�HZ�ZJYH[JO�YLZPZ[HU[�HZ�V[OLY�NSHZZ�[`WLZ�HUK�
often it is needed to be chemically strengthened for increased strength or tempered for increased strength 
HUK�[OLYTHS�ZOVJR�YLZPZ[HUJL���4PSSZ��U�K���

;LUZPSL�HUK�JVTWYLZZP]L�Z[YLUN[O

0U�VYKLY�[V�\UKLYZ[HUK�NSHZZ»�SVHK�ILHYPUN�JHWHIPSP[PLZ��P[�PZ�PTWVY[HU[�[V�TLU[PVU�ZVTL�JOHYHJ[LYPZ[PJZ�[OH[�
HќLJ[�[OLT�HUK�HYL�HZZVJPH[LK�^P[O�P[Z�TPJYV�Z[Y\J[\YL��+\L�[V�[OL�Z[YVUN�H[VTPJ�IVUKPUN�MVYJLZ�WYLZLU[�
PU� P[Z� Z[Y\J[\YL�� NSHZZ�^P[O� H� ÅH^SLZZ�TPJYV�Z[Y\J[\YL� HUK� H� ]LY`� ZTVV[O� Z\YMHJL� JHU� L_OPIP[� L_JLSSLU[�
TLJOHUPJHS� Z[YLUN[O�� �:JOP[[PJO� L[� HS�� ������ W� ��� /V^L]LY�� [OPZ� PZ� HSTVZ[� UL]LY� [OL� JHZL� PU� YLHSPZ[PJ�
ZJLUHYPVZ��;OL�TPJYV�Z[Y\J[\YL�VM�NSHZZ�PZ�M\SS�VM�TPJYVZJVWPJ�PYYLN\SHYP[PLZ�HUK�KLMLJ[Z��[OLYLMVYL�NSHZZ�PZ�
UV[�LU[PYLS`�ZVSPK��4VYLV]LY��KHTHNL�VU�[OL�Z\YMHJL�HUK�LKNLZ�VM�H�NSHZZ�JVTWVULU[��PUJS\KPUN�ZJYH[JOLZ�
and notches that can be the result of abrasion or other mechanical sources or load transfer, can occur 
HJJVYKPUN�[V�>\YT��������W������

(SS�[OL�HMVYLTLU[PVULK�KLMLJ[Z�WSH`�H�JY\JPHS�YVSL�PU�KL[LYTPUPUN�[OL�[LUZPSL�Z[YLUN[O�VM�H�NSHZZ�LSLTLU[��
0[� PZ� PTWVY[HU[� [V� OPNOSPNO[� [OH[� [OL� [LUZPSL� VY� ILUKPUN� Z[YLUN[O� VM� NSHZZ� PZ� UL]LY� H� JVUZ[HU[� ]HS\L� I\[�
]HYPLZ�HJJVYKPUN�[V�[OL�Z\YMHJL�HUK�TPJYV�Z[Y\J[\YL�X\HSP[ �̀�4VYLV]LY��NSHZZ�JHU�\UKLYNV�[YLH[TLU[Z�[OH[�
TPUPTPZL�P[Z�ÅH^Z�HUK�PUJYLHZL�P[Z�Z[YLUN[O�

5V[JOLZ��ZTHSS�JYHJRZ��ZJYH[JOLZ�HUK�NLULYHSS`�HU`[OPUN�[OH[�KPZY\W[Z�[OL�JVTWHJ[ULZZ�HUK�ZTVV[OULZZ�
VM�NSHZZ� SLHKZ� [V�]LY`�OPNO� [LUZPSL�Z[YLZZ�JVUJLU[YH[PVUZ�^OLU� [OL�LSLTLU[� PZ�Z\IQLJ[LK� [V�TLJOHUPJHS�
MVYJLZ��;OL�JY\JPHS�WHY[�OLYL�PZ�[OH[�ILJH\ZL�VM�[OL�IYP[[SL�UH[\YL�VM�[OL�NSHZZ�HZ�H�TH[LYPHS�[OLZL�Z[YLZZ�
WLHRZ�JHUUV[�IL�UL\[YHSPZLK�I`�WSHZ[PJ�KLMVYTH[PVU�PU�JVU[YHZ[�[V�V[OLY�UVU�IYP[[SL�TH[LYPHSZ��;OLYLMVYL��PM�
[OL�[LUZPSL�Z[YLZZLZ�Z\YWHZZ�H�JYP[PJHS�]HS\L�[OL�LSLTLU[�^PSS�MYHJ[\YL�HZ�[OL�JYHJRZ�^PSS�WYVWHNH[L�X\PJRS`�
MYVT�VUL�LKNL�VM�[OL�NSHZZ�[V�[OL�V[OLY��;OPZ�YLZ\S[Z�PU�VUS`�H�ZTHSS�WLYJLU[HNL�VM�[OL�TH[LYPHS»Z�[LUZPSL�
Z[YLUN[O�ILPUN�HJ[\HSS`�\ZLK��(JJVYKPUN�[V�>\YT��������W�����[OL�H]LYHNL�[LUZPSL�Z[YLUN[O�VM�ZVKH�SPTL�
NSHZZ�PZ����47H��

6U�[OL�V[OLY�OHUK��[OL�H]LYHNL�]HS\L�VM�[OL�JVTWYLZZP]L�Z[YLUN[O�VM�NSHZZ�PZ�HSTVZ[�[LU�[PTLZ�[OH[�VM�P[Z�
H]LYHNL�[LUZPSL�Z[YLUN[O��;OPZ�PZ�K\L�[V�[OL�MHJ[�[OH[�^OLU�H�NSHZZ�LSLTLU[�PZ�Z\IQLJ[LK�[V�JVTWYLZZPVU�
[OL�KLMLJ[Z�HUK�PYYLN\SHYP[PLZ�HYL�HSZV�JVTWYLZZLK�HUK�JSVZLK�KV^U�HUK�[OLYLMVYL�KV�UV[�HќLJ[�ULNH[P]LS`�
P[Z�JVTWYLZZP]L�Z[YLUN[O��>\YT��������W�����TLU[PVULK�HU�H]LYHNL�JVTWYLZZP]L�Z[YLUN[O�VM�����47H��
HS[OV\NO�\UKLY�WLYTHULU[�SVHK�[OPZ�]HS\L�KYVWZ�0[V�HWWYV_PTH[LS`�����47H�

3.1.1 Glass Manufacture

3.1.2 Mechanical Properties of Glass

+PќLYLU[�[`WLZ�VM�NSHZZ�YLJPWLZ�YLZ\S[�PU�]HYPH[PVUZ�PU�JOLTPJHS�JVTWVZP[PVUZ��^OPJO�HJJVYKPUNS`�YLZ\S[�PU�
KPќLYLU[�WYVWLY[PLZ�MVY�LHJO�[`WL��;OL�TVZ[�JY\JPHS�HZWLJ[�[V�JVUZPKLY�^OLU�KLZPNUPUN�^P[O�NSHZZ�PZ�[OH[�
P[� PZ� H�IYP[[SL�TH[LYPHS� ZOV^PUN�VUS`� LSHZ[PJ�KLMVYTH[PVU�^OPJO�TLHUZ� [OH[� P[� MYHJ[\YLZ�^P[OV\[�^HYUPUN��
4VYLV]LY��NSHZZ�ZOV^Z�OPNO�JVTWYLZZP]L�Z[YLUN[O�^OPJO�THRLZ�P[�H�]LY`�HWWLHSPUN�JVUZ[Y\J[PVU�TH[LYPHS�
[OH[�JVTIPULZ�Z[YLUN[O�HUK�[YHUZWHYLUJ �̀
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3.1.3 Float Glass Production Method

-PN\YL����8\HSP[H[P]L�JVTWHYPZVU�VM�Z[YLZZ�Z[YHPU�J\Y]L�MVY�NSHZZ��Z[LLS�HUK�̂ VVK��-YVT�.SHZZ�:[Y\J[\YLZ!�+LZPNU�HUK�*VUZ[Y\J[PVU�
VM�:LSM�Z\WWVY[PUN�:RPUZ����Z[�LK���W������I`�>\YT��1���
�7LH[��9���������

-PN\YL����-SVH[�HUK�9VSSLK�.SHZZ�7YVJLZZLZ��-YVT�¸.SHZZ�*VUZ[Y\J[PVU�4HU\HS¹���UK�LK���W������I`�:JOP[[PJO��:[HPI��)HSRV �̂�
:JO\SLY��
�:VILR���������

Young’s modulus 

.SHZZ�WVZZLZZLZ�H�TVK\S\Z�VM�LSHZ[PJP[`�VM�HIV\[�����.7H��^OPJO�JVTWHYLK�[V�V[OLY�[`WPJHS�JVUZ[Y\J[PVU�
TH[LYPHSZ�PZ�VUL�[OPYK�VM�[OL�]HS\L�VM�Z[LLS�HUK�Ä]L�[PTLZ�OPNOLY�[OHU�[OH[�VM�OHYK^VVK�HJJVYKPUN�[V�>\YT�
�������W������;OL�KLMVYTH[PVU�VM�NSHZZ�OHWWLUZ�PU�H�SPULHY�LSHZ[PJHSS`�THUULY�\UKLY�SVHK�\W�[V�[OL�WVPU[�
^OLU�P[Z�[LUZPSL�Z[YLUN[O�PZ�L_JLLKLK�SLHKPUN�[V�Z\KKLU�IYLHRHNL��<U[PS�[OL�WVPU[�VM�MYHJ[\YL��[OL�Z[YHPU��L��
PZ�WYVWVY[PVUHS�[V�Z[YLZZ��Z���HZ�ZOV^U�PU�ÄN\YL����(Z�H�^H`�[V�WYL]LU[�Z[YLZZ�JVUJLU[YH[PVUZ��KPYLJ[�JVU[HJ[�
VM�[^V�NSHZZ�LSLTLU[Z�VY�IL[^LLU�NSHZZ�HUK�OHYK�TH[LYPHSZ�SPRL�TL[HS�ZOV\SK�IL�H]VPKLK�H[�HSS�[PTLZ�

Thermal shock resistance

;OL�SHJR�VM�WSHZ[PJ�KLMVYTH[PVU�VM�NSHZZ�THRLZ�P[�Z\ZJLW[PISL�[V�Z[YLZZLZ�YLZ\S[PUN�MYVT�[LTWLYH[\YL�ZOVJR��
TLHUPUN�L_WHUZPVUZ�HUK�JVU[YHJ[PVUZ�HYPZPUN�MYVT�[LTWLYH[\YL�KPќLYLUJLZ�^OPJO�HYL�L_WYLZZLK�I`�[OL�
[OLYTHS�L_WHUZPVU�JVLѝJPLU[��:VKH�SPTL�NSHZZ�OHZ�H�[OLYTHS�L_WHUZPVU�JVLѝJPLU[�VM�HIV\[� �_��������2��
^OPJO� PZ� [OYLL�X\HY[LYZ� [OH[� VM� Z[Y\J[\YHS� Z[LLS� PU� HJJVYKHUJL�^P[O�>\YT� ������� W����� ;OPZ� JVLѝJPLU[�
is of the utmost importance when designing the connections of glass elements with other materials in 
JVUZ[Y\J[PVU��(�TH[LYPHS�^P[O�H�ZPTPSHY�[OLYTHS�L_WHUZPVU�JVLѝJPLU[�[V�[OH[�VM�NSHZZ�I\[�^P[O�HU�PUJYLHZLK�
JVZ[�YLSH[LK�[V�V[OLY�TH[LYPHSZ�PZ�;P[HUP\T�

;OLYTHS� ZOVJR� YLZPZ[HUJL� KLWPJ[Z� [OL� TH_PT\T� KPќLYLUJL� VM� [LTWLYH[\YL� [OH[� H� NSHZZ� LSLTLU[� JHU�
^P[OZ[HUK�ILMVYL� MYHJ[\YL�� ;OPZ� ]HS\L� PZ� ���2LS]PU� MVY� ZVKH�SPTL�NSHZZ�^OPJO� PZ� X\P[L� SV^�HZ� Z[H[LK�I`�
>\YT��������W������;LTWLYPUN�VY�OLH[�Z[YLUN[OLUPUN�[OL�NSHZZ�PTWYV]LZ�[OL�]HS\LZ�VM�P[Z�[OLYTHS�ZOVJR�
YLZPZ[HUJL�

;V�JVUJS\KL��NSHZZ� PZ� H�TH[LYPHS� [OH[� HS[OV\NO� P[Z�\ZL� PU� [OL�I\PSKPUN�LU]LSVWL�OHZ�ILLU�RUV^U�ZPUJL�
HUJPLU[�̀ LHYZ��P[Z�Z[Y\J[\YHS�JHWHIPSP[PLZ�OH]L�VUS`�YLJLU[S`�ILLU�KPZJV]LYLK��;OL�OPNO�JVTWYLZZP]L�Z[YLUN[O�
YLUKLYZ�P[�HU�PKLHS�JVUZ[Y\J[PVU�TH[LYPHS�^OLYL�[YHUZWHYLUJ`�PZ�KLZPYLK��/V^L]LY��[OL�PU[YPUZPJ�IYP[[SLULZZ�VM�
NSHZZ�HUK�P[Z�SHJR�VM�WSHZ[PJ�KLMVYTH[PVU�HYL�ZVTL�RL`�WVPU[Z�[OH[�YLX\PYL�H[[LU[PVU�^OLU�KLZPNUPUN�NSHZZ�
Z[Y\J[\YLZ��

;OL�TVZ[� WYL]HPSPUN� MVYT� VM� NSHZZ� \ZLK� PU� [OL� I\PS[� LU]PYVUTLU[� HUK�TVYL� ZWLJPÄJHSS`� PU� [OL� I\PSKPUN�
LU]LSVWLZ�UV^HKH`Z�PZ�ÅH[�NSHZZ�WHULZ��-SH[�NSHZZ�JHU�IL�WYVK\JLK�I`�[OYLL�TL[OVKZ��ÅVH[�NSHZZ��YVSSLK�
NSHZZ�HUK�KYH^U�NSHZZ��6]LY�[OL�[OYLL��ÅVH[�NSHZZ� PZ�[OL�[LJOUPX\L�[OH[� PZ�I`�MHY�TVZ[�JVTTVUS`�\ZLK�
HJJV\U[PUN�MVY�HWWYV_PTH[LS`� ���VM�[OL�ÅH[�NSHZZ�WYVK\J[PVU�HJJVYKPUN�[V�>\YT��������W�������

;OL�THU\MHJ[\YPUN�TL[OVK�VM�WYVK\JPUN�ÅVH[�NSHZZ�[VKH`�OHZ�P[Z�VYPNPUZ�PU�[OL�[LJOUPX\L�JVUJLP]LK�I`�
(SHZ[HPY�7PSRPUN[VU�TVYL�[OHU�OHSM�H�JLU[\Y`�HNV��PU�� � ��:VKH�SPTL�PZ�[OL�TVZ[�JVTTVUS`�\ZLK�YLJPWL�PU�
[OL�ÅVH[�NSHZZ�WYVJLZZ��;OL�ÄYZ[�Z[LW�VM�[OL�WYVJLK\YL�JVUZPZ[Z�VM�TLS[PUN�[OL�YH^�TH[LYPHSZ�H[�H�M\YUHJL�
H[�H�[LTWLYH[\YL�VM�����������*��;OL�[LTWLYH[\YL�HUK�[OL�L_HJ[�TH[LYPHSZ�KLWLUK�VU�[OL�NSHZZ�[`WL�[V�
IL�WYVK\JLK��:\IZLX\LU[S �̀�[OL�TLS[LK�TP_[\YL�ÅVH[Z�VU�H�TVS[LU�IH[O�VM�[PU�H[�H�SV^LY�[LTWLYH[\YL�VM�
HYV\UK������*�ZV�[OH[�[OL�NSHZZ�PZ�ZWYLHK�WYVK\JPUN�H�JVU[PU\V\Z�ÅH[�Z\YMHJL��;OL�NYLH[S`�OVTVNLULV\Z�
[OPJRULZZ�VM�[OL�ÄUHS�WYVK\J[�JHU�IL�THUPW\SH[LK�I`�HS[LYPUN�[OL�YH[L�VM�KYH^PUN�[OL�NSHZZ�V\[�VM�[OL�[PU�
IH[O��;OL�ÄUHS�Z[LW�VM�[OPZ�WYVJLK\YL�PZ�[OL�ZVSPKPÄJH[PVU�VM�NSHZZ�^OPJO�OHWWLUZ�I`�NYHK\HS�JVVSPUN�VM�[OL�
NSHZZ�PU�HU�HUULHSPUN�SLOY�VM����*�[LTWLYH[\YL�HZ�Z[H[LK�PU�>\YT��������W�����

*VSV\YZ�JHU�IL�HKKLK�HUK�KPќLYLU[� SPNO[� [YHUZTP[[HUJL�]HS\LZ�JHU�IL�HJOPL]LK�K\YPUN� [OL�WYVK\J[PVU�
WYVJLZZ��4VYLV]LY��[OL�UH[\YHS�NYLLU�ZOHKL�VM�NSHZZ�JHU�IL�LSPTPUH[LK�I`�YLK\JPUN�[OL�JVUJLU[YH[PVU�VM�
PYVU�PU�[OL�NSHZZ�YLJPWL��;OLZL�[`WLZ�VM�NSHZZLZ�HYL�JHSSLK�SV^�PYVU�VY�JSLHY�^OP[L�NSHZZ�HUK�HYL�]LY`�WVW\SHY�
MVY�\ZL�PU�[OL�I\PSKPUN�LU]LSVWL��

;OL�J\YYLU[� HK]HUJLZ�HUK� SPTP[H[PVUZ� PU� [OL� ÅVH[�NSHZZ� PUK\Z[Y`� HSSV^� MVY� NSHZZ� [V�IL�THU\MHJ[\YLK� PU�
[OPJRULZZLZ�MYVT�������������������������������� �HUK����TT��^P[O���[V����TT�ILPUN�[OL�TVZ[�JVTTVUS`�
\ZLK�PU�I\PSKPUN�LU]LSVWLZ��;OL�OPNOLY�NSHZZ�[OPJRULZZLZ�HYL�UV[�ZV�JVTTVUS`�\ZLK�K\L�[V�[OL�PUJYLHZLK�
HUULHSPUN�HUK�WVZ[�WYVK\J[PVU�WYVJLZZPUN�[PTL��

(Z�MHY�HZ�[OL�ZPaL�VM�ÅVH[�NSHZZ�WHULZ�PZ�JVUJLYULK��[OL�^PK[O�VM�ÅVH[�NSHZZ�PZ�H�Ä_LK�KPTLUZPVU�VM������
T��;OL�SLUN[O�VM�[OL�Z[HUKHYK�ÅVH[�NSHZZ��HSZV�JHSSLK�H�Q\TIV�WSH[L��PZ���T��*\YYLU[�[LJOUVSVN`�HSSV^Z�MVY�
IPNNLY�SLUN[OZ�HZ�^LSS�\W�[V����T��I\[�[OL�JVZ[�VM�MHIYPJH[PVU�PZ�OPNOS`�PUJYLHZLK�PU�[OLZL�JHZLZ��;OLZL�
Z[HUKHYK�KPTLUZPVUZ�HYL�NV]LYULK�UV[�VUS`�I`�[OL�HJ[\HS�ÅVH[�WYVK\J[PVU�SPUL��I\[�HSZV�MYVT�[OL�OHUKSPUN�
HUK�[YHUZWVY[H[PVU�LX\PWTLU[�SPTP[H[PVUZ�
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3.1.4 Float Glass Post-Production Processing

-PN\YL����;LTWLYPUN�,ќLJ[�VU�-YHJ[\YL�WH[[LYU��-YVT�¸.SHZZ�*VUZ[Y\J[PVU�4HU\HS¹���UK�LK���W������I`�:JOP[[PJO��:[HPI��)HSRV �̂�
:JO\SLY�
�:VILR���������

-PN\YL����;LTWLYPUN�WYVJLZZ��-YVT�¸.SHZZ�*VUZ[Y\J[PVU�4HU\HS¹���UK�LK���W������I`�:JOP[[PJO��:[HPI��)HSRV �̂�:JO\SLY��
�:VILR��
�������

;OL�YLHZVU�ILOPUK�ÅVH[�NSHZZ»�L_JLLKLK�\ZL�PZ�P[Z�OPNO�NLVTL[YPJHS�HJJ\YHJ`�HUK�L_JLSSLU[�[YHUZWHYLUJ`�
^OPJO�YLUKLY�P[�[OL�TVZ[�Z\P[HISL�NSHZZ�[V�IL�\ZLK�PU�[OL�I\PS[�LU]PYVUTLU[��5L]LY[OLSLZZ��M\Y[OLY�WYVJLZZPUN�
VM�ÅVH[�NSHZZ�PZ�ULLKLK�PU�HSS�JHZLZ�PU�VYKLY�MVY�P[�[V�IL�\ZLK�PU�[OL�I\PSKPUN�LU]LSVWLZ��

*\[[PUN�HUK�:OHWPUN

;OL�Z[YLUN[O�VM�[OL�NSHZZ�PZ�KPYLJ[S`�KLWLUKLU[�VU�[OL�ZOHWL�HUK�X\HSP[`�VM�[OL�[YLH[LK�LKNLZ�HUK�Z\YMHJLZ��
-SVH[�NSHZZ�JVTLZ�V\[�VM�[OL�HUULHSPUN�SLOY�PU�[OL�MVYT�VM�H�JVU[PU\V\Z�YPIIVU��0[�PZ�[OLU�VUS`�SVNPJHS�[OH[�P[�
ULLKZ�[V�IL�J\[�PU�[OL�KLZPYLK�ZPaLZ��0U�VYKLY�[V�HJOPL]L�[OL�OPNO�WYLJPZPVU�[OH[�PZ�ULLKLK�J\[[PUN�PZ�\Z\HSS`�
KVUL�^P[O�*5*�THJOPULZ��\ZPUN�H�KPHTVUK�[PWWLK�J\[[PUN�HYT�[OH[�OHZ�H�J\[[PUN�HJJ\YHJ`�VM�\W�[V�����
TPSSPTL[YLZ�HJJVYKPUN�[V�>\YT��������W�����

(WHY[� MYVT�J\[[PUN�[OL�NSHZZ�[V�[OL�HWWYVWYPH[L�ZPaLZ�� P[� PZ�]LY`�JVTTVU�MVY�OVSLZ�[V�IL�THKL�[OH[�HYL�
ULJLZZHY`� MVY� [OL�HZZLTIS`�VM� [OL�JVTWVULU[�HUK� P[Z�JVUULJ[PVU� [V� [OL�I\PSKPUN�Z[Y\J[\YL��<Z\HS�OVSL�
ZOHWLZ�HYL�J`SPUKYPJHS��JV\U[LYZ\UR�VY�\UKLYJ\[�OVSLZ�[OH[�JHU�IL�THKL�PU�[OL�KPHTVUK�KYPSSPUN�WYVJLZZ�
I`�SVJHS�NYPUKPUN��;OL�^H[LY�QL[�WYVJLZZ�JHU�HSZV�IL�\ZLK�PU�JHZL�TVYL�JVTWSL_�NLVTL[YPLZ�ULLK�[V�IL�
HJJVTWSPZOLK��/VSLZ�HYL�HS^H`Z�KYPSSLK�MYVT�IV[O�ZPKLZ�[V�H]VPK�JYHJRZ�HUK�IYLHRHNL��;OL�[VSLYHUJL�MVY�
HSPNUTLU[�VM�[OL�OVSLZ�PZ�OHSM�H�TPSSPTL[YL�TH_PT\T�HZ�Z[H[LK�PU�>\YT��������W�����

Edge Working

.YPUKPUN�HUK�WVSPZOPUN�[OL�J\[�NSHZZ�LKNLZ�PZ�[OL�UL_[�Z[LW�PU�[OL�ZOHWPUN�WYVJLZZ��;OL�LKNLZ�VM�J\[�ÅVH[�
NSHZZ�OH]L�ZTHSS�KLMLJ[Z�HUK�TPJYV�JYHJRZ�[OH[�ULLK�[V�IL�ZTVV[OLULK�I`�LKNL�̂ VYRPUN��;OL�PTWVY[HUJL�
VM�LKNL�^VYRPUN� PZ� [OH[� P[� PUJYLHZLZ� [OL�Z[YLUN[O�VM� [OL�NSHZZ�WHUL�I`� YLK\JPUN� [OL� YPZR�VM�JYHJRZ�HUK�
IYLHRHNL�[OH[�HYL�PZ�WYVIHISL�^P[O�ZOHYW�LKNLZ��

Metal tools with a bonded coating of carborundum or diamond particles are used for this process as reported 
I`�>\YT��������W�������:L]LYHS�Z[HNLZ�[OH[�JVUZPZ[�VM�KLJYLHZPUN�[OL�NYHPU�ZPaL�LHJO�[PTL�HYL�PU]VS]LK�
PU�[OPZ�WYVJLK\YL��;OL�WYVJLZZ�Z[VWZ�^OLU�[OL�VW[PJHS�HUK�TLJOHUPJHS�WYVWLY[PLZ�HYL�HJJVTWSPZOLK��(�
]HYPL[`�VM�ZOHWLZ�MVY�LKNL�^VYRPUN�PZ�WVZZPISL��;OL�ZPTWSLZ[�PZ�[OL�UVYTHS�J\[�LKNL�^OPJO�PZ�VUS`�\ZLK�PU�
JHZLZ�[OH[�[OL�NSHZZ�KVLZ�UV[�Y\U�[OL�YPZR�VM�ILPUN�OP[��,KNL�TP[YLZ�\W�[V������IL]LSSLK��YV\UK�VY�OHSM�YV\UK�
LKNLZ��Z[LWWLK�YLIH[LZ��NYVV]LZ�HYL�HSZV�WVZZPISL��

*\[[PUN�NSHZZ��KYPSSPUN�OVSLZ�HUK�LKNL�^VYRPUN�HYL�WYVJLK\YLZ�[OH[�KV�UV[�HќLJ[�[OL�YLJ`JSHIPSP[`�VM�NSHZZ�

;LTWLYPUN�

-SVH[�NSHZZ�[OH[�JVTLZ�Z[YHPNO[�V\[�VM�[OL�HUULHSPUN�SLOY�PZ�JHSSLK�HUULHSLK�NSHZZ��;OL�HUULHSLK�Z[Y\J[\YHS�
NSHZZ�ZOV^Z�H�WLYMLJ[S`�LSHZ[PJ�ILOH]PV\Y�\W�\U[PS�P[�MYHJ[\YLZ�PU[V�SHYNL�ZOHYKZ�^P[OV\[�HU`�WYPVY�^HYUPUN��
;OL�MYHJ[\YL�TH`�IL�H�YLZ\S[�VM�ILUKPUN�Z[YLZZLZ��[OLYTHS�Z[YLZZLZ�VY�[LTWLYH[\YL�KPќLYLUJLZ�JH\ZLK�I`�
[OLYTHS�ZOVJR��.SHZZ�[LTWLYPUN�PZ�[OL�[LYT�\ZLK�[V�KLZJYPIL�[OL�WYVJLK\YL�^P[O�^OPJO�[OL�NSHZZ�JHU�IL�
Z[YLUN[OLULK�I`�PUJYLHZPUN�P[Z�[LUZPSL�Z[YLUN[O��/LH[�VY�JOLTPJHS�[YLH[TLU[�HYL�[OL�[^V�^H`Z�[V�HJOPL]L�
NSHZZ�[LTWLYPUN��

0U�HJJVYKHUJL�̂ P[O�>\YT��������W�������K\YPUN�OLH[�[LTWLYPUN��[OL�NSHZZ�WHUL�PZ�OLH[LK�[V�P[Z�[YHUZMVYTH[PVU�
WVPU[�^OPJO�PZ�HYV\UK������*��(M[LY�[OL�^OVSL�NSHZZ�THZZ�OHZ�YLHJOLK�[OL�KLZPYLK�[LTWLYH[\YL�JVSK�HPY�PZ�
ISHZ[LK�VU�P[�ZV�[OH[�P[�JHU�JVVS�YHWPKS �̀�+\YPUN�[OPZ�YHWPK�JVVSPUN�^OPJO�PZ�JHSSLK�X\LUJOPUN�[OL�V\[LY�NSHZZ�
Z\YMHJLZ�HYL�JVVSLK�KV^U�^OPSL�[OL�PUZPKL�VM�[OL�NSHZZ�THZZ�YLTHPUZ�OV[��;OL�YLZ\S[�VM�[OPZ�[LTWLYH[\YL�
KPќLYLUJL�PZ�[OH[�H[�[OL�PUULY�WHY[�VM�[OL�NSHZZ�[LUZPSL�MVYJLZ�HYL�KL]LSVWLK�^OPSL�[OL�V\[LY�WHY[�PZ�Z\IQLJ[LK�
[V�JVTWYLZZPVU��JSVZPUN�HU`�KLMLJ[Z�[OH[�HYL�JY\JPHS�MVY�[OL�V]LYHSS�[LUZPSL�Z[YLUN[O��;OPZ�WYL�Z[YLZZPUN�VM�
[OL�NSHZZ�YLZ\S[Z�PU�H�OPNOLY�V]LYHSS�[LUZPSL�Z[YLZZ�YLZPZ[HUJL�

;OLYTHS� [LTWLYPUN� PZ�KP]PKLK� PU[V� [^V�JH[LNVYPLZ!�OLH[�Z[YLUN[OLULK�HUK� M\SS`� [LTWLYLK��;OL�WYPUJPWSL�
ILOPUK�IV[O�WYVJLK\YLZ�PZ�[OL�ZHTL��;OL�VUS`�KPќLYLUJL�PZ�[OL�YH[L�VM�JVVSPUN�KV^U�[OL�NSHZZ��0U�[OL�M\SS`�
[LTWLYLK�JHZL��[OL�X\LUJOPUN�VJJ\YZ�TVYL�YHWPKS`�[OHU�PU�[OL�OLH[�Z[YLUN[OLULK�JHZL��SLHKPUN�[V�HU�L]LU�
IPNNLY�[LUZPSL�Z[YLUN[O�HYV\UK�����47H��^OPSL�OLH[�Z[YLUN[OLULK�HJJV\U[Z�MVY�[LUZPSL�Z[YLUN[O�VM�HYV\UK�
���47H�HJJVYKPUN�[V�:JOP[[PJO�L[�HS��������W�����

A crucial aspect of both these types of glass tempering is the altered fracture pattern in comparison to 
HUULHSLK�NSHZZ�̂ OPJO�PZ�PUÅ\LUJLK�I`�[OL�[LUZPSL�Z[YLZZLZ�KL]LSVWLK�PUZPKL�[OL�NSHZZ��-\SS`�[LTWLYLK�NSHZZ�
PZ�HSZV�RUV^U�HZ�ZHML[`�NSHZZ�K\L�[V�[OL�MHJ[�[OH[�P[�MYHJ[\YLZ�PU�ZTHSS�WPLJLZ�THRPUN�P[�H�ZHMLY�VW[PVU�MVY�
PUQ\Y`�WYL]LU[PVU��6U�[OL�V[OLY�OHUK��OLH[�Z[YLUN[OLULK�NSHZZ�OHZ�H�WH[[LYU�VM�IYLHRHNL�TVYL�ZPTPSHY�[V�
[OH[�VM�HUULHSLK�NSHZZ��TLHUPUN�[OH[�P[�IYLHRZ�PU[V�YLSH[P]LS`�IPN�WPLJLZ�[OH[�SLHK�[V�YLK\JLK�ZHML[`�I\[�HSZV�
OLSW�NSHZZ�THPU[HPU�P[Z�ZOHWL�HUK�[O\Z�P[Z�SVHK�ILHYPUN�JHWHJP[ �̀�ZVTL[OPUN�[OH[�JHUUV[�IL�KVUL�PU�[OL�
JHZL�VM�[OL�M\SS`�[LTWLYLK�NSHZZ»Z�MYHJ[\YL�WH[[LYU�PU�ZTHSSLY�WPLJLZ��;OL�KPќLYLUJL�PU�[OL�MYHJ[\YL�WH[[LYUZ�
HU�IL�ZLLU�PU�-PN\YL���

.SHZZ�[LTWLYPUN�]PH�JOLTPJHS�[YLH[TLU[�VJJ\YZ�I`�KPWWPUN�[OL�NSHZZ�WHULZ�PU[V�LSLJ[YVS`ZPZ�IH[OZ�H[�����*��
;OL�ZTHSS�ZVKP\T�PVUZ�VU�[OL�Z\YMHJL�VM�[OL�NSHZZ�HYL�L_JOHUNLK�MVY�[OL�����SHYNLY�WV[HZZP\T�PVUZ�SLHKPUN�
[V�JVTWYLZZP]L�Z[YLZZLZ��;OPZ�YLZ\S[Z�PU�H�KPќLYLU[�YLZPK\HS�Z[YLZZ�WYVÄSL��*OLTPJHSS`�[V\NOLULK�NSHZZ�OHZ�
H�ZPTPSHY�IYLHRPUN�WH[[LYU�[V�OLH[�Z[YLUN[OLULK�NSHZZ��;OL�\ZL�VM�JOLTPJHS�[LTWLYPUN�PZ�UV[�JVTTVU�HUK�
PZ�THPUS`�SPTP[LK�[V�JVTWSPJH[LK�NLVTL[YPLZ�^OLU�[OLYTHS�[YLH[TLU[�JHUUV[�IL�HWWSPLK��4VYLV]LY��P[Z�\ZL�
PU�[OL�I\PSKPUN�PUK\Z[Y`�PZ�YLZ[YPJ[LK��ILJH\ZL�P[�SLH]LZ�SP[[SL�YVVT�MVY�PTWLYMLJ[PVUZ��:JYH[JOLZ�WLUL[YH[L�[OL�
JVTWYLZZPVU�aVUL�HUK�YLZ\S[�PU�H�MYHJ[\YL�HJJVYKPUN�[V�/HSKPTHUU�L[�HS���������W�����

0[�PZ�]LY`�PTWVY[HU[�[V�TLU[PVU�OLYL�[OH[�NSHZZ�[OH[�OHZ�ILLU�[V\NOLULK�]PH�[LTWLYPUN�TL[OVKZ�OHZ�SVZ[�
P[Z�HIPSP[`�[V�IL�M\Y[OLY�WYVJLZZLK�PU�[LYTZ�VM�KYPSSPUN�OVSLZ�VY�LKNL�^VYRPUN��(SS� [OLZL�WYVJLK\YLZ�T\Z[�
IL�JHYYPLK�V\[�ILMVYLOHUK��9LNHYKPUN�NSHZZ�YLJ`JSPUN��[LTWLYPUN�OHZ�UV�ULNH[P]L�PTWHJ[�VU�[OL�HIPSP[`�VM�
NSHZZ�[V�IL�YLJ`JSLK�
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3.1.5 Casting as an Alternative Glass Production Method

-PN\YL����.SHZZ�SHTPUH[PVU�WYVJLZZ��-YVT�¸.SHZZ�*VUZ[Y\J[PVU�4HU\HS¹���UK�LK���W�� ���I`�:JOP[[PJO��:[HPI��)HSRV �̂�:JO\SLY��
�
:VILR�����������������

Lamination

.SHZZ�SHTPUH[PVU�PZ�H�WYVJLK\YL�K\YPUN�^OPJO�H[�SLHZ[�[^V�WHULZ�VM�ÅVH[�NSHZZ�HYL�WLYTHULU[S`�IVUKLK�
[VNL[OLY� ^P[O� [OL� \ZL� VM� HU� PU[LYSH`LY�� ;OL�TVZ[� JVTTVU� PU[LYSH`LY�TH[LYPHSZ� J\YYLU[S`� \ZLK� PU� NSHZZ�
SHTPUH[PVU�HYL�WVS`]PU`S�I\[`YHS��7=)���JHZ[�PU�WSHJL�YLZPU��*07���L[O`SLUL�]PU`S�HJL[H[L��,=(��HUK�:LU[Y`.SHZ�
7S\Z� �:.7�� MYVT�+\WVU[� HZ� Z[H[LK� I`�>\YT� ������� W�� ����� ;OL� NSHZZ� WPLJLZ� \ZLK� JHU� IL� VM� ]HYPV\Z�
[OPJRULZZLZ�HUK�KPќLYLU[S`�Z[YLUN[OLULK�NSHZZ�[`WLZ�JHU�IL�JVTIPULK�HZ�SVUN�HZ�[OL�ÄUHS�TLJOHUPJHS�HUK�
VW[PJHS�WYVWLY[PLZ�VM�[OL�JVTWVZP[L�NSHZZ�HYL�M\SÄSSLK�

;OL�TVZ[�JVTTVU�SHTPUH[PUN�[LJOUPX\L�JVUZPZ[Z�VM�HZZLTISPUN�[OL�ZVVU�[V�IL�JVTIPULK�NSHZZ�ZOLL[Z�
^P[O�HU�L_[Y\KLK�ZOLL[�VM�HU�PU[LYSH`LY�IL[^LLU�[OLT�HUK�WHZZPUN�[OLT�[OYV\NO�HU�V]LU�H[�H�[LTWLYH[\YL�
VM�HYV\UK����*��-YVT�[OLYL�[OL�JVTWVZP[L�PZ�M\Y[OLY�WHZZLK�[OYV\NO�YVSSLYZ�HUK�[OL�OLH[�HUK�[OL�WYLZZ\YL�
VM�\W�[V����IHY�LUZ\YL�[OH[�[OLYL�HYL�UV�HPY� PUJS\ZPVUZ�IL[^LLU�[OL�NSHZZ�HUK�[OL�PU[LYSH`LY��-PUHSS �̀�[OL�
SHTPUH[LK�WPLJL�PZ�TV]LK�[V�HU�H\[VJSH]L�^OLYL�P[�PZ�OLH[LK�[V�HWWYV_PTH[LS`�����*�\UKLY�H�WYLZZ\YL�VM�
HIV\[����R5�T������WZP��PU�H�]HJ\\T�IHN�HJJVYKPUN�[V�6»9LNHU�L[�HS��������W����

;OL�THPU�ILULÄ[Z�VM�SHTPUH[PVU�HYL�HZZVJPH[LK�^P[O�LUOHUJLK�Z[Y\J[\YHS�HUK�ZHML[`�WLYMVYTHUJL�VM�[OL�
NSHZZ��;OL�SHTPUH[PVU�WYVJLZZ�JVUZ[P[\[LZ�HU�PTWVY[HU[�PTWYV]LTLU[�VM�[OL�WVZ[�MYHJ[\YL�ILOH]PV\Y�VM�[OL�
NSHZZ��0M�VUL�VM�[OL�SHTPUH[LK�ZOLL[Z�MHPSZ�[OLU�[OL�MYHNTLU[Z�YLTHPU�IVUKLK�HUK�H�JLY[HPU�SVHK�ILHYPUN�
JHWHJP[`�PZ�WYLZLY]LK��4VYLV]LY��P[�PZ�\Z\HS�MVY�[OYLL�NSHZZ�ZOLL[Z�[V�IL�SHTPUH[LK�ZV�[OH[�PU�JHZL�VM�MHPS\YL�
VM�VUL�VM�[OLT�[OL�V[OLY�[^V�JHU�JVTWLUZH[L�MVY�P[Z�MHPS\YL��;OL�WVZ[�IYLHRHNL�ILOH]PV\Y�VM�[OL�SHTPUH[LK�
LSLTLU[�PZ�HSZV�OPNOS`�KLWLUKLU[�VU�[OL�PU[LYSH`LY�TH[LYPHS�\ZLK��

(TVUN� ÅVH[� NSHZZ� WVZ[�WYVK\J[PVU� WYVJLZZLZ� SHTPUH[PVU� OHZ� [OL� IPNNLZ[� ULNH[P]L� PTWHJ[� YLNHYKPUN�
YLJ`JSHIPSP[`� HUK� P[� PZ� VUL�VM� [OL�THPU� YLHZVUZ�^O`� ÅVH[�NSHZZ� PZ� ZV� ZLSKVT� YLJ`JSLK� PU� H� JSVZLK�SVVW�
THUULY�K\L�[V�JOHSSLUNPUN�[LJOUPX\LZ�YLX\PYLK�[V�ZLWHYH[L� [OL�NSHZZ�HUK�[OL� SHTPUH[PVU�YLTV]PUN�[OL�
JVU[HTPUH[PVU�MYVT�[OL�PU[LYSH`LY��4VYL�PUMVYTH[PVU�JHU�IL�MV\UK�VU�JOHW[LY��������̧ -HJ[VYZ�[OH[�SPTP[�NSHZZ�
recycling”

*VH[PUNZ 

;OL�HWWSPJH[PVU�VM�JVH[PUNZ�VU�[OL�NSHZZ�Z\YMHJL�ZLY]LZ�[V�PUJYLHZL�[OL�[OLYTHS�WLYMVYTHUJL�VM�PUZ\SH[LK�
NSHZZ�\UP[Z�HUK�[V�OLSW�JVU[YVS�[OL�ZVSHY�NHPUZ�VM�H�I\PSKPUN�[OYV\NO�[OL�NSHZZ��;OL�HWWSPJH[PVU�VM�JVH[PUNZ�
JHU�VJJ\Y�LP[OLY�K\YPUN�[OL�ÅVH[�SPUL�WYVJLZZ�VY�HM[LY^HYKZ��;OL`�HYL�\Z\HSS`�THKL�VM�]LY`�[OPU�TL[HS�SH`LYZ�
WYVQLJ[LK�VU�[OL�NSHZZ�Z\YMHJL��4VYL�PU�KLW[O�HUHS`ZPZ�VM�[OL�[`WLZ�VM�JVH[PUNZ�\ZLK�HUK�[OLPY�WYVWLY[PLZ�
JHU�IL�MV\UK�PU�JOHW[LY�������\UKLY�[OL�WHYHNYHWO�¸*VH[PUNZ¹��

9LNHYKPUN�[OLPY�LќLJ[�VU�YLJ`JSHIPSP[ �̀�[OL�OPNO�[LTWLYH[\YLZ�PU�^OPJO�[OL�ÅVH[�NSHZZ�YLTLS[PUN�VJJ\YZ�JHU�
I\YU�Vќ�ZVM[�HUK�OHYK�JVH[PUNZ�X\P[L�LHZPS �̀�I\[�[OLPY�WYLZLUJL�TPNO[�OH]L�ULNH[P]L�PTWHJ[�VU�[OL�VW[PJHS�
X\HSP[PLZ�VM�[OL�YLJ`JSLK�NSHZZ��

0.<�HZZLTIS`

-SVH[�NSHZZ�LP[OLY�PU�H�ZPUNSL�SH`LY�VY�PU�H�SHTPUH[LK�JVTWVZP[L�̂ OPSL�TH`�OH]L�H�OPNO�SVHK�ILHYPUN�JHWHJP[ �̀�
SHJRZ�ZH[PZM`PUN�[OLYTHS�PUZ\SH[PUN�WYVWLY[PLZ��0U�VYKLY�MVY�ÅVH[�NSHZZ�[V�IL�\ZLK�PU�[OL�I\PSKPUN�LU]LSVWL�
^P[O� ZH[PZM`PUN� [OLYTHS� YLZPZ[HUJL�� P[� ULLKZ� [V� IL� M\Y[OLY� HZZLTISLK� PU[V� HU� 0UZ\SH[LK� NSHZZ� \UP[�� ;OPZ�
WYVJLK\YL�HUK�P[Z�WYVWLY[PLZ�^PSS�IL�HUHS`ZLK�M\Y[OLY�PU�JOHW[LY�����¸0UZ\SH[LK�.SHZZ�<UP[Z¹�

Fritting 

*LYHTPJ�MYP[Z�HYL�VM[LU�WYPU[LK�VU�NSHZZ�Z\YMHJLZ�MVY�YLHZVUZ�VM�HYJOP[LJ[\YHS�HWWLHS��MVY�PUJYLHZLK�WYP]HJ`�VY�
MVY�ZOHKPUN�W\YWVZLZ��;OLZL�MYP[Z�PUJS\KL�JLYHTPJ�JVTWV\UKZ�[OH[�YLX\PYL�]LY`�OPNO�TLS[PUN�[LTWLYH[\YLZ�
ZV�[OLPY�\ZL�JV\SK� SLHK�[V�TPUVY�ÅH^Z� PU[YVK\J[PVU�YLZ\S[PUN� PU� SV^LY�TLJOHUPJHS�WYVWLY[PLZ��;OLYLMVYL��
[OLZL�RPUKZ�VM�JVH[PUNZ�HYL�UV[�J\YYLU[S`�JVUZPKLYLK�Z\P[HISL�MVY�NSHZZ�YLJ`JSPUN�W\YWVZLZ�

*HZ[PUN�PZ�H�NSHZZ�WYVK\J[PVU�TL[OVK�[OH[�PZ�UV[�JVTTVUS`�\ZLK�MVY�NSHZZ�\ZLK�PU�[OL�I\PS[�LU]PYVUTLU[�
THPUS`�ILJH\ZL�VM� [OL�L_[YLTL�WVW\SHYP[`�HUK�^PKL�\ZL�VM� [OL� ÅVH[�NSHZZ�Z[Y\J[\YLZ��/V^L]LY�� YLJLU[�
YLZLHYJO�VU�[OL�Z\IQLJ[�HUK�H�ML^�I\PS[�L_HTWSLZ�OH]L�WYV]LU�[OL�NYLH[�WV[LU[PHS�[OH[�SPLZ�PU�[OL�\ZL�VM�
JHZ[�NSHZZ�[V�JYLH[L�Z[Y\J[\YLZ�^P[O�SVHK�ILHYPUN�HIPSP[PLZ�[OH[�IYLHR�V\[�VM�[OL�YLZ[YPJ[LK�KLZPNU�ZOHWLZ�
LUMVYJLK�I`�[OL�[^V�KPTLUZPVUHS�UH[\YL�VM�ÅVH[�NSHZZ����

*HZ[PUN�7YVJLZZ

The cast glass manufacture principle lies in the use of moulds of desired shapes where the molten glass is 
WV\YLK�PU[V��;OLYL�HYL�[^V�JH[LNVYPLZ�VM�JHZ[PUN��WYPTHY`�HUK�ZLJVUKHY`�JHZ[PUN��KLWLUKPUN�VU�[OL�PUP[PHS�
Z[H[L�VM�[OL�NSHZZ�[V�IL�\ZLK�PU�[OL�WYVJLZZ��(�TVS[LU�TP_[\YL�VM�YH^�PUNYLKPLU[Z�PZ�\ZLK�PU�WYPTHY`�JHZ[PUN��
^OPSL�ZLJVUKHY`�JHZ[PUN�JVUZPZ[Z�VM�YLOLH[PUN�HSYLHK`�L_PZ[PUN�NSHZZ�WPLJLZ��;OL�HK]HU[HNL�VM�ZLJVUKHY`�
JHZ[PUN�PZ�[OL�\ZL�VM�SV^LY�VWLYH[PUN�[LTWLYH[\YLZ��

7YPTHY`�JHZ[PUN�PZ�M\Y[OLY�KP]PKLK�PU[V�OV[�MVYTPUN�HUK�RPSU�JHZ[PUN��0U�OV[�MVYTPUN�TVS[LU�NSHZZ�TP_[\YL�
coming straight from the furnace is poured into a mould and is then cooled down in a second annealing 
M\YUHJL�HJJVYKPUN�[V�6PRVUVTVWV\SV\�L[�HS����������6U�[OL�V[OLY�OHUK��PU�RPSU�JHZ[PUN�VUL�RPSU�JVU[HPUPUN�
the glass pieces to be melted is placed on top of each mould inside the furnace so that the mixture melting 
PUZPKL�[OL�RPSU�JHU�IL�WV\YLK�KPYLJ[S`�PU[V�[OL�TV\SK��

)V[O�TL[OVKZ�ZOHYL�H�ZPTPSHY�HUULHSPUN�WYVJLZZ��(Z�Z[H[LK�I`�6PRVUVTVWV\SV\�L[�HS����������[OL�NSHZZ�
is rapidly cooled to a few degrees below its softening point so that crystallisation of the glass molecules 
PZ�H]VPKLK��;OL�YPNO[�HUULHSPUN�WYVJLZZ�VM�JHZ[�NSHZZ�PZ�JY\JPHS�MVY�[OL�WYL]LU[PVU�VM�Z[YLZZ�JVUJLU[YH[PVUZ�
[OH[�JHU�YLZ\S[�[V�MYHJ[\YL��+\YPUN�[OPZ�WYVJLZZ��[OL�KLNYLL�VM�YLZ\S[PUN�PU[LYUHS�Z[YLZZLZ�PZ�OPNOS`�KLWLUKLU[�
VU� [OL� [LTWLYH[\YL� KPќLYLUJL� IL[^LLU� [OL�^HYTLZ[� HUK� JVVSLZ[� WHY[Z� VM� [OL� NSHZZ�� P[Z� JVLѝJPLU[� VM�
L_WHUZPVU�HUK�[OL�[OPJRULZZ�VM�[OL�ZLJ[PVU��:OHUK��(YTPZ[LHK�� �����4VYLV]LY��6PRVUVTVWV\SV\�L[�HS��
�������Z\NNLZ[�[OH[�YV\UK�VY�LSSPWZVPK�ZOHWLZ�HUK�LX\HS�KPZ[YPI\[PVU�VM�THZZ�ZOV\SK�IL�JOVZLU�PUZ[LHK�VM�
ZOHYW��WVPU[`�LKNLZ�̂ OLYL�UVU�OVTVNLULV\Z�ZOYPURHNL�JHU�SLHK�[V�PU[LYUHS�YLZPK\HS�Z[YLZZ�JVUJLU[YH[PVU�
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3.1.6 Overview and Conclusions

-PN\YL���HUK�-PN\YL� ��7YPTHY`�JHZ[PUN��OV[�MVYTPUN��HUK�ZLJVUKHY`�JHZ[PUN��RPSU�JHZ[PUN���-YVT��6PRVUVTVWV\SV\�L[�HS���������
O[[WZ!��KVP�VYN���������Q�QVIL�������������

4V\SK�;̀ WLZ

;OL� ZLSLJ[PVU� VM� H� Z\P[HISL�TV\SK� PZ� JY\JPHS� PU� NSHZZ� JHZ[PUN�� 0[� PZ� OPNOS`� KLWLUKLU[� VU� [OL� ]VS\TL� VM�
WYVK\J[PVU� HUK� HќLJ[Z� NYLH[S`� [OL� SL]LS� VM� HJJ\YHJ`� [OH[� PZ� HPTLK� MVY�� (KKP[PVUHSS �̀� JVZ[� HUK� [PTL� HYL�
[^V�TVYL�MHJ[VYZ�[V�IL�[HRLU�PU[V�HJJV\U[��/LUJL��MVY�ZTHSS�WYVK\J[PVU��[OL�JOLHWLY�KPZWVZHISL�TV\SK�
PZ�\Z\HSS`�WYLMLYYLK�HS[OV\NO� PU� [OPZ�JHZL�[OL� SL]LS�VM�Z\YMHJL�HJJ\YHJ`�TPNO[�IL�JVTWYVTPZLK��6U�[OL�
V[OLY�OHUK��MVY� SHYNLY�IH[JO�WYVK\J[PVU�WLYTHULU[�TV\SKZ��THKL�MYVT�Z[LLS�VY�NYHWOP[L��HYL�WYLMLYYLK��
7LYTHULU[�TV\SKZ�OH]L�[OL�HK]HU[HNL�VM�OPNOLY�HJJ\YHJ`�VI[HPULK�HUK�SLZZ�WVZ[�WYVJLZZPUN�YLX\PYLK�PU�
JVU[YHZ[�[V�ZPUNSL�\ZL�TV\SKZ��

:PaL�HUK�:OHWL

.SHZZ�JHZ[PUN�PU[V�TV\SKZ�LUHISLK�[OL�JYLH[PVU�VM�ZVSPK�[OYLL�KPTLUZPVUHS�NSHZZ�JVTWVULU[Z�VM�JVUZPKLYHIS`�
SHYNLY� JYVZZ�ZLJ[PVUZ� HUK�VM� ]PY[\HSS`� HU`� ZOHWL�� ;OLPY� SHYNL� JYVZZ�ZLJ[PVUZ�THRL� P[� WVZZPISL� MVY� [OLZL�
LSLTLU[Z�[V�MVYT�ZLSM�Z\WWVY[PUN�Z[Y\J[\YLZ�[OH[�KV�UV[�Z\ќLY�MYVT�I\JRSPUN�HUK�UV�KV�ULLK�HU`�HKKP[PVUHS�
Z\WWVY[PUN�JVTWVULU[Z�PU�HNYLLTLU[�^P[O�6PRVUVTVWV\SV\�L[�HS�������H���;OL�J\YYLU[�SPTP[H[PVU�VM�JHZ[�
NSHZZ� Z[Y\J[\YLZ� PZ� PTWVZLK�I`� [OL� [PTL�JVUZ\TPUN�HUULHSPUN� [PTL�K\L� [V� P[Z� PUJYLHZLK�JYVZZ�ZLJ[PVU�
JVTWHYLK�[V�ÅVH[�NSHZZ��-VY�[OPZ�YLHZVU��[OL�ML^�HYJOP[LJ[\YHS�HWWSPJH[PVUZ�VM�JHZ[�NSHZZ�OH]L�YLZ[YPJ[LK�
[OLPY�ZPaL�[V�[OH[�VM�H�Z[HUKHYK�JVUZ[Y\J[PVU�IYPJR�

(K]HU[HNLZ�VM�*HZ[�.SHZZ�PU�;LYTZ�VM�*PYJ\SHYP[`

.SHZZ�JHZ[PUN�WYV]PKLZ�H�UL^�WV[LU[PHS�PU�[OL�ÄLSK�VM�NSHZZ�YLJ`JSPUN�K\L�[V�P[Z�PUJYLHZLK�ÅL_PIPSP[`�PU�[OL�
WYVK\J[PVU�TL[OVK��;OL�YLHZVU�PZ�[OH[�JHZ[�NSHZZ�JVTWVULU[Z�OH]L�H�ZPNUPÄJHU[S`�IPNNLY�JYVZZ�ZLJ[PVU�
[OHU�ÅVH[�NSHZZ�WHULZ��[O\Z��[OLPY�TLZVZ[Y\J[\YL�HSSV^Z�H�IPNNLY�HTV\U[�VM�ÅH^Z�[OHU�ÅVH[�NSHZZ�^P[OV\[�
[OL�ULJLZZHY`�YLK\J[PVU�VM�P[Z�TLJOHUPJHS�VY�HLZ[OL[PJHS�WYVWLY[PLZ�HJJVYKPUN�[V�)YPZ[VNPHUUP�L[�HS�������I�

;OPZ�ÅL_PIPSP[`�LUHISLZ�[OL�[VSLYHUJL�MVY�SV^LY�X\HSP[`�J\SSL[�JVTWHYLK�[V�[OL�ÅVH[�NSHZZ�PUK\Z[Y �̀�4VYLV]LY��
JHZ[�NSHZZ�JHU�HJJLW[�M\SS�J\SSL[�YLJ`JSPUN�PU�JVU[YHZ[�[V�ÅVH[�NSHZZ��^OLYL�VUS`�H�SV^�J\SSL[�[V�YH^�TH[LYPHSZ�
YH[PV� PZ�HSSV^LK��-\Y[OLYTVYL��^OPSL�[OL�ÅVH[� SPUL� PUK\Z[Y`�\ZLZ�H�ZWLJPÄJ�YLJPWL�MVY�WYVK\J[PVU�^P[O�[OL�
HIV]L�TLU[PVULK�YLZ[YPJ[PVUZ�PU�[LYTZ�VM�X\HSP[`�HUK�WLYJLU[HNL�VM�TH[LYPHS�PUW\[��[OL�JHZ[PUN�TL[OVK�PZ�
TVYL�ÅL_PISL�PU�[LYTZ�VM�YLJPWLZ�\ZLK�HUK�L]LU�HSSV^Z�MVY�KPќLYLU[�NSHZZ�[`WLZ�[V�IL�TP_LK�HUK�YLTLS[LK�
[VNL[OLY�^P[OV\[�JH\ZPUN�JVU[HTPUH[PVU�VM�[OL�WYVK\J[PVU��/LUJL��L]LU�JSHZZ�)�^HZ[L�NSHZZ�JVTPUN�MYVT�
[OL�ÅVH[�SPUL�JHU�IL�YLJ`JSLK�PU[V�JHZ[�NSHZZ�Z[Y\J[\YHS�LSLTLU[Z��;OPZ�^H �̀�JHZ[PUN�LUHISLZ�MVY�[OL�ÄYZ[�[PTL�
JSVZLK�SVVW�YLJ`JSPUN�VM�NSHZZ�[OH[�^V\SK�UVYTHSS`�NL[�KV^U�J`JSLK�VY�KPZJHYKLK�K\L�[V�JVU[HTPUH[PVU�VY�
[V�[OL�TP_�VM�KPќLYLU[�NSHZZ�JVTWVZP[PVUZ�HZ�Z[H[LK�I`�6PRVUVTVWV\SV\����� ��

3PTP[H[PVUZ�VM�*HZ[�.SHZZ�MVY�\ZL�PU�[OL�)\PSKPUN�,U]LSVWL

Although using cast glass shows great potentials in terms of the recyclability of glass thus enabling more 
JPYJ\SHY�Z[Y\J[\YLZ�[OLYL�HYL�ZVTL�SPTP[H[PVUZ�YLNHYKPUN�P[Z�\ZL� PU�[OL�I\PSKPUN�LU]LSVWL�[OH[�ULLK�[V�IL�
TLU[PVULK��-PYZ[S �̀�PU�[LYTZ�VM�[YHUZWHYLUJ �̀�JHZ[�NSHZZ�JHUUV[�YLHJO�[OL�ZTVV[O�Z\YMHJL�X\HSP[`�VM�ÅVH[�
NSHZZ�HUK�[OL�IPNNLY�P[Z�JYVZZ�ZLJ[PVU�[OL�OPNOLY�[OL�VW[PJHS�KPZ[VY[PVU��4VYLV]LY��[OL�\ZL�VM�JSHZZ�)�J\SSL[�
HS[OV\NO�JHU�WYVK\JL� ]LY`� Z[YVUN�NSHZZ�ISVJRZ� OHZ� YLK\JLK�VW[PJHS� X\HSP[`� ILJH\ZL�VM� [OL� PUJYLHZLK�
PTWLYMLJ[PVUZ�PU�[OL�YLJPWLZ��-\Y[OLYTVYL��PU�[LYTZ�VM�WVZ[�WYVK\J[PVU�WYVJLZZPUN��JHZ[�NSHZZ�JHUUV[�IL�
OLH[�[YLH[LK�MVY�ZHMLY�IYLHRHNL�SPRL�ÅVH[�NSHZZ�^OPJO�WVZLZ�HU�PZZ\L�PU�[LYTZ�VM�ZHML[`�VM�[OL�Z[Y\J[\YL�
LZWLJPHSS`�PM�HWWSPLK�PU�OPNO�YPZL�I\PSKPUNZ�

0U�[OPZ�JOHW[LY��[OL�\ZL�VM�NSHZZ�HZ�H�JVUZ[Y\J[PVU�TH[LYPHS�^HZ�]PL^LK��.SHZZ�PZ�H�\UPX\L�TH[LYPHS�^OVZL�
[YHUZWHYLUJ`�THRLZ�P[�PKLHS�[V�IL�\ZLK�PU�I\PSKPUN�LU]LSVWLZ�HUK�[OL�PUJYLHZPUN�HK]HUJLTLU[Z�PU�[OL�NSHZZ�
[LJOUVSVN`�OH]L�LUHISLK�[OL�JYLH[PVU�VM�TVYL�HUK�TVYL�[YHUZWHYLU[�MHJHKLZ�I`�PTWSLTLU[PUN�SHYNLY�NSHZZ�
Z\YMHJLZ��

>OLU�KLZPNUPUN�^P[O�NSHZZ�ZWLJPHS�H[[LU[PVU�ZOV\SK�IL�NP]LU� [V� P[Z�IYP[[SL�JOHYHJ[LY�HUK� SHJR�VM�WSHZ[PJ�
KLMVYTH[PVU�[OH[�JHU�YLZ\S[�PU�MYHJ[\YL�̂ P[OV\[�WYPVY�̂ HYUPUN��4VYLV]LY��YLNHYKPUN�P[Z�TLJOHUPJHS�WYVWLY[PLZ��
NSHZZ�WVZZLZZLZ�OPNO�JVTWYLZZP]L�Z[YLUN[O�̂ OPJO�HSSV^Z�P[�\UKLY[HRL�Z[Y\J[\YHS�SVHKZ�HZ�̂ LSS��5L]LY[OLSLZZ���
ZWLJPHS�H[[LU[PVU�ZOV\SK�IL�NP]LU�[V�P[Z�JVUZPKLYHIS`�SV^LY�[LUZPSL�Z[YLUN[O�^OPJO�PZ�NYLH[S`�PUÅ\LUJLK�I`�
Z\YMHJL� PYYLN\SHYP[PLZ��;OLYLMVYL��NYLH[�H[[LU[PVU�ZOV\SK�IL�NP]LU� [V� [OL�X\HSP[`�VM� [OL�NSHZZ�Z\YMHJL�HUK�
LKNLZ�HUK�OVSL�KYPSSPUN�ZOV\SK�IL�H]VPKLK�ZPUJL�P[�PU[YVK\JLZ�Z[YLZZ�JVUJLU[YH[PVUZ���

-SVH[�NSHZZ�THKL�V\[�VM�ZVKH�SPTL�NSHZZ�YLJPWL�PZ�[OL�THPU�NSHZZ�[`WL�\ZLK�PU�J\YYLU[�NSHZZ�Z[Y\J[\YLZ��
;OPZ�WYVK\J[PVU�TL[OVK�NLULYH[LZ�M\SS`�[YHUZWHYLU[�HUK�ZTVV[O�NSHZZ�WHULZ��4VYLV]LY��WVZ[�WYVK\J[PVU�
WYVJLK\YLZ�[OH[�[OL�ÅVH[�NSHZZ�WHUL�\UKLYNVLZ�Z\JO�HZ�OLH[�Z[YLUN[OLUPUN�HUK�SHTPUH[PVU�JHU�LUZ\YL�
P[Z�ZHML�\ZL�PU�[OL�I\PSKPUN�LU]LSVWL��-PUHSS �̀�ÅVH[�NSHZZ�WHULZ�HZZLTISLK�PU[V�HU�PUZ\SH[LK�NSHZZ�\UP[�JHU�
HSZV�YLZ\S[�PU�I\PSKPUN�MHJHKLZ�[OH[�HWHY[�MYVT�L_JLSSLU[�VW[PJHS�X\HSP[PLZ�WVZZLZZ�NYLH[�[OLYTHS�PUZ\SH[PUN�
WYVWLY[PLZ�HZ�^LSS��/V^L]LY�� [OL�WV[LU[PHS�VM�NSHZZ�[V�IL�\ZLK� PU�HJJVYKHUJL�^P[O�[OL�WYPUJPWSLZ�VM� [OL�
JPYJ\SHY� LJVUVT`� PZ� HќLJ[LK�I`� P[Z�WVZ[�WYVK\J[PVU�HKKP[PVUHS�WYVJLZZPUN� [V�LUOHUJL� P[Z� Z[YLUN[O�HUK�
[OLYTHS�WLYMVYTHUJL��

(WHY[� MYVT�ÅVH[�NSHZZ�THU\MHJ[\YPUN��NSHZZ�JHZ[PUN� PZ� HU�HS[LYUH[P]L�WYVK\J[PVU�TL[OVK� [OH[� JHU� [HRL�
NYLH[LY�HK]HU[HNL�VM� [OL�WV[LU[PHS�VM�NSHZZ� [V�IL� YLJ`JSLK�HUK�JHU�NLULYH[L�NSHZZ�WHULZ�^P[O�NYLH[LY�
ZOHWL�MYLLKVT��6U�[OL�V[OLY�OHUK��JHZ[�NSHZZ�SHJRZ�PU�JVTWHYPZVU�[V�ÅVH[�NSHZZ�PU�[LYTZ�VM�ZHML�IYLHRHNL�
HUK�KVLZ�UV[�WVZZLZZ�[OL�ZTVV[O�HUK�JVTWSL[LS`�[YHUZWHYLU[�Z\YMHJL�[OH[�ÅVH[�NSHZZ�KVLZ�
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3.2.1 Linear vs Circular Economy

3.2 Circularity in Glass Structures

3.2.2 Circular economy in the built environment

-PN\YL�����;OL�JPYJ\SHY�LJVUVT`�KPHNYHT��-YVT�¸*PYJ\SHY�LJVUVT`�KPHNYHT¹��I`�,SSLU�4HJ(Y[O\Y�-V\UKH[PVU����� ��O[[WZ!��
LSSLUTHJHY[O\YMV\UKH[PVU�VYN�JPYJ\SHY�LJVUVT`�KPHNYHT�

(JJVYKPUN�[V�,\YVWLHU�*VTTPZZPVU���������[OL�SVUN�[LYT�WSHU�MVY�[OL�,<�PZ�[V�IL�JSPTH[L�UL\[YHS�I`�������
TLHUPUN�OH]PUN�HU�LJVUVT`�^P[O�UL[�aLYV�NYLLUOV\ZL�NHZ��./.��LTPZZPVUZ��-VY�./.Z�[V�IL�YLK\JLK��
KLJHYIVUPZH[PVU�VM�[OL�WYPTHY`�LULYN`�\ZLK�PU�[OL�WYL]HPSPUN�PUK\Z[YPLZ�PZ�VM�[OL�\[TVZ[�PTWVY[HUJL��6UL�
^H`� [V�HJOPL]L� [OPZ� PZ�I`�LTWSV`PUN�HS[LYUH[P]L�LULYNPLZ�Z\JO�HZ�ZVSHY�HUK�^PUK�I\[�HSZV�I`� MVJ\ZPUN�
VU�TVYL�LѝJPLU[�\ZHNL�VM�LULYN �̀�/V^L]LY��H�JOHUNL� PU� [OL�THU\MHJ[\YPUN�WYVJLZZ�HUK�[OL�\ZHNL�VM�
WYVK\J[Z�PZ�LX\HSS`�JY\JPHS��

>OPSL�����VM�[OL�NSVIHS�./.�LTPZZPVUZ�HYL�[OL�YLZ\S[�VM�[OL�Z\WWS`�HUK�JVUZ\TW[PVU�VM�LULYN`�PU�[OL�
I\PSKPUN�HUK�[YHUZWVY[�PUK\Z[Y �̀�[OL�V[OLY�����PZ�[OL�V\[JVTL�VM�WYVK\J[�MHIYPJH[PVU�WYVJLZZLZ�HUK�[OLPY�
LUK�VM�SPML�THUHNLTLU[�HJJVYKPUN�[V�,SSLU�4HJ(Y[O\Y�-V\UKH[PVU���������

;OL�^H`�J\YYLU[S`�KL]LSVWLK�LJVUVTPLZ�^VYR� PZ�IHZLK�VU�H� SPULHY�HWWYVHJO�VM� º[HRL�THRL�^HZ[L»�HZ�
KLZJYPILK�I`�[OL�,SSLU�4HJ(Y[O\Y�-V\UKH[PVU���������;OL�SPULHY�LJVUVT`�PZ�IHZLK�VU�L_[YHJ[PUN�TH[LYPHSZ�
HUK�[YHUZMVYTPUN�[OLT�PU[V�WYVK\J[Z�\ZPUN� SHYNL�HTV\U[Z�VM�WYPTHY`�LULYN �̀�*VTTVU�WYHJ[PJL� PZ� [OH[�
HM[LY�[OL�WYVK\J[�OHZ�HJJVTWSPZOLK�P[Z�W\YWVZL��L]LU�PM� P[� PZ�Z[PSS�M\UJ[PVUPUN�PU�WHY[Z�VY�HZ�H�^OVSL��P[� PZ�
KPZJHYKLK�[V�SHUKÄSS��;OPZ�HWWYVHJO�PZ�OPNOS`�L_[YHJ[P]L�VM�[OL�YLZLY]LZ�VM�[OL�UH[\YHS�YLZV\YJL�HUK�SLHKZ�
[V�[OL�WYVK\J[PVU�VM�NYLLUOV\ZL�NHZLZ��./.Z��[OH[�HYL�[OL�THPU�J\SWYP[�VM�[OL�J\YYLU[�JSPTH[L�JOHUNL��0[�
HKKP[PVUHSS`�JYLH[LZ�PUJYLHZLK�WYLZZ\YLZ�VU�SHUKÄSSZ�SLHKPUN�[V�^PKLZWYLHK�LJVZ`Z[LT�WVSS\[PVU��

;OL�SPULHY�LJVUVT`�TVKLS�OHZ�]HZ[�PTWHJ[Z�VU�[OL�ÄUHUJPHS�HZWLJ[Z�HZ�^LSS��:V�MHY�P[�JV\SK�IL�Z\Z[HPULK�
ILJH\ZL�VM�[OL�HI\UKHUJL�VM�JOLHW�YH^�TH[LYPHSZ��5L]LY[OLSLZZ��^P[O�[OL�L]LY�NYV^PUN�^VYSK�WVW\SH[PVU��
UH[\YHS�YLZV\YJLZ�^PSS�ILJVTL�TVYL�ZJHYJL�SLHKPUN�[V�PUJYLHZLK�JVZ[Z�VM�TH[LYPHSZ��

-VY�HSS�[OL�HIV]L�TLU[PVULK�YLHZVUZ�P[�PZ�ILJVTPUN�TVYL�JY\JPHS�[OHU�L]LY�[V�WYVJ\YL�H�SVUN�[LYT�HS[LYUH[P]L�
TVKLS�VM�ZV\YJPUN�HUK�\ZPUN�[OL�UH[\YHS�YLZV\YJLZ�H]HPSHISL��;OL�JPYJ\SHY�LJVUVT`�HWWYVHJO�WYV]PKLZ�H�
UL^�WVPU[�VM�]PL^�JVUJLYUPUN�TH[LYPHS�\ZHNL��WYVK\J[�THU\MHJ[\YPUN��HUK�^HZ[L�THUHNLTLU[�HKKLK�[V�
[OL�ULJLZZHY`�ZOPM[�[V�YLUL^HISL�ZV\YJLZ�HUK�TVYL�LѝJPLU[�LULYN`�\ZHNL�[V�HJJVTWSPZO�[OL�NVHSZ�MVY�[OL�
LULYN`�[YHUZP[PVU��

;OL�JPYJ\SHY�LJVUVT`�WYVTV[LZ�H�YHKPJHS�JOHUNL�PU�[OL�MV\UKH[PVUZ�VM�[OL�NSVIHS�LJVUVT �̀�0[�OHZ�P[Z�YVV[Z�
PU�JVUJLW[Z�KH[PUN�IHJR�[V�[OL�� ��Z��OV^L]LY��[OL�TVKLS�OHZ�NHPULK�H[[LU[PVU�YLJLU[S`�[OHURZ�[V�[OL�
,SSLU�4HJ(Y[O\Y�-V\UKH[PVU�WYVTV[PUN�[OL�NSVIHS�[YHUZP[PVU�[V�[OL�JPYJ\SHY�LJVUVT �̀�

;OL�-V\UKH[PVU�OHZ�KL]LSVWLK�H�]PZ\HSPZLK�̂ H`�[V�IL[[LY�\UKLYZ[HUK�[OL�WYPUJPWSLZ�VM�[OL�JPYJ\SHY�LJVUVT`�
\ZPUN�[OL�ºI\[[LYÅ`»�KPHNYHT���-PN\YL�����(JJVYKPUN�[V�[OPZ�KPHNYHT��[OL�TH[LYPHS�ÅV^Z�HYL�KP]PKLK�PU[V�[^V�
PU[LYHJ[PUN�SVVWZ!�[OL�IPVSVNPJHS�HUK�[OL�[LJOUPJHS�YLZV\YJL�J`JSLZ��

;OL� IPVSVNPJHS� J`JSL� PTWSLTLU[Z� [OL� \ZL� VM� YLUL^HISL� HUK� IPV�IHZLK� YLZV\YJLZ� ZV� [OH[� [OL`� JHU� IL�
YL[\YULK�[V�[OL�IPVZWOLYL�HM[LY�[OLPY�LUK�VM�SPML��,_HTWSLZ�VM�[OH[�HYL�JVTWVZ[PUN�VY�HUHLYVIPJ�KPNLZ[PVU��

;OL�[LJOUPJHS�J`JSL�MVJ\ZLZ�VU�[OL�\ZL�VM�[LJOUPJHSS`�KL]LSVWLK�WYVK\J[Z�PU�H�^H`�[OH[�LUHISLZ�H�TVYL�
prolonged lifespan and the ability to reuse, remanufacture and recycle once their original purpose has 
ILLU�M\SÄSSLK��;OPZ�^H`�^HZ[L�PZ�TPUPTPZLK�I`�H]VPKPUN�ZPUNSL�\ZL�JVTWVULU[Z�[OH[�LUK�PU�SHUKÄSSZ�

;OL�LUNPULLYPUN�HUK�JVUZ[Y\J[PVU�PUK\Z[Y`�VM�[OL�I\PS[�LU]PYVUTLU[�JVUZPZ[PUN�VM�I\PSKPUNZ��PUMYHZ[Y\J[\YL��
LULYN �̀�^H[LY��HUK�^HZ[L�Z`Z[LTZ�PZ�H�THQVY�ÄLSK�[OH[�JVU[YPI\[LZ�ULNH[P]LS`�[V�[OL�YHWPK�JVUZ\TW[PVU�VM�
UH[\YHS�YLZV\YJLZ��;OL�J\YYLU[�YH[L�VM�UH[\YHS�YLZV\YJLZ�JVUZ\TW[PVU�PZ�KV\ISL�[OLPY�L_[YHJ[PVU�YH[L��;OL�
MVYLZLLU�^VYSK»Z�WVW\SH[PVU�NYV^[O�PU�[OL�ULHY�M\[\YL�^PSS�PUJYLHZL�[OPZ�YH[L�HZ�TVYL�PUMYHZ[Y\J[\YLZ�Z\JO�HZ�
OV\ZPUN�MHJPSP[PLZ�^PSS�ULLK�[V�IL�JVUZ[Y\J[LK��)`�ZOPM[PUN�[V�H�JPYJ\SHY�LJVUVT`�TVKLS�[OL�ULNH[P]L�PTWHJ[�
VM�[OPZ�NYV^[O�PU�[OL�I\PS[�LU]PYVUTLU[�JHU�IL�TPUPTPZLK��

+LZPNU�PZ�[OL�RL`�HZWLJ[�[V�LZJHWL�MYVT�[OL�J\YYLU[�SPULHY�LJVUVT`�TVKLS��)\PSKPUNZ�HUK�[OLPY�PUKP]PK\HS�
JVTWVULU[Z�ZOV\SK�IL�KLZPNULK� MVY�H�^OVSL� SPML�J`JSL�HUK�UV[�ZPTWS`�HU�LUK�\ZL� PU�HJJVYKHUJL�^P[O�
(9<7��������

(JJVYKPUN�[V�,SSLU�4HJ(Y[O\Y�-V\UKH[PVU��������� [OL�JPYJ\SHY�I\PS[�LU]PYVUTLU[�ZOV\SK�IL�NV]LYULK�I`�
[OYLL�KLZPNU�KYP]LU�WYPUJPWSLZ!
���,SPTPUH[L�^HZ[L�HUK�WVSS\[PVU�[V�YLK\JL�./.�LTPZZPVUZ�HJYVZZ�[OL�]HS\L�JOHPU�
���*PYJ\SH[L�WYVK\J[Z�HUK�TH[LYPHSZ�[V�YL[HPU�[OLPY�LTIVKPLK�LULYN`�
���9LNLULYH[L�UH[\YL�[V�ZLX\LZ[LY�JHYIVU�PU�ZVPS�HUK�WYVK\J[Z

���,SPTPUH[L�^HZ[L�HUK�WVSS\[PVU

;OL� ÄYZ[� Z[LW�VM� H� JPYJ\SHY� I\PSKPUN�KLZPNU� PZ� [OL� YLK\J[PVU�VM�TH[LYPHS� \ZHNL� PU� VYKLY� [V� LSPTPUH[L� [OL�
L_[YHJ[PVU�VM�UH[\YHS�YLZV\YJLZ�HUK�[OL�YLZ\S[PUN�WVSS\[PVU�MYVT�[OLPY�M\[\YL�̂ HZ[L�H[�[OLPY�LUK�VM�SPML��4H[LYPHS�
VW[PTPZH[PVU�[LJOUPX\LZ�HUK�HS[LYUH[P]L�TH[LYPHSZ�[OH[�\ZL�YLUL^HISL�LULYNPLZ�VY�SLZZ�JHYIVU�K\YPUN�[OLPY�
WYVK\J[PVU�JHU�IL�\ZLK�MVY�[OPZ�NVHS��
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������7KH�HQYLURQPHQWDO�EHQHðWV�RI�UHF\FOLQJ�JODVV

������7KH�FXUUHQW�VWDWH�RI�UHF\FOLQJ�LQ�WKH�ñRDW�JODVV�LQGXVWU\

-PN\YL�����;OL�<R�^HZ[L�OPLYHYJO �̀�-YVT�¸9L�[OPURPUN�[OL�SPML�J`JSL�VM�HYJOP[LJ[\YHS�NSHZZ¹��I`�+L)YPUJH[�
�)HIPJ��������O[[WZ!��
^^ �̂HY\W�JVT�WLYZWLJ[P]LZ�W\ISPJH[PVUZ�YLZLHYJO�ZLJ[PVU�YL�[OPURPUN�[OL�SPML�J`JSL�VM�HYJOP[LJ[\YHS�NSHZZ

.SHZZ�PZ�H�Z\Z[HPUHISL�TH[LYPHS�[OH[�JHU��[OLVYL[PJHSS �̀�IL�PUÄUP[LS`�YLJ`JSLK�̂ P[OV\[�JVTWYVTPZPUN�P[Z�X\HSP[`�
HUK�P[Z�TLJOHUPJHS�HUK�VW[PJHS�WYVWLY[PLZ��;OL�YLJ`JSPUN�WYVJLK\YL�JVUZPZ[Z�VM�YLTLS[PUN�WPLJLZ�VM�^HZ[L�
NSHZZ�� JHSSLK�J\SSL[�� HUK�TP_PUN� [OLT�^P[O� YH^�TH[LYPHSZ�� ;OL�\ZL�VM� J\SSL[� PU� [OL�WYL]HPSPUN� ÅVH[�NSHZZ�
PUK\Z[Y`�WYV]PKLZ�ZPNUPÄJHU[�LU]PYVUTLU[HS�ILULÄ[Z�HUK�JHU�JVU[YPI\[L�[V�[OL�ZOPM[�[V^HYKZ�H�TVYL�JPYJ\SHY�
LJVUVT �̀�

4VYL�ZWLJPÄJHSS �̀�^P[O�[OL� PU[YVK\J[PVU�VM�VUL�[VUL�VM�J\SSL[� PU[V�[OL�ÅVH[�NSHZZ�WYVK\J[PVU��H�YLK\J[PVU�
VM�����[VUULZ�VM� YH^�TH[LYPHS�\ZL� PZ�HJOPL]LK��;OPZ� PZ�WHY[PJ\SHYS`�ILULÄJPHS� MVY� [OL�YLK\J[PVU�VM�UH[\YHS�
YLZV\YJLZ�KLWSL[PVU��4VYLV]LY��[OL�\ZL�VM�J\SSL[�YLX\PYLZ�SLZZ�LULYN`�MVY�[OL�TLS[PUN�VM�NSHZZ�JVTWHYLK�
[V�[OH[�ULLKLK�[V�TLS[�YH^�TH[LYPHSZ��-VY�L]LY`�����J\SSL[�\ZLK�[OLYL�PZ�H����YLK\J[PVU�VM�\ZLK�LULYN �̀�
VY�HS[LYUH[P]LS �̀�����R>O�VM�LULYN`�PZ�ZH]LK�MVY�L]LY`�VUL�[VUUL�VM�J\SSL[��-\Y[OLYTVYL��MVY�L]LY`�[VUUL�
VM�J\SSL[�PUJS\KLK�[OL�*6��LTPZZPVUZ�HYL�YLK\JLK�I`��������RN���+L)YPUJH[�
�)HIPJ��������-PUHSS �̀�^L�
JHUUV[�PNUVYL�[OL�ZPNUPÄJHUJL�VM�NSHZZ�YLJ`JSPUN�[V^HYKZ�[OL�YLK\J[PVU�VM�[OL�^HZ[L�[OH[�NVLZ�[V�SHUKÄSSZ�
HUK�WVSS\[LZ�[OL�LU]PYVUTLU[�

;̂ V�[`WLZ�VM�YLJ`JSPUN�J\YYLU[S`�L_PZ[��JSVZLK�SVVW�HUK�VWLU�SVVW�YLJ`JSPUN��0U�JSVZLK�SVVW�YLJ`JSPUN��HSS�
the materials resulting from the recycled product are returned into the loop of the same manufacturing 
WYVJLZZ��;OL�RL`�[V�Z\JJLZZ�PU�[OPZ�[`WL�VM�YLJ`JSPUN�PZ�[OH[�[OL�WYVK\J[Z�HYL�ILPUN�JVUZ[Y\J[LK�^P[O�H�
YLJ`JSPUN�LUK�VM�SPML�WSHU��*SVZLK�SVVW�YLJ`JSPUN�PZ�HJOPL]LK�PU�H�OPNO�WLYJLU[HNL�MVY�[OL�ZVKH�SPTL�NSHZZ�
\ZLK�PU�IL]LYHNL�WHJRHNPUN�SPRL�NSHZZ�IV[[SLZ��

6U�[OL�V[OLY�OHUK��PU�[OL�VWLU�SVVW�YLJ`JSPUN��VM[LU�YLMLYYLK�[V�HZ�KV^U�J`JSPUN�WYVJLK\YL��[OL�TH[LYPHSZ�
generated from the recycled product are not returned into the same cycle but are transformed into new 
YH^�TH[LYPHSZ�VY�^HZ[L�WYVK\J[Z�[OH[�JHU�IL�\ZLK�PU�V[OLY�PUK\Z[YPHS�ZLJ[VYZ��

0U�ZWP[L�VM� P[Z�WV[LU[PHS� MVY� YLJ`JSPUN�� [OL�NSHZZ�\ZLK� PU� [OL�I\PSKPUN�ZLJ[VY� PZ�ZLSKVT�IYV\NO[�IHJR� PU[V�
[OL� SVVW�� ;OL� JVUZ[Y\J[PVU� PUK\Z[Y`� PZ� KVTPUH[LK�THPUS`� I`� ÅVH[� NSHZZ�^OVZL� YLJ`JSHIPSP[`� PZ� J\YYLU[S`�
]LY`�SPTP[LK�K\L�[V�]LY`�Z[YPJ[�YLX\PYLTLU[Z�YLNHYKPUN�[OL�X\HSP[`�VM�J\SSL[�[OH[�JHU�IL�\ZLK��*\YYLU[S �̀�[OL�
WLYJLU[HNL�VM�J\SSL[�[OH[�PZ�ILPUN�\ZLK�PU�JSVZLK�SVVW�YLJ`JSPUN�PZ�VUS`� ��PU�[OL�5L[OLYSHUKZ��^OPJO�PZ�VUL�
VM�[OL�SLHKPUN�JV\U[YPLZ�PU�NSHZZ�YLJ`JSPUN��HUK�P[�JVTLZ�HSTVZ[�L_JS\ZP]LS`�MYVT�KPZJHYKLK�WYL�JVUZ\TLY�
PU[LYUHS�J\SSL[��TLHUPUN�NSHZZ�[OH[�^HZ�KPZJHYKLK�MYVT�[OL�ÅVH[�NSHZZ�SPUL�P[ZLSM�ILMVYL�ILPUN�\ZLK�PU�[OL�
I\PS[�LU]PYVUTLU[��;OLYLMVYL��ÅVH[�NSHZZ�YLTHPUZ�H�SPULHY�LJVUVT`�^OVZL�WYVK\J[Z�LUK�H[�SHUKÄSSZ�HM[LY�
[OLPY�\ZHNL�VY�HYL�KV^U�J`JSLK�PU[V�NSHZZ�IV[[SLZ�VY�NSHZZ�^VVS�PUZ\SH[PVU��

;OL�JVU[HTPUH[PVU�VM�WVZ[�JVUZ\TLY�J\SSL[��TLHUPUN�J\SSL[�[OH[�OHZ�ILLU�\ZLK�PU�[OL�I\PS[�LU]PYVUTLU[��
PZ� [OL�THPU� YLHZVU�^O`�ÅVH[�NSHZZ�JSVZLK�SVVW� YLJ`JSPUN� PZ�ZV�JOHSSLUNPUN� [V�IL�HJOPL]LK��(TVUN� [OL�
TVZ[�JVTTVU�J\SSL[�JVU[HTPUHU[Z�HYL�HKOLZP]LZ��JVH[PUNZ��JLYHTPJ�MYP[[PUN�HUK�SHTPUH[PUN�SH`LYZ��[`WPJHSS`�
MV\UK�PU�0.<Z��^OVZL�YLTV]HS�PZ�Z[PSS�[LJOUPJHSS`�JOHSSLUNPUN�MVY�[OL�ÅVH[�NSHZZ�PUK\Z[Y �̀�

(JJVYKPUN�[V�H�JSHZZPÄJH[PVU�THKL�I`�(9<7���������[OLYL�HYL�[OYLL�JH[LNVYPLZ�VM�J\SSL[�X\HSP[PLZ�YLNHYKPUN�
ÅVH[�NSHZZ�YLJ`JSPUN�HZ�JHU�IL�ZLLU�PU�-PN\YL����

*SHZZ�*

This class contains high contaminated glass with ceramic fritting or printed glass, spacers bars and glass 
TP_LK�^P[O�V[OLY�JVUZ[Y\J[PVU�TH[LYPHSZ��;OPZ�JH[LNVY`�PZ�OPNOS`�\UZ\P[HISL�MVY�YLTLS[PUN�HUK�JHU�VUS`�IL�
\ZLK�MVY�YVHK�WHPU[�VY�MVY�[OL�JYLH[PVU�VM�HNNYLNH[LZ��

���*PYJ\SH[L�WYVK\J[Z�HUK�TH[LYPHSZ�

A circular building design aims at longer usage and circulation of products and materials in order to 
TPUPTPZL� HUK� WYLZLY]L� [OLPY� LTIVKPLK� LULYN �̀� ;OPZ� HPT� JHU� IL� Z\JJLZZM\SS`� HJOPL]LK� I`� KLZPNUPUN�
HKHW[HISL�WYVK\J[Z�HW[� MVY�KPZHZZLTIS �̀� YL\ZL�� YL�THU\MHJ[\YPUN�� YLM\YIPZOTLU[�VY� YLJ`JSPUN�^OLU� [OL�
WYL]PV\Z�VW[PVUZ�HYL�UV[�MLHZPISL���

��H�9L\ZPUN�WYVK\J[Z�HUK�JVTWVULU[Z

The method of reusing whole building components or parts of them that are still in functional condition 
OLSWZ�THPU[HPU� [OL� LTIVKPLK� LULYN`� [OH[�^HZ� \ZLK� [V� JYLH[L� [OLZL� WYVK\J[Z�� ;OL�TVYL� [OL� SPMLZWHU�
of a product is elongated the more the amount of energy and natural resources initially used during its 
WYVK\J[PVU�PZ�IHSHUJLK�V\[�I`�P[Z�WYVSVUNLK�SPML[PTL�JVTWHYLK�[V�JYLH[PUN�H�UL^�WYVK\J[�

��I�9LJ`JSPUN�TH[LYPHSZ

>OPSL� YL\ZPUN�WYVK\J[Z�HUK�TH[LYPHSZ� PZ� MVY�Z\YL� [OL�ILZ[�^H`� [V�H]VPK�UL^�./.�LTPZZPVUZ�� YLJ`JSPUN�
TH[LYPHSZ�PZ�HSZV�H�WYVJLZZ�[OH[�JVU[YPI\[LZ�[V�[OL�JPYJ\SHY�LJVUVT`�NVHSZ��(S[OV\NO�LULYN`�PZ�ULJLZZHY`�
MVY�[OL�YLJ`JSPUN�WYVJLZZ�P[�Z[PSS�YLX\PYLZ�T\JO�SLZZ�WYPTHY`�LULYN`�[OHU�[OL�WYVK\J[PVU�MYVT�]PYNPU�TH[LYPHSZ��
>P[O�YLJ`JSPUN�[OL�L_[YHJ[PVU�VM�TVYL�UH[\YHS�YLZV\YJLZ�[V�JYLH[L�H�UL^�WYVK\J[�PZ�WYL]LU[LK��4VYLV]LY��
[OL�WVSS\[PUN�WYVJLZZLZ�[OH[�HJJVTWHU`�[OL�LUK�VM�SPML�VM�H�WYVK\J[��Z\JO�HZ�PUJPULYH[PVU�HUK�SHUKÄSS��HYL�
H]VPKLK��

3. Regenerate Nature

;OL�JPYJ\SHY�LJVUVT`�WYVTV[LZ�HSZV�H�YLNLULYH[P]L�KLZPNU�\ZPUN�YLUL^HISL�HUK�IPV�IHZLK�TH[LYPHSZ�Z\JO�
as wood that can replenish the amount of carbon dioxide depleted during their manufacture and usage by 
ILPUN�YL[\YULK�[V�[OLPY�UH[\YHS�Z`Z[LTZ�HM[LY�[OLPY�\ZL�



Glass

container glass
(packaging industry)

flat glass
(building and 

automotive industry)

other
(borosilicate glass, CRT,

aluminisilicate, glass fibers)

insulation
(glass wool)

56 %

19 %

80 - 90 %

59 %

29 %
9 %

25 %
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-PN\YL�����+PHNYHT�VM� [OL�J\YYLU[�NSHZZ� YLJ`JSPUN� ZJOLTL� PU� [OL�5L[OLYSHUKZ�JVTWHYLK� [V� [OL�9L��.SHZZ�WYVWVZHS�� -YVT�
�6PRVUTVWV\SV\����� ���O[[WZ!��KVP�VYN���������HIL���� � �����

-PN\YL�����*\SSL[�JSHZZLZ��-YVT�¸9L�[OPURPUN�[OL�SPML�J`JSL�VM�HYJOP[LJ[\YHS�NSHZZ¹��I`�+L)YPUJH[�
�)HIPJ��������O[[WZ!��^^ �̂
HY\W�JVT�WLYZWLJ[P]LZ�W\ISPJH[PVUZ�YLZLHYJO�ZLJ[PVU�YL�[OPURPUN�[OL�SPML�J`JSL�VM�HYJOP[LJ[\YHS�NSHZZ

3.2.5  Factors that limit glass recycling

Lamination

(TVUN� ÅVH[� NSHZZ� WVZ[�WYVK\J[PVU� WYVJLZZLZ� SHTPUH[PVU� OHZ� [OL� IPNNLZ[� ULNH[P]L� PTWHJ[� YLNHYKPUN�
YLJ`JSHIPSP[`� HUK� P[� PZ� VUL�VM� [OL�THPU� YLHZVUZ�^O`� ÅVH[�NSHZZ� PZ� ZV� ZLSKVT� YLJ`JSLK� PU� H� JSVZLK�SVVW�
THUULY��;OL�JOHSSLUNL�SPLZ�PU�[OL�ZWLJPHSPZLK�[LJOUPX\LZ�YLX\PYLK�[V�ZLNYLNH[L�[OL�NSHZZ�HUK�[OL�SHTPUH[PVU�
YLTV]PUN� [OL� JVU[HTPUH[PVU� MYVT� [OL� PU[LYSH`LY�� ;OL� J\YYLU[� HK]HUJLTLU[Z� PU� [LJOUVSVN`� OH]L�THKL�
WVZZPISL�[OL�\ZL�VM�H�W\S]LYPaPUN�HUK�ZLWHYH[PUN�THJOPULY`��+L)YPUJH[�
�)HIPJ��������[OH[�JY\ZOLZ�HUK�
NYPUKZ�[OL�NSHZZ�PU[V�ZTHSS�MYHNTLU[Z��5L]LY[OLSLZZ��[OL�ZPaL�VM�[OLZL�MYHNTLU[Z�KVLZ�UV[�TLL[�[OL�¸J\SSL[�
(¹�Z[HUKHYK�VM�[OL�ÅVH[�NSHZZ�PUK\Z[Y �̀�/LUJL��SHTPUH[LK�NSHZZ�JHUUV[�IL�IYV\NO[�IHJR�PU[V�[OL�SVVW�HUK�
\Z\HSS`�LUKZ�\W�ILPUN�KV^U�J`JSLK�PU[V�NSHZZ�JVU[HPULYZ�^OVZL�YLJ`JSPUN�WYVJLZZ�PZ�TVYL�ÅL_PISL�PU�Z\JO�
[VSLYHUJLZ�

*SHZZ�)

;OPZ�JH[LNVY`�PZ�HS[LYUH[P]LS`�JHSSLK�TP_LK�J\SSL[�HUK�HSSV^Z�MVY�H�ZTHSS�HTV\U[�VM�JVU[HTPUH[PVU��*VH[LK�
VY�SHTPUH[LK�NSHZZ�^OVZL�SHTPUH[PVU�JV\SK�UV[�IL�YLTV]LK�PZ�\Z\HSS`�\ZLK�PU�[OPZ�JHZL��;OPZ�[`WL�VM�J\SSL[�
PZ�\Z\HSS`�KV^U�J`JSLK�PU[V�JVU[HPULY�NSHZZ�HUK�NSHZZ�^VVS�PUZ\SH[PVU�

*SHZZ�(

*SHZZ�(�JVUZPZ[Z�VM�W\YL�NSHZZ�JSLHY�MYVT�HU`�JVU[HTPUH[PVU��0[�PZ�[OL�VUS`�JSHZZ�VM�J\SSL[�J\YYLU[S`�HJJLW[LK�
I`�ÅVH[�NSHZZ�THU\MHJ[\YLYZ�K\L�[V�[OLPY�L_[YLTLS`�OPNO�YLX\PYLTLU[Z� MVY�W\YP[`� [V�HJOPL]L�[OL�KLZPYLK�
VW[PJHS� X\HSP[PLZ�� ;OPZ� RPUK� VM� J\SSL[� HSTVZ[� L_JS\ZP]LS`� JVTLZ� MYVT� PU[LYUHS� NSHZZ� UV[� \ZLK� K\YPUN� [OL�
WYVJLZZPUN�HUK�NSHZZ�THU\MHJ[\YPUN�ILMVYL�SLH]PUN�[OL�ÅVH[�NSHZZ�MHJ[VY �̀�;OL�IL[�VM�[OL�I\PSKPUN�PUK\Z[Y`�
VU�NSHZZ�YLJ`JSHIPSP[`�PZ�[V�ÄUK�^H`Z�[V�MHJPSP[H[L�[OL�JVSSLJ[PVU�VM�WVZ[�JVUZ\TLY�.YHKL�(�J\SSL[�MYVT�[OL�
L_PZ[PUN�I\PSKPUN�Z[VJR�
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;HISL�����;HISL�ZOV^PUN�[OL�PTWHJ[�VM�LHJO�ÅVH[�NSHZZ�WYVJLZZPUN�VU�YLJ`JSHIPSP[ �̀�

Cutting Drilling holes Heat Strengthening

Lamination Coatings Fritting Assembly in IGU

Edge Working

Cutting Drilling holes Heat Strengthening

Lamination Coatings Fritting Assembly in IGU

Edge Working

Cutting Drilling holes Heat Strengthening

Lamination Coatings Fritting Assembly in IGU

Edge Working

Cutting Drilling holes Heat Strengthening

Lamination Coatings Fritting Assembly in IGU
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Lamination

Coatings

Fritting

Structural Silicone (IGU)

/LH]`�*VU[HTPUH[PVU

/LH]`�*VU[HTPUH[PVU

3PNO[�*VU[HTPUH[PVU

/LH]`�*VU[HTPUH[PVU

*\YYLU[�KL�SHTPUH[PUN�WYVJLZZ�
does not allow 

MVY�JSVZLK�SVVW�YLJ`JSPUN

,]LU�JHYLM\S�YLTV]HS�VM�ZPSPJVUL�
SLH]LZ�JVU[HTPUH[PVU�[YHJLZ

*HUUV[�IL�I\YU[�Vќ

*HU�IL�I\YU[�Vќ�
I\[�YLK\JLZ�VW[PJHS�X\HSP[`

Post-production 
Glass Process

Impact on 
glass recyclability Notes
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Cutting
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Edge WorkingHole Drilling
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Edge Working

Edge Working

Cutting Drilling holes Heat Strengthening

Lamination Coatings Fritting Assembly in IGU

Edge Working

Heat Strengthening

5V�*VU[HTPUH[PVU _

5V�*VU[HTPUH[PVU _

5V�*VU[HTPUH[PVU _

5V�*VU[HTPUH[PVU _

*VH[PUNZ 

;OL�HWWSPJH[PVU�VM�JVH[PUNZ�VU�[OL�NSHZZ�Z\YMHJL�ZLY]LZ�[V�PUJYLHZL�[OL�[OLYTHS�WLYMVYTHUJL�VM�PUZ\SH[LK�
NSHZZ�\UP[Z�HUK�[V�OLSW�JVU[YVS�[OL�ZVSHY�NHPUZ�VM�H�I\PSKPUN�[OYV\NO�[OL�NSHZZ��;OL�JVH[PUNZ�HYL�HWWSPLK�
LP[OLY�K\YPUN�[OL�ÅVH[�SPUL�WYVJLZZ�VY�HM[LY^HYKZ�HUK�HYL�\Z\HSS`�THKL�VM�]LY`�[OPU�TL[HS�SH`LYZ�WYVQLJ[LK�
VU�[OL�NSHZZ�Z\YMHJL��

9LNHYKPUN�[OLPY�LќLJ[�VU�YLJ`JSHIPSP[ �̀�[OL�OPNO�[LTWLYH[\YLZ�PU�^OPJO�[OL�ÅVH[�NSHZZ�YLTLS[PUN�VJJ\YZ�JHU�
I\YU�Vќ�ZVM[�HUK�OHYK�JVH[PUNZ��[OLYLMVYL��PU�[OLVY �̀�[OLPY�\ZL�PZ�UV[�LUKHUNLYPUN�[OL�YLJ`JSPUN�WYVJLZZ��
/V^L]LY��[OL�J\SSL[�JVU[HPUPUN�SHYNL�HTV\U[Z�VM�JVH[LK�NSHZZ�JHUUV[�IL�JVUZPKLYLK�VM�.YHKL�(�X\HSP[`�
ZPUJL�[OL�LќLJ[�VM�H�I\YU[�JVH[PUN�ILPUN�IYV\NO[�IHJR�PU[V�[OL�YLJ`JSPUN�SVVW�JHU�YLZ\S[�PU�NSHZZ�WHULZ�VM�
ZSPNO[S`�HS[LYLK�JVSV\YZ�^OPJO�OPUKLYZ�[OLPY�\ZL�PU�I\PSKPUN�LU]LSVWL�\ZLZ�^OLYL�[OL�KLZPYLK�VW[PJHS�X\HSP[`�
PZ�[OL�OPNOLZ[��;OLYLMVYL��[OL�JVH[PUNZ�YLTHPU�H�JVU[HTPUH[PUN�MHJ[VY�MVY�[OL�ÅVH[�NSHZZ�YLJ`JSPUN�PUK\Z[Y`�
UV[�ILJH\ZL�VM�[OLPY�LќLJ[�VU�[OL�TLJOHUPJHS�WYVWLY[PLZ�VM�NSHZZ�I\[�ILJH\ZL�VM�[OLPY�PTWHJ[�VU�[OL�VW[PJHS�
X\HSP[PLZ�VM�[OL�ÄUHS�WYVK\J[�HUK�MVY�[OPZ�YLHZVU�P[�LUKZ�\W�ILPUN�KV^U�J`JSLK�

4VYLV]LY�� PU� [OL�JHZL�VM� YLJ`JSPUN�ÅVH[�NSHZZ� PU[V�JHZ[�NSHZZ�JVH[PUNZ�HќLJ[� [OPZ�WYVJLK\YL�KLWLUKPUN�
on the types of coating and the ratio of coated glass cullet to clear glass according to Van Der Velden 
��������;OL�[LTWLYH[\YL�H[�^OPJO�[OL�JVH[PUN�TLS[�KL[LYTPULZ�^OL[OLY�VY�UV[�[OL`�HYL�Z\P[HISL�MVY�JHZ[�
NSHZZ�YLJ`JSPUN��/HYK�JVH[PUNZ��PU�WHY[PJ\SHY��[OH[�JVU[HPU�UPJRLS�Z\SWOPKL�PUJS\ZPVUZ�HZ�̂ LSS�HZ�OLH[�YLZPZ[HU[�
JVH[PUNZ�TH`�JH\ZL�WYVISLTZ�ILJH\ZL�[OL`�HYL�UV[�LHZPS`�I\YU[�Vќ�PU�SV^LY�YLTLS[PUN�[LTWLYH[\YLZ�

Fritting 

*LYHTPJ�MYP[Z�HYL�VM[LU�WYPU[LK�VU�NSHZZ�Z\YMHJLZ�MVY�YLHZVUZ�VM�HYJOP[LJ[\YHS�HWWLHS��MVY�PUJYLHZLK�WYP]HJ`�VY�
MVY�ZOHKPUN�W\YWVZLZ��;OLZL�MYP[Z�PUJS\KL�JLYHTPJ�JVTWV\UKZ�[OH[�YLX\PYL�]LY`�OPNO�TLS[PUN�[LTWLYH[\YLZ�
ZV�[OLPY�\ZL�JV\SK� SLHK�[V�TPUVY�ÅH^Z� PU[YVK\J[PVU�YLZ\S[PUN� PU� SV^LY�TLJOHUPJHS�WYVWLY[PLZ��;OLYLMVYL��
[OLZL�RPUKZ�VM�JVH[PUNZ�HYL�UV[�J\YYLU[S`�JVUZPKLYLK�Z\P[HISL�MVY�NSHZZ�YLJ`JSPUN�W\YWVZLZ��

0.<�(ZZLTIS`

;OL�^H`�ÅVH[�NSHZZ� PZ�J\YYLU[S`�HZZLTISLK� PU� PUZ\SH[LK�\UP[Z�OPNOS`� PTWHJ[Z� P[Z�WV[LU[PHS� MVY� YL\ZL�HUK�
YLJ`JSPUN�� -VY� YLHZVUZ� VM� [OLYTHS� WLYMVYTHUJL�� I\PSKPUN� LU]LSVWLZ� \ZL� PUZ\SH[LK� NSHZZ� \UP[Z� [OH[� HYL�
JYLH[LK�I`�HKOLZP]LS`�IVUKPUN�[VNL[OLY� [^V�VY�TVYL�WHULZ�VM�NSHZZ�\ZPUN�H�TL[HS�ZWHJLY� [V�ZLWHYH[L�
[OLT��;OL�\UP[�PZ�[OLU�OLYTL[PJHSS`�ZLHSLK�HYV\UK�P[Z�LKNLZ�[V�LUZ\YL�NVVK�[OLYTHS�WLYMVYTHUJL�K\YPUN�
P[Z�ZLY]PJL�SPML��

;OL�ZWLJPÄJ�IVUKPUN�HUK�ZLHSPUN�TL[OVK�WVZL�[^V�NYLH[�WYVISLTZ�[OH[�PTWLKL�NSHZZ�MYVT�ILPUN�\ZLK�
JPYJ\SHYS`�PU�[OL�MVYT�VM�0.<Z��-PYZ[S �̀�̂ OPSL�[OL�NSHZZ�P[ZLSM�OHZ�H�IPN�SPMLZWHU�HUK�JV\SK�SHZ[�PU�H�I\PSKPUN�MVY�HU�
H]LYHNL�[PTL�VM�����`LHYZ��,IILY[Z���������[OL�SPMLZWHU�VM�[OL�ZLHSHU[Z�PZ�H�SV[�ZTHSSLY��YLK\JPUN�[OL�V]LYHSS�
SPMLZWHU�VM�[OL�̂ OVSL�0.<�[V�HWWYV_PTH[LS`�������̀ LHYZ��4VYLV]LY��[OL�HKOLZP]L�JVUULJ[PVU�VM�[OL�KPќLYLU[�
JVTWVULU[Z�VM�[OL�0.<�KVLZ�UV[�HSSV^�MVY�[OL�YL\ZL�VM�WHY[Z�VM�[OL�\UP[�[OH[�HYL�Z[PSS� M\UJ[PVUHS��-PUHSS �̀�
[OPZ�WLYTHULU[�IVUKPUN�VM�NSHZZ��ZWHJLYZ�HUK�ZLHSHU[Z�THRLZ�[OLPY�ZLWHYH[PVU�KPѝJ\S[�HUK�]LY`�SHIV\Y�
PU[LUZP]L��;OLYLMVYL��[OL�WVZ[�JVUZ\TLY�NSHZZ�MV\UK�PU�0.<Z�PZ�HSTVZ[�UL]LY�RLW[�MYLL�MYVT�JVU[HTPUH[PVU�
K\YPUN�[OLPY�KLJVUZ[Y\J[PVU�HUK�JVSSLJ[PVU�WYVJLZZ�VM�KLTVSP[PVU�^HZ[L��[O\Z�PTWLKPUN�P[Z�YLJ`JSHIPSP[ �̀�
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(�ZPNUPÄJHU[�Z[LW�[V^HYKZ�[OH[�KPYLJ[PVU�^V\SK�IL�H�JOHUNL�PU�[OL�PUK\Z[Y`�P[ZLSM��I`�NP]PUN�[OL�JVU[YHJ[VYZ�
[OL�ULJLZZHY`�PUJLU[P]LZ�[V�ZVY[�VM�TH[LYPHSZ�VU�ZP[L�HUK�YLJ`JSL�[OLT�PUZ[LHK�VM�KLWVZP[PUN�[OLT�PU�SHUKÄSSZ��
4VYLV]LY��[OL�ULLK�MVY�UL^�JPYJ\SHY�KLZPNUZ�VM�HS[LYUH[P]L�0.<Z�[OH[�H]VPK�JVU[HTPUH[PUN�MHJ[VYZ�HUK�JHU�
IL�LHZPS`�KLTV\U[HISL�JV\SK�WYVSVUN�[OL�SPMLZWHU�VM�[OL�NSHZZ�\ZLK�PU�[OL�I\PS[�LU]PYVUTLU[�I`�H]VPKPUN�[OL�
current obstacles at end of life of these units so that they can be easily dismantled, with optimal separation 
VM�TH[LYPHSZ��H]VPKPUN�JVU[HTPUH[PVU��

0U�VYKLY�[V�MHJPSP[H[L�H�TVYL�JPYJ\SHY�0.<�KLZPNU�P[�PZ�PTWVY[HU[�[OH[��[OL�NSHZZ�PZ�RLW[�HZ�W\YL�HZ�WVZZPISL��
*VU[HTPUH[PUN� MHJ[VYZ� Z\JO� HZ� SHTPUH[PVU�� Z[Y\J[\YHS� ZPSPJVUL� HKOLZP]LZ� MYVT� [OL� 0.<� HZZLTIS �̀� NSHZZ�
MYP[[PUN�HUK�JVH[PUN�HWWSPJH[PVU�ZOV\SK�IL�H]VPKLK�[V�[OL�L_[LU[�[OH[�[OL`�KVU»[�OPUKLY�[OL�0.<»Z�Z[Y\J[\YHS��
[OLYTHS��HUK�ZHML[`�YLX\PYLTLU[Z��0U�[OL�JHZL�[OH[�[OPZ�PZ�UV[�MLHZPISL��H�KLZPNU�[OH[�LUHISLZ�[OL�ZLNYL[NH[PVU�
VM�[OL�JVU[HTPUH[PUN�MHJ[VYZ�MVYT�[OL�W\YL�NSHZZ�LSLTLU[Z�PZ�[OL�UL_[�ILZ[�HWWYVHJO��2L`�MVY�[OL�Z\JJLZZ�
MVY�YLJ`JSPUN�I\PSKPUN�NSHZZ�PZ��[OLYLMVYL��H�KLZPNU�[OH[�LUHISLZ�H�YLSH[P]LS`�LHZ`�KPZHZZLTIS`�VM�[OL�\UP[Z��
H]VPKPUN�H�SHIVYPV\Z�WYVJLK\YL�HUK�SLH]PUN�[OL�NSHZZ�MYLL�VM�JVU[HTPUH[PVU��

*\YYLU[S`�KL]LSVWLK�LJVUVTPLZ�HYL�IHZLK�VU�H�SPULHY�HWWYVHJO�VM�º[HRL�THRL�^HZ[L»�HZ�KLZJYPILK�I`�[OL�
,SSLU�4HJ(Y[O\Y�-V\UKH[PVU���������^OPJO�PZ�OPNOS`�L_[YHJ[P]L�VM�UH[\YHS�YLZV\YJLZ�HUK�PZ�HJJV\U[HISL�MVY�
[OL�OPNO�LULYN`�JVUZ\TW[PVU�HUK�LU]PYVUTLU[HS�WVSS\[PVU��;OL�JPYJ\SHY�LJVUVT`�HWWYVHJO�WYV]PKLZ�HU�
HS[LYUH[P]L�WVPU[�VM�]PL^�JVUJLYUPUN�TH[LYPHS�\ZHNL��WYVK\J[�THU\MHJ[\YPUN��HUK�^HZ[L�THUHNLTLU[��;OPZ�
JOHUNL�PZ�PUKPZWLUZHISL�MVY�[OL�[YHUZP[PVU�[V�HU�LJVUVT`�^P[O�UL[�aLYV�NYLLUOV\ZL�NHZ��./.��LTPZZPVUZ�
I`������^OPJO�PZ�[OL�NVHS�VM�[OL�,<��

;OL�JPYJ\SHY�LJVUVT`�MVJ\ZLZ�VU�PUUV]H[P]L�KLZPNU�HWWYVHJOLZ�[OH[!
���,SPTPUH[L�^HZ[L�HUK�WVSS\[PVU�[V�YLK\JL�./.�LTPZZPVUZ�HJYVZZ�[OL�]HS\L�JOHPU��
���*PYJ\SH[L�WYVK\J[Z�HUK�TH[LYPHSZ�[V�YL[HPU�[OLPY�LTIVKPLK�LULYN`�I`
����H��9L\ZPUN�WYVK\J[Z�HUK�JVTWVULU[Z�HUK
����I��9LJ`JSPUN�TH[LYPHSZ��HUK
���9LNLULYH[L�UH[\YL�[V�ZLX\LZ[LY�JHYIVU�PU�ZVPS�HUK�WYVK\J[Z

;OL�LUNPULLYPUN�HUK�JVUZ[Y\J[PVU�PUK\Z[Y`�VM�[OL�I\PS[�LU]PYVUTLU[�[OH[�JVUZPZ[Z�VM�I\PSKPUNZ��PUMYHZ[Y\J[\YL��
LULYN �̀�^H[LY��HUK�^HZ[L�Z`Z[LTZ�PZ�H�THQVY�ÄLSK�[OH[�JVU[YPI\[LZ�ULNH[P]LS`�[V�[OL�YHWPK�JVUZ\TW[PVU�VM�
UH[\YHS�YLZV\YJLZ��-VY�[OPZ�YLHZVU�[OL�JPYJ\SHY�LJVUVT`�HWWYVHJO�WYVWVZLZ�[V�[HJRSL�[OPZ�HZWLJ[�[OYV\NO�
PUUV]H[P]L�KLZPNU�

-VJ\ZPUN�TVYL�ZWLJPÄJHSS`�PU�[OL�NSHZZ�PUK\Z[Y �̀�ÅVH[�NSHZZ�\ZLK�PU�[OL�I\PSKPUN�LU]LSVWLZ�OHZ�[OL�WV[LU[PHS�
[V�IL�JVSSLJ[LK�HUK�YLTLS[LK�[VNL[OLY�^P[O�YH^�TH[LYPHSZ�[V�JYLH[L�UL^�NSHZZ��;OL� PU[LNYH[PVU�VM�J\SSL[�
PU� MYVT� [OL� NSHZZ� THU\MHJ[\YPUN� PUK\Z[Y`� JHU� ZH]L� ZPNUPÄJHU[� HTV\U[Z� VM� LULYN �̀� 5L]LY[OLSLZZ�� [OL�
YLJ`JSHIPSP[`�VM�ÅVH[�NSHZZ�PU�YLHSP[`�PZ�J\YYLU[S`�]LY`�SPTP[LK�K\L�[V�[OL�WYLZLUJL�VM�JVU[HTPUH[PUN�MHJ[VYZ�
[OH[�HYL�UV[�HJJLW[LK�I`�[OL�ÅVH[�NSHZZ�PUK\Z[Y`�X\HSP[`�Z[HUKHYKZ�ILJH\ZL�VM�[OL�PTWHJ[�[OL`�OH]L�VU�[OL�
TLJOHUPJHS�HUK�VW[PJHS�WYVWLY[PLZ�VM�[OL�ÄUHS�YLJ`JSLK�NSHZZ�WYVK\J[��;O\Z��[OLYL�PZ�H�SV[�VM�NSHZZ�^HZ[L�
^OVZL�WV[LU[PHS� MVY�YL\ZL�HUK�YLJ`JSL� PZ�UV[�M\SÄSSLK�HUK�PZ�KPZJHYKLK�PU� SHUKÄSSZ��;OLYLMVYL�� PU�VYKLY�MVY�
WVZ[�JVUZ\TLY�NSHZZ�[V�IL�\ZLK�PU�H�TVYL�JPYJ\SHY�THUULY�P[Z�JVSSLJ[PVU�H[�[OL�LUK�VM�P[Z�SPML�ZOV\SK�IL�PU�
H�JVU[YVSSLK�HUK�JHYLM\S�THUULY�[V�H]VPK�JVU[HTPUH[PVU��

3.2.6  Conclusions

0[�PZ�PTWVY[HU[�[V�TLU[PVU�OLYL�[OH[�H�Z[YPJ[�JSHZZPÄJH[PVU�VM�[OL�WVZ[�WYVK\J[PVU�VM�ÅVH[�NSHZZ�WYVJLZZLZ�
[OH[� JHU�IL�HSSV^LK� PU� [OL�NSHZZ� YLJ`JSPUN� PZ� ]LY`�OHYK�HUK� P[� PZ� HSZV�OPNOS`�KLWLUKLU[�VU� [OL�J\YYLU[�
PUK\Z[Y`�YLZ[YPJ[PVUZ�HUK�VU�LHJO�JVTWHU`»Z�WVSPJ �̀�4VYLV]LY��ZPUJL�[LJOUVSVN`�PZ�JVU[PU\V\ZS`�L]VS]PUN�
PU�[OPZ�TH[[LY��UL^�ZVS\[PVUZ�JV\SK�IL�WVZZPISL�L]LY`�KH`�[V�MHJPSP[H[L�ÅVH[�NSHZZ�YLJ`JSPUN�[OH[�WYVK\JLZ�
NSHZZ�WHULZ�^P[O�L_JLSSLU[�VW[PJHS�X\HSP[PLZ��;OL�ZWLJPÄJ�[HISL�HUK�ÄUKPUNZ�PU�[OPZ�SP[LYH[\YL�YL]PL^�YLÅLJ[�
[OL�J\YYLU[�ÅVH[�NSHZZ�PUK\Z[Y`�WV[LU[PHSZ�HUK�SPTP[H[PVUZ��

;HISL����JVUZPZ[Z�VM�H�Z\TTHY`�VM�[OL�HIV]L�TLU[PVULK�NSHZZ�WYVJLZZLZ�YLNHYKPUN�[OLPY�PTWHJ[�VU�ÅVH[�
NSHZZ�JSVZLK�SVVW� YLJ`JSPUN�� 0[� PZ�L]PKLU[� [OH[� SPRL�TLU[PVULK�ILMVYL�� SHTPUH[PVU�� [OL�HZZLTIS`�VM�NSHZZ�
PU[V�0.<Z�HYL�[OL�IPNNLZ[�JOHSSLUNLZ�PU�[OL�ÄLSK�VM�JSVZLK�SVVW�ÅVH[�NSHZZ�YLJ`JSPUN�ILJH\ZL�VM�[OL�NYLH[�
HTV\U[�VM�JVU[HTPUH[PUN� MHJ[VYZ� MV\UK� PU� [OL�J\SSL[��.SHZZ� MYP[[PUN�OHZ�H�ZPTPSHY� PTWHJ[�VU�JSVZLK�SVVW�
YLJ`SHL�HZ�SHTPUH[PVU�HUK�0.<�HZZLTIS`�HS[OV\NO�P[Z�HWWSPJH[PVU�PZ�ZPNUPÄJHU[S`�SLZZ�JVTTVU��;OL�\ZL�VM�
J\SSL[�^P[O�Z\JO�OLH]`�JVU[HTPUH[PVU�OHZ�HU�PTWHJ[�VU�[OL�TLJOHUPJHS�WYVWLY[PLZ�VM�NSHZZ�THRPUN�[OLT�
\UZ\P[HISL� MVY�\ZL� PU� [OL�I\PSKPUN�Z[Y\J[\YLZ��;OL�HWWSPJH[PVU�VM� JVH[PUNZ� PZ� HSZV�H�WYVJLZZ� [OH[�OPUKLY�
NSHZZ�YLJ`SJHIPSP[`�I\[�P[Z�LќLJ[�PZ�THPUS`�VU�[OL�VW[PJHS�X\HSP[PLZ�VM�[OL�ÄUHS�WYVK\J[�^OPSL�[OLPY�TLJOHUPJHS�
WYVWLY[PLZ�TPNO[�YLTHPU�PU[HJ[�
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3.3 Insulated Glass Units - Thermal Performance
3.3.1 The built-up of an Insulated Glass Unit (IGU) 3.3.2  Energy Flow Mechanisms 

-PN\YL� ��!� ;OL� I\PS[�\W� VM� H� Z[HUKHYK� 0.<�� -YVT� .SHZZ;LJO� ;OLYTVWHU�� O[[WZ!��^^ �̂NSHZZ[LJO�[LYTVWHU�JVT�WYVK\J[Z�
WYVQLJ[Z�WYVK\J[Z�PUZ\SH[LK�NSHZZ�

Insulated glass units are the most commonly used construction elements nowadays where the combination 
VM�[OLYTHS�WLYMVYTHUJL�HUK�[YHUZWHYLUJ`�PZ�KLZPYLK�PU�I\PSKPUN�LU]LSVWLZ��;OL`�JVUZPZ[�VM�[^V�VY�TVYL�
SH`LYZ�VM�NSHZZ�ZLWHYH[LK�I`�H�ZWHJLY�IHY��[V�JYLH[L�H�JH]P[`�[OH[�LUZ\YLZ�[OL�PUZ\SH[PVU�VM�[OL�JVTWVULU[��
HUK�HYL�SPULHYS`�ZLHSLK�[VNL[OLY�H[�[OLPY�LKNLZ�^P[O�HU�HKOLZP]L�[V�LUZ\YL�[OL�JH]P[`�PZ�WLYTHULU[S`�ZLHSLK�
PU�HU�HPY�HUK�^H[LY�[PNO[�THUULY��;OL�JH]P[PLZ�JHU�HSZV�IL�ÄSSLK�^P[O�HPY�VY�PULY[�NHZ�HUK�JVH[PUNZ�JHU�IL�
HKKP[PVUHSS`�HWWSPLK�[V�VUL�VM�[OL�NSHZZ�Z\YMHJLZ�MVY�PUJYLHZLK�[OLYTHS�WLYMVYTHUJL��

(�]HYPL[`�VM�NSHZZ�[`WLZ�JHU�IL�JVU]LY[LK� PU[V� PUZ\SH[LK�\UP[Z� PUJS\KPUN�I`�\ZPUN�[^V�NSHZZ�WHULZ�^P[O�
HU� PU�IL[^LLU�JH]P[ �̀�;OLZL�NSHZZ� [`WLZ�JHU�IL�J\Y]LK�NSHZZ��ÄYL�YLZPZ[HU[�NSHZZ�� YVSSLK�VY�JHZ[�NSHZZ��
/V^L]LY��[OL�THQVYP[`�VM�PUZ\SH[LK�\UP[Z�\ZL�ÅH[�NSHZZ�WHULSZ�THU\MHJ[\YLK�I`�[OL�ÅVH[�WYVJLZZ�HUK�[OL`�
HYL�[`WPJHSS`�\ZLK�PU�[OPJRULZZLZ�]HY`PUN�MYVT���[V����TT��;OPJRLY�NSHZZ�JHU�HSZV�IL�\ZLK�^OLYL�ZWLJPHS�
JVUKP[PVUZ�ULLK�[V�IL�TL[��(WHY[�MYVT�HUULHSLK�NSHZZ�SHTPUH[LK�VY�[LTWLYLK�NSHZZ�TH`�HSZV�IL�\ZLK�HZ�
WHY[�VM�[OL�PUZ\SH[PUN�Z`Z[LT�PM�PUJYLHZLK�ZHML[`�PZ�YLX\PYLK��3HTPUH[LK�NSHZZ�HUK�SHTPUH[LK�ZHML[`�NSHZZ�HYL�
HSZV�\ZLK�[V�PUJYLHZL�[OL�ZHML[`�HUK�[OL�ZV\UK�PUZ\SH[PVU�VM�[OL�MHJHKL��;OL�X\HSP[`�HUK�[OPJRULZZ�VM�[OL�
NSHZZ�WHULZ�KLWLUK�VU�[OL�KLZPYLK�Z[Y\J[\YHS�HUK�[OLYTHS�WLYMVYTHUJL��>\YT��������W����

;OL�PUZ\SH[PUN�]HS\L�VM�HU�0.<�PZ�KLWLUKLU[�VU�[OL�[`WL�HUK�[OPJRULZZ�VM�[OL�NSHZZ�ZOLL[��[OL�ZPaL�VM�[OL�
NSHaPUN�JH]P[ �̀�[OL�TH[LYPHS�\ZLK�PU�[OL�ZWHJLY��[OL�[`WL�VM�LKNL�ZLHS��[OL�WYLZLUJL�VM�PULY[�NHZ�PU�[OL�JH]P[`�
HUK�ÄUHSS`�[OL�HWWSPJH[PVU�VM�JVH[PUNZ�HZ�^LSS�HZ�[OLPY�[`WL�HUK�WVZP[PVU��;OL�MVSSV^PUN�JOHW[LY�^PSS�MVJ\Z�VU�
[OL�WYPUJPWSLZ�VM�I\PSKPUN�WO`ZPJZ�[OH[�KL[LYTPUL�[OL�[OLYTHS�WLYMVYTHUJL�VM�HU�PUZ\SH[LK�NSHZZ�\UP[��

The principle behind the increased thermal resistance of double glazing in comparison to a single glazing 
LSLTLU[� PZ� [OL�WYLZLUJL�VM� HU� HPY� JH]P[`� [OH[� ZLWHYH[LZ� [OL� [^V�KPќLYLU[� NSHZZ� JVTWVULU[Z��>P[O� [OL�
HKKP[PVU�VM�[OL�ZLJVUK�WHUL��[OL�[OLYTHS�YLZPZ[HUJL�JHU�IL�KV\ISLK��(KKP[PVUHSS �̀�TVYL�[OHU�[^V�NSHZZ�
panes can be used in an insulated glass unit in order to further increase its thermal resistance but the 
PUZ\SH[PVU�^PSS� IL� PTWYV]LK� H[� H� KLJYLHZPUN� YH[L��/V^L]LY�� LHJO� HKKP[PVUHS� SH`LY� VM� NSHZZ� HKKZ� [V� [OL�
PUZ\SH[PUN�]HS\L�VM�[OL�HZZLTIS`�I\[�H[�[OL�ZHTL�[PTL��[OL�]PZPISL�SPNO[�[YHUZTPZZPVU�HUK�[OL�ZVSHY�OLH[�NHPU�
JVLѝJPLU[�HYL�YLK\JLK�

The building physics principles behind the thermal resistance of an insulated glass unit are similar to those 
VM�H�Z[HUKHYK�JH]P[`�JVUZ[Y\J[PVU��;OL�V]LYHSS�LULYN`�[OH[�ÅV^Z�[OYV\NO�H�NSHaPUN�JVTWVULU[�PZ�[OL�YLZ\S[�
VM�[OL�MVSSV^PUN�M\UJ[PVUZ!

H��;LTWLYH[\YL�+YP]LU�/LH[�;YHUZMLY
I��:VSHY�.HPU
J��0UÄS[YH[PVU

��������;LTWLYH[\YL�+YP]LU�/LH[�;YHUZMLY

/LH[�ÅV^Z�[OYV\NO�H�JVUZ[Y\J[PVU�LSLTLU[�^OLU�[OLYL�PZ�H�KPќLYLUJL�PU�[LTWLYH[\YL��/LH[�HS^H`Z�ÅV^Z�
MYVT�[OL�OPNO�[LTWLYH[\YL�SVJH[PVU�[V�[OL�SV^�[LTWLYH[\YL�VUL��;OL�[LTWLYH[\YL�KPќLYLUJLZ�IL[^LLU�[OL�
interior and the exterior space of a building lead to heat being gained or lost from the glazing element due 
[V�[OL�MVSSV^PUN�[OYLL�TVKLZ�VM�OLH[�[YHUZMLY�WYLZLU[!

��������H�*VUK\J[PVU�

*VUK\J[PVU�PZ�[OL�WYVJLZZ�I`�^OPJO�OLH[�PZ�KPYLJ[S`�[YHUZTP[[LK�[OYV\NO�[OL�TH[LYPHS�VM�H�Z\IZ[HUJL�^OLU�
[OLYL�PZ�H�KPќLYLUJL�PU�[LTWLYH[\YL��

;OL�OLH[�JVUK\J[PVU�JVLѝJPLU[��ь��ZOV^Z�OV^�T\JO�OLH[�ÅV^Z�[OYV\NO�H�SH`LY�VM�TH[LYPHS�VM���TL[LY�[OPJR�
HUK�^P[O�H�Z\YMHJL�HYLH�VM���T���^OLYL�[OL�KPќLYLUJL�PU�[LTWLYH[\YL�PZ���2�����*���;OL�\UP[�VM�ь�PZ�>�T2��
=HU�KLY�3PUKLU��������W���

;OL�OLH[�JVUK\J[PVU�JVLѝJPLU[�KPќLYZ�MVY�LHJO�TH[LYPHS��;OL�SHYNLY�ь�PZ��[OL�LHZPLY�P[�PZ�MVY�H�TH[LYPHS�[V�
JVUK\J[�OLH[��;OL�OLH[�JVUK\J[PVU�JVLѝJPLU[�VM�NSHZZ� PZ� HYV\UK���>�T2��^OPSL� [OL�OLH[�JVUK\J[PVU�
JVLѝJPLU[�VM�Z[HUKHYK�PUZ\SH[PVU�TH[LYPHS��YVJR^VVS��,7:��PZ�������>�T2��

;OL�OLH[�YLZPZ[HUJL� �Y��VM�H� SH`LY�VM�TH[LYPHS�VM�H�WHY[PJ\SHY� [OPJRULZZ� �K�� PZ� MV\UK�I`�[OL�KP]PZPVU�VM� [OL�
[OPJRULZZ��K��VM�[OL�TH[LYPHS�I`�[OL�OLH[�JVUK\J[PVU�JVLѝJPLU[��ь���;OLYLMVYL�Y$K�ь��
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-PN\YL�����/LH[�[YHUZMLY�PU�JH]P[`�JVUZ[Y\J[PVUZ��)HZLK�VU��)\PSKPUN�7O`ZPJZ��
��Z[�LK��W�����I`�=HU�KLY�3PUKLU��(�*����������

-PN\YL� ���� /LH[� [YHUZMLY� [OYV\NO� ]LY[PJHS� HPY� JH]P[PLZ� [OYV\NO�
JVUK\J[PVU��YHKPH[PVU�HUK�JVU]LJ[PVU�HZ�H�M\UJ[PVU�VM�[OL�JH]P[`�
^PK[O��-YVT��)\PSKPUN�7O`ZPJZ����Z[�LK��W�����I`�=HU�KLY�3PUKLU��
(�*����������

;V[HS�OLH[�[YHUZMLY�JVLɉJPLU[�<�]HS\L

;OL�PUZ\SH[PUN�]HS\L�VM�H�NSHaPUN�JVTWVULU[�PZ�X\HU[PÄLK�I`�P[Z�<�]HS\L��;OPZ�MHJ[VY�PUKPJH[LZ�[OL�YH[L�VM�
OLH[�ÅV^�[OYV\NO�[OL�MLULZ[YH[PVU�WYVK\J[�PU�>�T�2��PUJS\KPUN�[OL�JVUK\J[P]L��JVU]LJ[P]L��HUK�YHKPH[P]L�
OLH[�[YHUZMLY�MVY�ZWLJPÄJ�LU]PYVUTLU[HS�JVUKP[PVUZ��/LUJL��P[�YLWYLZLU[Z�[OL�OLH[�ÅV^�WLY�OV\Y��PU�>H[[Z�
[OYV\NO�LHJO�ZX\HYL�TL[LY�VM�NSHaPUN�WYVK\J[�MVY�H���*�[LTWLYH[\YL�KPќLYLUJL�IL[^LLU�[OL�PUKVVY�HUK�
V\[KVVY�HPY�[LTWLYH[\YL��=HU�KLY�3PUKLU��������W����

;OL�<�]HS\L�ZOV\SK�IL�HZ� SV^�HZ�WVZZPISL� MVY�H�JLY[HPU�TH[LYPHS� [V�ZOV^�NVVK� PUZ\SH[PUN�WYVWLY[PLZ�� 0[�
depends on the thermal properties of the materials in the component and the weather conditions, as the 
^PUK�ZWLLK�HUK�[OL�[LTWLYH[\YL�KPќLYLUJL��

;OL�[V[HS�[OLYTHS�YLZPZ[HUJL��9�]HS\L��VM�H�NSHaPUN�JVTWVULU[�PZ�JHSJ\SH[LK�I`�[OL�YLJPWYVJHS�VM�[OL�[V[HS�
<�MHJ[VY��;OLYLMVYL��9$��<�

;OL�<�]HS\L�VM�H�ZPUNSL�NSHZZ�WHUL�VM����TT�[OPJRULZZ�PZ�����>�T�2�HUK�VM�H�[`WPJHS�KV\ISL�NSHaPUN�\UP[�
VM�[^V�WHULZ�VM����TT�[OPJRULZZ�LHJO�PZ�����>�T�2��

��������:VSHY�/LH[�.HPU

;OL�ZLJVUK�MHJ[VY�[OH[�NYLH[S`�HќLJ[Z�[OL�LULYN`�WLYMVYTHUJL�VM�HU�PUZ\SH[LK�NSHaPUN�JVTWVULU[�PZ�P[Z�
HIPSP[`�[V�HIZVYI�ZVSHY�OLH[�NHPUZ�[OYV\NO�[OL�NSHZZ�LSLTLU[Z��:VSHY�OLH[�NHPU�PZ�[OL�NSHZZ»Z�HIZVYW[PVU�VM�
LULYN`�MYVT�[OL�KPYLJ[�HUK�KPќ\ZL�YHKPH[PVU�[OH[�JVTLZ�KPYLJ[S`�MYVT�[OL�Z\U�HUK�[OL�ZR`�VY�PZ�YLÅLJ[LK�
MYVT�[OL�NYV\UK�HUK�V[OLY�Z\YMHJLZ��;OL�ZVSHY�OLH[�NHPUZ�VM�H�NSHZZ�LSLTLU[�KL[LYTPUL�PU�[OL�TVZ[�WHY[�
the necessary cooling load of a building since the intensity of the heat gain can be so big that it exceeds 
[OL�OLH[�[YHUZMLY�MYVT�HU`�V[OLY�ZV\YJLZ�SPRL�[OL�[LTWLYH[\YL�KYP]LU�OLH[�NHPUZ�VY�SVZZLZ��

;OLYL�HYL� [OYLL�JOHYHJ[LYPZ[PJ� M\UJ[PVUZ�VM�ZVSHY� YHKPH[PVU� [OH[� PUÅ\LUJL� [OL�ZVSHY�OLH[�NHPUZ�VM�H�NSHZZ�
JVTWVULU[��;OLZL�HYL� [OL� [YHUZTPZZPVU�� [OL� YLÅLJ[PVU�HUK� [OL�HIZVYW[PVU�VM�ZVSHY�LULYN`� [OYV\NO� [OL�
NSHZZ��

��������I�*VU]LJ[PVU 

*VU]LJ[PVU�PZ�[OL�[YHUZMLY�VM�OLH[�I`�[OL�TV]LTLU[�VM�NHZLZ�VY�SPX\PKZ�[OYV\NO�HPY�SH`LYZ�VU�[OL�L_[LYPVY�HUK�
PU[LYPVY�VM�HU�PUZ\SH[LK�\UP[»Z�Z\YMHJLZ�HZ�^LSS�HZ�IL[^LLU�PUZPKL�P[Z�JH]P[ �̀�;OL�HTV\U[�VM�OLH[�[YHUZMLYYLK�
]PH�JVU]LJ[PVU�KLWLUKZ�VU�[OL�ZWLLK�VM�[OL�ÅV^�VM�[OL�[YHUZWVY[�TLKP\T��HPY�VY�^PUK�ZWLLK��HZ�^LSS�HZ�
[OL�KPќLYLUJL�PU�[LTWLYH[\YL�IL[^LLU�[OL�VIQLJ[�HUK�[OL�TLKP\T�[OH[�PZ�ÅV^PUN�WHZ[�P[��

;OL�JH]P[PLZ�PU�0.<Z�HYL�UV[�ILPUN�]LU[PSH[LK��TLHUPUN�[OH[�UV�L_[LYUHS�HPYÅV^�PZ�PUZLY[LK�[OYV\NO�[OLT��
/V^L]LY��[OL�HPY�PU�[OL�JH]P[`�PZ�UV[�HS^H`Z�Z[PSS"�JVU]LJ[P]L�ÅV^�PZ�KL]LSVWLK�\UKLY�[OL�MVSSV^PUN�TLJOHUPZT��
>OLU�VUL�VM�[OL�NSHZZ�WHULZ�VM�[OL�0.<�PZ�OLH[LK�[OL�HPY�UL_[�[V�P[�PUZPKL�[OL�JH]P[`�NL[Z�^HYT�HUK�K\L�[V�
[OH[��P[�YPZLZ��>OLU�[OL�^HYT�HPY�YLHJOLZ�[OL�JVVSLY�NSHZZ�WHUL�P[�JVVSZ�KV^U�HUK�MHSSZ�K\L�[V�[OL�MHJ[�[OH[�
P[�ILJVTLZ�OLH]PLY��;OPZ�HPY�JPYJ\SH[PVU�PUZPKL�[OL�JH]P[`�JYLH[LZ�H�YV[H[PUN�JVU]LJ[P]L�ÅV^�[OH[�[YHUZMLYZ�
OLH[�MYVT�[OL�PUULY�[V�[OL�V\[LY�JH]P[`�SLHM��=HU�KLY�3PUKLU��������W���

3.3.2.1.c Radiation

9HKPH[PVU�KLZJYPILZ�[OL�TV]LTLU[�VM�OLH[�[OYV\NO�ZWHJL�MYVT�VUL�WSHJL�[V�HUV[OLY�I`�LSLJ[YVTHNUL[PJ�
YHKPH[PVU�^H]LZ�VY� YH`Z�� 0[�KVLZ�UV[� YLX\PYL�H� MVYT�VM�TH[[LY� [V�IL� [YHUZMLYYLK��,]LY`�Z\YMHJL� YHKPH[LZ�
H�JLY[HPU�HTV\U[�VM�OLH[��;OPZ�HTV\U[� PZ�KL[LYTPULK�I`�[OL�[LTWLYH[\YL�VM� [OL�Z\YMHJL��;OL�LTPZZPVU�
JVLѝJPLU[��ц��PZ�H�M\UJ[PVU�VM�[OL�^H]LSLUN[O�ь�HUK�[OL�[LTWLYH[\YL��(�¸ISHJR�IVK`�YHKPH[VY¹�PZ�H�Z\YMHJL�
[OH[�LTP[Z�[OL�TH_PT\T�HTV\U[�VM�YHKPH[PVU�JVUULJ[LK�[V�P[Z�[LTWLYH[\YL��0[Z�LTPZZPVU�JVLѝJPLU[�LX\HSZ�
[V�ц$���9HKPH[PVU�VJJ\YZ�PUZPKL�[OL�JH]P[`�VM�HU�0.<�K\L�[V�H�[LTWLYH[\YL�KPќLYLUJL�VM�[OL�PUULY�Z\YMHJLZ�
VM�NSHZZ�SLH]LZ��

;V�JVUJS\KL��[OL�OLH[�YLZPZ[HUJL�VM�H�JH]P[`�K\L�[V�[LTWLYH[\YL�KYP]LU�OLH[�[YHUZMLY�PZ�KLWLUKLU[�VU�HSS�
[OYLL�OLH[�ÅVLZ��JVUK\J[PVU��JVU]LJ[PVU�HUK�YHKPH[PVU��

;OL�[LTWLYH[\YL�KYP]LU�OLH[�ÅV^�VJJ\YYPUN� PU�HU�0.<�PZ�KP]PKLK�PU[V�JVU]LJ[PVU�HUK�JVUK\J[PVU� PU�[OL�
HPY�JH]P[`�HUK�YHKPH[PVU�L_JOHUNL�IL[^LLU�[OL�NSHZZ�Z\YMHJLZ��;OL�OLH[�[YHUZMLY�[OYV\NO�JVUK\J[PVU�HUK�
JVU]LJ[PVU�PUZPKL�H�JH]P[`�PZ�OPNOS`�HќLJ[LK�I`�[OL�JH]P[`�^PK[O��0U�UHYYV^�JH]P[PLZ��JVUK\J[P]L�ÅV^Z�HYL�
]LY`�OPNO�K\L�[V�[OL�MHJ[�[OH[�[OL�SH`LY�VM�HPY�PUZPKL�[OL�JH]P[`�PZ�]LY`�[OPU�[V�Z\JJLZZM\SS`�YLZPZ[�JVUK\J[PVU��
6U�[OL�JVU[YHY �̀�PU�UHYYV^�JH]P[PLZ�JVU]LU[PVU�ÅV^Z�HYL�KL]LSVWLK�^P[O�T\JO�TVYL�KPѝJ\S[`�[OHU�PU�^PKLY�
VULZ��;OL�JVU[YHY`�VJJ\YZ�PU�^PKL�JH]P[PLZ��-PUHSS �̀�[OL�YHKPH[P]L�OLH[�ÅV^�PZ�UV[�HќLJ[LK�I`�[OL�^PK[O�VM�
[OL�JH]P[`�I\[�VUS`�I`�[OL�[LTWLYH[\YLZ�VU�[OL�Z\YMHJLZ�VM�[OL�NSHZZ�WHULSZ�VU�[OL�ZPKLZ�VM�[OL�JH]P[ �̀�;OL�
LќLJ[�VM�[OL�JH]P[`�^PK[O�VU�JVUK\J[PVU�HUK�JVU]LJ[PVU�PZ�]LY`�JVUÅPJ[PUN�ZV�VW[PT\T�JH]P[`�ZPaLZ�ZOV\SK�
IL�UV�SLZZ�[OHU���TT�^PKL�MVY�H�NVVK�IHSHUJL�IL[^LLU�[OL�[^V�OLH[�ÅV^Z�[V�IL�MV\UK�HJJVYKPUN�[V�=HU�
KLY�3PUKLU��������W���
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-PN\YL�����;OL�ILOH]PV\Y�VM�OLH[�[YHUZMLY�PU�3V^�,�JVH[LK�^PUKV^Z��

��������0UÄS[YH[PVU

;OL�PUÄS[YH[PVU�[OH[�[HRLZ�WSHJL�PU�H�NSHaPUN�JVTWVULU[�OHWWLUZ�]PH�NHWZ�HUK�JYHJRZ�[OH[�HSSV^�HPY�[V�WHZZ�
[OYV\NO�� 0UÄS[YH[PVU�NYLH[S`� YLK\JLZ� [OL� PUZ\SH[PUN�]HS\L�VM� [OL�JVTWVULU[�HUK� PZ�HZZVJPH[LK�^P[O�WVVY�
JVUZ[Y\J[PVU�HUK�THPU[LUHUJL�HZWLJ[Z��;OL�LќLJ[�VM�PUÄS[YH[PVU�PU�OLH[�SVZZ�VY�NHPU�PZ�TLHZ\YLK�PU�[LYTZ�
of the amount of air (cubic feet or meters per minute) that passes through a unit area of glazing product 
�ZX\HYL�MVV[�VY�TL[LY��\UKLY�NP]LU�WYLZZ\YL�JVUKP[PVUZ��;OL�PU[LUZP[`�VM�[OPZ�LќLJ[�Å\J[\H[LZ�HJJVYKPUN�[V�
[OL�WYL]HPSPUN�^PUK�HUK�[LTWLYH[\YL�JVUKP[PVUZ�

3.3.3 Ways of further improving the thermal resistance of IGUs

(KKP[PVUHS�*H]P[`

;OL�HKKP[PVU�VM�HU�L_[YH�NSHZZ�WHUL�PU�[OL�Z[HUKHYK�KV\ISL�NSHaLK�PUZ\SH[PUN�\UP[�M\Y[OLY�YLK\JLZ�P[Z�\�]HS\L�
I`�TPUPTPZPUN�[OL�YHKPH[P]L�OLH[�[YHUZWVY[�[OH[�VJJ\YZ�IL[^LLU�[OL�KPќLYLU[�NSHZZ�WHULZ��;OL�L_PZ[LUJL�
VM�H�[OPYK�WHUL�KLJYLHZLZ�[OL�[LTWLYH[\YL�KPќLYLUJL�IL[^LLU�[OL�PUULY�HUK�V\[LY�NSHZZ�WHULZ�[OH[�HJ[�
HZ�YHKPH[VYZ��;OPZ�PZ�K\L�[V�[OL�MHJ[�[OH[�[OL�YHKPH[P]L�OLH[�[YHUZMLY�UV^�VJJ\YZ�IL[^LLU�[OL�PUULY�^HYTLY�
pane and the middle pane that has a higher temperature than the outer pane that is in direct contact with 
[OL�L_[LYPVY�LU]PYVUTLU[��

/V^L]LY�WYVTPZPUN�[OPZ�TL[OVK�TH`�IL�MVY�[OL�LUOHUJLK�[OLYTHS�PUZ\SH[PVU�VM�[OL�\UP[��ZVTL�KPZHK]HU[HNLZ�
T\Z[�IL�UV[LK��-PYZ[S �̀�[OL�ZVSHY�YHKPH[PVU�JHU�YLZ\S[�PU�V]LYOLH[PUN�VM�[OL�TPKKSL�NSHZZ�WHUL�HUK�PU�VYKLY�
MVY�H� MYHJ[\YL� [V�IL�H]VPKLK�K\L� [V� [OLYTHS�L_WHUZPVU� [OPZ�WHUL�ZOV\SK�IL�THKL�VM� [V\NOLULK�NSHZZ��
4VYLV]LY��[OL�\ZL�VM�HU�HKKP[PVUHS�NSHZZ�ZOLL[�PUJYLHZLZ�[OL�̂ LPNO[�HUK�[OL�̂ PK[O�VM�[OL�̂ OVSL�JVTWVULU[�
[O\Z�PUJYLHZPUN�P[Z�JVZ[��-PUHSS �̀�LHJO�HKKP[PVUHS�NSHZZ�WHUL�\ZLK�YLZ\S[Z�PU�H�YLK\J[PVU�VM�[OL�]PZPISL�SPNO[�
[YHUZTPZZPVU�HUK�[OL�ZVSHY�OLH[�NHPU�JVLѝJPLU[�HќLJ[PUN�[OL�\UP[»Z�JHWHJP[`�MVY�ZVSHY�OLH[�NHPUZ�HUK�KH`SPNO[�

3.3.2.2.a Transmittance (t)

;OL�[LYT�[YHUZTP[[HUJL�YLMLYZ�[V�[OL�WLYJLU[HNL�VM�ZVSHY�YHKPH[PVU�[OH[�PZ�HISL�[V�WHZZ�[OYV\NO�[OL�NSHZZ��
The transmittance depends on the type of glass used, the number of layers of glass used and the presence 
VM�JVH[PUNZ��4VYLV]LY��P[�JHU�IL�TVKPÄLK�[V�Ä[�[OL�I\PSKPUN»Z�LULYN`�ULLKZ�I`�HS[LYPUN�[OL�WYVWLY[PLZ�VM�[OL�
TH[LYPHS�P[ZLSM�JYLH[PUN�[PU[LK�NSHZZ��HUK�I`�[OL�HWWSPJH[PVU�VM�JVH[PUNZ�VU�[OL�NSHZZ�Z\YMHJLZ��

:VSHY�[YHUZTP[[HUJL�PZ�M\Y[OLY�KP]PKLK�PU[V�¸]PZPISL�SPNO[�[YHUZTP[[HUJL�¹�¸<=�[YHUZTP[[HUJL�¹�VY�¸[V[HS�ZVSHY�
LULYN`�[YHUZTP[[HUJL¹�HJJVYKPUN�[V�[OL�[`WL�VM�ZVSHY�LULYN`�WHZZPUN�[OYV\NO��;OL�[YHUZTPZZPVU�VM�]PZPISL�
SPNO[�KL[LYTPULZ�OV^�LќLJ[P]L�H�[`WL�VM�NSHZZ�PZ�PU�WYV]PKPUN�KH`SPNO[�HUK�H�JSLHY�]PL^�[OYV\NO�[OL�NSHaPUN�
WYVK\J[��=PZPISL� [YHUZTP[[HUJL� PZ� [OL�HTV\U[�VM� SPNO[� PU� [OL�]PZPISL�WVY[PVU�VM� [OL�ZWLJ[Y\T�[OH[�WHZZLZ�
[OYV\NO�H�NSHaPUN�TH[LYPHS�HUK�KVLZ�UV[�OH]L�H�KPYLJ[�LќLJ[�VU�[OL�OLH[�NHPUZ��0[�YHUNLZ�MYVT� ��[V������
^P[O�[OL�OPNOLY�]HS\LZ�JVYYLZWVUKPUN�[V�JSLHYLY�NSHZZ�HUK�SV^LY�]HS\LZ�[V�[PU[LK�VY�JVH[LK�NSHZZ�

;OL�LHYS`�\ZLZ�VM�TL[OVKZ�[V�YLK\JL�ZVSHY�NHPUZ�\UH]VPKHIS`�YLK\JLK�[OL�]PZPISL�[YHUZTP[[HUJL�HZ�^LSS��
/V^L]LY��HK]HUJLZ�PU�[OH[�ÄLSK�OH]L�SLK�[V�[OL�\ZL�VM�ZWLJ[YHSS`�ZLSLJ[P]L�[PU[LK�NSHZZLZ�HUK�JVH[PUNZ�[OH[�
KV�UV[�JVTWYVTPZL�]PZPISL�[YHUZTP[[HUJL��

��������I�9LÅLJ[HUJL��Y�

;OL�ZLJVUK� M\UJ[PVU�VM�H�NSHZZ�Z\YMHJL� PU� YLSL]HUJL� [V�ZVSHY� YHKPH[PVU� PZ� P[Z�HIPSP[`� [V�IL� YLÅLJ[LK��;OL�
WLYJLU[HNL�VM�[OL�ZVSHY�LULYN`�[OH[�̂ PSS�IL�YLÅLJ[LK�Vќ�H�NSHZZ�Z\YMHJL�KLWLUKZ�VU�[OL�X\HSP[`�JOHYHJ[LYPZ[PJZ�
VM�[OL�Z\YMHJL��[OL�WYLZLUJL�VY�HIZLUJL�VM�JVH[PUNZ�HUK�[OL�HUNSL�VM�PUJPKLUJL�VM�SPNO[�VU�[OL�Z\YMHJL��;OL�
HWWSPJH[PVU�VM�TL[HSSPJ�JVH[PUNZ�VU�[OL�NSHZZ�Z\YMHJL�JHU�LUOHUJL�P[Z�YLÅLJ[P]P[ �̀�

3.3.2.2.c Absorbance (a) 

;OL�YLTHPUPUN�ZVSHY�LULYN`�[OH[�OHZ�UV[�ILLU�[YHUZTP[[LK�[OYV\NO�[OL�NSHZZ�VY�OHZ�UV[�ILLU�YLÅLJ[LK�
Vќ�P[Z�Z\YMHJLZ�^PSS�IL�HIZVYILK��(M[LY�[OL�HIZVYW[PVU�VM�ZVSHY�LULYN`�MYVT�[OL�NSHZZ��[OPZ�LULYN`�^PSS�IL�
[\YULK�PU[V�OLH[��SLHKPUN�\W�[V�H�YHPZL�PU�[OL�[LTWLYH[\YL�VM�[OL�NSHZZ�LSLTLU[��;OL�HIZVYIHUJL�VM�JSLHY�
NSHZZ�PZ�]LY`�SV �̂�VU�[OL�JVU[YHY �̀�;OL�SL]LSZ�VM�HIZVYIHUJL�VM�NSHZZ�JHU�IL�PUJYLHZLK�^P[O�[OL�HKKP[PVU�VM�
JOLTPJHSZ�Z\P[HISL�MVY�HIZVYIPUN�ZVSHY�LULYN �̀�;OL�NSHZZ�OHZ�H�KHYRLY�JVSV\Y�^OLU�P[�PZ�HS[LYLK�[V�HIZVYI�
]PZPISL�SPNO[�^OPSL�MVY�[OL�HIZVYW[PVU�VM�\S[YH]PVSL[�VY�ULHY�PUMYHYLK�YHKPH[PVU��[OLYL�PZ�UV�]PZPISL�JOHUNL�PU�[OL�
NSHZZ»�JVSV\Y�

N�]HS\L�

;OL�[V[HS�ZVSHY�LULYN`�[OH[� PZ�NHPULK�[OYV\NO�[OL�NSHZZ� PZ�JOHYHJ[LYPZLK�I`�[OL�N�]HS\L�� 0[� PZ�KLÄULK�HZ�
[OL�KPќLYLUJL�PU�OLH[�ÅV^�[OYV\NO�[OL�NSHZZ�^P[O�HUK�^P[OV\[�ZVSHY�YHKPH[PVU��KP]PKLK�I`�[OL�NSHZZ�HYLH�
T\S[PWSPLK�I`�[OL�SVHK�VM�[OL�PUJPKLU[�ZVSHY�YHKPH[PVU��;OL�N�]HS\L�PZ�IL[^LLU���HUK����^P[O���KLZJYPIPUN�H�
situation where no solar energy enters the room through the glass and 1 where all solar energy that falls 
VU�[OL�NSHZZ�Z\YMHJL�LU[LYZ�[OL�YVVT�

-PUHSS �̀� [OL� [V[HS�ZVSHY�LULYN`� [OH[�LU[LYZ� PUZPKL�H�I\PSKPUN�]PH�HU� 0.<� PZ� [OL�YLZ\S[�VM� [OL�NSHZZ»�N�]HS\L�
T\S[PWSPLK�I`�[OL�NSHZZ»�Z\YMHJL�HUK�[OL�ZVSHY�SVHK�
8solar�$�N���(window���Xsun
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-PN\YL�����;OL�ILOH]PV\Y�VM�OLH[�[YHUZMLY� PU�
3V^�,�JVH[LK�^PUKV^Z��

Gas Fills 

;OL�\ZL�VM�SLZZ�JVUK\J[P]L�PULY[�NHZLZ�[V�ÄSS�[OL�0.<»Z�JH]P[`�YLK\JLZ�[OL�[OLYTHS�SVZZLZ�[OYV\NO�JVUK\J[P]L�
HUK�JVU]LJ[P]L�ÅV^Z�K\L�[V�[OLPY�SHYNL�H[VTZ�ILOH]PV\Y��4VYLV]LY��UHYYV^LY�JH]P[PLZ�JHU�IL�\ZLK�ZPUJL�
[OL�LќLJ[�VM�JVUK\J[PVU� PZ�TPUPTPZLK�I`� [OL�\ZL�VM�NHZ��;OL� PULY[�NHZLZ� [`WPJHSS`�\ZLK�HYL�HYNVU�HUK�
RY`W[VU��)V[O�HYL�UVU[V_PJ��UVUYLHJ[P]L��JSLHY��HUK�VKV\YSLZZ��(YNVU�PZ�SLZZ�LѝJPLU[�[OHU�RY`W[VU�I\[�PZ�
HSZV�TVYL�LHZPS`�L_[YHJ[LK�HUK�[OLYLMVYL� SLZZ�L_WLUZP]L��,HJO�NHZ�OHZ�H�KPќLYLU[�VW[PT\T�JH]P[`�ZPaL��
0.<Z�ÄSSLK�^P[O�HYNVU�WLYMVYT�ILZ[�^P[O�H�JH]P[`�ZPaL�VM���TT�^PKL�^OPSL�RY`W[VU�ÄSSLK�\UP[Z�JHU�[HRL�
HK]HU[HNL�VM�UHYYV^LY�JH]P[PLZ��WHY[PJ\SHYS`�\ZLM\S�PU�JHZL�VM�YLUV]H[PVU�WYVQLJ[Z�^OLYL�^PK[O�PZ�HU�PZZ\L��

;OL�LѝJPLUJ`�VM�PULY[�NHZLZ�PZ�WHY[PJ\SHYS`�PUJYLHZLK�PU�JVTIPUH[PVU�^P[O�[OL�\ZL�VM�SV^�,�JVH[PUNZ��;OL�
WYLZLUJL�VM�JVH[PUN�ZPNUPÄJHU[S`�YLK\JLZ�OLH[�SVZZLZ�MYVT�[OL�YHKPH[P]L�OLH[�[YHUZMLY�IL[^LLU�[OL�NSHZZ�
Z\YMHJLZ�ZV�[OL�NHZ�ÄSS�JHU�PUÅ\LUJL�TVYL�Z\JJLZZM\SS`�[OL�LќLJ[�VM�[OL�JVU]LJ[P]L�HUK�JVUK\J[P]L�OLH[�
ÅV^Z�PUZPKL�[OL�JH]P[ �̀

/V^L]LY� WYVTPZPUN� [OL� \ZL� VM� PULY[� NHZLZ�TH`� IL� MVY� [OL� [OLYTHS� WLYMVYTHUJL� VM� [OL� \UP[� P[� PZ� HSZV�
HJJVTWHUPLK�I`�THU\MHJ[\YPUN�JOHSSLUNLZ�[OH[�OH]L�[V�KV�^P[O�[OL�Z\JJLZZM\S�ÄSSPUN�HUK�ZLHSPUN�VM�[OL�
JH]P[ �̀�;OL�J\YYLU[�[LJOUVSVN`�VM�ÄSSPUN�HU�0.<�^P[O�PUULY�NHZ�JVUZPZ[Z�VM�PUZLY[PUN�[OL�NHZ�PU[V�[OL�JH]P[`�
\ZPUN�H�WPWL�[OYV\NO�H�OVSL�H[�[OL�LKNL�VM�[OL�\UP[��;OL�[`WPJHS�NHZ�ÄSS�HJOPL]LK�J\YYLU[S`�PZ�UV�TVYL�[OHU�
 ���K\L�[V�[OL�MHJ[�^OPSL�LU[LYPUN�[OL�JH]P[`�[OL�NHZ�PZ�TP_LK�^P[O�HPY�ZV�H������NHZ�ÄSS�PZ�UV[�WVZZPISL�

*VH[PUNZ 

;OL�HWWSPJH[PVU�VM�SV^�LTPZZP]P[`�JVH[PUNZ�VU�VUL�VY�TVYL�VM�[OL�Z\YMHJLZ�VM�[OL�NSHZZ�WHULZ�VM�HU�0.<�
PZ�H�^H`�[V�M\Y[OLY�YLK\JL�P[Z�\�]HS\L�HUK�[OLYLMVYL�PTWYV]L�P[Z�[OLYTHS�YLZPZ[HUJL��;OL�WYLZLUJL�VM�Z\JO�
JVH[PUNZ�PTWHJ[Z�[OL�YHKPH[P]L�OLH[�L_JOHUNL�IL[^LLU�[OL�KPќLYLU[�NSHZZ�Z\YMHJLZ�VM�[OL�0.<��

>OLU�JVH[PUNZ�HYL�HWWSPLK�[V�H�NSHZZ�Z\YMHJL�VM�HU�PUZ\SH[LK�NSHZZ�\UP[�[OL`�HќLJ[�[OL�Z\YMHJL»Z�LTPZZP]P[`�
]HS\L��HUK�[OLYLMVYL��PTWHJ[�[OL�OLH[�[YHUZMLY�[OYV\NO�YHKPH[PVU�̂ OPJO�SLHKZ�[V�H�JOHUNL�PU�[OL�[V[HS�[OLYTHS�
YLZPZ[HUJL�]HS\LZ�VM�[OL�JH]P[`�YLZ\S[PUN�PU�H�SV^LY�\�]HS\L��;OL�HWWSPJH[PVU�VM�JVH[PUNZ�VU�[OL�Z\YMHJL�VM�
H�NSHZZ�PZ�HSZV�H�]LY`�LѝJPLU[�^H`�[V�JVU[YVS�[OL�ZVSHY�OLH[�NHPUZ�VM�[OL�0.<�HKKP[PVUHSS`�[V�PTWYV]PUN�P[Z�
[OLYTHS�YLZPZ[HUJL�

;OL�WYPUJPWSL�ILOPUK�[OL�KL]LSVWTLU[�HUK�\ZL�VM�JVH[PUNZ�PZ�IHZLK�VU�[OL�MHJ[�[OH[�[OL�ZVSHY�ZWLJ[Y\T�
JVUZPZ[Z�VM�LSLJ[YVTHNUL[PJ� YHKPH[PVU�VM�KPќLYLU[�^H]LSLUN[OZ��UV[�HSS�VM�^OPJO�HYL�]PZPISL��-PYZ[�JVTLZ�
[OL�ZOVY[�^H]L�PU]PZPISL�\S[YH]PVSL[�[OLU��[OL�]PZPISL�ZWLJ[Y\T��HUK�SHZ[S`�[OL�SVUNLY��PU]PZPISL�ULHY�PUMYHYLK�
^H]LZ��;OL�]PZPISL�SPNO[�PZ�VUS`�H�ZTHSS�WVY[PVU�VM�[OL�^OVSL�LSLJ[YVTHNUL[PJ�ZWLJ[Y\T��[OL�YLTHPUKLY�PZ�
SHYNLS`�PUMYHYLK�^P[O�H�ZTHSS�HTV\U[�VM�\S[YH]PVSL[��

>P[O�[OL�\ZL�VM�JVH[PUNZ�P[�PZ��[OLYLMVYL��WVZZPISL�[V�ZLSLJ[P]LS`�HKTP[�VY�YLQLJ[�KPќLYLU[�WVY[PVUZ�VM�[OL�ZVSHY�
ZWLJ[Y\T��>OLU�\ZPUN�JVH[PUNZ�VU�H�NSHaLK�Z\YMHJL�[OL�JSPTH[L�PU�^OPJO�[OL�WYVK\J[�PZ�HKKYLZZLK�ZOV\SK�
IL� [HRLU� PU[V�HJJV\U[��*VSK�JSPTH[LZ� MVY�L_HTWSL�ULLK�H�TH_PTPZH[PVU�VM� ZVSHY�OLH[�NHPUZ�K\YPUN� [OL�
^PU[LY�ZLHZVU�^OPSL�OV[[LY�JSPTH[LZ�KV�[OL�VWWVZP[L��4VYLV]LY��[OL�JVUÅPJ[PUN�ULLKZ�VM�[OL�ZHTL�JSPTH[L�
JVUKP[PVUZ�PU�[OL�KPќLYLU[�ZLHZVUZ�ZOV\SK�IL�[HRLU�PU[V�HJJV\U[�PU�VYKLY�[V�ÄUK�[OL�TVZ[�Z\P[HISL�VW[PVU�

3V^�,�JVH[PUNZ�HYL�KP]PKLK�PU[V�[^V�JH[LNVYPLZ�HJJVYKPUN�[V�[OLPY�THU\MHJ[\YPUN�WYVJLK\YL!�VUSPUL�HUK�
VўPUL�JVH[PUNZ�

H��6USPUL�JVH[PUNZ��W`YVS`[PJ�JVH[PUN�

6USPUL�JVH[PUNZ��VY�W`YVS`[PJ�JVH[PUNZ��HYL�HWWSPLK�K\YPUN�[OL�THU\MHJ[\YPUN�WYVJLZZ�VM�ÅVH[�NSHZZ��;OLPY�
HWWSPJH[PVU�[LJOUPX\L�JVUZPZ[Z�VM�[OL�ZWYLHK�VM�H�TL[HS�V_PKL�VU�[OL�NSHZZ�Z\YMHJL�^OPSL�[OL�NSHZZ�YLTHPUZ�
PU�OPNO�[LTWLYH[\YLZ�ZV�[OH[�H�ÄYT�IVUKPUN�VM�[OL�JVH[PUN�[V�[OL�NSHZZ�JHU�IL�HJOPL]LK��;OL�TL[HS�V_PKL�
YLÅLJ[Z�[OL�ZVSHY�YHKPH[PVU�HUK�SV^LYZ�[OL�LTPZZP]P[`�VM�[OL�NSHZZ�Z\YMHJL��;̀ WPJHS�LTP[[HUJL�]HS\LZ�MVY�[OLZL�
JVH[PUNZ�HYL�IL[^LLU�ц�$������HUK�ц�$�������(U�HS[LYUH[P]L�UHTL�MVY�[OLZL�JVH[PUNZ�PZ�¸OHYK¹�JVH[PUNZ�
K\L�[V�[OLPY�OPNO�K\YHIPSP[ �̀�;OL`�JHU�IL�L_WVZLK�[V�V\[ZPKL�HPY�HUK�JSLHULK�^P[OV\[�H�KLJYLHZL�PU�[OLPY�
LѝJPLUJ �̀�^OPJO�HSSV^Z�MVY�TVYL�ÅL_PIPSP[`� PU� [OLPY�\ZL��6USPUL�JVH[PUNZ�JHUUV[�IL�\ZLK�^P[O�JHZ[�NSHZZ�
[OV\NO�

I��6ɊPUL�JVH[PUNZ��4HNUL[YVU�ZW\[[LYPUN�

6ўPUL�JVH[PUNZ��VY�ZW\[[LYLK�JVH[PUNZ��HYL�HWWSPLK�HM[LY�[OL�WYVK\J[PVU�HUK�J\[[PUN�VM�[OL�ÅVH[�NSHZZ��;OL�
WYVJLK\YL�JVUZPZ[Z�VM�[OL�HWWSPJH[PVU�VM�]LY`�[OPU�SH`LYZ�VM�TL[HS�V_PKL��Z\JO�HZ�ZPS]LY��ILPUN�KLWVZP[LK�VU�
NSHZZ�PU�H�]HJ\\T�JOHTILY��;OLZL�RPUKZ�VM�JVH[PUNZ�HYL�TVYL�Z\ZJLW[PISL�[V�^LHY�HUK�[LHY�PM�L_WVZLK�
[V�LU]PYVUTLU[HS�JVUKP[PVUZ�HUK�[O\Z��[OL`�T\Z[�IL�WYV[LJ[LK�MYVT�O\TPKP[`�HUK�KPYLJ[�JVU[HJ[��;OPZ�PZ�
^O`�[OL`�HYL�HSZV�JHSSLK�¸ZVM[�JVH[PUNZ¹�HUK�[OL`�HYL�\Z\HSS`�WSHJLK�PUZPKL�H�JH]P[`�VM�HU�0.<��(�WYVJLK\YL�
JHSSLK�LKNL�KLSL[PVU�T\Z[�VJJ\Y�^OLU�\ZPUN�[OLZL�JVH[PUNZ��;OPZ�TLHUZ�[OL�YLTV]HS�VM�H�UHYYV^�Z[YPW�VM�
JVH[PUN�HYV\UK�[OL�LKNLZ�VM�[OL�NSHZZ�WHUL�[OH[�^PSS�M\Y[OLY�IL�HZZLTISLK�PU[V�HU�0.<�PU�VYKLY�[V�H]VPK�P[Z�
JVYYVZPVU�I`�TVPZ[\YL�K\YPUN�P[Z�ZLY]PJL�SPML��;OL�LTPZZP]P[`�VM�[OLZL�JVH[PUNZ�PZ�IL[^LLU�ц�$������[V�ц�$�
������SV^LY�[OHU�VUSPUL�JVH[PUNZ��>OPSL�[OL�LTPZZP]P[`�VM�\UJVH[LK�NSHZZ�PZ�ц�$������
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3.3.4 Total Product U-valueVacuum Glazing

=HJ\\T�NSHaPUN�KLZJYPILZ� [OL�JYLH[PVU�VM�H�JVTWSL[LS`�HPY[PNO[�ZLHS�HYV\UK�[OL�LKNLZ�VM� [OL� 0.<�� 0U�H�
]HJ\\TLK�JH]P[`�JVU]LJ[PVU�HUK�JVUK\J[PVU�HYL�TPUPTPZLK� [V�aLYV��/V^L]LY�� [OL�WYLZLUJL�VM�L]LU�H�
ZTHSS�ULNH[P]L�WYLZZ\YL�PUZPKL�[OL�JH]P[`�THRLZ�[OL�NSHZZ�WHULZ�KLMVYT�HUK�L]LU�IYLHR��-VY�[OPZ�YLHZVU��
HKKP[PVUHS� Z\WWVY[Z� PUZPKL� [OL�JH]P[`� HYL�ULLKLK� [V� SPUR� [OL�KPќLYLU[�VULZ�Z[Y\J[\YHSS �̀� ;OLZL�Z\WWVY[Z�
YLZLTISL�]LY`�ZTHSS�ZWHJLYZ�HUK�[OLYLMVYL�HJ[�HZ�THU`�ZTHSS�[OLYTHS�IYPKNLZ�IL[^LLU�[OL�[^V�NSHZZLZ��
(UV[OLY�^H`�[V�V]LYJVTL�[OL�ULNH[P]L�WYLZZ\YL�PZZ\L�VM�[OL�JH]P[`�PZ�I`�HWWS`PUN�H�[YHUZS\JLU[��WYLZZ\YL�
YLZPZ[HU[�PUZ\SH[PUN�TH[LYPHS�Z\JO�HZ�HLYVNLS�HS[OV\NO�[OPZ�^V\SK�JVTWYVTPZL�[OL�[YHUZWHYLUJ`�VM�[OL�\UP[�

*VU]LJ[P]L�IHYYPLYZ

(U� HS[LYUH[P]L�^H`� [V� YLK\JL� [OL� JVU]LJ[PVU� PUZPKL� [OL� JH]P[`� VM� HU� 0.<� PZ� I`� HWWS`PUN� H�TLJOHUPJHS�
IHYYPLY�[OH[�KP]PKLZ�[OL�JH]P[`�PU[V�[^V�UHYYV^LY�VULZ�[O\Z�YLK\JPUN�[OL�JVU]LJ[P]L�ÅV^Z�^OPSL�[OL�[OLYTHS�
JVUK\J[P]P[`�Z[H`Z�Z[HISL��;OLZL�IHYYPLYZ�JHU�IL�LP[OLY�]LY[PJHS�VY�OVYPaVU[HS�I\[�MVY�[OL�ZHRL�VM�[YHUZWHYLUJ`�
]LY[PJHS� VULZ� HYL� WYLMLYYLK�� ;OL�TH[LYPHSZ� [OH[� JHU� IL� \ZLK� HYL� [OPUULY� NSHZZ� VY� WSHZ[PJ� HUK� [OL`� JHU�
HSZV�JHYY`�SV^�L�JVH[PUNZ��;OL�HK]HU[HNLZ�VM�[OPZ�[LJOUPX\L�JVTWHYLK�[V�HKKP[PVUHS�NSHaPUN�WHULZ�PZ�[OL�
YLK\JLK�^LPNO[�HUK�^PK[O�HZ�^LSS�HZ�[OL�HIZLUJL�VM�YPZR�VM�V]LYOLH[PUN�VM�[OL�TPKKSL�WHUL��

;OL�HIV]L�TLU[PVULK�TLHUZ�VM�JYLH[PUN�PUZ\SH[LK�NSHZZ�\UP[Z�^P[O�ZH[PZMHJ[VY`�[OLYTHS�WLYMVYTHUJL�YLZ\S[�
PU�H�X\HU[PÄHISL�PUZ\SH[LK�]HS\L�VM�[OL�NSHZZ�WHY[�VM�[OL�0.<�̂ OPJO�PZ�JHSSLK�P[Z�\�]HS\L�B>�T�2D��;OL�\�]HS\L�
VM�H�ZPUNSL�NSHaPUN�PZ�HYV\UK�����>�T�2��;OL�\ZL�VM�H�ZLJVUK�WHUL�YLK\JLZ�P[�[V�����>�T�2�HUK�[OL�\ZL�
VM�H�SV^�L�JVH[PUN�M\Y[OLY�YLK\JLZ�P[�[V�����>�T�2��;OL�JH]P[`�ÄSS�^P[O�HYNVU�NHZ�JHU�YLZ\S[�PU�H�\�]HS\L�VM�
ULHY�����>�T�2�HUK�[OL�\ZL�VM�H�[OPU�JVU]LJ[P]L�IHYYPLY�PUZPKL�[OL�JH]P[`�JHU�YLZ\S[�PU�H�\�]HS\L�VM�����>�
T�2��;OL�[OPJRULZZLZ�VM�[OL�NSHZZ�WHULZ�HZ�^LSS�HZ�[OL�^PK[O�VM�[OL�JH]P[`�VY�JH]P[PLZ�WSH`�HU�PTWVY[HU[�
YVSL�PU�[OL�KLÄUP[PVU�VM�[OL�ÄUHS�\�]HS\L��-PUHSS �̀�P[�PZ�PTWVY[HU[�[V�OPNOSPNO[�[OH[�[OL�HMVYLTLU[PVULK�\�]HS\LZ�
JVUJLYU�VUS`�[OL�JLU[LY�VM�NSHaPUN�HYLH��

-PN\YL�� ��;OL�\�]HS\L�VM�[`WPJHS�0.<Z�

\�]HS\L�$�����>�T2K+ $

\�]HS\L�$�����>�T2K

+ $

Add convective barrier

Create a cavity
\�]HS\L�$�����>�T2K \�]HS\L�$�����>�T2K

Apply low-emissivity coatings
\�]HS\L�$�����>�T2K

Fill the cavity with an inert gas

+ $ + $

;OL�<�MHJ[VY�VM�H�[V[HS�0.<�HZZLTIS`�PZ�H�JVTIPUH[PVU�VM�[OL�PUZ\SH[PUN�]HS\LZ�VM�[OL�NSHZZ�WHY[��[OL�LKNL�
LќLJ[Z�[OL�YLZ\S[�MYVT�[OL�WLYPWOLYHS�IVUKPUN�VM�[OL�0.<�HUK�[OL�PUZ\SH[PUN�]HS\L�VM�[OL�MYHTL�

*LU[YL�VM�.SHaPUN�<�]HS\L

;OL�<�]HS\L�VM� [OL�NSHaLK�WHY[�VM� [OL� PUZ\SH[LK�\UP[� PZ�HќLJ[LK�WYPTHYPS`�I`�[OL�[V[HS�U\TILY�VM�NSHaPUN�
SH`LYZ��[OL�KPTLUZPVU�VM�[OL�JH]P[`�ZLWHYH[PUN�[OLZL�SH`LYZ��[OL�WYLZLUJL�HUK�[`WL�VM�NHZ�[OH[�ÄSSZ�[OL�JH]P[ �̀�
HUK�[OL�WYLZLUJL�HUK�WYVWLY[PLZ�VM�JVH[PUNZ�VU�[OL�]HYPV\Z�Z\YMHJLZ��;OL�<�MHJ[VY� MVY� [OL�NSHaLK�WHY[�
HSVUL�PZ�YLMLYYLK�[V�HZ�[OL�JLU[YL�VM�NSHZZ�<�]HS\L�

,KNL�,ɈLJ[Z

;OL� ZWHJLYZ� HYV\UK� [OL� LKNLZ�VM� HU� PUZ\SH[PUN�NSHZZ� \UP[� OH]L� H� ]LY`� ZPNUPÄJHU[� LќLJ[� VU� [OL�V]LYHSS�
\�]HS\L�VM�[OL�JVTWVULU[��+LWLUKPUN�VU�[OL�TH[LYPHS�\ZLK�[OL�OLH[�ÅV^�[OYV\NO�[OL�ZWHJLY�PZ�\Z\HSS`�
T\JO�OPNOLY�[OHU�PU�[OL�JLU[YL�VM�[OL�NSHaPUN��;OPZ�PZ�HJJV\U[HISL�MVY�PUJYLHZLK�OLH[�SVZZ�HSVUN�[OL�V\[LY�
LKNL�VM� [OL� 0.<��;OL�THNUP[\KL�VM� [OL� PTWHJ[�VM� [OLZL� ¸LKNL�LќLJ[Z¹� PZ�KLWLUKLU[�VU� [OL� PUZ\SH[PUN�
]HS\L�VM�[OL�NSHaLK�WHY[��;OL�OPNOLY�[OL�[OLYTHS�YLZPZ[HUJL�VM�[OL�NSHZZ�[OL�TVYL�ZPNUPÄJHU[�MVY�[OL�V]LYHSS�
WLYMVYTHUJL�VM�[OL�\UP[�PZ�[OL�PTWHJ[�VM�[OL�LKNLZ�

Frames

;OL�OLH[�SVZZ�]PH�[OL�MYHTL�VM�HU�0.<�JHU�IL�X\P[L�ZPNUPÄJHU[�HZ�^LSS�KLWLUKPUN�VU�[OL�ZPaL�HUK�TH[LYPHS�
\ZLK��;OL� SHYNLY� [OL� MYHTL�HUK�[OL�TVYL�JVUK\J[P]L� [OL�TH[LYPHS�\ZLK�� [OL�IPNNLY� [OL� [OLYTHS� SVZZLZ��
/V^L]LY�� [OL�JHSJ\SH[PVU�VM� [OL� PTWHJ[�VM� [OL� MYHTL�VU� [OL� [V[HS� \�]HS\L� PZ�X\P[L�KPѝJ\S[� ZPUJL� MYHTLZ�
HYL�YHYLS`�ZVSPK�LSLTLU[Z�VM�[OL�ZHTL�[OPJRULZZ�HSS�HYV\UK��/VSSV^�HUK�JVTWVZP[L�MYHTLZ�HYL�VM[LU�\ZLK�
HUK�HWHY[�MYVT�[OLPY�JVUK\J[P]L�]HS\L��[OL�JVU]LJ[P]L�ÅV^�UL_[�[V�[OL�NSHZZ�HZ�^LSS�HZ�[OL�YHKPH[P]L�OLH[�
L_JOHUNL�IL[^LLU�[OL�KPќLYLU[�Z\YMHJLZ�T\Z[�IL�[HRLU�PZ�UV[�HJJV\U[�

6]LYHSS�<�]HS\L

:PUJL�PU�HU�0.<�[OLYL�HYL�KPќLYLU[�\�]HS\LZ�MVY�LHJO�WHY[�VM�[OL�\UP[�HU�V]LYHSS�\�]HS\L�T\Z[�IL�JHSJ\SH[LK�
MVY�[OL�^OVSL�\UP[�

;OL�JHSJ\SH[PVU�MVYT\SH�MVY�[OL�[V[HS�<�]HS\L��< �̂�PZ�KLÄULK�HZ!

>P[O�сNSHZZ�[OL�SPULHY�OLH[�[YHUZMLY�JVLѝJPLU[�YLSH[LZ�[OL�HKKP[PVUHS�OLH[�SVZZ�[V�[OL�SLUN[O�VM�[OL�SPULHY�
MLH[\YL��PU�[OPZ�JHZL�[OL�WLYPTL[LY�VM�[OL�WHULS��



5555

3. Literature Review

3. Literature Review

-PN\YL�����7YVK\J[PVU�VM�OVSSV^�
NSHZZ� ISVJRZ�� -YVT� =HU� +LY�
=LSKLU��������

/VSSV^�.SHZZ�)SVJRZ

/VSSV^�NYHZZ�ISVJRZ�VY�HS[LYUH[P]LS`�RUV^U�HZ�NSHZZ�IYPJRZ�HYL�HSS�NSHZZ�LSLTLU[Z�^P[O�HU�PU[LNYH[LK�JH]P[`�
ILJH\ZL�VM�^OPJO�[OL`�WVZZLZZ�NVVK�PUZ\SH[PUN�]HS\LZ��;OLPY�THU\MHJ[\YL�JVUZPZ[Z�VM�WV\YPUN�[OL�TLS[�
NSHZZ�TP_[\YL�VM� [OL�YH^�TH[LYPHSZ��^OPJO�OH]L�ILLU�OLH[LK� PU�H� M\YUHJL�VM������*�� PU[V�ZOLSS�ZOHWLK�
TV\SKZ��0U�VYKLY�MVY�[OL�NSHZZ�TP_[\YL�[V�IL�ZWYLHK�PU[V�[OL�TV\SK��H�WS\UNLY�PZ�\ZLK�[V�W\ZO�P[�KV^U��,HJO�
ZOLSS�JVUZPZ[Z�VM�OHSM�VM�H�ISVJR�HUK�[OLPY�V\[LY�Z\YMHJLZ�JHU�IL�ZTVV[O�VY�JHU�OH]L�H�[L_[\YLK�WH[[LYU��
6UJL�[OL�OHS]LZ�HYL�JVVSLK�KV^U�[V�����*��[^V�OHS]LZ�HYL�WSHJLK�MHJPUN�LHJO�V[OLY�ZV�HU�HPY[PNO[�ZLHS�
JHU�VJJ\Y�IL[^LLU�[OLT��;OLPY�LKNLZ�HYL�YLOLH[LK�[V�[OLPY�TLS[PUN�[LTWLYH[\YL�HUK�[OL�[^V�LSLTLU[Z�HYL�
WYLZZLK�[VNL[OLY�ZV�[OH[�[OL�[^V�KPќLYLU[�NSHZZ�WPLJLZ�JHU�IL�M\ZLK�[VNL[OLY�PU[V�VUL�^OVSL�LSLTLU[��;OL�
UL_[�Z[LW�PZ�[OL�[YHUZWVY[H[PVU�VM�[OL�M\ZLK�ISVJRZ�PU�HU�HUULHSPUN�SLOY�^OLYL�[OL`�JHU�JVVS�KV^U�ZSV^S`�PU�
VYKLY�MVY�IYLHRHNL�[V�IL�WYL]LU[LK��

0U�[LYTZ�VM�JPYJ\SHYP[ �̀�[OL�SHJR�VM�JVH[PUN�HWWSPJH[PVU�HUK�[OL�M\ZPVU�SHJR�VM�\ZL�VM�HKKP[PVUHS�TH[LYPHSZ�H[�[OLPY�
LKNL�ZLHS�THRLZ�[OLT�H�JPYJ\SHY�JOVPJL��/V^L]LY��OVSSV^�NSHZZ�ISVJRZ�KV�UV[�YLHJO�[OL�[OLYTHS�YLZPZ[HUJL�
VM�HU�0.<�THKL�VM�ÅVH[�NSHZZ�^P[OV\[�H�JVH[PUN�HWWSPLK�[V�[OLT��4VYLV]LY��PU�[LYTZ�VM�[YHUZWHYLUJ �̀�[OLPY�
THU\MHJ[\YPUN�TL[OVK�KVLZ�UV[�WYVK\JL�ZTVV[O�Z\YMHJLZ�SPRL�ÅVH[�NSHZZ�HS[OV\NO�[OL�\ZL�VM�NSHZZ�M\ZPVU�
HSSV^Z�HU�HSS�NSHZZ�YLZ\S[��

3.3.5 Alternative Glass Products with Insulating Properties

7YVÄSLK�NSHZZ

;OL�WYVÄSLK�NSHZZ�J\YYLU[S`�WYVK\JLK�PZ�H�<�ZOHWLK�NSHZZ�MHIYPJH[LK�I`�[OL�JHZ[PUN�TL[OVK��;OL�WYVK\J[PVU�
[LJOUPX\L�JVUZPZ[Z�VM�WHZZPUN�[OL�TLS[LK�NSHZZ�TP_[\YL�VM�[OL�YH^�PUNYLKPLU[Z�[OYV\NO�H�TV\SK�PU�VYKLY�MVY�
[OL�LKNLZ�[V�IL�ILU[�\W^HYKZ�H[� ���NP]PUN�H�JOHUULS�ZOHWLK�ÄUHS�YLZ\S[�VM�YLZ[YPJ[LK�^PK[O�I\[�VM�NYLH[�
SLUN[OZ��

;OL�WHY[PJ\SHY�NLVTL[Y`�VM� [OL�WYVÄSLK�NSHZZ�HSSV^Z�MVY�HU� PUZ[HSSH[PVU�^P[OV\[�HU`�[YHUZVTZ��ZPTWS`�I`�
JVTIPUPUN�PU�[OL�YPNO[�^H`�[OL�KPќLYLU[�WPLJLZ��;OLYL�HYL�[OYLL�WVW\SHY�PUZ[HSSH[PVU�Z`Z[LTZ��;OL�ZPUNSL�
SLHM�Z`Z[LT��[OL�ZPUNSL�SLHM�¸ZOLL[�WPSPUN¹�Z`Z[LT�HUK�[OL�KV\ISL�SLHM�Z`Z[LT�HJJVYKPUN�[V�:JOP[[PJO�L[�HS��
�������W�����

7YVÄSLK�NSHZZ�JHU�JVUZPZ[Z�HU�PU[LYLZ[PUN�HS[LYUH[P]L�PUZ\SH[LK�NSHZZ�̂ OLU�PUZ[HSSLK�HZ�H�KV\ISL�SLHM�Z`Z[LT�
ZPUJL�[OLYL�PZ�HU�HPY�JH]P[`�IL[^LLU�[OL�[^V�KPќLYLU[�NSHZZ�WPLJLZ��;OL�KPќLYLUJL�IL[^LLU�[OPZ�Z`Z[LT�^P[O�
[OL�Z[HUKHYK�PUZ\SH[LK�NSHZZ�\UP[Z�PZ�[OL�HIZLUJL�VM�HPY�ZLHS�HUK�KLO\TPKPÄJH[PVU�VM�[OL�JH]P[ �̀�PUZ[LHK��H�
]HWV\Y�WYLZZ\YL�LX\HSPZH[PVU�PZ�\ZLK�[V�H]VPK�JVUKLUZH[PVU�I`�WYV]PKPUN�HU�VWLUPUN�[V�[OL�KYPLY�V\[ZPKL�
HPY�

0U�[LYTZ�VM�[YHUZWHYLUJ �̀�[OL�ZWLJPÄJ�THU\MHJ[\YPUN�TL[OVK�WYVK\JLZ�ZSPNO[S`�[YHUZS\JLU[�NSHZZ�Z\YMHJLZ�
TLHUPUN�JVTWYVTPZLK� [YHUZWHYLUJ`�JVTWHYLK� [V�H� [`WPJHS� ÅVH[�NSHZZ� 0.<�� 0U� [LYTZ�VM�JPYJ\SHYP[ �̀� [OL�
¸KV\ISL�SLHM¹�PUZ[HSSH[PVU�HSSV^Z�[OL�YL]LYZPIPSP[`�VM�[OL�Z[Y\J[\YL�I\[�ZWLJPHS�H[[LU[PVU�T\Z[�IL�NP]LU�[V�[OL�
seals used between the glass panes during the installation and whether these contaminate the glass or 
UV[�

-PN\YL�����+V\ISL�SLHM�WYVÄSLK�NSHZZ�PUZ[HSSH[PVU�-YVT�¸.SHZZ�*VUZ[Y\J[PVU�4HU\HS¹���UK�LK���W������I`�:JOP[[PJO��:[HPI��)HSRV �̂�
:JO\SLY��
�:VILR���������

-PN\YL����HUK�����:PUNSL�SLHM�WYVÄSLK�NSHZZ�PUZ[HSSH[PVU�-YVT�¸.SHZZ�*VUZ[Y\J[PVU�4HU\HS¹���UK�LK���W������I`�:JOP[[PJO��:[HPI��
)HSRV �̂�:JO\SLY��
�:VILR���������
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;HISL�����(ZZLZZTLU[�VM�5H[OHUP��������JVUJLW[Z

;OL�HMVYLTLU[PVULK�KLZPNU�JVUJLW[Z�I`�5H[OHUP���������WYV]PKL�\ZLM\S�PUZPNO[�VU�HS[LYUH[P]L�̂ HZ�PUZ\SH[LK�
NSHZZ�\UP[Z�JHU�IL�JYLH[LK��-\Y[OLYTVYL��[OPZ�YLZLHYJO�PU[YVK\JLZ�[OL�JVUJLW[�VM�JVTIPUPUN�[OL�SVHK�ILHYPUN�
JHWHJP[PLZ�VM�Z[Y\J[\YHS�NSHZZ�PU[V�PUZ\SH[LK�NSHZZ�ISVJRZ��-VY�[OL�ZJVWL�VM�[OPZ�[OLZPZ�[OLZL�JVUJLW[Z�HYL�
HZZLZZLK�MVY�[OLPY�LќLJ[�VU�[OL�[YHUZWHYLUJ`�HUK�[OL�JPYJ\SHYP[`�VM�[OL�\UP[Z��*VUJLW[Z���HUK���ZOV^�[OL�
most promising results in these two aspects since they can be made by separate glass pieces that with 
H�Z\P[HISL�YL]LYZPISL�JVUULJ[PVU�JHU�IL�ZLWHYH[LK�HUK�[OL�\UP[�JV\SK�IL�YLM\YIPZOLK�PZ�H[�ZVTL�WVPU[�P[Z�
[OLYTHS�WLYMVYTHUJL�PZ�YLK\JLK��VY�[OL�NSHZZ�WHULZ�JHU�IL�YLJ`JSLK�VY�KV^U�J`JSLK�KLWLUKPUN�VU�[OL�
JVU[HTPUH[PVU�WYLZLUJL�VU�[OLPY�Z\YMHJLZ��4VYLV]LY��[OLZL�[^V�JVUJLW[Z�[OL�TPUPT\T�HTV\U[�VM�NSHZZ�
WHULZ�[O\Z�YLZ\S[PUN�PU�HU�LUOHUJLK�[YHUZWHYLUJ`�VM�[OL�V]LYHSS�\UP[�
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3VHK
Transfer *PYJ\SHYP[` TransparencyThermal 

Insulation
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++++ + ++
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*HU�IL�JYLH[LK�PU�VUL�WPLJL

5V[�ZH[PZM`PUN�VW[PJHS�X\HSP[`

1

2

3

4

*VUJLW[�5V

0UZ\SH[LK�<UP[Z�^P[O�*HZ[�.SHZZ�*VTWVULU[Z

9LJLU[� YLZLHYJO� JVUK\J[LK� PU� ;<�+LSM[� I`� =HU�+LY� =LSKLU� ������� HUK�5H[OHUP� �������� WYV]PKLK� UL^�
PUZPNO[Z�PU[V�^H`Z�PUZ\SH[LK�NSHZZ�\UP[Z�JHU�IL�JYLH[LK�\ZPUN�HS[LYUH[P]L�NSHZZ�WYVK\J[PVU�TL[OVKZ�Z\JO�
HZ�JHZ[�NSHZZ��:\JO�HU�HWWYVHJO�HSZV�L_WHUKZ�[OL�0.<�\ZL�PU�SVHK�ILHYPUN�Z[Y\J[\YLZ��;OL�MVJ\Z�VM�IV[O�
[OL�HIV]L�TLU[PVULK�[OLZPZ�^HZ�ZWLJPÄJHSS`�VU�JHZ[�NSHZZ�K\L�[V�P[Z�WV[LU[PHS�MVY�YLJ`JSHIPSP[`�JVTWHYLK�
[V�Z[Y\J[\YHS�ÅVH[�NSHZZ��5H[OHUP��������KL]LSVWLK�MV\Y�KPќLYLU[�WYVTPZPUN�KLZPNU�JVUJLW[Z�ZVTL�VM�^OPJO�
^LYL�IHZLK�VU�[OL�JVUJS\ZPVUZ�MYVT�[OL�WYL]PV\Z�YLZLHYJO�VM�=HU�+LY�=LSKLU���������;OLYLMVYL��[OLZL�HYL�
TLU[PVULK�ILSV �̂

*VUJLW[����/VSSV^�NSHZZ�ISVJR�^P[O�[OPJRLY�JYVZZ�ZLJ[PVUZ

;OPZ�KLZPNU�JVUJLW[�PZ�IHZLK�VU�[OL�[`WPJHS�OVSSV^�NSHZZ�ISVJRZ�^P[O�[OL�KLMLYLUJL�VM�[OL�MHJ[�[OH[�JHZ[�
NSHZZ� VM� [OPJRLY� JYVZZ�ZLJ[PVU� PZ� \ZLK� [V� IL� HISL� [V� JHYY`� [OL� Z[Y\J[\YHS� SVHKZ�� ZVTL[OPUN� [OH[� PZ� UV[�
WVZZPISL�PU�[OL�JHZL�VM�[OL�[`WPJHS�OVSSV^�ISVJRZ��:PUNSL�HUK�KV\ISL�JH]P[`�HYL�L_HTPULK�HUK�KV\ISL�JH]P[`�
^P[O�JVH[PUN�HWWSPJH[PVU� PZ� MV\UK�[V�ILZ[�WLYMVYTPUN� PU� [LYTZ�VM� [OLYTHS� YLZPZ[HUJL��;OL�WYLZLUJL�VM�H�
ZLJVUK�JH]P[`�TPNO[�YLK\JL�[OL�V]LYHSS�[YHUZWHYLUJ`�VM�[OL�\UP[�JH\ZPUN�ZVTL�VW[PJHS�KPZ[VY[PVU��0U�[LYTZ�
VM�JPYJ\SHYP[ �̀�[OL�SHJR�VM�H�WYV]PZPVU�MVY�[OL�ZLWHYH[PVU�VM�[OL�JVH[LK�WHY[�MYVT�[OL�JVU[HTPUH[PVU�MYLL�NSHZZ�
YLK\JLZ�[OL�WV[LU[PHS�VM�[OL�ZWLJPÄJ�KLZPNU�MVY�JPYJ\SHYP[ �̀

*VUJLW[����/VSSV^�NSHZZ�ISVJR�^P[O�[OPJRLY�JYVZZ�ZLJ[PVUZ�HUK�H�JVH[LK�JVU]LJ[P]L�IHYYPLY

;OPZ�KLZPNU�PZ�HU�HS[LYH[PVU�VM�[OL�ÄYZ[�VUL�^P[O�[OL�KPќLYLUJL�[OH[�H�JVH[LK�[OPU�NSHZZ�SH`LY�PZ�HKKLK�PUZPKL�
[OL�JH]P[`�KP]PKPUN�P[�PU[V�[^V�ZLWHYH[L�VULZ��;OPZ�PU[LYTLKPH[L�NSHZZ�SH`LY�HJ[Z�HZ�H�JVU]LJ[P]L�IHYYPLY��;OPZ�
design shows promising results in terms of thermal performance without compromising the transparency 
VM�[OL�\UP[��4VYLV]LY��H�Z\P[HISL�YL]LYZPISL�JVUULJ[PVU�^V\SK�LUZ\YL�[OL�JPYJ\SHY�JOHYHJ[LY�VM�[OPZ�JVUJLW[�
HZ�^LSS��

*VUJLW[����*VTIPUH[PVU�VM�H�ZVSPK�HUK�H�OVSSV^�ISVJR

;OPZ�JVUJLW[�PZ�H�JVTIPUH[PVU�VM�H�ZVSPK�JHZ[�NSHZZ�ISVJR�[OH[�WSH`Z�[OL�SVHK�ILHYPUN�YVSL�HUK�H�JVH[LK�
OHSM�OVSSV^�ISVJR�^OPJO�PZ�HKKLK�MVY�[OL�JYLH[PVU�VM�H�JH]P[`�HUK�KVLZ�UV[�JHYY`�HU`�Z[Y\J[\YHS�SVHKZ��;OPZ�
JVTIPUH[PVU� YLZ\S[� PU� H� ZH[PZM`PUN� [OLYTHS� WLYMVYTHUJL��4VYLV]LY�� [OPZ� KLZPNU�WYHJ[PJHSS`� JVUZPZ[Z� VM� H�
YLJ`JSHISL�HUK�H�UVU�YLJ`JSHISL�WHY[�HUK�[OL�KL]LSVWTLU[�VM�YL]LYZPISL�JVUULJ[PVU�MVY�[OLZL�[^V�NSHZZ�
LSLTLU[Z�JHU�SLHK�[V�H�JPYJ\SHY�JOVPJL�

*VUJLW[����4\S[PWSL�HPY�JH]P[PLZ

;OPZ� KLZPNU� JVUJLW[� PZ� IHZLK�VU� [OL� JYLH[PVU� VM�T\S[PWSL� HPY� WVJRL[Z� [OH[� OPNOS`� PUJYLHZL� [OL� [OLYTHS�
YLZPZ[HUJL�VM�[OL�ISVJR�̂ OPSL�WYV]PKPUN�HU�L]LU�SVHK�KPZ[YPI\[PVU��;OPZ�KLZPNU�ZOV^Z�NYLH[�[OLYTHS�YLZPZ[HUJL�
HUK�JHU�IL�THU\MHJ[\YLK�HZ�VUL�JVTWVULU[�THKL�^P[O� JHZ[� NSHZZ�\ZPUN�H�TV\SK��9LJ`JSHIPSP[`� PZ� H�
NYLH[�HK]HU[HNL�OLYL�ZPUJL�[OL�HIZLUJL�VM�JVU[HTPUHU[Z�THRLZ�P[�LHZPS`�YLJ`JSHISL��/V^L]LY��PU�[LYTZ�VM�
[YHUZWHYLUJ`�[OL�WYLZLUJL�VM�T\S[PWSL�JH]P[PLZ�TLHUZ�[OH[�[OL�U\TILY�VM�YLMYHJ[PUN�Z\YMHJLZ�PZ�PUJYLHZLK�
^OPJO�SLHK�[V�OPNO�VW[PJHS�KPZ[VY[PVU�HUK�YLK\JLK�[YHUZWHYLUJ �̀��
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3.3.6 Overview and Conclusions

7YVÄSLK� NSHZZ� PU� ¸KV\ISL� SLHM¹� PUZ[HSSH[PVU� PZ� HUV[OLY� PUZ\SH[PUN� NSHZZ� HS[LYUH[P]L�� ;OPZ� WYVK\J[� L_OPIP[Z�
[YHUZS\JLU[�Z\YMHJLZ�YLZ\S[PUN�PU�YLK\JLK�[YHUZWHYLUJ �̀�0[Z�PUZ[HSSH[PVU�TL[OVK�HSSV^Z�MVY�YL]LYZPIPSP[`�HS[OV\NO�
in terms of glass recyclability the sealants used during the installation process need to be assessed in 
[LYTZ�VM�JVU[HTPUH[PUN�MHJ[VYZ�

-PUHSS �̀�YLJLU[�YLZLHYJO�PU�;<�+LSM[�OHZ�SLK�[V�[OL�WYVWVZHS�VM�HS[LYUH[P]L�PUZ\SH[LK�NSHZZ�WYVK\J[Z�\ZPUN�
JHZ[�NSHZZ�LSLTLU[Z�PU�KPќLYLU[�JVTIPUH[PVUZ��;OL�PUUV]H[PVU�PU�[OPZ�JHZL�PZ�[OL�PUJYLHZLK�SVHK�ILHYPUN�
JHWHJP[`�VM�[OLZL�WYVK\J[Z�K\L�[V�[OL�\ZL�VM�[OPJRLY�JHZ[�NSHZZ�JYVZZ�ZLJ[PVUZ��4VYLV]LY��[OL�\ZL�VM�JHZ[�
NSHZZ�JHU�YLZ\S[�PU�NYLH[LZ[�ZOHWL�MYLLKVT��0U�[LYTZ�VM�JPYJ\SHYP[`�JHZ[�NSHZZ�PZ�HU�HS[LYUH[P]L�NSHZZ�[`WL�[OH[�
JHU�IL�YLJ`JSLK�TVYL�LHZPS`�[OH[�ÅVH[�NSHZZ��HS[OV\NO�P[Z�Z\YMHJL�[YHUZWHYLUJ`�PZ�UV[�HZ�ZTVV[O�HZ�[OH[�VM�
ÅVH[�NSHZZ��-PUHSS �̀�[OL�JPYJ\SHY�JOHYHJ[LY�VM�[OLZL�WYVK\J[Z�OPNOS`�KLWLUKZ�VU�[OL�JVUULJ[PVU�\ZLK�[V�IVUK�
[VNL[OLY�[OL�KPќLYLU[�NSHZZ�WHULZ��(�YL]LYZPISL�JVUULJ[PVU�JHU�YLZ\S[�PU�H�]LY`�JPYJ\SHY�KLZPNU�

;OPZ�JOHW[LY�YL]PL^LK�[OL�^H`Z�PU�^OPJO�HU�PUZ\SH[LK�NSHZZ�\UP[�JHU�IL�JYLH[LK�HUK�[OL�I\PSKPUN�WO`ZPJZ�
Y\SLZ�[OH[�HќLJ[� P[Z�[OLYTHS� PUZ\SH[PVU�WYVWLY[PLZ��4VYLV]LY��[OL�KPќLYLU[�NSHZZ�[`WLZ�\ZLK�PU� 0.<Z�^LYL�
YL]PL^LK�

(�ZPUNSL�NSHZZ�SLHM�PM�\ZLK�PU�[OL�I\PSKPUN�LU]LSVWL�KVLZ�UV[�WYV]PKL�̂ P[O�H�ZH[PZM`PUN�[OLYTHS�YLZPZ[HUJL�HUK�
HJJV\U[Z�MVY�NYLH[�[OLYTHS�SVZZLZ�HUK�PUJYLHZLK�LULYN`�\ZHNL��;OLYLMVYL��[OL�JVTIPUH[PVU�VM�[^V�NSHZZ�
WHULZ�PU[V�VUL�\UP[�\ZPUN�HPY�HZ�PUZ\SH[PUN�TLHUZ�PUZPKL�[OLPY�PU�IL[^LLU�JH]P[`�PZ�[OL�ÄYZ[�HUK�IHZPJ�Z[LW�
[V^HYKZ�[OL�PTWYV]LTLU[�VM�[OL�[OLYTHS�WLYMVYTHUJL�VM�NSHZZ�\ZLK�PU�[OL�I\PSKPUN�MHJHKLZ�

;OL�PUJYLHZPUN�ULLK�MVY�M\Y[OLY�PTWYV]PUN�[OL�[OLYTHS�YLZPZ[HUJL�VM�0.<Z�OHZ�SLK�[V�[OL�KL]LSVWTLU[�VM�
HKKP[PVUHS�̂ H`Z�[V�M\Y[OLY�PTWYV]L�[OLPY�PUZ\SH[PUN�]HS\L��;OL�TVZ[�JVTTVUS`�\ZLK�̂ H`Z�HYL�[OL�HWWSPJH[PVU�
VM�H�SV^�LTPZZP]P[`�JVH[PUN�VU�VUL�VM�[OL�NSHZZ�Z\YMHJLZ�[OH[�YLK\JLZ�[OL�YHKPH[P]L�OLH[�[YHUZMLY�IL[^LLU�
[OL�KPќLYLU[�NSHZZ�WHULZ��-\Y[OLYTVYL��H�SLZZ�JVUK\J[P]L�PULY[�NHZ�Z\JO�HZ�HYNVU�VY�RY`W[VU�JHU�IL�\ZLK�
[V� ÄSS� [OL�JH]P[`�I`� YLK\JPUN� [OL�OLH[� SVZZLZ� [OYV\NO�JVUK\J[P]L�HUK�JVU]LJ[P]L� ÅV^Z��(YNVU� PZ�TVYL�
JVTTVUS`�\ZLK�ILJH\ZL�VM�P[Z�SV^LY�WYPJL�[OV\NO�P[�PZ�SLZZ�LѝJPLU[�[OHU�RY`W[VU�

If the thermal performance of an IGU is not satisfactory then a third glass pane can be added creating a 
[YPWSL�NSHaLK�PUZ\SH[PUN�\UP[�^P[O�[^V�JH]P[PLZ��:PUJL�\ZPUN�H�[OPYK�NSHZZ�WHUL�VM�ZPTPSHY�[OPJRULZZ�[V�[OL�[^V�
THPU�VULZ�JHU�YLZ\S[� PU�PUJYLHZLK�JVZ[�HUK�^LPNO[�VM�[OL�\UP[�HS[LYUH[P]L�LSLTLU[Z�JHU�IL�\ZLK��;OLZL�
HYL�JHSSLK�JVU]LJ[P]L�IHYYPLYZ�HUK�JVUZPZ[�VM�LSLTLU[Z�[OH[�WYV]PKL�H�TLJOHUPJHS�IHYYPLY�[V�[OL�JVU]LJ[P]L�
ÅVL�PUZPKL�[OL�JH]P[`�I`�KP]PKPUN�P[�PU[V�[^V�ZLWHYH[L�VULZ��;OLZL�IHYYPLYZ�JHU�IL�[OPUULY�NSHZZ�WHULZ�VY�
L]LU�WSHZ[PJ�HUK�JHU�HSZV�IL�JVH[LK��-PUHSS �̀�]HJ\\T�NSHaPUN�[OL�JH]P[`�HUK�JYLH[PUN�H�JVTWSL[LS`�HPY[PNO[�
ZLHS�PU�[OL�0.<�LKNLZ�PZ�H�^H`�[V�ZPNUPÄJHU[S`�PTWYV]L�[OL�[OLYTHS�YLZPZ[HUJL�VM�[OL�\UP[�HS[OV\NO�[OLYL�
HYL�JVUZ[Y\J[PVU�KPѝJ\S[PLZ�HZZVJPH[LK�^P[O�[OPZ�WYVJLZZ��;OL�[V[HS�\UP[�\�]HS\L�PZ�M\Y[OLY�HќLJ[LK�I`�[OL�
LќLJ[�VM�[OL�LKNL�ZLHSZ�HUK�[OL�MYHTLZ�\ZLK�K\YPUN�P[Z�HWWSPJH[PVU�PU�[OL�I\PSKPUN�LU]LSVWL��4VYL�PU�KLW[O�
PUMVYTH[PVU�VU�[OL�LKNL�ZLHSZ�PZ�WYV]PKLK�PU�[OL�MVSSV^PUN�JOHW[LY�

(Z�WYL]PV\ZS`�TLU[PVULK��[OL�IHZPJ�WYPUJPWSL�ILOPUK�[OL�JYLH[PVU�VM�PUZ\SH[LK�NSHZZ�\UP[Z�PZ�[OL�JVTIPUH[PVU�
VM� [^V� NSHZZ� WHULZ� ^P[O� HU� HPY� JH]P[`� IL[^LLU� [OLT�� +PќLYLU[� [`WLZ� VM� NSHZZ� JHU� IL� \ZLK� HUK�^P[O�
KPќLYLU[� WVZZPISL� JVTIPUH[PVUZ�� ;OL�WYL]HPSPUN� [`WL�VM� NSHZZ� \ZLK� PU� [OL�THQVYP[`� VM� 0.<Z�\ZLK� PU� [OL�
I\PS[�LU]PYVUTLU[�PZ�ÅVH[�NSHZZ��;OL�ÅVH[�NSHZZ�WHULZ�HYL�ZLWHYH[LK�^P[O�[OL�OLSW�VM�H�ZWHJLY�IHY�HUK�HYL�
IVUKLK�[VNL[OLY�HUK�ZLHSLK�^P[O�Z[Y\J[\YHS�ZPSPJVUL��;OPZ�[`WL�VM�0.<�L_OPIP[Z�[OL�ILZ[�Z\YMHJL�X\HSP[`�PU�
[LYTZ�VM� [YHUZWHYLUJ`�HUK�OHZ�KPZJYL[L�ISHJR�]PZPISL�LKNLZ�MVYT�[OL�ZPSPJVUL�ZLHS��;OL�ZLHSPUN�TL[OVK�
OV^L]LY��YLZ\S[Z�PU�H�UVU�YL]LYZPISL�KLZPNU�[OH[�KVLZ�UV[�LUHISL�[OL�JPYJ\SHY�JOHYHJ[LY�VM�[OL�\UP[��-PUHSS �̀�
0.<Z�THKL�VM�ÅVH[�NSHZZ�JHU�IL�THU\MHJ[\YLK�PU�H�NYLH[�]HYPL[`�VM�ZPaLZ�MYVT�]LY`�ZTHSS�[V�]LY`�IPN�NSHZZ�
WHULZ��[OLPY�KPTLUZPVUHS�SPTP[H[PVUZ�HYL�[OL�ZHTL�MVY�ZPUNSL�SLHM�ÅVH[�NSHZZ�WHULZ�

;OL�ZLJVUK�TVZ[�JVTTVU�NSHZZ�WYVK\J[�^P[O�PUZ\SH[PUN�WYVWLY[PLZ�\ZLK�PU�[OL�I\PSKPUN�LU]LSVWLZ�PZ�[OL�
OVSSV^�NSHZZ�ISVJRZ��;OLZL�ISVJRZ�HYL�X\P[L�KPќLYLU[�MYVT�ÅVH[�NSHZZ�0.<Z�YLNHYKPUN�[OLPY�THU\MHJ[\YPUN�
WYVJLZZ�� ÄUHS� VW[PJHS� YLZ\S[� HUK� \ZL�� /VSSV^� NSHZZ� ISVJRZ� HYL�THU\MHJ[\YLK� PU� ZTHSS� ZX\HYLK� ISVJRZ��
[`WPJHS�KPTLUZPVUZ�HYL����������TT��4VYLV]LY��[OL�Z\YMHJL�X\HSP[`�VM�[OLZL�ISVJRZ�PZ�UV[�HZ�ZTVV[O�HZ�
[OH[�VM�ÅVH[�NSHZZ�HUK�[OLYL�PZ�HS^H`Z�ZVTL�VW[PJHS�KPZ[VY[PVU��0U�[LYTZ�VM�[OLPY�IVUKPUN�OVSSV^�NSHZZ�ISVJRZ�
HYL�THU\MHJ[\YL�PU�[^V�OHS]LZ�[OH[�HYL�SH[LY�M\ZLK�[VNL[OLY�YLZ\S[PUN�PU�HU�HSS�NSHZZ�\UP[��;OPZ�\UP[�JHU�IL�
YLJ`JSLK�PM�JVU[HTPUH[PUN�MHJ[VYZ�Z\JO�HZ�JVH[PUNZ�HYL�H]VPKLK��/V^L]LY��[OL�SHJR�VM�JVH[PUN�HWWSPJH[PVU�
JHUUV[�WYV]PKL�H�[OLYTHS�WLYMVYTHUJL�VM�[OL�KLZPYLK�]HS\LZ�
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3.4 Insulated Glass Units - Edge Seals

3.4.1 IGU Edge Seals Components

-PN\YL�����*H[LNVYPaH[PVU�HUK�ZJOLTH[PJ�YLWYLZLU[H[PVU�VM�ZWHJLY�Z`Z[LTZ���-YVT��=HU�+LU�)LYNO��L[�HS����������

-PN\YL�����,KNL�:LHS�VM�H�+V\ISL�0.<��-YVT��=HU�+LU�)LYNO��L[�HS����������

;OL�TL[HS�ZWHJLYZ�PUJS\KL�HS\TPUP\T��NHS]HUPaLK�Z[LLS�HUK�Z[HPUSLZZ�Z[LLS��;OL`�HYL�]LY`�YPNPK�I\[�[OL�IPN�
[OLYTHS�JVUK\J[P]P[`�VM�TL[HSZ�PU[YVK\JLZ�[OLYTHS�IYPKNLZ�H[�[OL�LKNLZ�VM�[OL�\UP[��

;OLYTHSS`� PTWYV]LK�TL[HS�ZWHJLYZ� PUJS\KL�<�ZOHWLK�Z[LLS�WYVÄSLZ�VY�O`IYPK�ZWHJLYZ�THKL�VM�Z[HPUSLZZ�
Z[LLS�WYVÄSLZ�JVTIPULK�^P[O�H�OPNOS`�PUZ\SH[PUN�WSHZ[PJ�[VW�[OH[�IYLHRZ�[OL�[OLYTHS�IYPKNL�H[�[OL�[VW�LKNL�
VM�[OL�ZWHJLY�IHY��-PUHSS �̀�[OLYTHSS`�IYVRLU�HS\TPUP\T�JHU�HSZV�IL�\ZLK�I`�PU[LNYH[PUN�H�[OLYTHS�IHYYPLY�PU�
[OL�TPKKSL�VM�[OL�HS\TPUP\T�ZWHJLY�[V�JYLH[L�H�^HYT�LKNL�LќLJ[��;OLZL�[`WLZ�VM�ZWHJLYZ�HSZV�OH]L�NYLH[�
YPNPKP[`�I\[�[OLPY�PTWHJ[�VU�[OL�[OLYTHS�IYPKNLZ�PZ�ZPNUPÄJHU[S`�YLK\JLK�

;OL�UVU�TL[HS�ZWHJLYZ� PTWSLTLU[�H�UVU�TL[HSSPJ�THPU�Z[Y\J[\YHS�JVTWVULU[��(�TL[HSSPaLK� MVPS� PZ�VM[LU�
PU[LNYH[LK�[V�LUZ\YL�[OL�ZLHS»Z�^H[LY�]HWV\Y�HUK�NHZ�PTWLYTLHIPSP[ �̀�;OLZL�RPUKZ�VM�ZWHJLYZ�JHU�IL�\ZLK�
PU� [OL� MVYT�VM�H�JVTWVZP[L�JVUZ[Y\J[LK� MYVT�ZL]LYHS�JVTWVULU[Z�Z\JO�HZ�OPNOS`� PUZ\SH[PUN�JVTWVZP[L�
WSHZ[PJZ�VY�H�ÅL_PISL�Z[HIPSPaLY��H�TVPZ[\YL�IHYYPLY�TLTIYHUL��H�KLZPJJH[LK�[VW�JVH[PUN��HUK�H�Z[PќLUPUN�
SH`LY��:[Y\J[\YHS�MVHT�PZ�HU�HS[LYUH[P]L�VW[PVU�THKL�MYVT�KLZPJJH[LK�ZPSPJVUL�MVHT�VY�L[O`SLUL�WYVW`SLUL�
KPLUL�TVUVTLY� �,7+4�� MVHT� ^P[O� HU� PU[LNYH[LK� TVPZ[\YL� IHYYPLY�� -PUHSS �̀� [OLYTVWSHZ[PJ� ZWHJLYZ� HYL�
UV^HKH`Z�^PKLS`�\ZLK��;OL`�HYL�L_[Y\KLK�KPYLJ[S`�IL[^LLU�[OL�NSHZZ�WHULZ��JYLH[PUN�H�OVTVNLULV\Z�
and continuous edge seal and are made from PIB with integrated desiccant with no need for additional 
TL[HSSPaLK� MVPS��5VU�TL[HS�ZWHJLYZ�HYL� [OL�ILZ[�WLYMVYTPUN�ZWHJLYZ�J\YYLU[S`�H]HPSHISL� PU� [OL�THYRL[� PU�
[LYTZ� VM� [OLYTHS� WLYMVYTHUJL�� -\Y[OLYTVYL�� [OL`� HYL� ZPNUPÄJHU[S`�TVYL� ÅL_PISL� [OHU� [OL� ZWHJLYZ� [OH[�
PU[LNYH[L�H�TL[HS�JVTWVULU[��;OLPY�^PKL�\ZL�K\YPUN�[OL�SHZ[�`LHY�OHZ�WYV]LU�[OH[�[OL�YPNPKP[`�VM�[OL�ZWHJLY�
IHY�PZ�UV[�ULJLZZHY`�HUK�[OH[�ÅL_PISL�ZWHJLYZ�JHU�^VYR�L]LU�IL[[LY�PU�[LYTZ�VM�[OL�Z[Y\J[\YHS�PU[LNYP[`�VM�
[OL�\UP[�ZPUJL�[OL`�JHU�HJJVTTVKH[L�IPNNLY�TV]LTLU[Z��[O\Z�H]VPKPUN�Z[YLZZ�JVUJLU[YH[PVU�VU�[OL�NSHZZ�
WHULZ�PU�JVU[YHZ[�[V�[OL�YPNPK�TL[HS�ZWHJLYZ�

;OLYL�HYL�MV\Y�THPU�LSLTLU[Z�[OH[�THRL�\W�[OL�LKNL�ZLHS�VM�HU�0.<��;OLZL�HYL�[OL�ZWHJLY�IHY��[OL�WYPTHY`�
HUK�ZLJVUKHY`�ZLHSHU[Z�HUK�[OL�KLZPJJHU[��0U�[LYTZ�VM�KPTLUZPVUZ��[OL�[V[HS�^PK[O��^��VM�[OL�LKNL�ZLHS�
]HYPLZ�MYVT���[V���TT�^OPSL�[OL�[V[HS�[OPJRULZZ��[��PZ�KL[LYTPULK�I`�[OL�JH]P[`�ZPaL�HUK�PZ�[`WPJHSS`�IL[^LLU�
���HUK����TT�HJJVYKPUN�[V��=HU�+LU�)LYNO��L[�HS���������HZ�ZLLU�PU�-PN\YL����

������H�:WHJLY�)HYZ

+\YPUN�[OL�ÄYZ[�`LHYZ�VM�[OL�SH\UJO�VM�PUZ\SH[LK�NSHZZ�\UP[Z�PU�[OL�THYRL[��[OL�^H`�[V�IVUK�[OLT�[VNL[OLY�
^HZ�I`�[OL�[LJOUPX\L�VM�M\ZPUN�[VNL[OLY�[OL�LKNLZ�VM�NSHZZLZ�ZV�[OH[�H�WLYTHULU[�ZLHS�JV\SK�IL�JYLH[LK�
LUZ\YPUN�[OL�Z`Z[LT»Z�Z[HIPSP[ �̀�;OPZ�IVUKPUN�TL[OVK�OV^L]LY�PU[YVK\JLK�NYLH[�[OLYTHS�IYPKNLZ�

;OL�L]LY�PUJYLHZPUN�ULLK�MVY�PTWYV]LTLU[Z�PU�[OL�[OLYTHS�YLZPZ[HUJL�VM�[OL�0.<�Z`Z[LTZ�SLK�[V�[OL�\ZL�
of spacers, as a means of separating and permanently sealing the glasses together, instead of the older 
NSHZZ�[V�NSHZZ�M\ZPUN�� 0U�[OPZ�Z`Z[LT��[OL�NSHZZ�ZOLL[Z�HYL�IVUKLK�[V�H�JVU[PU\V\Z�ZWHJLY�HYV\UK�[OLPY�
WLYPTL[LY�ZV�[OH[�H�JH]P[`�JHU�IL�JYLH[LK�^OPJO�PZ�LZZLU[PHS�MVY�[OL�PUZ\SH[PVU�VM�[OL�JVTWVULU[��:WHJLYZ�
HSZV�PU[LNYH[L�H�KLZPJJHU[�[OH[�HIZVYIZ�[OL�TVPZ[\YL�VM�[OL�JH]P[`�ZV�[OH[�MVNNPUN�VM�[OL�NSHZZLZ�JHU�IL�
H]VPKLK�

;OL�YVSL�VM�[OL�ZWHJLY�IHY�PZ�ÄYZ[S`�[V�WYV]PKL�YPNPK�Z\WWVY[�PU�JVTWYLZZPVU�PU�VYKLY�MVY�[OL�KPZ[HUJL�VM�[OL�
NSHZZ�WHULZ�[V�IL�RLW[�[OL�ZHTL�ZV�[OH[�[OLYL�PZ�UV�JOHUNL�PU�[OL�JH]P[`�^PK[O��;OL�[`WPJHS�^PK[O�VM�ZWHJLY�
bars (ws��]HYPLZ�IL[^LLU���TT�HUK���TT�HUK�[OL�TVZ[�JVTTVU�[OPJRULZZLZ�HYL�IL[^LLU����TT�HUK����
TT�KLWLUKPUN�VU�[OL�JH]P[`�ZPaL�PU�HJJVYKHUJL�^P[O��=HU�+LU�)LYNO��L[�HS���������

;OL�WLYMVYTHUJL�VM�[OL�^OVSL�0.<�Z`Z[LT�PZ�NYLH[S`� PUÅ\LUJLK�I`�[OL�JOVPJL�VM�ZWHJLY�TH[LYPHSZ��;OL�
[`WLZ�VM�ZWHJLY�IHYZ�[OH[�HYL�J\YYLU[S`�H]HPSHISL�PU�[OL�THYRL[�HYL�KP]PKLK�PU[V�[OYLL�THPU�JH[LNVYPLZ"��H��
TL[HS�ZWHJLYZ���I��[OLYTHSS`�PTWYV]LK�TL[HS�ZWHJLYZ�HUK��J��UVU�TL[HS�ZWHJLYZ�

;OL�[`WPJHS�0.<�JVUZPZ[Z�VM�[^V�ÅVH[�NSHZZ�WHULZ��[OH[�JHU�TLJOHUPJHSS`�PU[LYHJ[�]PH�H�OLYTL[PJHSS`�ZLHSLK�
JH]P[`� IL[^LLU� [OLT�� ;OL� WYPUJPWHS� YVSL� VM� [OL� LKNL� ZLHS� PZ� [V� JVUULJ[� [OL� KPќLYLU[� NSHZZ� WHULZ� HUK�
LUZ\YL�[OH[�[OL`�HYL�RLW[�ZLWHYH[LK�H[�LX\HS�KPZ[HUJLZ�^OPSL�HJ[PUN�HZ�H�IHYYPLY�[V�WYL]LU[�PUÄS[YH[PVU�VM�
^H[LY�]HWV\Y�VY�L_ÄS[YH[PVU�VM�[OL�HPY�VY�PULY[�NHZ�[OH[�ÄSSZ�[OL�JH]P[`�IL[^LLU�[OL�WHULZ��;OL�LKNL�ZLHSZ�
HYL�YLZWVUZPISL�MVY�[OL�Z[Y\J[\YHS�PU[LNYP[`�I`�ILPUN�YPNPK�LUV\NO�[V�RLLW�[OL�NSHZZ�WHULZ�[VNL[OLY�^OPSL�
HSSV^PUN�ZVTL�ÅL_PIPSP[`�[V�HJJVTTVKH[L�TV]LTLU[Z�[OH[�VJJ\Y�K\YPUN�[OL�SPML�[PTL�VM�[OL�\UP[��4VYLV]LY��
[OL�LKNL�ZLHSZ�HќLJ[�VU�[OL�[OLYTHS�WLYMVYTHUJL�VM�[OL�\UP[�I`�HќLJ[PUN�[OL�[V[HS�\�]HS\L��-PUHSS �̀�[OL�LKNL�
ZLHSZ�OH]L�HU�PTWHJ[�VU�[OL�HLZ[OL[PJ�YLZ\S[�VM�[OL�0.<�K\L�[V�[OL�]PZPISL�ISHJR�ZPSPJVUL�LSLTLU[Z�
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-PN\YL�����0.<�KPZ[VY[PVUZ�K\L�[V�JSPTH[PJ�PUÅ\LUJLZ��-YVT�2PS[OH\��-����������;OL�9VSL�VM�+LZPJJHU[�PU�0UZ\SH[PUN�.SHZZ�B7V^LY�
7VPU[� ZSPKLZD�� .YHJL�� O[[W!��^^ �̂MLUaP�UH�JVT�WKMZ�0.4(���=LNHZ���:LW[LTILY��������9VSL���VM���0.���
+LZPJJHU[Z�WKM�-PN\YL�����:PUNSL�:LHSLK�HUK�+V\ISL�:LHSLK�0.<��-YVT��=HU�+LU�)LYNO��L[�HS����������

:LJVUKHY`�:LHS

;OL�ZLJVUKHY`�ZLHSHU[�KVLZ�UV[�JVU[YPI\[L�ZPNUPÄJHU[S`�[V�[OL�PTWLYTLHIPSP[`�VM�[OL�LKNL�ZLHS�K\L�[V�[OL�
MHJ[�[OH[�[OL�^H[LY�]HWV\Y�WLYTLHIPSP[`�VM�70)�PZ�MHY�SV^LY�[OHU�[OH[�VM�[OL�ZLJVUKHY`�ZLHS��YLNHYKSLZZ�VM�[OL�
TH[LYPHS�VM�[OL�ZLJVUKHY`�ZLHSHU[�

;OL�ZLJVUKHY`�ZLHSHU[�WSH`Z�[OL�THPU�Z[Y\J[\YHS�YVSL�VM�[OL�LKNL�ZLHS��0[�PZ�HWWSPLK�HYV\UK�[OL�WLYPTL[LY�
VM�[OL�NSHZZ�HUK�M\UJ[PVUZ�HZ�[OL�HKOLZP]L�LSLTLU[�[OH[�IVUKZ�[OL�NSHZZ�WHULZ�HUK�ZWHJLY�IHY�[VNL[OLY��
0M�[OL�ZWHJLY�IHY�[HRLZ�[OL�JVTWYLZZP]L�MVYJLZ��[OL�ZLJVUKHY`�ZLHS�HJJV\U[Z�MVY�[OL�[LUZPSL�VULZ�OH]PUN�
TVKLYH[L�Z[PќULZZ�HUK�YLZPZ[HUJL�PU�[LUZPVU�HJJVYKPUN�[V��=HU�+LU�)LYNO��L[�HS����������(�[`WPJHSS`�\ZLK�
ZLJVUKHY`�ZLHSHU[�I`�+6>:03;4�������H�[^V�WHY[�ZPSPJVUL�ZLHSHU[�I`�+V^�*VYUPUN��^^ �̂KV �̂JVT���OHZ�
H�Z[PќULZZ�VM�,Z�$�����47H�HUK�H�[LUZPSL�Z[YLUN[O�VM�M\�Z�$�����47H��

4VYLV]LY�� [OL� ZLJVUKHY`� ZLHSHU[� ULLKZ� [V� OH]L� JLY[HPU� ÅL_PIPSP[`� PU� VYKLY� [V� HJJVTTVKH[L� NSHZZ�
TV]LTLU[Z�[OH[�VJJ\Y�\UKLY�H�]HYPL[`�VM�JVU[PU\V\Z�TLJOHUPJHS�Z[YLZZLZ��;OLZL�Z[YLZZLZ�JHU�IL�K\L�
[V�WYLZZ\YL�KPќLYLUJLZ�IL[^LLU�[OL�PU[LYWHUL�ZWHJL�HUK�[OL�V\[ZPKL�H[TVZWOLYL�K\YPUN�THU\MHJ[\YPUN��
[YHUZWVY[H[PVU�� HUK� PUZ[HSSH[PVU"� Z[YLZZLZ�K\YPUN� [OL� ZLY]PJL� SPML� MYVT�LU]PYVUTLU[HS� JVUKP[PVUZ� Z\JO� HZ�
ZVSHY�YHKPH[PVU��[LTWLYH[\YL�KPќLYLUJLZ��^PUK�SVHKZ��HUK�IHYVTL[YPJ�WYLZZ\YL�HZ�ZLLU�PU�-PN\YL�����(WHY[�
MYVT�[OL�HMVYLTLU[PVULK�M\UJ[PVUZ��[OL�ZLJVUKHY`�ZLHSHU[�HSZV�HJ[Z�HZ�HU�HKKP[PVUHS�WYV[LJ[P]L�SH`LY�VM�[OL�
WYPTHY`�ZLHSHU[�MYVT�]HWV\Y�HUK�HPY�KPќ\ZPVU�

;OL�[OPJRULZZ�VM�[OL�ZLJVUKHY`�ZLHS�^PK[O�PZ�HYV\UK��TT�^P[O�H�TPUPT\T�VM��TT�VM�ZLJVUKHY`�ZLHSHU[�
ILPUN�YLX\PYLK�[V�JV]LY�[OL�WYPTHY`�ZLHSHU[�HUK�WYV[LJ[�P[�MYVT�JVU[HJ[�^P[O�TVPZ[\YL��;OL�TH[LYPHSZ�TVZ[�
^PKLS`�\ZLK�HYL�7VS`\YL[OHUL��7<���ZPSPJVUL��:P��HUK�WVS`Z\SÄKL��7:���^OPSL�OV[�TLS[�I\[`S�VY�LWV_`�IHZLK�
ZLHSHU[Z�HJU�HSZV�IL�HWWSPLK��

(Z�HSYLHK`�TLU[PVULK��[OL�\ZL�VM�[OL�ZLJVUKHY`�ZLHSHU[Z�PZ�^OH[�WYL]LU[Z�[OL�YL]LYZPIPSP[`�VM�HU�PUZ\SH[LK�
NSHZZ�\UP[��;OL�TH[LYPHSZ�\ZLK�PU�[OL�ZLHS�JYLH[L�H�]LY`�Z[YVUN�IVUK�^P[O�[OL�NSHZZ�WHULZ�HUK�[OL�ZWHJLY�
IHY�[OH[�KVLZ�UV^�HSSV^�MVY�LHZ`�ZLWHYH[PVU�HUK�L]LU�^OLU�H�ZLWHYH[PVU�PZ�HJOPL]LK��[OL�JVU[HTPUH[PUN�
MHJ[VYZ� SLM[�VU�[OL�NSHZZ�Z\YMHJLZ�THRL�[OLT�UVU�YLJ`JSHISL��-PUHSS �̀� [OL�ISHJR�JVSV\Y�VM� [OLZL�ZLHSZ� PU�
JVTIPUH[PVU�^P[O�[OL�ZWHJLY�IHY��HќLJ[Z�[OL�[YHUZWHYLUJ`�VM�[OL�LKNL�ZLHS�

3.4.1.b Sealants

The sealants used in an edge seal structurally bonds the glass panes and spacer bar together while 
WYV]PKPUN� H� OPNO� SL]LS� VM�TVPZ[\YL� ]HWV\Y� HUK�NHZ�KPќ\ZPVU� YLZPZ[HUJL� HUK� HSSV^PUN� ZVTL� ÅL_PIPSP[`� [V�
HJJVTTVKH[L�NSHZZ�TV]LTLU[Z��6SKLY�0.<Z�^LYL�ZPUNSL�ZLHSLK�HUK�WVZZLZZLK�VUS`�H�ZLJVUKHY`�ZLHS�
I\[�J\YYLU[�OPNO�WLYMVYTPUN�0.<Z�HYL�K\HS�ZLHSLK�HUK�[OLZL�M\UJ[PVUZ�HYL�WLYMVYTLK�ZLWHYH[LS`�I`�[OL�
WYPTHY`�HUK�[OL�ZLJVUKHY`�ZLHSHU[Z��

7YPTHY`�ZLHS��70)��

The primary seal is applied between the spacer bar and the glass panes bonding the glass panels to the 
intermediate spacer bar and its main purpose is to create a gas and moisture barrier from the exterior 
[V�[OL�PU[LYPVY�VM�[OL�JH]P[ �̀�(JJVYKPUN�[V�0:6���� ��HUK�,5���� �Z[HUKHYKZ��P[�T\Z[�OH]L�OPNO�TVPZ[\YL�
]HWV\Y�[YHUZTPZZPVU�YLZPZ[HUJL�JOHYHJ[LYPaLK�I`�[OL�TVPZ[\YL�]HWV\Y�[YHUZTPZZPVU�YH[L��4=;9��VY�H]LYHNL�
moisture penetration index, IH]��*\YYLU[�Z[HUKHYKZ�HSSV^�H�NHZ�SLHRHNL�YH[L�3P��P�L���[OL�]VS\TL�VM�NHZ�ºP»�
SLHRPUN�MYVT�H�NHZ�ÄSSLK�\UP[��VM�SLZZ�[OHU����WLY�`LHY�HZ�Z[H[LK�I`��=HU�+LU�)LYNO��L[�HS����������

(WHY[�MYVT�[OL�WYPTHY`�ZLHS��H�TL[HSSPJ�LSLTLU[�PZ�ULJLZZHY`�HZ�^LSS�[V�HJ[�HZ�H�]HWV\Y�HUK�NHZ�IHYYPLY��
4L[HS�JHU�IL�MV\UK�LP[OLY�PU�[OL�ZWHJLY�IHY�VY�PU�[OL�MVYT�VM�H�TL[HS�MVPS�PU[LNYH[LK�PU[V�[OL�ZWHJLY�KLZPNU��
;OL�[`WPJHS�[OPJRULZZ�VM�H�WYPTHY`�ZLHSHU[�PZ�IL[^LLU�����[V�����TT�HUK�[OL�TVPZ[\YL�KPќ\ZPVU�MYVT�[OL�
ZLHS�PZ�SLZZ�^OLU�[OL�WYPTHY`�ZLHS�PZ�^PKLY�HUK�[OPUULY�

(Z�MHY�HZ�[OL�TH[LYPHSZ�HYL�JVUJLYULK��Z`U[OL[PJ�Y\IILYZ��[`WPJHSS`�WVS`PZVI\[`SLUL��70)��HYL�\ZLK��70)�PZ�H�
[OLYTVWSHZ[PJ�HUK�P[�PZ�PTWVY[HU[�[V�TLU[PVU�[OH[�P[Z�Z[YLUN[O�KLJYLHZLZ�YHWPKS`�HZ�[LTWLYH[\YL�PUJYLHZLZ��
-VY�[OPZ�YLHZVU��P[�T\Z[�IL�Z\IQLJ[LK�[V�<=�HUK�V_PKH[P]L�Z[HIPSP[`�[LZ[Z��HUK�P[�T\Z[�HKKP[PVUHSS`�IL�[LZ[LK�
for compatibility with any polymeric glazing components that will be used in the IGU such as secondary 
ZLHSHU[Z��0U�[LYTZ�VM�YL]LYZPIPSP[ �̀�[OPZ�HSZV�TLHUZ�[OH[�P[�JHU�IL�LHZPS`�YLTV]LK�I`�OLH[PUN�P[�\W��

-PUHSS �̀�[OL�WYPTHY`�70)�ZLHS�HJJV\U[Z�MVY�H�]LY`�SPTP[LK�TLJOHUPJHS�IVUK�IL[^LLU�[OL�ZWHJLY�IHY�HUK�[OL�
NSHZZ�WHULSZ��[OLYLMVYL��P[�PZ�M\SS`�KPZYLNHYKLK�HZ�H�SVHK�ILHYPUN�JVTWVULU[�VM�[OL�LKNL�ZLHS�

;̀ WPJHS�0.<Z�\ZL�70)�VM�ISHJR�JVSV\Y�I\[�[YHUZWHYLU[�70)�JHU�HSZV�IL�MV\UK�VU�[OL�THYRL[�MVY�HWWSPJH[PVU�
VU�LKNL�ZLHSZ�^OLYL�NYLH[LY�[YHUZWHYLUJ`�PZ�KLZPYLK�
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3.4.2 Structural Integrity

3.4.3 Thermal Performance

-PN\YL���!�+PќLYLU[�KLZPJJHU[�PU[LNYH[PVU�VW[PVUZ��-YVT�O[[WZ!��HSHKKPUPUZ\SH[PVU�JVT���������������

In terms of structural performance, IGUs can be considered as a form of composite (double glass) systems 
^OVZL�Z[Y\J[\YHS�PU[LNYP[`�PZ�Z[YPJ[S`�YLSH[LK�[V�[OL�L_PZ[LUJL�VM�SPULHY��ÅL_PISL�JVUULJ[PVUZ�HSVUN�[OL�LKNLZ�
PU�HJJVYKHUJL�^P[O��)LKVU�
�(THKPV���������

9LNHYKPUN�[OL�TLJOHUPJHS�WYVWLY[PLZ�VM�[OL�LKNL�ZLHSZ��[OL�JVTWYLZZP]L�MVYJLZ�HWWSPLK�[V�[OL�0.<�HYL�
[HRLU�I`� [OL�ZWHJLY�IHY��^OPSL� [OL�ZLJVUKHY`�ZLHSHU[� PZ� YLZWVUZPISL� MVY� [OL� [LUZPSL�VULZ��;OL�KPќLYLU[�
JVTTLYJPHSS`�H]HPSHISL�ZWHJLY�IHYZ�OH]L�]LY`�KPќLYLU[�JVTWYLZZP]L�Z[YLUN[O�HUK�Z[PќULZZ�]HS\LZ��:WHJLY�
IHYZ�[OH[�\ZL�TL[HS�HZ�[OL�Z[Y\J[\YHS�JVTWVULU[�HYL�]LY`�YPNPK��6U�[OL�V[OLY�OHUK��[OL�SLZZ�JVUK\J[P]L�
[OLYTVWSHZ[PJ�VY�Z[Y\J[\YHS�MVHT�ZWHJLYZ�OH]L�JVUZPKLYHIS`�SV^�Z[PќULZZ�HUK�JVTWYLZZP]L�Z[YLUN[O�MVY�[OPZ�
TH[[LY��[OL`�JHU�[VSLYH[L�SHYNLY�TV]LTLU[Z�^P[OV\[�JYP[PJHS�Z[YLZZ�JVUJLU[YH[PVUZ�VU�[OL�NSHZZ�Z\YMHJLZ��
;OLYLMVYL��P[�PZ�OHYK�[V�JVUJS\KL�HU�HIZVS\[L�U\TILY�YLNHYKPUN�[OL�ULJLZZHY`�JVTWYLZZP]L�Z[YLUN[O�HUK�
Z[PќULZZ�[V�[YHUZSH[L� P[� PU[V�[OL�UL^�JVUULJ[PVU�KLZPNU��/V^L]LY��HSS�LKNL�ZLHSZ�J\YYLU[S`�\ZLK�OH]L� PU�
JVTTVU�[OL�[LUZPSL�Z[YLUN[O�[OH[�KLYP]LZ�MYVT�[OL�ZLJVUKHY`�ZLHS��0U�VYKLY�[V�KLYP]L�ZVTL�X\HU[PÄHISL�
KLZPNU�JYP[LYPH�MVY�[OL�HPT�VM�[OPZ�[OLZPZ�[OL�TPUPT\T�ULJLZZHY`�[LUZPSL�Z[YLUN[O�HUK�ÅL_PIPSP[`�VM�[OL�UL^�
LKNL�ZLHS�^PSS�IL�IHZLK�VU�[OL�]HS\LZ�VM�[OL�ZLJVUKHY`�ZLHSHU[��;OLYMVYL�H�Z[PќULZZ�VM�,Z�$�����47H�HUK�
H�[LUZPSL�Z[YLUN[O�VM�M\�Z�$�����47H�HYL�ZL[�IHZLK�VU�[OL�[`WPJHSS`�\ZLK�ZLJVUKHY`�ZLHSHU[�+6>:03;4�
������I`�+V^�*VYUPUN�

0U�[LYTZ�VM�[OLYTHS�WLYMVYTHUJL��[OL�PTWHJ[�VM�[OL�LKNL�ZLHS�VU�[OL�V]LYHSS�[OLYTHS�WLYMVYTHUJL�VM�[OL�
0.<�PZ�VIZLY]LK�PU�[OL�LKNL�VM�NSHZZ�YLNPVU�^OPJO�PZ�[OL�WLYPTL[LY�VM�[OL�NSHZZ�IL[^LLU�[OL�LKNL�HUK�
[OL�WVPU[�^OLYL�[OL�NSHZZ�Z\YMHJL�[LTWLYH[\YL�PZ�[OL�ZHTL�HZ�[OL�[LTWLYH[\YL�H[�[OL�JLU[LY�VM�[OL�NSHZZ��
;OL�^PK[O�VM�[OPZ�YLNPVU�]HYPLZ�MYVT����[V�����TT�HJJVYKPUN�[V��=HU�+LU�)LYNO��L[�HS����������;OL�TVYL�
JVUK\J[P]L�[OL�LKNL�ZLHS�PZ�[OL�SV^LY�[OL�[LTWLYH[\YLZ�H[�[OL�LKNL�VM�NSHZZ�YLNPVU��^OPJO�JVUZLX\LU[S`�
PUJYLHZLZ�[OL�WV[LU[PHS�MVY�JVUKLUZH[PVU�[OH[�JHU�IL�KL[YPTLU[HS�[V�[OL�[OLYTHS�WLYMVYTHUJL�VM�[OL�0.<��
4VYLV]LY��[OL�LќLJ[�VM�[OL�LKNL�ZLHS�VU�[OL�[V[HS�\�]HS\L�JHU�IL�ZPNUPÄJHU[�LZWLJPHSS`�PU�OPNOLY�WLYMVYTPUN�
0.<Z�

:WHJLY�IHYZ�HYL�THPUS`�YLZWVUZPISL�MVY�[OL�LќLJ[�VU�[OL�LKNL�ZLHS�VU�[OL�[V[HS�\�]HS\L�VM�[OL�\UP[��;OLYL�PZ�H�
SVNHYP[OTPJ�YLSH[PVUZOPW�IL[^LLU�[OL�V]LYHSS�<�]HS\L�HUK�[OLYTHS�JVUK\J[P]P[`�VM�[OL�ZWHJLY�IHY��;OL�LKNL�
VM�NSHZZ�\�]HS\L�PZ�PTWYV]LK�^OLU�ZWHJLYZ�^P[O�SV^�[OLYTHS�JVUK\J[P]P[`�HYL�\ZLK��=HYPH[PVUZ�PU�[OLYTHS�
JVUK\J[P]P[`� NYLH[LY� [OHU� ����>��T�2�� KV� UV[� ZPNUPÄJHU[S`� HќLJ[� [OL� [V[HS� WYVK\J[� <�]HS\L��4VYLV]LY��
[OL�[OLYTHS�JVUK\J[P]P[`�OHZ�H�SHYNLY�[OL�ZTHSSLY�[OL�^PUKV^�ZPaL�PZ��(SS�TL[HS�ZWHJLYZ�OH]L�HU�LќLJ[P]L�
[OLYTHS�JVUK\J[P]P[`�NYLH[LY�[OHU����>�T2��;OL�ILZ[�WLYMVYTPUN�ZWHJLYZ�H]HPSHISL�[VKH`�OH]L�HU�LќLJ[P]L�
JVUK\J[P]P[`�VM�HYV\UK������>��T�2��HZ�Z[H[LK�I`��=HU�+LU�)LYNO��L[�HS���������

6[OLY�WHYHTL[LYZ�[OH[�HќLJ[�[OL�[OLYTHS�JVUK\J[P]P[`�VM�[OL�LKNL�ZLHS�HWHY[�MYVT�[OL�ZWHJLY�IHY�TH[LYPHS�
HYL�[OL�V]LYHSS�ZWHJLY�Z`Z[LT�̂ PK[O��[OL�JOVPJL�VM�ZLHSHU[�TH[LYPHS�HUK�[OL�[OPJRULZZ�VM�[OL�WYPTHY`�ZLHSHU[�

�,STHOK`�L[�HS���OH]L�WYV]LK�[OH[�YLWSHJPUN�OPNOS`�JVUK\J[P]L�HS\TPUP\T�ZWHJLYZ�^P[O�H�SLZZ�JVUK\J[P]L�
VUL�JHU�YLK\JL�[OL�[V[HS�\�]HS\L�I`����PU�[OL�Z[HUKHYK�KV\ISL�NSHaLK�^VVK�MYHTL�^PUKV^�[OH[�KVLZ�UV[�
OH]L�SV^�LTPZZP]P[`�JVH[PUN�HUK�I`������PU�OPNO�WLYMVYTHUJL�0.<Z�

;OL�LKNL�ZLHS»Z�[OLYTHS�WLYMVYTHUJL�JHU�IL�PTWYV]LK�I`�PUJYLHZPUN�[OL�SLUN[O�VM�[OL�WH[O�VM�[OL�OLH[�
[YHUZMLY��;OPZ�JHU�IL�HJOPL]LK�PU�[OL�MVSSV^PUN�^H`Z!�
�࠮ reducing the width of the edge seal (w)
�࠮ PUJYLHZPUN�[OPJRULZZ�VM�[OL�LKNL�ZLHS��[�
�࠮ YLK\JPUN�[OL�[OLYTHS�JVUK\J[P]P[`�VM�[OL�LKNL�ZLHS��ь�

3.4.1.c Desiccant 

+\YPUN� [OL�HZZLTIS`�HUK�^LH[OLY�ZLHSPUN�VM� [OL� 0.<�^P[O� [OL�WYPTHY`�70)�ZLHSHU[� HUK� [OL� ZLJVUKHY`�
ZLHSHU[�� ZVTL�TVPZ[\YL� PZ� [YHWWLK� PUZPKL� [OL�\UP[��;OL� YVSL�VM� [OL�KLZPJJHU[� PU�HU� 0.<�HZZLTIS`� PZ� [V�
HIZVYI� [OL�TVPZ[\YL� [OH[� OHZ� ILLU� JHW[\YLK� PUZPKL� K\YPUN� [OL� HZZLTIS`� VM� [OL� \UP[�� (KKP[PVUHSS �̀� [OL�
KLZPJJHU[�PZ�YLZWVUZPISL�MVY�[OL�HIZVYW[PVU�VM�HU`�^H[LY�]HWV\Y�[OH[�TPNO[�IL�KPќ\ZLK�]PH�[OL�LKNL�ZLHS�
K\YPUN�[OL�SPML[PTL�VM�[OL�0.<��;OL�WYLZLUJL�VM�[OL�KLZPJJHU[�PZ��[OLYLMVYL��JY\JPHS�MVY�[OL�WYVSVUNPUN�VM�[OL�
\UP[»Z�ZLY]PJL�SPML�I`�HKZVYIPUN�HU`�TVPZ[\YL�HUK�VYNHUPJ�]HWV\Y�[OH[�JHU�IL�KL[YPTLU[HS�[V�[OL�[OLYTHS�
WLYMVYTHUJL�VM�[OL�0.<�\U[PS�[OL�KLZPJJHU[�PZ�ZH[\YH[LK��

5L]LY[OLSLZZ�� [OL�JHWHJP[`�VM�KLZPJJHU[� PZ� SPTP[LK�HUK�VUJL� P[� PZ� ZH[\YH[LK� P[� JHUUV[� HIZVYI�HU`�TVYL�
TVPZ[\YL��;OPZ�PZ�̂ O`�P[�PZ�THPUS`�\ZLK�MVY�[OL�\W[HRL�VM�[OL�HSYLHK`�[YHWWLK�PU�TVPZ[\YL�K\YPUN�[OL�HZZLTIS`�
WOHZL�HUK�UV[�HZ�H�TVPZ[\YL�IHYYPLY�K\YPUN�[OL�ZLY]PJL�SPML�VM�[OL�\UP[��

4VZ[�JVTTVUS`�\ZLK�KLZPJJHU[Z�HYL�TVSLJ\SHY�ZPL]LZ�^OPJO�HYL�OPNOS`�WVYV\Z�JY`Z[HSZ�^P[O�\UPMVYT�WVYL�
ZPaLZ�VM����������HUK����(UNZ[YVTZ� �g���:PSPJH�NLS� PZ�HU�HS[LYUH[P]L�VW[PVU�JVUZPZ[PUN�VM�H�OPNOS`�WVYV\Z�
NYHU\SHY�ZOHWLK�KLZPJJHU[�^P[O�WVYL�ZPaLZ�YHUNPUN�MYVT����[V����(� ą��-PUHSS �̀�H�ISLUK�VM���g�TVSLJ\SHY�
ZPL]L�HUK�ZPSPJH�NLS�JHU�IL�\ZLK�[V�WYL]LU[�IV[O�JVUKLUZH[PVU�HUK�JOLTPJHS�MVNNPUN�I`�HKZVYIPUN�^H[LY�
]HWV\Y�HZ�^LSS�HZ�Vќ�NHZZLK�VYNHUPJZ�^OPSL�HSZV�SPTP[PUN�[OL�HKZVYW[PVU�VM�HYNVU�VY�UP[YVNLU�NHZ�HZ�Z[H[LK�
I`��=HU�+LU�)LYNO��L[�HS���������

(JJVYKPUN� [V� 2PS[OH\� �������� PU� [OL� TVZ[� [YHKP[PVUHS� 0.<Z�� H� TL[HS� ZWHJLY� IV_� PZ� ÄSSLK� ^P[O� NYHU\SHY�
ZOHWLK�KLZPJJHU[��/V^L]LY��^P[O�[OL�\ZL�VM�HS[LYUH[P]L��IL[[LY�WLYMVYTPUN�ZWHJLYZ��HS[LYUH[P]L�KLZPJJHU[�
HWWSPJH[PVUZ�HYL�HSZV�MV\UK��;OLZL�JHU�IL�<�JOHUULS�Z`Z[LTZ�^OLYL�[OL�ZWHJLY�PZ�MVSKLK�PU[V�H�JOHUULS�
[OH[�JVU[HPUZ�H�KLZPJJH[LK�WVS`TLYPJ�TH[YP_��(�KLZPJJHU[�TH[YP_��\USPRL�[OL�SVVZL�ÄSS�KLZPJJHU[Z�\ZLK�PU�[OL�
ZWHJLY�IV_LZ��PZ�H�JVU[PU\V\Z�LSLTLU[�[OH[�HKOLYLZ�[V�H�<�[`WL�ZWHJLY�PU�HU�VWLU�JOHUULS��;OPZ�[`WL�VM�
Z`Z[LT�PZ�\ZLK�PU�OPNO�ZWLLK�H\[VTH[LK�0.<�THU\MHJ[\YPUN��-VHT�ZWHJLY�Z`Z[LTZ�HYL�HUV[OLY�KLZPJJHU[�
HS[LYUH[P]L�^OPJO�JVUZPZ[Z�VM�H�KLZPJJH[LK�MVHT�^P[O�HU�PU[LNYH[LK�TVPZ[\YL�IHYYPLY�ÄST�HUK�HU�HJY`SPJ�7:(�
HSVUN�[OL�ZPKLZ�[V�LUZ\YL�P[Z�HKOLZPVU�[V�[OL�NSHZZ�WHULZ��-PUHSS �̀�[OL�[OLYTVWSHZ[PJ�ZWHJLY�PZ�H�70)�IHZLK�
spacer that replaces primary sealant and desiccant and can be extruded directly from a drum to the glass 
Z\YMHJL��;OL�KPќLYLU[�^H`Z�PU�^OPJO�H�KLZPJJHU[�JHU�IL�PU[LNYH[LK�PU�[OL�ZWHJLY�IHY�HYL�ZLLU�PU�-PN\YL����

;OL�PUKPZWLUZHISL�PU[LNYH[PVU�VM�H�KLZPJJHU[�PU�HU�0.<�HZZLTIS`�PZ�H�MHJ[VY�[OH[�KVLZ�UV[�HќLJ[�[OL�JPYJ\SHY�
JOHYHJ[LY�VM�[OL�\UP[�I\[�NYLH[S`�PTWHJ[Z�P[Z�LKNL�ZLHS�[YHUZWHYLUJ`�ZPUJL�P[�JVUZPZ[Z�VM�H�]PZPISL�LSLTLU[�
[OH[�JHUUV[�IL�H]VPKLK�
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-PN\YL�� !�+PHNYHT�VM�[OL�[`WPJHS�LKNL�ZLHS�WYVWLY[PLZ
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-PN\YL���!�+PHNYHT�VM�[OL�UL^�LKNL�ZLHS�WYVWLY[PLZ
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3.4.4 Overview and Conclusions

-PN\YL���!�+PHNYHT�VM�[OL�J\YYLU[�LKNL�ZLHSZ�WYVWLY[PLZ�YLNHYKPUN�YL]LYZPIPSP[`�HUK�[YHUZWHYLUJ`

;OL�YL]PL^�VM�[OL�LKNL�ZLHSZ�VM�[OL�PUZ\SH[LK�NSHZZ�\UP[Z�J\YYLU[S`�\ZLK�HPTZ�H[�\UKLYZ[HUKPUN�[OL�THPU�
M\UJ[PVUZ�HU�0.<�LKNL�ZLHS�ULLKZ�[V�M\SÄSS�HUK�KYH^PUN�ZVTL�JVUJS\ZPVUZ�VU�OV^�[OLZL�HZWLJ[Z�JHU�IL�
[YHUZSH[LK�PU[V�[OL�UL^�KLZPNU��

;YHKP[PVUHS�0.<�LKNL�ZLHS�KLZPNU�JVUZPZ[Z�VM�H�K\HS�ZLHS�LKNL�Z`Z[LT�[OH[�PZ�HWWSPLK�HYV\UK�H�KLZPJJHU[�
ÄSSLK�IV_�ZWHJLY��;OL�ZWHJLY�IHY�JHU�IL�THKL�VM�TL[HS�VY� [OLYTHSS`�IYVRLU�TL[HS� LSLTLU[Z�HUK�JHU�
HS[LYUH[P]LS`�IL�THKL�VM�JVTWVZP[LZ�̂ P[O�H�TL[HS�HUK�H�UVU�TL[HS�WHY[��[OLYTVWSHZ[PJZ�VY�Z[Y\J[\YHS�MVHTZ��
;OL�SH[[LY�JH[LNVY`�VM�UVU�TL[HS�ZWHJLYZ�PZ�THPUS`�WYLMLYYLK�MVY�[OLPY�YLK\JLK�[OLYTHS�JVUK\J[P]P[`�HUK�HYL��
[OLYLMVYL��PTWYV]PUN�[OLYTHS�WLYMVYTHUJL�VM�[OL�^OVSL�0.<�Z`Z[LT��;OL�WYPTHY`�ZLHSHU[�PZ�JVTWVZLK�VM�
WVS`PZVI\[`SLUL��70)��HUK�PZ�YLZWVUZPISL�MVY�[OL�PTWLYTLHIPSP[`�VM�[OL�ZLHS�[V�]HWV\Y�HUK�TVPZ[\YL�HZ�^LSS�
HZ�JH]P[`�NHZ�SLHRHNLZ��;OL�ZLJVUKHY`�ZLHS�PZ�HU�HKKP[PVUHS�SH`LY�VM�WYV[LJ[PVU�[V�[OL�WYPTHY`�ZLHS�HUK�P[Z�
THPU�YLZWVUZPIPSP[`�PZ�[OL�Z[Y\J[\YHS�YPNPKP[`�VM�[OL�\UP[�^OPSL�HSSV^PUN�MVY�TV]LTLU[Z�YLZ\S[PUN�MYVT�[OLYTHS�
L_WHUZPVUZ�HUK�^LH[OLY�JVUKP[PVUZ��-PUHSS �̀�H�JY\JPHS�WHY[�VM�[OL�0.<�HZZLTIS`�PZ�[OL�ULLK�MVY�H�KLZPJJHU[�
PU[LNYH[PVU�[V�HIZVYI�[OL�TVPZ[\YL�[OH[�^HZ�[YHWWLK�PU�[OL�\UP[�K\YPUN�P[Z�HZZLTIS`�WOHZL��;OL�KLZPJJHU[�
KLWLUKZ�VU�[OL�ZWHJLY�[`WL�[OH[�PZ�\ZLK�HUK�PZ�\Z\HSS`�PU[LNYH[LK�PU[V�P[�

In terms of circularity, the permanent bond between the secondary sealant and the spacer bar is what 
THRLZ� [OL� \UP[� UVU�YL]LYZPISL�^OPSL� [OL� 70)� WYPTHY`� ZLHSHU[� JHU� IL� LHZPS`� YLTV]LK� I`� HWWS`PUN� OPNO�
[LTWLYH[\YL��;OLYLMVYL��[OL�UL^�JVUULJ[PVU�ULLKZ�[V�H]VPK�JVTWSL[LS`�[OL�\ZL�VM�H�ZLJVUKHY`�ZLHSHU[�
and a combination of the structural properties of the spacer bar and the secondary sealant needs to 
IL�PU[LNYH[LK�PU[V�HS[LYUH[P]L�LSLTLU[Z��;OL�70)�JHU�IL�RLW[�ZPUJL�P[� PZ�ULJLZZHY`�MVY�[OL�WYL]LU[PVU�VM�
TVPZ[\YL�HUK�]HWV\Y�WLUL[YH[PVU�HUK�JHU�IL�YL]LYZPISL��-PUHSS �̀�H�KLZPJJHU[�ULLKZ�[V�IL�PU[LNYH[LK�PU[V�[OL�
KLZPNU�\ZPUN�VUL�VM�[OL�L_PZ[PUN�HS[LYUH[P]L�^H`Z�P[�PZ�J\YYLU[S`�\ZLK�

Regarding the desired transparency of the new edge seal, the new connection that substitutes the 
structural role of the spacer bar and the secondary sealant aims to be as discrete as possible in terms of 
KPTLUZPVUZ�HUK�HZ�[YHUZWHYLU[�VY�[YHUZS\JLU[�HZ�WVZZPISL�YLNHYKPUN�[OL�TH[LYPHSZ�\ZLK��-VY�[OPZ�YLHZVU�
K\YPUN�[OL�KLZPNU�WOHZL�[YHUZWHYLU[�VY�[YHUZS\JLU[�TH[LYPHSZ�^PSS�IL�JVUZPKLYLK�HUK�WYLMLYYLK��4VYLV]LY��
MVY�[OL�TVPZ[\YL�IHYYPLY��[YHUZWHYLU[�70)�PUZ[LHK�VM�[OL�[`WPJHS�ISHJR�VULZ�JHU�IL�\ZLK�^P[OV\[�OPUKLYPUN�
[OL�VW[PJHS�X\HSP[`�VM�[OL�LKNL�ZLHS��-PUHSS �̀�[OL�LZZLU[PHS�WYLZLUJL�VM�HU�PU[LNYH[LK�KLZPJJHU[�PZ�H�MHJ[VY�[OH[�
TPNO[�\UH]VPKHIS`�YLK\JL�[OL�KLZPYLK�[YHUZWHYLUJ`�VM�[OL�ZLHS�ZPUJL�[OLYL�HYL�J\YYLU[S`�UV�[YHUZWHYLU[�VY�
[YHUZS\JLU[�KLZPJJHU[�PU[LNYH[PVU�VW[PVUZ�

To conclude, the new edge seal connection needs to ensure the structural stability of the unit while 
HSSV^PUN� MVY� ZVTL� ÅL_PIPSP[`� [V� HJJVTTVKH[L�TV]LTLU[Z�� ;OL� JVTWYLZZP]L� Z[YLUN[O� [OH[� PZ� J\YYLU[S`�
\UKLY[HRLU�I`�[OL�ZWHJLY�IHY�JHUUV[�IL�X\HU[PÄHISL�ZPUJL�[OLYL�HYL�IPN�]HYPH[PVUZ� PU�[OL�]HS\LZ�VM� [OL�
JVTTLYJPHSS`�H]HPSHISL�ZWHJLY�IHYZ��;OL�[LUZPSL�Z[YLUN[O�VM�[OL�LKNL�ZLHS�[OH[�YLZ\S[Z�MYVT�[OL�ZLJVUKHY`�
ZLHS�PZ�X\HU[PÄLK�PU�HWWYV_PTH[L�M\�Z�$�����47H�HUK�[OL�Z[PќULZZ�HYV\UK�,Z�$�����47H��-\Y[OLYTVYL��[OL�
UL^�JVUULJ[PVU�ULLKZ�[V�HJ[�HZ�H�TVPZ[\YL�HUK�]HWV\Y�IHYYPLY�^HYYHU[PLK�I`�[OL�WYLZLUJL�VM�H�70)�SH`LY��
4VYLV]LY��P[�ULLKZ�[V�OH]L�H�SV^�[OLYTHS�JVUK\J[P]P[`�VM�UV�TVYL�[OHU������>��T�2��HUK�P[�ULLKZ�[V�IL�
K\YHISL�[V�<=�YHKPH[PVU�HUK�JVYYVZPVU�MYVT�^H[LY��

-PN\YL�� �JVUZPZ[Z�VM�H�KPHNYHT�VM�[OL�WYVWLY[PLZ�VM�[`WPJHS�LKNL�ZLHSZ�[OH[�ULLK�[V�IL�[YHUZSH[LK�PU[V�[OL�
UL^�JVUULJ[PVU�KLZPNU��-PN\YL����KLWPJ[Z�H�THWWPUN�VM� PUZ\SH[LK�NSHZZ�\UP[�LKNL�ZLHSZ�YLNHYKPUN�[OLPY�
YL]LYZPIPSP[`�HUK�[OLPY�[YHUZWHYLUJ �̀�0[�PZ�L]PKLU[�HNHPU�[OH[�[OLYL�HYL�J\YYLU[S`�UV�YL]LYZPISL�0.<�Z`Z[LTZ�VU�
[OL�THYRL[��4VYLV]LY��MVJ\ZPUN�VU�[OL�PUKP]PK\HS�WHY[Z�VM�H�[`WPJHS�0.<�Z`Z[LT�THKL�V\[�VM�ÅVH[�NSHZZ�^L�
JHU�VIZLY]L�[OH[�[OL�LSLTLU[Z�[OH[�PTWHJ[�[OLPY�YL]LYZPIPSP[`�HUK�[YHUZWHYLUJ`�HYL�[OL�ZWHJLY�IHY�HUK�[OL�
ZLJVUKHY`�ZLHSHU[��0U�HU�H[[LTW[�[V�JYLH[L�H�YL]LYZPISL�0.<�LKNL�ZLHS�^P[O�TPUPTPZLK�VW[PJHS�LќLJ[�VM�[OL�
LKNL�ZLHS�JVTWVULU[Z�P[�PZ�L]PKLU[�[OH[�H[[LU[PVU�T\Z[�IL�WSHJLK�PU�[OL�TH[LYPHSP[`�VM�[OL�UL^�JVUULJ[PVU�
Z`Z[LT�HZ�^LSS�HZ�PU�P[Z�NLVTL[Y �̀
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3.5 Connections in Glass Structures

3.5.1 Reversible Connections 

-PN\YL�����3PULHYS`�Z\WWVY[LK�NSHZZ�JVUULJ[PVU��-YVT�¸:[Y\J[\YHS�<ZL�VM�.SHZZ¹��W�������
I`�/HSKPTHUU��4���3\PISL��(���
�6]LYLUK��4���������

-PN\YL�����3V^�MYPJ[PVU�JSHTWLK�JVUULJ[PVU��-YVT�¸:[Y\J[\YHS�<ZL�VM�.SHZZ¹��W�������I`�/HSKPTHUU��4���3\PISL��(���
�6]LYLUK��
4���������

-PN\YL�����*H[LNVYPZH[PVU�VM�JVUULJ[PVUZ�PU�NSHZZ�Z[Y\J[\YLZ�HJJVYKPUN�[V�[OLPY�WV[LU[PHS�MVY�YL]LYZPIPSP[`

3PULHYS`�Z\WWVY[LK�JVUULJ[PVUZ

*VU[PU\V\Z� SPULHY� Z\WWVY[Z�� ^OLYL� YLJ[HUN\SHY� NSHZZ� WHULZ� HYL�
Z\WWVY[LK�HSVUN�[^V�VY�MV\Y�LKNLZ��HYL�H�]LY`�ZPTWSL�HUK�^PKLS`�\ZLK�
THUULY�VM�Z\WWVY[PUN�NSHZZ�LSLTLU[Z��;OLPY�\ZL�PZ�]LY`�Z\P[HISL�PU�MYHTLK�
constructions for connecting the glass to the aluminium, steel, plastic or 
[PTILY�MYHTL��;OL�ZLSM�^LPNO[�VM�[OL�NSHZZ�PZ�JHYYPLK�]PH�[OL�\ZL�VM�WSHZ[PJ�
ZL[[PUN�ISVJRZ�VY� ULVWYLUL� SH`LYZ�� ;OL�V\[�VM�WSHUL� SVHKZ�� \Z\HSS`� [OL�
YLZ\S[�VM�^PUK�WYLZZ\YL��HYL�[YHUZMLYYLK�[V�[OL�MYHTL�[OYV\NO�NHZRL[Z�VY�
Z[Y\J[\YHS�ZLHSHU[Z��;OPZ�[`WL�VM�NSHZZ�JVUULJ[PVU�PZ�\Z\HSS`�LUJV\U[LYLK�
PU�[OL�JHZLZ�VM�[OL�[`WPJHS�PUZ\SH[LK�^PUKV^Z�HUK�PU�J\Y[HPU�^HSS�Z`Z[LTZ�

*SHTWLK�JVUULJ[PVUZ�

*SHTWLK�JVUULJ[PVUZ�HYL�HJJVTWSPZOLK�\ZPUN�TL[HS�JVTWVULU[Z�[OH[�TLJOHUPJHSS`�JSHTW�[OL�LKNLZ�VM�H�
NSHZZ�WHULS��;OL�JSHTWZ�HYL�[OLU�Ä_LK�[V�Z\IZ[Y\J[\YL�Z\WWVY[��(U�PU[LYSH`LY�VM�Z\JO�HZ�ULVWYLUL��,7+4�
Y\IILY�VY�ZPTPSHY�TH[LYPHS�PZ�WSHJLK�IL[^LLU�[OL�TL[HS�WHY[Z�ZV�[OH[�[OL�MVYJLZ�JHU�IL�L]LUS`�[YHUZTP[[LK��
(KKP[PVUHSS �̀�H�ZL[[PUN�ISVJR�PZ�PUZLY[LK�^OLYL�[OL�NSHZZ�WHUL�ZP[Z�HUK�JHYYPLZ�[OL�PU�WSHUL�SVHKZ�LUZ\YPUN�H�
ZTVV[O�[YHUZMLY�VM�[OL�]LY[PJHS�SVHKZ�HJJVYKPUN�[V�6»9LNHU�L[�HS��������W�����

;OL� ZTHSS� ZPaL�VM� [OLZL�JVUULJ[PVUZ�OHZ�TPUPTPZLK� [OLPY� ]PZ\HS� PTWHJ[� HZ�^LSS� HZ� [OL� JVU[HJ[� Z\YMHJL�
IL[^LLU�[OL�NSHZZ�HUK�[OL�TL[HS��0U�[OLZL�TPUPTPZLK�YLNPVUZ�SVJHS�Z[YLZZLZ�HYPZL�[OH[�ULLK�[V�IL�JVUZPKLYLK�
PU�[OL�KLZPNU�WOHZL���)LKVU�
�:HU[HYZPLYV��������;OPZ�[`WL�VM�JVUULJ[PVU�PZ�[`WPJHSS`�\ZLK�PU�SV^�Z[YLZZ�
NSHZZ�JVUULJ[PVUZ�VY�PU�ZTHSS�NSHZZ�LSLTLU[Z�Z\JO�HZ�I\PSKPUN�IHS\Z[YHKLZ��

;OL�JVUULJ[PVUZ�VM� [OL�Z[Y\J[\YHS�LSLTLU[Z�OH]L�H�NYLH[�LќLJ[�VU� [OL�JVZ[��LѝJPLUJ �̀� YVI\Z[ULZZ�HUK�
Z\Z[HPUHISL� JOHYHJ[LY� VM� [OL� ^OVSL� JVUZ[Y\J[PVU�� 7HY[PJ\SHYS`� ^OLU� I\PSKPUN� ^P[O� Z[Y\J[\YHS� NSHZZ�� [OL�
PTWVY[HUJL�VM� ÄUKPUN�Z\P[HISL�JVUULJ[PVU� [`WLZ�JHU�IL�TVYL�JY\JPHS� [OHU�^P[O�HU`�V[OLY�JVU]LU[PVUHS�
I\PSKPUN�TH[LYPHS��;OPZ�PZ�K\L�[V�[OL�PU[YPUZPJ�X\HSP[PLZ�VM�NSHZZ��.SHZZ�PZ�H�IYP[[SL�TH[LYPHS�HUK�ILJH\ZL�VM�[OH[��
P[�JHUUV[�WSHZ[PJHSS`�YLKPZ[YPI\[L�WVZZPISL�Z[YLZZ�WLHRZ�PTWVZLK�I`�L_[LYUHS�MVYJLZ��

*VUULJ[PVUZ�PU�NSHZZ�Z`Z[LTZ�ULLK�[V�MHJPSP[H[L�[OL�[YHUZMLY�VM�MVYJLZ�MYVT�VUL�LSLTLU[�[V�HUV[OLY� PU�H�
safe and gradual way as well as compensate for construction tolerances and accommodate building 
TV]LTLU[Z�K\L�[V� [OLYTHS�L_WHUZPVUZ�HUK�KLMVYTH[PVUZ�\UKLY� SVHKZ��4VYLV]LY��JVUULJ[PVUZ� PU�NSHZZ�
Z[Y\J[\YLZ�OH]L�H�NYLH[�PTWHJ[�VU�[OL�V]LYHSS�HLZ[OL[PJ�YLZ\S[�PU�[LYTZ�VM�[YHUZWHYLUJ`�VM�[OL�Z[Y\J[\YL�HUK�
VU�P[Z�HIPSP[`�[V�IL�JPYJ\SHY�PU�[LYTZ�VM�LHZL�VM�KLTV\U[HIPSP[`�HUK�YL\ZHIPSP[ �̀

0U� [OPZ�JOHW[LY�J\YYLU[S`�\ZLK�JVUULJ[PVU� [`WLZ� PU�NSHZZ�Z[Y\J[\YLZ�OH]L�ILLU�KP]PKLK� PU[V�WLYTHULU[��
YL]LYZPISL� HUK� O`IYPK� JVUULJ[PVUZ�� ;OLZL� JVUULJ[PVUZ� HUK� [OLPY� Z\IJH[LNVYPLZ� ^PSS� IL� HUHS`ZLK� HUK�
HZZLZZLK�PU�[LYTZ�VM�[YHUZWHYLUJ �̀�JPYJ\SHYP[ �̀�LHZL�VM�HZZLTIS �̀�HUK�SVHK�[YHUZMLY�HIPSP[ �̀

9L]LYZPISL� JVUULJ[PVUZ� HYL� JSHZZPÄLK� HJJVYKPUN� [V� [OL� TLJOHUPZT� VM� SVHK� [YHUZMLY� PU[V� TLJOHUPJHS�
JVUULJ[PVUZ�� PU[LYSVJRPUN�JVUULJ[PVUZ�HUK�JVUULJ[PVUZ�[OH[�\ZL�H�Z\WWVY[P]L�Z\IZ[Y\J[\YL��4LJOHUPJHS�
JVUULJ[PVUZ�HYL�̂ PKLS`�\ZLK�PU�ÅVH[�NSHZZ�WHULSZ��;OL�WV[LU[PHS�VM�PU[LYSVJRPUN�JVUULJ[PVUZ�HYL�̂ PKLS`�\ZLK�
PU�PUZ\SH[LK�\UP[PZLK�J\Y[HPU�^HSSZ�HUK�[OLPY�WV[LU[PHS�PZ�Z[PSS�ILPUN�YLZLHYJOLK�PU�[OL�ÄLSK�VM�JHZ[�NSHZZ�SVHK�
ILHYPUN�ISVJRZ��-PUHSS`�Z\WWVY[P]L�Z\IZ[Y\J[\YLZ�OH]L�ILLU�\ZLK�PU�JHZ[�NSHZZ�ISVJRZ�

When applying mechanical connections in a glass component it is essential for smooth stress distribution 
PU�[OL�IYP[[SL�NSHZZ�[V�H]VPK�KPYLJ[�JVU[HJ[�VM�NSHZZ�^P[O�NSHZZ�HUK�VM�NSHZZ�^P[O�V[OLY�OHYK�TH[LYPHSZ�Z\JO�HZ�
TL[HS��/LUJL��PU�VYKLY�[V�LUZ\YL�HU�L]LU�SVHK�[YHUZP[PVU�IL[^LLU�[OL�JVUULJ[PVUZ�HUK�[OL�NSHZZ�H�Z\P[HISL�
PU[LYTLKPH[L�SH`LY�ULLKZ�[V�IL�HWWSPLK��;OL�Z[PќULZZ�VM�[OL�TH[LYPHS�PZ�JY\JPHS��[OLYLMVYL��[OL�TH[LYPHS�ZOV\SK�
WVZZLZZ�H�`V\UN»Z�TVK\S\Z�ZTHSSLY�VY�ZPTPSHY�[V�[OH[�VM�NSHZZ��4VYLV]LY��PU�VYKLY�[V�ZH[PZMHJ[VYPS`�[YHUZMLY�
MVYJLZ��[OL�PU[LYSH`LY�ZOV\SK�OH]L�HKLX\H[L�Z[YLUN[O�^OPJO�TLHUZ�[OH[�TH[LYPHSZ�^P[O�OPNO�JVTWYLZZP]L�
Z[YLUN[O�HYL�WYLMLYYLK��-PUHSS �̀�[OL�PU[LYSH`LY�OHZ�[V�IL�K\YHISL�[V�^P[OZ[HUK�JVYYVZPVU�HUK�[OLYTHS�ZOVJR��
7SHZ[PJ��YLZPUZ��ULVWYLUL��PUQLJ[PVU�TVY[HYZ��HS\TPUP\T�VY�ÄIYV\Z�NHZRL[Z�OH]L�WYVWLY[PLZ�[OH[�THRL�[OLT�
ZH[PZMHJ[VY`�PU[LYSH`LY�TH[LYPHSZ�MVY�NSHZZ�Z[Y\J[\YHS�JVUULJ[PVUZ�

4LJOHUPJHS�JVUULJ[PVUZ�HYL�M\Y[OLY�Z\IKP]PKLK�PU[V�SPULHYS`�Z\WWVY[LK��JSHTWLK�JVUULJ[PVUZ��MYPJ[PVU�NYPW�
JVUULJ[PVUZ�HUK�IVS[LK�JVUULJ[PVUZ�
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-PN\YL�����)VS[LK�JVUULJ[PVU"�[VW!�TVUVSP[OPJ�NSHZZ��IV[[VT!�SHTPUH[LK�ZHML[`�NSHZZ��-YVT�¸:[Y\J[\YHS�<ZL�VM�.SHZZ¹��W�������I`�
/HSKPTHUU��4���3\PISL��(���
�6]LYLUK��4���������

Bolted connections

The use of bolted connections in glass elements is the result of the desire for glass connections with 
TPUPTHS�]PZ\HS� PTWHJ[� MVY�LUOHUJLK� [YHUZWHYLUJ`�VM� [OL�Z[Y\J[\YL��(�^PKL�]HYPL[`�VM�IVS[LK� QVPU[Z�OH]L�
ILLU� KL]LSVWLK� V]LY� [OL� SHZ[� ��� `LHYZ� PU� [OL� KPYLJ[PVU� VM�TH_PTPZLK� [YHUZWHYLUJ`�^OPSL� RLLWPUN� [OL�
KLTV\U[HIPSP[`�VM�[OL�Z[Y\J[\YL��

0U�[OPZ�[`WL�VM�JVUULJ[PVU��Z[HPUSLZZ�Z[LLS�IVS[Z�KPYLJ[S`�JHYY`�HSS�[OL�PU�WSHUL�HUK�V\[�VM�WSHUL�SVHKZ�VM�[OL�
NSHZZ��(S\TPUP\T�I\ZOPUNZ��764�VY�PUQLJ[LK�TVY[HYZ�HYL�\ZLK�[V�Z\WWVY[�[OL�IVS[Z�HUK�WYL]LU[�[OL�NSHZZ�
[V�IVS[�JVU[HJ[�HUK�YLK\JL�Z[YLZZ�JVUJLU[YH[PVUZ��)VS[Z�^LYL�^PKLS`�\ZLK�PU�Z[LLS�JVUZ[Y\J[PVUZ�ILMVYL�
[OL`�^LYL�HKVW[LK�I`�[OL�NSHZZ�ÄLSK��(�RL`�HZWLJ[�[OH[�ULLKZ�[V�IL�[HRLU�PU[V�HJJV\U[�^OLU�KLZPNUPUN�
with bolted joints is that steel is a plastic material, therefore the stresses that are concentrated around the 
OVSL�VM�[OL�IVS[�HYL�LHZPS`�YLKPZ[YPI\[LK�I`�SVJHS�`PLSKPUN��6U�[OL�JVU[YHY �̀�[OL�IYP[[SL�JOHYHJ[LY�VM�NSHZZ�KVLZ�
not permit such yielding and stress concentrations, particularly the tensile ones, around the drilled glass 
OVSLZ�[OH[�ULLK�[V�IL�[HRLU�PU[V�JHYLM\S�JVUZPKLYH[PVU�PU�[OL�KLZPNU�WOHZL��

;OL� PU[LYTLKPH[L�TH[LYPHSZ�WSH`� [OL� YVSL�VM�HJJVTTVKH[PUN� [OLZL�WLHR�Z[YLZZLZ�^P[O�NYLH[�Z\JJLZZ� PU�
[OL�JVTWYLZZP]L�MVYJLZ�I\[�^P[O�]LY`�SP[[SL�Z\JJLZZ�PU�[OL�[LUZPSL�VULZ�ILJH\ZL�VM�[OL�LSVUNH[PVU�VM�[OL�
OVSLZ��;OLYLMVYL��[OLZL�TH[LYPHSZ�ZOV\SK�WVZZLZZ�Z\ѝJPLU[�Z[YLUN[O�HUK�Z[PќULZZ�[V�[YHUZMLY�SVHKZ�[V�HUK�
from the glass without causing fracture of the joint, while maintaining a certain softness to successfully 
YLKPZ[YPI\[L�Z[YLZZ�JVUJLU[YH[PVUZ��-PUHSS �̀�JYLLW�HUK�<=�YLZPZ[HUJL�HYL�HSZV�ULJLZZHY �̀�(S\TPUP\T��WSHZ[PJZ�
SPRL�,7+4��L[O`SLUL�WYVW`SLUL�KPLUL�TVUVTLY���7,,2��WVS`L[OLY�L[OLY�RL[VUL���764��WVS`V_PTL[O`SLU��VY�
WVS`HTPKL�VY�PUQLJ[LK�YLZPU�VY�TVY[HY�HYL�[`WPJHSS`�\ZLK��/HSKPTHUU�L[�HS��������W�����

�-YPJ[PVU�NYPW�JVUULJ[PVUZ�

-YPJ[PVU�NYPW�JVUULJ[PVUZ�HYL�H�Z\IJH[LNVY`�VM�JSHTWLK�JVUULJ[PVUZ� [OH[�HYL�HISL� [V� [YHUZMLY� PU�WSHUL�
MVYJLZ� HZ� ^LSS� I`� [OL�TLHUZ� VM� ]LY`� [PNO[� JHTWLK� Ä_PUNZ� [OH[� KL]LSVW� MYPJ[PVU�MYLL� JVUULJ[PVUZ�� ;OL�
JVUULJ[PVUZ�HYL�THKL�\W�VM�JSHTWLK�[VNL[OLY�Z[LLS�WSH[LZ�^P[O�H�WYLZ[YLZZLK�IVS[�WHZZPUN�[OYV\NO�[OLT��
;OL�OVSL�[OH[�HJJVTTVKH[LZ�[OL�IVS[�PZ�V]LYZPaLK�ZV�HU`�JVU[HJ[�PZ�WYL]LU[LK�IL[^LLU�IVS[�HUK�NSHZZ��
.HZRL[Z�HYL�WSHJLK�IL[^LLU�[OL�NSHZZ�HUK�[OL�Z[LLS�WSH[LZ�HZ�HU�PU[LYSH`LY�[V�H]VPK�[OLPY�KPYLJ[�JVU[HJ[��
;OL�ZLSLJ[PVU�VM�NHZRL[�PZ�JY\JPHS�HZ�P[�ULLKZ�[V�ZOV^�HKLX\H[L�Z[YLUN[O�[V�JHYY`�[OL�UVYTHS�Z[YLZZLZ�HUK�
T\Z[�HSZV�YLZPZ[�[OL�YLZ\S[PUN�ZOLHY�Z[YLZZLZ�MYVT�[OL�PU�WSHUL�SVHKZ��/V^L]LY��[OL�NHZRL[Z�ZOV\SK�UV[�IL�
L_[YLTLS`�OHYK�VY�[OL�NSHZZ�^PSS�IL�KHTHNLK�I`�[OLPY�JVU[HJ[��0[�T\Z[�HSZV�WVZZLZZ�Z\ѝJPLU[�ÅL_PIPSP[`�[V�
HJJVTTVKH[L�THU\MHJ[\YPUN�[VSLYHUJLZ�VM�[OL�KPќLYLU[�JVTWVULU[Z�VM�[OL�QVPU[��-PUHSS �̀�JYLLW�ZOV\SK�IL�
]LY`�SV^�[V�H]VPK�UVYTHS�MVYJLZ�PU�[OL�IVS[Z��7\YL�HS\TPUP\T�VY�ÄIYL�NHZRL[�VM���TT�[OPJRULZZ�HYL�\Z\HSS`�
\ZLK��;OL�]VPK�HYV\UK�[OL�OVSL�PZ�ÄSSLK�^P[O�HU�PZVSH[PVU�TH[LYPHS��;OL�HK]HU[HNL�VM�[OPZ�[`WL�VM�QVPU[�PZ�[OH[�
Z[YLZZ�KPZ[YPI\[PVU�VJJ\YZ�VU�H�IPNNLY�Z\YMHJL�HYLH�ZV�Z[YLZZ�WLHRZ�HYL�H]VPKLK��;̀ WPJHS�\ZLZ�VM�MYPJ[PVU�NYPW�
JVUULJ[PVUZ�HYL�]PZPISL�PU�Z[Y\J[\YL�ÄUZ�HUK�MHJHKLZ��/HSKPTHUU�L[�HS��������W�����

-YPJ[PVU�IHZLK�JVUULJ[PVUZ�TPNO[�LUJV\U[LY�PZZ\LZ�^P[O�[OL�PU[LYSH`LY�\ZLK�PU�SHTPUH[LK�NSHZZ�ILJH\ZL�VM�
[OL�WYLZZ\YL�VM�[OL�JSHTW�HNHPUZ[�[OL�NSHZZ�[OH[�JHU�ZX\LLaL�V\[�[OL�PU[LYSH`LY�TH[LYPHS��;V�WYL]LU[�[OPZ�
MYVT�VJJ\YYPUN�H�ZVM[�HS\TPUP\T�SH`LY�JHU�IL�PUZLY[LK�PU[V�[OL�PU[LYSH`LY�PU�[OL�WVZP[PVU�VM�[OL�Ä_PUN�

-PN\YL�����3V^�MYPJ[PVU�JSHTWLK�JVUULJ[PVU��-YVT�¸:[Y\J[\YHS�<ZL�VM�.SHZZ¹��W�������I`�/HSKPTHUU��4���3\PISL��(���
�6]LYLUK��
4���������
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0U[LYSVJRPUN�JVUULJ[PVUZ�PU�JHZ[�NSHZZ�\UP[Z

;OL� PUUV]H[PVU� ILOPUK� [OPZ� Z`Z[LT� SH`Z� PU� [OL� PU[LYSVJRPUN� IVUKPUN�TL[OVK� VM� JVUULJ[PUN� JHZ[� NSHZZ�
JVTWVULU[Z�[OL�ZPaL�VM�H�UVYTHS�IYPJR��:[Y\J[\YHSS`�ZWLHRPUN��[OL�NLVTL[Y`�VM�[OL�PU[LYSVJRPUN�JVTWVULU[Z�
Z\WWYLZZLZ�[OL�SH[LYHS�TV]LTLU[Z�LUZ\YPUN�[OL�SHJR�VM�ULLK�VM�H�Z\IZ[Y\J[\YL�VY�MYHTL��4VYLV]LY��[OPZ�UL^�
Z`Z[LT�HSZV�WYVWVZLZ�[OL�\ZL�VM�H�KY �̀�PU[LYSH`LY�Z\JO�HZ�WVS`\YL[OHUL�Y\IILY��7<��VY�7VS`]PU`S�*OSVYPKL�
�7=*��[OH[�PZ�HSZV�JVSV\YSLZZ�[V�IL�\ZLK�IL[^LLU�[OL�NSHZZ�JVTWVULU[Z�WYL]LU[PUN�Z[YLZZ�JVUJLU[YH[PVUZ�
JH\ZLK� I`� [OL� PTTLKPH[L� JVU[HJ[� VM� [^V� NSHZZ� JVTWVULU[Z�� 0[� HSZV� YLJLP]LZ� [OL� Z[YLZZLZ� JH\ZLK� I`�
PTWLYMLJ[PVUZ�K\YPUN�[OL�JHZ[PUN�WYVJLK\YL�HJJVYKPUN�[V�6PRVUVTVWV\SV\�L[�HS��������

According to experimental tests and research regarding the optimum shape of the glass components, 
VYNHUPJ�ZOHWLZ�HUK�NLVTL[YPLZ�^P[O�J\Y]LZ�[OH[�SHJR�ZOHYW�LKNLZ�SLHK�[V�H�WYL]LU[PVU�VM�YLZPK\HS�Z[YLZZ�
JVUJLU[YH[PVUZ�THRPUN�[OLZL�ZOHWLZ�TVYL�JVTWH[PISL�^P[O�[OL�PU[YPUZPJ�JOHYHJ[LYPZ[PJZ�VM�JHZ[�NSHZZ�

;OL�HK]HU[HNLZ�VM�[OPZ�PUUV]H[P]L�Z`Z[LT�PU�[LYTZ�VM�JPYJ\SHYP[`�SH`�PU�[OL�JVTWSL[L�LHZL�VM�KPZHZZLTIS`�
HUK�YL\ZL�VM�[OL�Z[Y\J[\YL��;OL� SHJR�VM�HU`�HKKP[PVUHS�JVH[PUN�VY�HKOLZP]L�TH[LYPHSZ�YLZ\S[Z� PU�H� SHJR�VM�
JVU[HTPUH[PVU�VM�[OL�NSHZZ�^OPJO�THRLZ�P[�LHZPS`�YLJ`JSHISL��

-PN\YL�����7O`ZPJHS�WYV[V[`WLZ�VM�KPќLYLU[� PU[LYSVJRPUN�NLVTL[YPLZ��-YVT��6PRVUVTVWV\SV\����� ���O[[WZ!��KVP�VYN���������
HIL���� � �����

:\WWVY[P]L�Z\IZ[Y\J[\YL

;OPZ�JVUULJ[PVU�TL[OVK�YLMLYZ�[V�H�ZWLJPÄJ�I\PS[�L_HTWSL�VM�[OL�¸6W[PJHS�/V\ZL¹��KLZPNULK�I`�HYJOP[LJ[Z�
/PYVZOP�5HRHT\YH�
�5(7�HUK�THU\MHJ[\YLK�I`�,X\P[VUL�PU�������;OL�[^V�Z[VYL`�OPNO�NSHZZ�MHJHKL�[OH[�
M\UJ[PVUZ�HZ�H�[YHUZWHYLU[�ÄS[LY�IL[^LLU�[OL�I\Z`�JP[`� SPML�HUK�[OL�ZLYLUL�WYP]H[L�NHYKLU�VM�[OL��OV\ZL�
PZ�H�Z[H[L�VM�[OL�HY[�L_HTWSL�VM�H�MHJHKL�THKL�LU[PYLS`�VM�JHZ[�NSHZZ�IYPJRZ�^P[O�[OL�PTWSLTLU[H[PVU�VM�H�
Z\WWVY[P]L�Z\IZ[Y\J[\YL�

;OL�JVUULJ[PVU�OHZ�ILLU�\ZLK� PU�JVTIPUH[PVU�^P[O�JHZ[�NSHZZ�ISVJRZ�HUK�\[PSPZLZ�H�Z\WWVY[P]L��TL[HS�
Z\IZ[Y\J[\YL�[V�JHYY`�[OL�[LUZPSL�MVYJLZ�^OPSL�H[�[OL�ZHTL�[PTL�HJOPL]PUN�[OL�HPTLK�Z[PќULZZ�HUK�YLZPZ[HUJL�
[V�I\JRSPUN��;OPZ�^H`�[OL�NSHZZ� PZ�MYLL�[V�HJJLW[�HSS� [OL�JVTWYLZZP]L�Z[YLZZLZ�� �6PRVUVTVWV\SV\�L[�HS���
�����

;OL�Z\WWVY[P]L�Z\IZ[Y\J[\YL�HZ�H�IVUKPUN�TL[OVK�PU�JHZ[�NSHZZ�JVTWVULU[Z� PZ�HU� PUUV]H[P]L�^H`�[OH[�
HSSV^Z�[OL�\ZL�VM�JHZ[�NSHZZ�IYPJRZ�[V�IL�\ZLK�PU�SHYNL�Z\YMHJLZ�HZ�SVHK�ILHYPUN�Z[Y\J[\YLZ��0U�[LYTZ�VM�
JPYJ\SHYP[ �̀�[OL�WYPUJPWHS�HK]HU[HNL�VM�[OPZ�TL[OVK�PZ�[OH[�UV�HKOLZP]LZ�VY�TVY[HY�PZ�\ZLK�PU�[OL�JVUZ[Y\J[PVU��
;OPZ�^H`�[OL�^OVSL�Z[Y\J[\YL�OHZ�[OL�WV[LU[PHS�[V�IL�KPZHZZLTISLK�HUK�YL\ZLK�PU�V[OLY�M\[\YL�WYVQLJ[Z��
The downsides of this method include the use of additional materials besides glass that compromise the 
[YHUZWHYLUJ`�[OH[�PZ�[OL�THPU�HWWLHS�PU�[OL�\ZL�VM�H�NSHZZ�MHJHKL�

-PN\YL�����(ZZLTIS`�VM�[OL�NSHZZ�THZVUY`�^HSS��-YVT�¸+LZPNUIVVT¹��I`�5HRHT\YH��/��
�5(7��������O[[WZ!��^^ �̂KLZPNUIVVT�
JVT��HYJOP[LJ[\YL�OPYVZOP�UHRHT\YH�UHW�VW[PJHS��NSHZZ�OV\ZL���
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;OL�SVHK�ILHYPUN�JHWHJP[`�VM�HKOLZP]LS`�IVUKLK�NSHZZ�Z[Y\J[\YLZ�PZ�NYLH[S`�PUÅ\LUJLK�I`�[OL�K\YH[PVU�HUK�
[`WL�VM�SVHKPUN�PTWVZLK�VU�[OL�Z[Y\J[\YL��/V^L]LY��[OL�SVHK�[YHUZMLY�VM�[OL�JVUULJ[PVU�KLWLUKZ�VU�[OL�
HYLH�VM�[OL�Z\YMHJL�^OLYL�[OL�IVUK�VJJ\YZ��VU�[OL�X\HSP[`�VM�[OL�^VYRTHUZOPW�K\YPUN�[OL�PUZ[HSSH[PVU��HZ�
^LSS�HZ�VU�[OL�LU]PYVUTLU[HS�JVUKP[PVUZ�Z\JO�HZ�[OL�<=�SPNO[��[OL�TVPZ[\YL�SL]LSZ�HUK�[OL�[LTWLYH[\YL�

;OL�HK]HU[HNL�VM�[OPZ�RPUK�VM�JVUULJ[PVU�^OLU�\ZLK�PU�SVHK�ILHYPUN�NSHZZ�Z[Y\J[\YLZ�PZ�H�YLSH[P]LS`�L]LU�
[YHUZMLY�VM�PUJVTPUN�MVYJLZ�V]LY�[OL�HYLH�^OLYL�[OL�NS\L�PZ�HWWSPLK��(KKP[PVUHSS �̀�UV�WYLWHYH[PVU�PZ�ULLKLK�
PU�[LYTZ�VM�KYPSSPUN�OVSLZ�MVY�[OL�JVUULJ[PVUZ�[V�VJJ\Y��;OPZ�HZWLJ[�PZ�ILULÄJPHS�[V�[OL�LHZL�VM�WYVK\J[PVU�
as well as to the safety of the structure since stress concentrations that usually occur due to drilling for 
TLJOHUPJHS� JVUULJ[PVUZ� HYL� H]VPKLK� PU� [OPZ� JHZL��4VYLV]LY�� [YHUZWHYLUJ`� PZ� LUOHUJLK�^P[O� HKOLZP]L�
JVUULJ[PVUZ�ZPUJL�UV�HKKP[PVUHS�TH[LYPHSZ��Z\JO�HZ�TL[HSZ��[OH[�HYL�UVU�[YHUZWHYLU[�HYL�\ZLK��;OL�[OLYTHS�
IYPKNLZ�HYL�HSZV�TPUPTPZLK�^P[O�[OLZL�JVUULJ[PVUZ�ZPUJL�UV�JVTWVULU[Z�VM�JVUK\J[P]L�TH[LYPHSZ�WHZZ�
[OYV\NO� [OL� NSHaPUN� Z`Z[LT�� (� NYLH[� KPZHK]HU[HNL� VM� HKOLZP]L� JVUULJ[PVUZ� JVUJLYUZ� [OL� HZWLJ[� VM�
JPYJ\SHYP[ �̀� ,_JLW[� MVY� Z[Y\J[\YHS� ZPSPJVUL� [OH[� JHU� IL� LHZPS`� IL� J\[� V\[��TVZ[� HKOLZP]L�TH[LYPHSZ� VUJL�
HWWSPLK�MVYT�H�WLYTHULU[�IVUK�^P[O�[OL�NSHZZ�HUK�JHUUV[�IL�YLTV]LK�VY�YLWSHJLK�^P[OV\[�OHYTPUN�[OL�
JVTWVULU[��4VYLV]LY��NSHZZ�JVU[HTPUH[LK�^P[O�HKOLZP]LZ�JHUUV[�IL�YLJ`JSLK�HUK�PZ�[OLYLMVYL�KLZ[PULK�
[V�LUK�\W�PU�SHUKÄSSZ��

4VY[HYZ�HYL�HUV[OLY�[`WL�VM�WLYTHULU[�JVUULJ[PVU�VM�NSHZZ�LSLTLU[Z�HUK�HYL�L_[LUZP]LS`�\ZLK�[V�IVUK�
[VNL[OLY� UVU�SVHK� ILHYPUN� OVSSV^�NSHZZ� ISVJRZ� PU[V� H�^HSS�� :PTPSHYS`� [V� HKOLZP]LZ��TVY[HYZ� HYL� H� UVU�
YL]LYZPISL�JVUULJ[PVU�Z`Z[LT�THRPUN�[OL�YLWSHJLTLU[�HUK�YL\ZL�VY�YLJ`JSPUN�VM�[OL�NSHZZ�\ZLK�UV[�WVZZPISL�

-PN\YL�����(KOLZP]LS`�IVUKLK�ÅVH[�NSHZZ�ÄUZ��
-YVT� ¸.SHZZ�*VUZ[Y\J[PVU�4HU\HS¹� ��UK� LK���
W��� ���I`�:JOP[[PJO��:[HPI��)HSRV �̂�:JO\SLY��
�
:VILR���������

-PN\YL�����(KOLZP]L�JVUULJ[PVUZ�PU�JHZ[�NSHZZ!�*Y`Z[HS�/V\ZLZ�4=9+=��
-YVT�¸(YJO+HPS �̀¹�I`�:JHNSPVSH��+��
�)YHRRLL��:���������O[[WZ!��^^ �̂
HYJOKHPS �̀JVT���� ���JY`Z[HS��OV\ZLZ�T]YK]���

0U[LYSVJRPUN�JVUULJ[PVUZ�PU�\UP[PZLK�J\Y[HPU�^HSS�Z`Z[LTZ

<UP[PZLK�J\Y[HPU�^HSS�Z`Z[LTZ�JVUZPZ[�VM�WYL�MHIYPJH[LK�0.<�WHULSZ�[OH[�\ZL�KY �̀�PU[LYSVJRPUN�JVUULJ[PVUZ�
ZV�[OH[�[OL`�JHU�IL�HZZLTISLK�VU�ZP[L��;OLZL�JVUULJ[PVUZ�VJJ\Y�PU�[OL�WLYPTL[LY�VM�LHJO�\UP[�HUK�HYL�
PU[LNYH[LK�PU[V�[OLPY�[YHUZVTZ�HUK�T\SSPVUZ��;OL�PU[LYSVJR�VM�[OL�MYHTLZ�PZ�ZLHSLK�I`�NHZRL[Z�[OH[�HSZV�WSH`�
[OL�YVSL�VM�[OL�ÄYZ[�SPUL�VM�KLMLUZL�HNHPUZ[�̂ H[LY�HUK�HPY�PU[Y\ZPVU��;OL�NHZRL[Z�HSZV�HSSV^�MVY�TV]LTLU[�K\L�
[V�[OLYTHS�L_WHUZPVUZ�HUK�MYVT�I\PSKPUN�KLMVYTH[PVUZ��-PUHSS �̀�[OL�KY`�HZZLTIS`�VM�[OPZ�JVUULJ[PVU�[`WL�
facilitates easy disassembly without damaging the components and enables the reuse of the whole unit if 
P[�YLTHPUZ�PU�H�M\UJ[PVUHS�Z[H[L�

-PN\YL�� ��*\Y[HPU�^HSS�PU[LYSVJRPUN�Z`Z[LT��-YVT�¸:[Y\J[\YHS�<ZL�VM�.SHZZ¹��W�������I`�/HSKPTHUU��4���3\PISL��(���
�6]LYLUK��
4���������

Adhesive connections

7LYTHULU[�JVUULJ[PVUZ�PU�NSHZZ�Z`Z[LTZ�PUJS\KL�[OL�\ZL�VM�HKOLZP]LZ�HUK�TVY[HYZ��(KOLZP]L�JVUULJ[PVUZ�
HYL�L_[LUZP]LS`�\ZLK�MVY�JVUULJ[PUN�ÅVH[�NSHZZ�WHULSZ�HUK�OH]L�HSZV�ILLU�\ZLK�PU�JLY[HPU�YLHS�SPML�WYVQLJ[Z�
HZ�H�IVUKPUN�TL[OVK�PU�JHZ[�NSHZZ�ISVJRZ��

(KOLZP]L�JVUULJ[PVUZ�KLZJYPIL� [OL�JVUULJ[PVU� [`WLZ� PU�^OPJO�HKOLZP]L�WVS`TLY�TH[LYPHSZ�HYL�\ZLK�[V�
IVUK�NSHZZ�[V�NSHZZ�VY�NSHZZ�[V�V[OLY�I\PSKPUN�TH[LYPHSZ��;̂ V�[`WLZ�VM�HKOLZP]LZ�L_PZ[��;OL�ÄYZ[�VUL�PZ�ZVM[�
LSHZ[PJ�HKOLZP]L�JVUULJ[PVUZ�\ZLK�PU�SV^�Z[YLZZ�NSHZZ�JVUULJ[PVUZ��^OLYL�[OL�NSHZZ�\ZLK�KVLZ�UV[�OH]L�H�
SVHK�ILHYPUN�YVSL�PU�[OL�Z[Y\J[\YL��:[Y\J[\YHS�ZPSPJVUL�ZLHSHU[�PZ�[OL�TVZ[�JVTTVU�HKOLZP]L�\ZLK�MVY�SV^�
Z[YLZZ�NSHZZ�JVUULJ[PVUZ��6U�[OL�V[OLY�OHUK��YPNPK�HKOLZP]L�JVUULJ[PVUZ��Z\JO�HZ�HJY`SPJ�HKOLZP]LZ��LWV_`�
HKOLZP]LZ�HUK�WVS`LZ[LY�YLZPU��HYL�\ZLK�MVY�[OL�IVUKPUN�VM�Z[Y\J[\YHS�NSHZZ�LSLTLU[Z��

(KOLZP]L�JVUULJ[PVUZ�JHU�HSZV�IL�Z\IKP]PKLK�PU�[LYTZ�VM�[OL�Z\YMHJL�[OL`�IVUK��;OL`�JHU�IL�W\UJ[\HS��
SPULHY�VY�ºZ\YMHJL�SPRL»��0U�ºZ\YMHJL�SPRL»�HKOLZP]LZ�[OL�MVYJLZ�HYL�[YHUZMLYYLK�V]LY�H�SHYNL�Z\YMHJL��*VYULY�
ILHT�JVS\TU� VY� ILHT�ILHT� JVUULJ[PVUZ� \Z\HSS`� YLX\PYL� [OPZ� [`WL� VM� JVUULJ[PVU�� 0U� SPULHY� HKOLZP]L�
JVUULJ[PVUZ��[OL�[YHUZMLY�VM�MVYJLZ�VJJ\YZ�]PH�H�SVUN�SPULHY�Z\YMHJL��:[Y\J[\YHS�ZPSPJVUL�HKOLZP]L�PZ�[`WPJHSS`�
HWWSPLK�PU�Z\JO�H�SPULHY�THUULY��-PUHSS �̀�PU�W\UJ[\HS�HKOLZP]L�JVUULJ[PVUZ��[OL�SVHKZ�HYL�[YHUZTP[[LK�V]LY�
H�ZTHSS�HYLH�HUK�[OLYLMVYL�OPNO�TLJOHUPJHS�YLZPZ[HUJL�PZ�ULJLZZHY �̀�(KOLZP]L�WVPU[�Ä_PUN�HUK�LTILKKLK�
SHTPUH[LK�JVUULJ[PVUZ�HYL�JOHYHJ[LYPZ[PJ�L_HTWSLZ�VM�[OPZ�[`WL�VM�IVUKPUN���)LKVU�
�:HU[HYZPLYV�������

3.5.2 Permanent Connections 
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;OPZ�JOHW[LY�VќLYLK�HU�V]LY]PL^�VM�[OL�KPќLYLU[�JVUULJ[PVU�[`WLZ�\ZLK�PU�NSHZZ�Z[Y\J[\YLZ�HUK�HU�HZZLZZTLU[�
IHZLK�VU�[OLPY�WV[LU[PHS�MVY�YL]LYZPIPSP[`�HUK�[OLPY�PTWHJ[�VU�[OL�[YHUZWHYLUJ`�VM�[OL�JVTWVZP[PVU��;OL�NSHZZ�
\ZLK�PU�[OLZL�Z[Y\J[\YLZ�JHU�IL�LP[OLY�HU�PUZ\SH[LK�NSHZZ�\UP[�VY�H�UVU�PUZ\SH[LK�ÅVH[�NSHZZ�WHUL�[OH[�JHU�
HSZV�IL�SHTPUH[LK��4VYLV]LY��JVUULJ[PVUZ�HWWSPLK�PU�JHZ[�NSHZZ�Z[Y\J[\YLZ�HYL�HSZV�YL]PL^LK�ZPUJL�[OL`�
WYV]PKL�PUZWPYPUN�HS[LYUH[P]LZ�PU�[LYT�VM�TVYL�YL]LYZPISL�Z[Y\J[\YLZ�

(Z�HSYLHK`�TLU[PVULK�HIV]L��WLYTHULU[�HKOLZP]L�JVUULJ[PVUZ�HYL�H�]LY`�HWWLHSPUN�VW[PVU�OH]PUN�[OL�
HK]HU[HNL�VM�VW[PJHS�[YHUZWHYLUJ`�HUK�NVVK�HUK�L]LU�SVHK�[YHUZMLY�^P[OV\[�Z[YLZZ�JVUJLU[YH[PVUZ��6U�[OL�
V[OLY�OHUK��[OLPY�WLYTHULU[�JOHYHJ[LY�THRLZ�[OLT�UVU�JPYJ\SHY��/`IYPK�JVUULJ[PVUZ�HSZV�VќLY�PUJYLHZLK�
[YHUZWHYLUJ`�HUK�NVVK�SVHK�ILHYPUN�WYVWLY[PLZ�I\[�SHJR�PU�[OL�ÄLSK�VM�JPYJ\SHYP[`�HZ�^LSS��;OLYLMVYL�[OLZL�
[^V�[`WLZ�VM�JVUULJ[PVUZ�HYL�MV\UK�HUZ\P[HISL�PU�[OL�ZJVWL�VM�[OPZ�[OLZPZ��(Z�MHY�HZ�YL]LYZPISL�JVUULJ[PVUZ�
HYL�JVUJLYULK��[OL�^PKL�\ZL�VM�TLJOHUPJHS�QVPU[Z�OHZ�WYV]LU�[OLPY�LќLJ[P]LULZZ�^OLU�H�IHSHUJL�IL[^LLU�
[YHUZWHYLUJ`�HUK�YL]LYZPIPSP[`�PZ�YLX\PYLK��6U�[OL�KV^UZPKL��[OL`�YLX\PYL�TVYL�JHYLM\S�KLZPNU�K\L�[V�[OL�
PU[YVK\J[PVU� VM� Z[YLZZ� JVUJLU[YH[PVUZ� YLZ\S[PUN� MYVT� OVSL� KYPSSPUN�� 0U[LYSVJRPUN� JVUULJ[PVUZ� Z\JO� HZ� [OL�
VULZ�\ZLK�PU�JHZ[�NSHZZ�ISVJRZ�HYL�H�UL^�I\[�]LY`�WYVTPZPUN�NSHZZ�JVUULJ[PVU�[`WL�ZPUJL�[OL`�JHU�WYV]PKL�
satisfactory load transfer without using additional elements that either reduce the transparency of the 
Z[Y\J[\YL�VY�YLZ[YPJ[�P[Z�YL\ZHIPSP[`�HUK�YLJ`JSHIPSP[ �̀�

-PUHSS �̀�^OLU�\ZPUN�TLJOHUPJHS�JVUULJ[PVUZ�PU�H�NSHZZ�P[�PZ�JY\JPHS�[V�H]VPK�WLHR�Z[YLZZ�JVUJLU[YH[PVUZ�PU�
[OL�NSHZZ�LSLTLU[Z�ILJH\ZL�VM�[OLPY�IYP[[SL�JOHYHJ[LY��0U�VYKLY�MVY�[OPZ�[V�VJJ\Y��KPYLJ[�JVU[HJ[�VM�NSHZZ�^P[O�
NSHZZ�HUK�VM�NSHZZ�^P[O�V[OLY�OHYK�TH[LYPHSZ�Z\JO�HZ�TL[HS�T\Z[�IL�H]VPKLK��-VY�[OPZ�YLHZVU��PU�VYKLY�[V�
LUZ\YL�HU�L]LU�SVHK�[YHUZP[PVU�IL[^LLU�[OL�JVUULJ[PVUZ�HUK�[OL�NSHZZ�H�Z\P[HISL�PU[LYSH`LY�PZ�ULJLZZHY`�[V�
IL�PU[LNYH[LK��;OL�Z[PќULZZ�HUK�JVTWYLZZP]L�Z[YLUN[O�VM�[OL�PU[LYSH`LY�ULLK�[V�IL�JHYLM\SS`�L]HS\H[LK�HUK�
H�TH[LYPHS�^P[O�OPNO�K\YHIPSP[`�HUK�JVYYVZPVU�YLZPZ[HUJL�ZOV\SK�IL�WYLMLYYLK�

3.5.4 Overview and Conclusions

;HISL�����(ZZLZZTLU[�VM�NSHZZ�JVUULJ[PVUZ�HJJVYKPUN�[OLPY�PTWHJ[�VU�JPYJ\SHYP[`�HUK�[YHUZWHYLUJ`

embedded

*PYJ\SHYP[` Transparency Ease of 
production

++++ +++ WLHR�Z[YLZZLZ�
hole drilling

substructure

++

++++ ++++ uniform load distribution++++

++++ ++ compromised transparency++

+ ++++ UVU�YL]LYZPISL��
glass contamination+++

+++

++++

++++

++++

+ +
UVU�YL]LYZPISL�

need for additional substructure,
compromised transparency

++++

5V[LZ

PU[LYSVJRPUN

+

++ ++++ YL]LYZPISL�I\[�THRL�NSHZZ�UVU�YLJ`JSHISL+++

3VHK
transfer

HKOLZP]LZ

mortars

mechanical

+

Embedded connections

/`IYPK�*VUULJ[PVUZ�MVY�Z[Y\J[\YHS�NSHZZ�Z`Z[LTZ�HYL�JVUULJ[PVUZ�[OH[�\ZL�IV[O�HKOLZP]LZ�HUK�TLJOHUPJHS�
IVUKPUN�� Z\JO� HZ� [OL� YLJLU[� \ZL� VM� LTILKKLK� SHTPUH[LK� HKOLZP]L� JVUULJ[PVUZ� PU� ÅVH[� NSHZZ�� ;OLZL�
LTILKKLK�JVUULJ[PVUZ� \[PSPZL� [OL� ZHTL�WYPUJPWSL� VM� JYLH[PUN� SHTPUH[LK�NSHZZ� LSLTLU[Z��(� ZVSPK� MVPS� VM�
[YHUZWHYLU[�HKOLZP]L�PZ�WSHJLK�IL[^LLU�[OL�NSHZZ�ZOLL[�HUK�[OL�TL[HS�LSLTLU[�[OH[�ULLK�[V�IL�IVUKLK�
[VNL[OLY���)LKVU�
�:HU[HYZPLYV��������;OLU��[OL�LSLTLU[Z�[V�IL�IVUKLK�HYL�WSHJLK�PU�HU�H\[VJSH]L��ZPTPSHY�
[V�[OL�VUL�\ZLK�K\YPUN�[OL�SHTPUH[PUN�WYVJLK\YL��;OL�ÄUHS�JVTWVULU[�PZ�H�SHTPUH[LK�NSHZZ�WHUL�^P[O�HU�
LTILKKLK�TL[HS�WHY[�[OH[�^PSS��SH[LY�VU��IL�\ZLK�VU�ZP[L�MVY�[OL�JVUULJ[PVU�VM�[OL�NSHZZ�WHUL�^P[O�V[OLY�
WHULZ��0U�[OPZ�[`WL�VM�JVUULJ[PVU��\Z\HSS �̀�[OL�HKOLZP]L�WHY[�VM�[OL�QVPU[�PZ�Z[PќLY�[OHU�[OL�WHY[�YLZWVUZPISL�
MVY�[OL�TLJOHUPJHS�QVPU[��;OPZ�TLHUZ�[OH[�[OL�SHYNLZ[�WHY[�VM�[OL�SVHK�PZ�[YHUZMLYYLK�]PH�[OL�HKOLZP]L�HUK�[OL�
TLJOHUPJHS�LSLTLU[�PZ�\ZLK�^OLU�[OL�WLYMVYTHUJL�VM�[OL�HKOLZP]L�PZ�L_JLLKLK���

;OL�THPU�HK]HU[HNL�VM�[OPZ�[`WL�VM�JVUULJ[PVU�PZ�[OL�MHJ[�[OH[�[OL�IPNNLZ[�WHY[�MVY�[OL�WYLWHYH[PVU�VM�[OL�
connection has already happened at the factory and the component is ready to be transferred on site 
^OLYL�TL[HS�[V�TL[HS�JVUULJ[PVUZ�^PSS�VJJ\Y��,TILKKLK�JVUULJ[PVUZ�[OV\NO�]LY`�HWWLHSPUN�MVY�[OLPY�LHZL�
VM�\ZL��OPNO�HJOPL]HISL�[YHUZWHYLUJ`�HUK�NYLH[�TLJOHUPJHS�Z[YLUN[O��SHJR�PU�[OL�ÄLSK�VM�JPYJ\SHYP[`�HZ�[OL�
SHTPUH[PVU�JVU[HTPUH[LZ�[OL�NSHZZ�THRPUN�P[�UVU�YLJ`JSHISL�HUK�[OL�ZLWHYH[PVU�VM�[OL�TL[HS�MYVT�[OL�NSHZZ�
PZ�HSZV�X\P[L�KPѝJ\S[�

-PN\YL�����,TILKKLK�JVUULJ[PVUZ�PU�SHTPUH[LK�ÅVH[�NSHZZ��-YVT�;YHUZWHYLUJ`�PU�:[Y\J[\YHS�.SHZZ�:`Z[LTZ�=PH�4LJOHUPJHS��
(KOLZP]L�� HUK� 3HTPUH[LK� *VUULJ[PVUZ� �� ,_PZ[PUN� 9LZLHYJO� HUK� +L]LSVWTLU[Z��)LKVU� 
� :HU[HYZPLYV�� ������� O[[WZ!��KVP�
VYN���������HKLT����������

3.5.3 Hybrid Connections 
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3.6 Literature Review Overview and Conclusions

.SHZZ�PZ�H�\UPX\L�TH[LYPHS�[OH[�YLX\PYLZ�ZWLJPHS�H[[LU[PVU�^OLU�KLZPNUPUN�^P[O�P[�K\L�[V�P[Z�IYP[[SL�JOHYHJ[LY��
0[�L_OPIP[Z�NYLH[�JVTWYLZZP]L�Z[YLUN[O�^OPSL�P[Z�[LUZPSL�Z[YLUN[O�PZ�ZPNUPÄJHU[S`�SV^LY�HUK�KLWLUKZ�VU�[OL�
X\HSP[`�VM�[OL�NSHZZ�Z\YMHJL�HUK�LKNLZ��4VYLV]LY��PU�VYKLY�MVY�NSHZZ�WHULZ�[V�IL�\ZLK�PU�SHYNL�Z\YMHJLZ�PU�
[OL�I\PSKPUN�LU]LSVWLZ�P[�PZ�ULJLZZHY`�MVY�[OLT�[V�WVZZLZZ�JLY[HPU�PUZ\SH[PUN�WYVWLY[PLZ�PU�VYKLY�[V�TPUPTPZL�
[OL�I\PSKPUN»Z�[OLYTHS�SVZZLZ�

;OL�JYLH[PVU�VM�PUZ\SH[LK�NSHZZ�\UP[Z�YLX\PYLZ�[OL�JVTIPUH[PVU�VM�H[�SLHZ[�[^V�NSHZZ�WHULZ�PU[V�VUL�\UP[�^P[O�
HU�PUZ\SH[PUN�HPY�JH]P[`�IL[^LLU�[OLT��(KKP[PVUHS�TL[OVKZ�[V�M\Y[OLY�PUJYLHZL�[OL�PUZ\SH[PUN�]HS\L�VM�HU�0.<�
JVUJLYU�[OL�HWWSPJH[PVU�VM�SV^�LTPZZP]P[`�JVH[PUNZ�VU�VUL�VM�[OL�NSHZZ�Z\YMHJLZ��[OL�\ZL�VM�PULY[�NHZ�ÄSSPUNZ�
PU�[OL�JH]P[`�HUK�[OL�HKKP[PVU�VM�L_[YH�WHULZ�HZ�JVU]LJ[P]L�SH`LYZ�PUZPKL�[OL�JH]P[ �̀

6UL�VM�[OL�TVZ[�JY\JPHS�WHY[Z�VM�HU�0.<�[OH[�OHZ�H�NYLH[�PTWHJ[�VU�[OL�V]LYHSS�[OLYTHS�WLYMVYTHUJL�HUK�
Z[Y\J[\YHS�PU[LNYP[`�VM�[OL�\UP[�PZ�[OL�LKNL�ZLHS��;OL�LKNL�ZLHS�VM�H�[`WPJHS�0.<�JVUZPZ[Z�VM�H�ZWHJLY�IHY�[OH[�
LUHISLZ�[OL�JYLH[PVU�VM�[OL�JH]P[ �̀�H�WYPTHY`�ZLHSHU[�HZ�H�TVPZ[\YL�IHYYPLY��H�ZLJVUKHY`�ZLHSHU[�[OH[�IVUKZ�
[OL�^OVSL�\UP[�[VNL[OLY�LUZ\YPUN�P[Z�Z[Y\J[\YHS�Z[HIPSP[ �̀�-PUHSS �̀�H�KLZPJJHU[�T\Z[�IL�PU[LNYH[LK�\Z\HSS`�PU�[OL�
ZWHJLY�IHY�[V�HIZVYI�[OL�[YHWWLK�PU�TVPZ[\YL�MYVT�[OL�HZZLTIS`�WYVJLK\YL�VM�[OL�\UP[��;OLZL�LKNL�ZLHSZ�
[OH[�JYLH[L�H�WLYTHULU[�JVUULJ[PVU�IL[^LLU�[OL�NSHZZ�WHULZ��HWHY[�MYVT�[OL�]LY`�]PZPISL�ISHJR�LSLTLU[Z�
[OH[�PU[YVK\JL�PU�[OL�WLYPTL[LY�VM�[OL�\UP[��HYL�VUL�VM�[OL�THPU�YLHZVUZ�[OH[�PTWLKL�[OL�YL]LYZPIPSP[`�VM�[OL�
\UP[�HUK�JVUZ[P[\[L�P[�H�ZPUNSL�SPML�LSLTLU[��

;̀ WPJHS�0.<Z�HYL�JYLH[LK�\ZPUN�NSHZZ�WHULZ�THKL�I`�[OL�ÅVH[�NSHZZ�WYVJLZZ�^OPJO�PZ�[OL�WYL]HPSPUN�NSHZZ�
THU\MHJ[\YPUN�TL[OVK�PU�[OL�J\YYLU[�PUK\Z[Y`�WYVK\JPUN�]LY`�[OPU�ÅH[�NSHZZ�WHULSZ�^P[O�NYLH[�[YHUZWHYLUJ`�
HUK� ZTVV[O� Z\YMHJL� X\HSP[ �̀� (WHY[� MYVT� P[Z� L_JLSSLU[� VW[PJHS� X\HSP[PLZ�� ÅVH[� NSHZZ� JHU� \UKLYNV� ZVTL�
HKKP[PVUHS�WYVJLZZLZ�HM[LY�P[Z�WYVK\J[PVU�[OH[�PTWYV]L�P[Z�Z[YLUN[O��OLH[�Z[YLUN[OLUPUN���PUJYLHZL�P[Z�ZHML[`�
HUK�SVHK�ILHYPUN�JHWHJP[`��SHTPUH[PVU���

;OL�WVZ[�WYVK\J[PVU�WYVJLK\YLZ�VM�SHTPUH[PVU�HUK�[OL�\ZL�VM�HKOLZP]LZ�\ZLK�PU�H�[`WPJHS�0.<�HZZLTIS`�
WYL]LU[�NSHZZ�[V�IL�YLJ`JSLK�H[�[OL�LUK�VM� P[Z� SPML�ILJH\ZL�VM�[OL�OPNO�JVU[HTPUH[PVU�KLNYLL�[OH[�[OLZL�
LSLTLU[Z� PU[YVK\JL�^OPJO�LUKHUNLYZ� [OL�TLJOHUPJHS�X\HSP[PLZ�VM� [OL�YLJ`JSLK�NSHZZ��4VYLV]LY��JVH[PUN�
application is another parameter that restricts glass recycling since the use of coated cullet can result in 
YLJ`JSLK�NSHZZ�VM�YLK\JLK�VW[PJHS�X\HSP[PLZ�HUK�MVY�[OPZ�YLHZVU�P[�PZ�H]VPKLK��L]LU�[OV\NO�P[Z�TLJOHUPJHS�
WYVWLY[PLZ�JV\SK�YLTHPU�PU[HJ[��

In order to create a more circular IGU the aforementioned processes that hinder the potential of glass 
[V�IL�YLJ`JSLK�ZOV\SK�IL�H]VPKLK�^OLU�[OL�[OLYTHS�HUK�ZHML[`�M\UJ[PVUZ�VM�[OL�0.<�HYL�UV[�QLVWHYKPZLK��
4VYLV]LY��PU�[OL�SL]LS�VM�[OL�LKNL�ZLHS��[OL�THPU�WHYHTL[LY�[OH[�ULLKZ�[V�IL�LSPTPUH[LK�HUK�YLWSHJLK�PZ�[OL�
ZLJVUKHY`�ZLHSHU[��-VY�[OPZ�YLHZVU�HU�HS[LYUH[P]L�YL]LYZPISL�KLZPNU�VM�[OL�LKNL�ZLHS�JVUULJ[PVU�[OH[�HSSV^Z�
[OL�LHZ`�ZLWHYH[PVU�VM�[OL�KPќLYLU[�NSHZZ�WHULZ�HUK�LUHISLZ�[OL�YLM\YIPZOTLU[�VM�[OL�\UP[� PM� P[Z�[OLYTHS�
WLYMVYTHUJL�PZ�YLK\JLK�VY�[OL�YLJ`JSPUN�VM�[OL�JVU[HTPUH[PVU�MYLL�NSHZZ�WHULZ�PZ�JY\JPHS�

;OL�YLZ[YPJ[PVUZ�PU�[OL�[OPU�HUK�WSHUHY�NLVTL[Y`�VM�ÅVH[�NSHZZ�THRLZ�[OL�\ZL�VM�HKOLZP]LZ�ZLLT�SPRL�[OL�
VUS`�WVZZPISL�JVUULJ[PUN�TL[OVK�PM�[OL�LKNL�ZLHS��VIZ[Y\J[PUN�[OL�\ZL�VM�YL]LYZPISL�HUK�VW[PJHSS`�KPZJYL[L�
JVUULJ[PVUZ�HWHY[�MYVT�IVS[LK�VULZ�[OH[�YLX\PYL�OVSL�KYPSSPUN�^OPJO�PU[YVK\JLZ�Z[YLZZ�JVUJLU[YH[PVUZ�PU�[OL�
NSHZZ�LSLTLU[Z��

(WHY[� MYVT� ÅVH[� NSHZZ�� JHZ[� NSHZZ� THU\MHJ[\YPUN� TL[OVK� PZ� HU� HS[LYUH[P]L� WYVK\J[PVU� [LJOUPX\L� [OH[�
LUHISLZ� [OL�NLULYH[PVU�VM�NSHZZ�WHULZ�^P[O�NYLH[� MYLLKVT�VM�ZOHWLZ�IYLHRPUN� MYLL� MYVT�[OL� YLZ[YPJ[PUN�
[^V�KPTLUZPVUHSP[`�VM�[OL�ÅVH[�NSHZZ�LSLTLU[Z��;OPZ�WHY[PJ\SHY�WYVWLY[`�VM�JHZ[�NSHZZ�JHU�IL�\ZLK�[V�JYLH[L�
YL]LYZPISL�JVUULJ[PVUZ�[OH[�KV�UV[�KLTHUK�[OL�\ZL�VM�HKOLZP]LZ�I\[�JHU�HKVW[�TLJOHUPJHS�VY�PU[LYSVJRPUN�
JVUULJ[PVU�WYPUJPWSLZ�ILULÄ[PUN� MYVT�[OL�HIPSP[`�VM�NSHZZ� [V�IL�JHZ[� PU� [OL�KLZPYLK�NLVTL[YPLZ� [OH[�JHU�
MHJPSP[H[L� Z\JO�H� YL]LYZPISL�JVUULJ[PVU��4VYLV]LY��NSHZZ�JHZ[PUN�HSSV^Z� [OL� YLJ`JSL�VM�NSHZZ�^P[O�OPNOLY�
JVU[HTPUH[PVU�WLYJLU[HNLZ�[OHU�ÅVH[�NSHZZ�^P[OV\[�ULNH[P]L�PTWHJ[�VU�[OL�TLJOHUPJHS�WYVWLY[PLZ�VM�NSHZZ�
HS[OV\NO�[OL�VW[PJHS�X\HSP[`�VM�[OL�YLJ`JSLK�JHZ[�NSHZZ�Z\YMHJLZ�TPNO[�IL�SLZZ�[OHU�[OH[�VM�JSLHY�ÅVH[�NSHZZ��
-PUHSS �̀�JHZ[�NSHZZ�SHJR�H�[YLH[TLU[�MVY�ZHML�IYLHRHNL��;OLYLMVYL��[OL�\ZL�VM�JHZ[�NSHZZ�HZ�H�TVYL�Z\Z[HPUHISL�
HS[LYUH[P]L�[OH[�LUHISLZ�YL]LYZPISL�JVUULJ[PVUZ�ILJH\ZL�VM�P[Z�HIPSP[`�[V�IL�ZOHWLK�PU�THU`�NLVTL[YPLZ�PZ�
ZVTL[OPUN�[V�IL�[HRLU�PU[V�HJJV\U[�K\YPUN�[OL�KLZPNU�WOHZL�^P[OV\[�MVYNL[[PUN�[OL�SPTP[H[PVUZ�VM�JHZ[�NSHZZ�
YLNHYKPUN�[YHUZWHYLUJ`�HUK�ZHML[ �̀

;OL�SP[LYH[\YL�YL]PL^�MVSSV^LK�HU�HUHS`ZPZ�VM�[OL�\ZL�VM�NSHZZ�PU�[OL�I\PSKPUN�LU]LSVWL�YLNHYKPUN�P[Z�WYVWLY[PLZ��
[OL�THU\MHJ[\YPUN�TL[OVKZ�HUK� [OL�WYVJLZZLZ� [OH[�OPUKLY� P[Z�WV[LU[PHS� MVY�JPYJ\SHY�\ZL��4VYLV]LY�� [OL�
technology of insulated glass units was studied in depth in terms of their building physics principles as well 
HZ�[OLPY�ULJLZZHY`�LKNL�ZLHS�WYVWLY[PLZ��-PUHSS �̀�[`WPJHS�JVUULJ[PVUZ�PU�NSHZZ�Z[Y\J[\YLZ�^LYL�YL]PL^LK�HUK�
HZZLZZLK�JVUJLYUPUN�[OLPY�PTWHJ[�VU�[OL�[YHUZWHYLUJ`�VM�[OL�Z[Y\J[\YL�HUK�VU�[OL�YLJ`SJHIPSP[`�VM�NSHZZ��

;OL�HPT�VM�[OL�SP[LYH[\YL�YL]PL^�̂ HZ�[V�NHPU�H�IL[[LY�\UKLYZ[HUKPUN�VM�[OL�WYVISLT�Z[H[LTLU[�HUK�[V�SLHK�VM�
the formulation of the design criteria regarding the creation of a new insulated glass unit that allows a more 
JPYJ\SHY�\ZL�VM�NSHZZ�^OPSL�OH]PUN�[OL�TH_PT\T�WVZZPISL�[YHUZWHYLUJ �̀�;OL�MVSSV^PUN�JOHW[LY�MVJ\ZLZ�VU�H�
JSLHY�MVYT\SH[PVU�HUK�HUHS`ZPZ�VM�[OL�KLZPNU�JYP[LYPH�[OH[�HYL�ULJLZZHY`�MVY�[OL�KLZPNU�WOHZL�



4.2 Design Criteria for the IGU Edge Seal Connection

4.1 Design Criteria for the IGU as a whole

4. Design Criteria
The following chapter provides an overview of the design criteria that are necessary for the design 
H[SORUDWLRQ�SKDVH��7KH�FRQFOXVLRQV�IURP�WKH�DQVZHU�RI�WKH�ıUVW�UHVHDUFK�VXETXHVWLRQ�DW�WKH�HQG�RI�WKH�
literature review have provided answers to the following research subquestion:

“What are the main design criteria in the development of a circular IGU of maximised transparency?

 (a) in terms of the whole unit

  and 

 (b) in terms of its edge seal connection?”

7KH�GHVLJQ�FULWHULD�DUH�GLYLGHG�LQWR�WZR�FDWHJRULHV��7KH�ıUVW�IRFXVHV�RQ�WKH�,*8�XQLW�DV�D�ZKROH�ZKLOH�WKH�
VHFRQG�RQ�WKH�FRQQHFWLRQV�RI�WKH�HGJH�VHDO�EHWZHHQ�WKH�GLĳHUHQW�JODVV�SDQH�WKDW�PDNH�XS�WKH�,*8��
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4. Design Criteria

4.1 Design Criteria for IGU

4.2 Design Criteria for IGU Edge Seal Connection

simplicity of construction
simply applied principle

SVHK�[YHUZMLY 
LUZ\YL�SVHK�ZOHYPUN�IL[^LLU�

glass panels

thermal insulation
\�]HS\L�#�����>�T�2

demountable
YL]LYZPISL�JVUULJ[PVU�

without contaminating glass

HPY[PNO[�JH]P[`
air tight 

water and moisture tight

feasibility of construction
accommodate tolerances,

[OLYTHS�L_WHUZPVUZ�HUK�TV]LTLU[Z

JVU[HTPUH[PVU�MYLL
H]VPK�HKOLZP]LZ��SHTPUH[PVU

transparency
optically discrete connection 

[OLYTHS�JVUK\J[P]P[`
SV^�[OLYTHS�JVUK\J[P]P[`�

����������>�T2��
H]VPK�[OLYTHS�IYPKNLZ

moisture absorption
integrated desiccant

9LNHYKPUN�[OL�KLZPNU�JYP[LYPH�[OH[�OH]L�KLYP]LK�MVYT�[OL�HUZ^LY�[V�[OL�YLZLHYJO�Z\IX\LZ[PVU!

¸>OH[�HYL�[OL�THPU�KLZPNU�JYP[LYPH�PU�[OL�KL]LSVWTLU[�VM�H�JPYJ\SHY�0.<�VM�TH_PTPZLK�[YHUZWHYLUJ`&

 (a) in terms of the whole unit
  and 
� �I��PU�[LYTZ�VM�P[Z�LKNL�ZLHS�JVUULJ[PVU&¹

0U�[LYTZ�VM�[OL�̂ OVSL�0.<�P[�PZ�JY\JPHS�[OH[�ÄYZ[�HUK�MVYLTVZ[�NVVK�[OLYTHS�PUZ\SH[PUN�WYVWLY[PLZ�HYL�LUZ\YLK�
[OYV\NO�[OL�UL^�KLZPNU��(�\�]HS\L�VM�\UKLY������>�T�2�PZ�MV\UK�HJJLW[HISL�MVY�[OL�ZJVWL�VM�[OPZ�[OLZPZ�

In terms of the guidelines of transparency ans circularity, the use of clear glass surfaces and the use of 
[OL� SLHZ[�WVZZPISL�JH]P[PLZ� PZ�KLZPYLK�HZ�TVYL�JH]P[PLZ� SLHK� [V�TVYL�VW[PJHS�KPZ[VY[PVU��-PUHSS �̀� YLNHYKPUN�
[OL�JPYJ\SHYP[`�VM� [OL�\UP[� P[� PZ� PTWVY[HU[� [OH[� MHJ[VYZ� [OH[�JVU[HTPUH[L� P[Z�Z\YMHJLZ�HYL�H]VPKLK�Z\JO�HZ�
SHTPUH[PVU�HUK�HKOLZP]LZ�ZV�[OH[�P[�JHU�IL�KLTV\U[HISL�̂ P[OV\[�SLH]PUN�[YHJLZ�VM�JVU[HTPUH[PVU�K\YPUN�[OL�
KPZHZZLTIS`�WOHZL"�OLUJL�H�KY`�HZZLTIS`�Z`Z[LT�[OH[�H]VPKZ�HKOLZP]LZ�PZ�VW[LK�MVY��

9LNHYKPUN�[OL�LKNL�ZLHS�JVUULJ[PVU�IL[^LLU�[OL�KPќLYLU[�NSHZZ�WHULSZ�[OH[�THRL�\W�HU�0.<�[OL�MVSSV^PUN�
KLZPNU�JYP[LYPH�HYL�KLYP]LK!
In order to maximise the transparency of unit the connection needs to be as optically discrete as possible 
PU�[LYTZ�VM�KPTLUZPVUZ�HUK�KL[HPSPUN��4VYLV]LY��PU�[LYTZ�VM�JPYJ\SHYP[ �̀�HZ�TLU[PVULK�HIV]L��P[�ULLKZ�[V�IL�
M\SS`�KLTV\U[HISL�SLH]PUN�ILOPUK�UV�[YHJLZ�[OH[�JHU�JVU[HTPUH[L�[OL�NSHZZ�HUK�LUKHUNLY�P[Z�WV[LU[PHS�MVY�
YLJ`JSHIPSP[ �̀�
-\Y[OLYTVYL��HU�0.<�PZ�H�JVTWSL_�WYVK\J[�[OH[�ULLKZ�[V�M\SÄSS�JLY[HPU�HZWLJ[Z�PU�VYKLY�[V�LUZ\YL�H�MLHZPISL�
JVUZ[Y\J[PVU�HUK�SPML�\ZL��-PYZ[S �̀�[OL�JVUULJ[PVU�ULLKZ�[V�IL�HISL�[V�[YHUZMLY�MVYJLZ�IL[^LLU�[OL�KPќLYLU[�
NSHZZ� WHULZ�� 4VYLV]LY�� P[� ULLKZ� [V� HSSV^� MVY� [OL� HJJVTTVKH[PVU� VM� [VSLYHUJLZ� K\YPUN� [OL� HZZLTIS`�
HUK�VM�TV]LTLU[Z� [OH[� YLZ\S[� MYVT�[LTWLYH[\YL�HUK�WYLZZ\YL�KPќLYLUJLZ�K\YPUN� [OL�WYVK\J[»Z� SPML[PTL��
Furthermore, the edge seal of the IGU needs to be completely air and water tight and it additionally 
ULLKZ�[V�OH]L�H�KLZPJJHU[� PU[LNYH[PVU�ZV�[OH[�HU`�TVPZ[\YL� SLM[�K\YPUN�[OL�HZZLTIS`�VM�[OL�\UP[�JHU�IL�
HIZVYILK��-PUHSS �̀�HU�PTWVY[HU[�HZWLJ[�YLNHYKPUN�[OL�Z\JJLZZM\SULZZ�VM�[OL�UL^�KLZPNU�PZ�[OL�ZPTWSPJP[`�VM�
[OL�JVUULJ[PUN�WYPUJPWSL��*\YYLU[S`�\ZLK�0.<Z�HYL�THU\MHJ[\YLK�PU�H�X\PJR��LHZ`�HUK�LѝJPLU[�^H`�HUK�P[�PZ�
VUS`�SVNPJHS�[OH[�[OLZL�WYVWLY[PLZ�HYL�WHY[�VM�[OL�UL^�KLZPNU�HZ�^LSS��
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4. Design Criteria

;HISL�����;HISL�VM�JH[LNVYPZH[PVU�VM�[OL�KLZPNU�JYP[LYPH�MVY�[OL�LKNL�ZLHS�JVUULJ[PVU

;OL�HIV]L� [HISL� Z\TTHYPZLZ� [OL�KLZPNU�JYP[LYPH� MVY� [OL� LKNL� ZLHS� JVUULJ[PVU��(�WYPVYP[PZH[PVU�VM� LHJO�
JYP[LYPH�PZ�THKL�HZ�^LSS�HZ�H�KPZ[PUJ[PVU�IL[^LLU�H�TH[LYPHS�VYPLU[LK�HUK�H�KLZPNU�VYPLU[LK�HWWYVHJO�MVY�
LHJO�VUL��(Z�P[�PZ�L]PKLU[��TVZ[�JYP[LYPH�HYL�IV[O�KLZPNU�HUK�TH[LYPHS�VYPLU[LK�



5. Investigation of Design Alternatives
IGU Edge Seal Connection

5.2 Development of Preliminary Design Concepts

����(YDOXDWLRQ�RI�'LĳHUHQW�'HVLJQ�&RQFHSWV

5.1 Exploration of Possible Glass Combinations

5.4 Prevailing Design Options

7KH�IROORZLQJ�FKDSWHU�FRQVLVWV�RI�D�WKRURXJK�ZDONWKURXJK�RI�WKH�LQYHVWLJDWLRQ�RI�GLĳHUHQW�GHVLJQ�
alternatives towards the development of a circular IGU of maximised transparency.
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5. Investigation of Design Alternatives

5. Investigation of Design Alternatives

5.1 Exploration of Possible Glass Combinations

+\YPUN� [OL� KLZPNU� L_WSVYH[PVU� WOHZL� HU� V\[�VM�
[OL�IV_� [OPURPUN� HWWYVHJO�^HZ� MVSSV^LK� HIV\[� [OL�
WVZZPISL�̂ HZ�[V�JYLH[L�HU�0.<��/H]PUN�PU�TPUK�[OH[�HU�
0.<�PZ�SPRL�H�¸NSHZZ�IV_¹�H�IYHPUZ[VYTPUN�VU�KPќLYLU[�
^H`Z� [V� HJOPL]L� [OL� JYLH[PVU� VM� Z\JO� H� NLVTL[Y`�
^LYL�JVUZPKLYLK��

-PYZ[S �̀�[OL�KPќLYLU[�NSHZZ�[`WLZ�[OH[�JHU�IL�\ZLK�^LYL�JVUZPKLYLK��*\YYLU[�0.<Z�HYL�JYLH[LK�L_JS\ZP]LS`�
I`�ÅVH[�NSHZZ�WHULZ�ILJH\ZL� P[� PZ�[OL�WYL]HPSPUN�NSHZZ� PUK\Z[Y`�HUK�HKKP[PVUHSS`�ILJH\ZL�[OL�ÅVH[�NSHZZ�
THU\MHJ[\YPUN�WYVJLZZ�WYVK\JLZ�[OL�TVZ[�[YHUZWHYLU[�Z\YMHJLZ��4VYLV]LY��ÅVH[�NSHZZ�JHU�HSZV�IL�OLH[�
[YLH[LK�MVY�ZHMLY�IYLHRHNL�̂ OPJO�PZ�ULJLZZHY`�MVY�[OL�L_[LYUHS�WHUL�PU�H�NSHaLK�MHJHKL��/V^L]LY��ÅVH[�NSHZZ�
PZ�YLZ[YPJ[LK�[V�ZWLJPÄJ�NLVTL[YPLZ�VM�ÅH[�ZOLL[Z�^P[O�SPTP[LK�[OPJRULZZLZ��;OPZ�SPTP[H[PVU�VM�ZOHWL�PZ�HSZV�
VUL�VM�[OL�YLHZVUZ�[OH[�[OL�VUS`�^H`�[V�JVUULJ[�[^V�ÅVH[�NSHZZ�ZOLL[Z�PU[V�HU�0.<�PZ�\ZPUN�HU�LSLTLU[�MVY�
ZWHJLY�IHY�HUK�\ZPUN�HKOLZP]LZ�[V�JVUULJ[�PU�[V�[OL�NSHZZ�Z\YMHJLZ���

-YVT�[OL�SP[LYH[\YL�YL]PL^�VM�[OL�JVUULJ[PVUZ�\ZLK�PU�NSHZZ�Z[Y\J[\YLZ�P[�^HZ�JVUJS\KLK�[OH[�TLJOHUPJHS�
JSHTWPUN�Ä_PUNZ�HUK�JVUULJ[PVUZ�\ZPUN�PU[LYSVJRPUN�NLVTL[YPLZ�HYL�[OL�TVZ[�Z\P[HISL�VW[PVUZ�PU�[LYTZ�VM�
YL]LYZPIPSP[ �̀�4VYLV]LY��PU[LYSVJRPUN�JVUULJ[PVUZ�HYL�WYLMLYYLK�̂ OLU�TH_PT\T�[YHUZWHYLUJ`�PZ�YLX\PYLK�K\L�
[V�[OL�MHJ[�[OH[�[OL`�JHU�IL�SLZZ�]PZPISL�[OHU�JSHTWPUN�LSLTLU[Z�

;OL� YLZLHYJO� JVUK\J[LK� VU� [OL� KPќLYLU[� NSHZZ�THU\MHJ[\YPUN� WYVJLZZLZ� \U]LPSLK� [OL� WV[LU[PHS� VM� [OL�
HS[LYUH[P]L�VW[PVU�VM�JHZ[PUN�NSHZZ�^OVZL�NYLH[LY� MYLLKVT�VM�ZOHWPUN�ZLLTLK� PU[YPN\PUN� MVY� [OL�KLZPNU�
L_WLYPTLU[H[PVU�KLZWP[L�[OL�MHJ[�[OH[�P[�JHUUV[�YLHJO�[OL�ZTVV[O�[YHUZWHYLUJ`�SL]LSZ�VM�ÅVH[�NSHZZ�HUK�P[�
HKKP[PVUHSS`�SHJRZ�H�ZHML�IYLHRPUN�WH[[LYU�

Float Glass *HZ[�.SHZZ

Highest optical transparency
*HU�IL�OLH[�[YLH[LK�MVY�ZHML�IYLHRHNL

Recyclable if not contaminated
3PTP[LK�ZOHWL�VW[PVUZ

=HY`PUN�SL]LSZ�VM�VW[PJHS�KPZ[VY[PVU
3HJRZ�ZHML�IYLHRHNL

Easily recyclable
Great freedom of shape options

;OL�MVSSV^PUN�JOHW[LY�PSS\Z[YH[LZ�[OL�WYVJLK\YL�VM�[OL�KLZPNU�L_WSVYH[PVU�[OH[�[VVR�WSHJL�HM[LY�[OL�LUK�VM�
[OL�SP[LYH[\YL�YL]PL �̂�-YVT�[OL�SP[LYH[\YL�YL]PL^�P[�^HZ�KLYP]LK�[OH[�PU�VYKLY�[V�JYLH[L�HU�0.<�H[�SLHZ[�[^V�
WHULZ�VM�NSHZZ�^P[O�H�JH]P[`�PU�IL[^LLU�HYL�ULLKLK��4VYLV]LY��H�[OPYK�[OPUULY�WHUL�JHU�IL�HKKLK�[V�KP]PKL�
[OL�JH]P[`�PU[V�[^V�ZTHSSLY�VULZ�M\UJ[PVUPUN�HZ�H�JVU]LJ[P]L�IHYYPLY��(KKP[PVUHSS �̀�JVH[PUNZ�JHU�IL�HWWSPLK�
VU�VUL�VM�[OL�NSHZZ�WHUL�Z\YMHJLZ�HUK�[OL�JH]P[`�JHU�HSZV�IL�ÄSSLK�^P[O�HU�PULY[�NHZ�SPRL�HYNVU��-PUHSS �̀�PU�
VYKLY�MVY�[OL�0.<�[V�WLYMVYT�^LSS�[OLYTHSS`�K\YPUN�P[Z�SPML�[PTL�P[�PZ�VM�[OL�\[TVZ[�PTWVY[HUJL�[OH[�[OL�JH]P[`�
YLTHPUZ�PTWLYTLHISL�[V�HPY��^H[LY�HUK�TVPZ[\YL�PUNYLZZPVU��;OPZ�PZ�[OL�YVSL�[OH[�PZ�M\SÄSSLK�I`�[OL�LKNL�ZLHS�
JVUULJ[PVU�[OH[�PU�[OL�J\YYLU[�0.<Z�JVUZPZ[Z�VM�H�ZWHJLY��THKL�VM�LP[OLY�YPNPK�VY�ÅL_PISL�TH[LYPHSZ��TVPZ[\YL�
barriers and a structural silicone seal that binds the unit together and ensures its structural stability as well 
HZ�[OL�WYV[LJ[PVU�VM�[OL�JH]P[`�MYVT�^LH[OLYPUN�

(Z�WYL]PV\ZS`�TLU[PVULK�K\YPUN�[OL�SP[LYH[\YL�YL]PL �̂�[OL�LќLJ[�VM�[OL�LKNL�ZLHS�VU�[OL�JPYJ\SHYP[`�VM�[OL�
^OVSL�0.<�PZ�JY\JPHS�HUK�[OL�HPT�VM�[OPZ�[OLZPZ� PZ�[V�JYLH[L�HU�HS[LYUH[P]L�JVUULJ[PVU�Z`Z[LT�[OH[�M\SÄSSZ�
all the necessary roles of the typical edge seals while allowing for an easy disassembly, thus eliminating 
MHJ[VYZ�[OH[�JVU[HTPUH[L�[OL�NSHZZ�Z\YMHJLZ�HUK�WYVOPIP[�P[Z�YL\ZL�HUK�YLJ`JSL��

Typical ways of creating an IGU

\�]HS\L�$�����>�T2K+ $

\�]HS\L�$�����>�T2K

+ $

Add convective barrier

Create a cavity

\�]HS\L�$�����>�T2K \�]HS\L�$�����>�T2K

Apply low-emissivity coatings

\�]HS\L�$�����>�T2K

Fill the cavity with an inert gas

+ $ + $

Possible Glass Types
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5. Investigation of Design Alternatives

2 Float Glass Panes

2 Hollow Cast Glass Panes
1 Float Glass Pane
+
1 Solid Cast Glass Pane

1 Float Glass Pane
+
1 Hollow Cast Glass Pane

2 Solid Glass Panes

1 Solid Glass Pane
+
1 Hollow Cast Glass Pane

;OL�UL_[�Z[LW�PU�[OPZ�WOHZL�JVUZPZ[Z�VM�HU�PU]LZ[PNH[PVU�VU�KPќLYLU[�NSHZZ�JVTIPUH[PVUZ�[OH[�JV\SK�THRL�
\W�HU�0.<�HUK�[OL�WVZZPISL�JVUULJ[PVUZ�[OH[�JV\SK�IL�PTWSLTLU[LK�PU�LHJO�ZJLUHYPV��

;OYLL�KPќLYLU[�NSHZZ�[`WVSVNPLZ�HYL�JOVZLU�HUK�[OLPY�WVZZPISL�JVTIPUH[PVUZ�HYL�L_WSVYLK��(S[OV\NO�K\YPUN�
the research phase there were references of insulated glass units of irregular shapes the scope of this 
[OLZPZ�MVJ\ZLZ�VUS`�VU�[OL�KL]LSVWTLU[�VM�0.<Z�VM�YLJ[HUN\SHY�ZOHWL��;OL�ÄYZ[�[`WVSVN`�PZ�H�YLJ[HUN\SHY�
ÅVH[�NSHZZ�WHUL�VM�[OPJRULZZ�]HY`PUN�MYVT���TT�[V����TT��;OL�ZLJVUK�PZ�H�ZVSPK�JHZ[�NSHZZ�ISVJR�^P[O�
[OPJRULZZLZ�]HY`PUN�MYVT����TT�[V����TT��:VSPK�JHZ[�NSHZZ�PZ�JVUZPKLYLK�HZ�WYL]PV\ZS`�TLU[PVULK�MVY�
[OL�MYLLKVT�VM�ZOHWLZ�[OH[�JV\SK�LUHISL�HU�PU[LYSVJRPUN�JVUULJ[PVU�HZ�^LSS�HZ�MVY�[OL�MHJ[�[OH[�P[�JHU�IL�
\ZLK�MVY�Z[Y\J[\YHS�SVHKZ�HZ�^LSS�PM�KLZPYLK�PUZ[LHK�VM�SHTPUH[LK�ÅVH[�NSHZZ��;OL�[OPYK�PZ�H�OVSSV^�JHZ[�NSHZZ�
ISVJR�^P[O� \UPMVYT� [OPJRULZZ� ]HY`PUN� MYVT���TT� [V� ��TT�� -VY� [YHUZWHYLUJ`� HUK� ZHML[`� YLHZVUZ� [OL�
OVSSV^�NSHZZ�ISVJR�JHU�IL�YLWSHJLK�I`�H�ÅVH[�NSHZZ�WHUL�^P[O�M\ZLK�JHZ[�NSHZZ�LKNLZ��+\L�[V�[OLPY�ZPTPSHY�
NLVTL[Y`�OV^L]LY��PU�[OL�KLZPNU�L_WSVYH[PVU�[OL`�HYL�WVZP[PVULK�PU�[OL�ZHTL�JH[LNVY �̀

Rectangular Float Glass Pane

Rectangular Solid Glass Pane

Hollow Solid Glass Pane

;OL�MVSSV^PUN�WHNL�ZOV^Z�HSS�[OL�WVZZPISL�JVTIPUH�
[PVUZ� VM� [OL� HIV]L�TLU[PVULK� NSHZZ� [`WVSVNPLZ�� (U�
assessment table with these combinations and 
WVZZPISL� JVUULJ[PVUZ� PZ� WYLZLU[LK�� ;OL� JYP[LYPH� MVY�
the assessment are the transparency of the whole 
\UP[� �NSHZZ� Z\YMHJL� VW[PJHS� X\HSP[`� HUK� JVUULJ[PVU�
VW[PJHS�YLZ\S[���[OL�YL]LYZPIPSP[`�VM�[OL�JVUULJ[PVU�HUK�
[OL� ZHML[`� �PM� OLH[� [YLH[TLU[� PZ� WVZZPISL��� ;OL�TVZ[�
WYVTPZPUN� JVTIPUH[PVUZ� HYL� M\Y[OLY� KL]LSVWLK� PU[V�
WYLSPTPUHY`�JVUULJ[PVU�KLZPNU�JVUJLW[Z�

Glass Types Combinations



Float  Glass

+ 

Float Glass

Float Glass

+

Solid Cast Glass

Solid Cast Glass

+

Solid Cast Glass

Hollow Cast Glass

+

Hollow Cast Glass

Solid Cast Glass

+

Hollow Cast Glass

Float Glass

+

Hollow Cast Glass

safety

Possible
Connection Types
for each 
Glass Combination

optical transparency

Glass Types

Combination
of 
Glass Types 

Adhesion Adhesion 
to float glass

Mechanical 
to cast glass

Mechanical

reversibility

Adhesion 
to float glass

+

Mechanical
to cast glass

Mechanical Mechanical

+
++ ++++ ++++ ++++

++++ ++

++++ + + +

Mechanical Mechanical

OROR

++++

++

++++

+++

+

++++

+++

+

++++

++ +++

+++ ++++
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;HISL�����(ZZLZZTLU[�VM�KPќLYLU[�WVZZPISL�NSHZZ�JVTIPUH[PVUZ

Evaluation of Glass Types Combinations



9LJ`JSHISL�
.SHZZ�7HY[

5VU�
9LJ`JSHISL�
.SHZZ�7HY[

(KOLZP]L�
or Embedded
*VUULJ[PVU

4LJOHUPJHS�*VUULJ[PVU

Float glass /VSSV^�*HZ[�.SHZZ

*VH[PUNZ

:VSPK�*HZ[�.SHZZ3HTPUH[PVU�
(if needed)

9999
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5. Investigation of Design Alternatives

5.2 Development of Preliminary Design Concepts

5. Sliding Embedded Lock A 6. Sliding Embedded Lock B 7. Sliding Embedded Lock C

1. Interlocking GasketFloat Glass +
Solid Cast Glass

Float Glass +
Hollow Cast Glass

2. “Tetris” Lock

3. Pushed Embedded Lock 4. “Tupper” Lock

;OL�HZZLZZTLU[�VM�[OL�KPќLYLU[�WVZZPISL�NSHZZ�JVTIPUH[PVUZ�KPK�UV[�SLHK�[V�H�Z[YPJ[�ZLSLJ[PVU�VM�ZWLJPÄJ�
JVTIPUH[PVUZ� [V�IL� M\Y[OLY� KL]LSVWLK��6\[� VM� [OL� ZP_� WYLZLU[LK�JVTIPUH[PVUZ�VUS`� [^V�VM� [OLT�^LYL�
JVTWSL[LS`�Y\SLK�V\["�[OL�[^V�ÅVH[�NSHZZ�WHULZ�HUK�[OL�[^V�ZVSPK�JHZ[�NSHZZ�WHULZ��;OL�YLHZVU�MVY�[OPZ�
PZ� [OH[� ÄYZ[S`� PU� [OL� JHZL� VM� \ZPUN� VUS`� [^V� ÅVH[� NSHZZ� WHULZ� [OL� VUS`� WVZZPISL� JVUULJ[PVUZ� HYL� LP[OLY�
HKOLZP]LZ�VY�H�]LY`�]PZPISL�JSHTWPUN�LSLTLU[�ZV�[OPZ�ZJLUHYPV�JHUUV[�JVTIPUL�H�YL]LYZPISL�KLZPNU�^P[O�
VW[PJHSS`� \UVI[Y\ZP]L� JVUULJ[PVUZ��6U� [OL� V[OLY� OHUK�� [OL� \ZL� VM� [^V� ZVSPK� JHZ[� NSHZZ� WHULZ� L_OPIP[Z�
LUOHUJLK�VW[PJHS�KPZ[VY[PVU�PU�[OL�NSHZZ�Z\YMHJLZ�[OHU�ÅVH[�NSHZZ�HUK�KVLZ�UV[�HSSV^�MVY�OLH[�[YLH[TLU[�VY�
SHTPUH[PVU�PU�MVY�ZHML[`�VY�Z[Y\J[\YHS�YLHZVUZ�

;OL� YLTHPUPUN� MV\Y� HS[LYUH[P]L� JVTIPUH[PVUZ� YLTHPULK� VWLU� MVY� M\Y[OLY� L_WSVYH[PVU� PU� [OPZ� Z[HNL� HUK�
WYV]PKLK�\ZLM\S�PUZWPYH[PVU�HUK�Z[HY[PUN�WVPU[Z�MVY�IYHPUZ[VYTPUN�VU�[OL�JVUULJ[PVUZ��;OL�MVSSV^PUN�Z\I�
JOHW[LY� MVJ\ZLZ�VU� [OL�WYLZLU[H[PVU�VM� [OL�KPќLYLU[�WYLSPTPUHY`�KLZPNU�JVUJLW[Z� [OH[�^LYL�KL]LSVWLK�
K\YPUN�[OL�UL_[�Z[HNL��

([� ÄYZ[�� [OL� PKLH� VM� OH]PUN� VUS`� OHSM� VM� [OL� 0.<� JVTWSL[LS`� JPYJ\SHY� VJJ\YYLK� ZPUJL� PU� [OL� JHZLZ�^LYL�
lamination will be needed and coatings are applied on a glass pane the recyclability of the particular 
LSLTLU[�PZ�HSYLHK`�YLZ[YPJ[LK��/LUJL��[OL�PKLH�^HZ�[V�SPTP[�[OL�JVU[HTPUH[PVU�PU�VUL�WHUL�HUK�JVTIPUL�P[�
^P[O�[OL�\ZL�VM�HKOLZP]LZ�PM�ULLKLK��:\JO�HU�HWWYVHJO�HSSV^Z�MVY�TVYL�KLZPNU�MYLLKVT�\ZPUN�LSLTLU[Z�
[OH[�JHU�IL�HKOLZP]LS`�IVUKLK� [V� [OL� ÅVH[�NSHZZ�WHUL�HUK�TLJOHUPJHSS`�JVUULJ[LK� [V� [OL�V[OLY��;OL�
second glass pane is either solid or hollow cast glass so that the freedom of shaping can be used in the 
JVUULJ[PUN�LSLTLU[��;OPZ�KLZPNU�L_WSVYH[PVU�WYVJLZZ�YLZ\S[LK�PU�ZL]LU�KPќLYLU[�WYLSPTPUHY`�JVUJLW[Z�[OH[�
^PSS�IL�M\Y[OLY�HUHS`ZLK�
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���0U[LYSVJRPUN�.HZRL[

push and click!

;OPZ�JVUJLW[�PZ�[OL�ÄYZ[�VM�[OL�[^V�HS[LYUH[P]L�JVUJLW[Z�KLYP]PUN�MVYT�[OL�JVTIPUH[PVU�VM�H�ÅVH[�NSHZZ�WHUL�
HUK�H�ZVSPK�JHZ[�NSHZZ�VUL�HUK�P[�PZ�PUZWPYLK�I`�[OL�PU[LYSVJRPUN�NLVTL[YPLZ�\ZLK�PU�[OL�KY`�JVUULJ[PVUZ�VM�
JHZ[�NSHZZ�ZVSPK�ISVJRZ��

0U�[OPZ�ZWLJPÄJ�JVUJLW[��[OL�ZVSPK�JHZ[�NSHZZ�ISVJR�OHZ�H�JVU[PU\V\Z�UV[JO�HYV\UK�[OL�LKNLZ�VM�[OL�WHULS��
;OL�ÅVH[�NSHZZ�OHZ�H�[YHUZWHYLU[�WSHZ[PJ�LSLTLU[�NS\LK�[V�P[Z�WLYPTL[LY��+\L�[V�[OL�IPNNLY�ÅL_PIPSP[`�VM�[OPZ�
HKKP[PVUHS�WSHZ[PJ�LSLTLU[�JVTWHYLK�[V�NSHZZ��[OL�WHY[�JVU[HPUPUN�[OL�ÅVH[�NSHZZ�PZ�W\ZOLK�PU[V�[OL�UV[JO�
VM�[OL�JHZ[�NSHZZ�WHY[�HUK�PZ�SVJRLK�[OLYL��;OPZ�JVUULJ[PVU�PZ�YLSH[P]LS`�LHZ`�PU�P[Z�JVUJLW[�ZPUJL�P[�\ZLZ�
ZPTWSL�NLVTL[YPLZ�HUK�H�]LY`�LHZ`�TLJOHUPZT�VM� SVJRPUN��0U�[LYTZ�VM�YL]LYZPIPSP[ �̀�[OL�NSHZZ�WHULZ�JHU�
IL�LHZPS`�ZLWHYH[LK�^P[O�[OL�\ZL�VM�MVYJL�[V�W\SS�[OLT�HWHY[��4VYLV]LY��[OPZ�ZWLJPÄJ�LKNL�ZLHS�JVUULJ[PVU�
JHU�L_OPIP[�NYLH[�[YHUZWHYLUJ`�SL]LSZ�ZPUJL�[OL�HKKP[PVUHS�WSHZ[PJ�TH[LYPHS�JHU�IL�THKL�V\[�VM�[YHUZWHYLU[�
WSHZ[PJ�SPRL�744(��6]LYHSS��[OPZ�JVUJLW[�ZOV^Z�NYLH[�WV[LU[PHS�MVY�M\Y[OLY�L_WSVYH[PVU�IV[O�PU�[OL�ÄLSK�VM�
JPYJ\SHYP[`�HUK�[YHUZWHYLUJ �̀

PMMA ElementFloat Glass Pane Cast Glass Pane

glued in the perimeter 
VM�[OL�ÅVH[�NSHZZ

notched 
in the perimeter
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���¸;L[YPZ¹�3VJR

;OPZ� JVUJLW[� PZ� [OL� ZLJVUK� VM� [OL� [^V� HS[LYUH[P]L� JVUJLW[Z� KLYP]PUN� MYVT� [OL� JVTIPUH[PVU� VM� H� ÅVH[�
NSHZZ�WHUL�HUK�H�ZVSPK�JHZ[�NSHZZ�VUL��;OL�SVJRPUN�TLJOHUPZT�VM�[OPZ�JVUJLW[�PZ�IHZLK�VU�H�[VWVSVNPJHS�
JVUULJ[PVU�VM�WPLJLZ�[OH[�SVJR�[VNL[OLY�SPRL�W\aaSL�VY�SPRL�[OL�NLVTL[YPLZ�MV\UK�PU�[OL�[L[YPZ�NHTL�

;OL�ZVSPK�JHZ[�NSHZZ�ISVJR�OHZ�H�JVU[PU\V\Z�UV[JO�HYV\UK�[OL�LKNLZ�VM� [OL�WHULS��;OL�ÅVH[�NSHZZ�OHZ�
glued to its perimeter a transparent plastic element with an hole at the bottom and top parts in the same 
WSHJLZ�HZ�[OL�JHZ[�NSHZZ�ISVJR��;OL�[^V�KPќLYLU[�WHY[Z�VM�[OL�\UP[�HYL�IYV\NO[�[VNL[OLY�HUK�HU�HKKP[PVUHS�
element made of the same plastic material is inserted into the aforementioned holes completing the puzzle 
NLVTL[Y �̀�

6UL�VM�[OL�LSLTLU[Z�[OH[�^V\SK�ULLK�[V�IL�ZVS]LK�PM�[OPZ�JVUJLW[�^HZ�M\Y[OLY�KL]LSVWLK�PZ�THPUS �̀� [OL�
SVJRPUN� VM� [OL� SHZ[� LSLTLU[� PU� WSHJL�� ZV� [OH[� P[� JHUUV[� IL� YLTV]LK� \USLZZ�^HU[LK�� Z[PSS� ULLKZ� M\Y[OLY�
KL]LSVWTLU[��

;OPZ�JVUJLW[�PZ�IHZLK�VU�H�YLSH[P]LS`�ZPTWSL�JVUULJ[PVU�WYPUJPWSL�[OH[�LUHISLZ�LHZ`�YL]LYZPIPSP[ �̀�4VYLV]LY��
[OL�\ZL�VM�H�[YHUZWHYLU[�WSHZ[PJ�TH[LYPHS�SPRL�744(�LUZ\YLZ�HU�VW[PJHSS`�\UVI[Y\ZP]L�LKNL�JVUULJ[PVU�

PMMA ElementFloat Glass Pane

Cast Glass Pane

notched 
in the perimeter

glued in the perimeter 
VM�[OL�ÅVH[�NSHZZ

PMMA Element

PUZLY[LK�HUK�SVJRZ�PU�
place
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���7\ZOLK�,TILKKLK�3VJR

push and rotate!

;OPZ�JVUJLW[�PZ�[OL�ÄYZ[�VM�[OL�Ä]L�HS[LYUH[P]L�JVUJLW[Z�KLYP]PUN�MYVT�[OL�JVTIPUH[PVU�VM�H�ÅVH[�NSHZZ�WHUL�
HUK�H�OVSSV^�JHZ[�NSHZZ�WHUL�

0U�[OPZ�JVUJLW[��[OL�ÅVH[�NSHZZ�WHY[�OHZ�LTILKKLK�LSLTLU[Z�^P[O�H�YV[H[PUN�[VNNSL�VU�P[Z�[^V�ZPKLZ�[OH[�HYL�
\ZLK�MVY�P[Z�JVUULJ[PVU�[V�[OL�JHZ[�NSHZZ�WHY[��;OL�ÅVH[�NSHZZ�PZ�W\ZOLK�PU[V�H�MYHTLK�JHZ[�NSHZZ�LSLTLU[�
HUK�SVJRLK�[OLYL�^P[O�[OL�OLSW�VM�[OL�JVUULJ[PUN�LSLTLU[Z��

This concept is based on a simple connecting mechanism that could be feasible because it relies on the 
HSYLHK`�[YPLK�V\[�LTILKKLK�JVUULJ[PVUZ��;OL�WYLZLUJL�VM�[OLZL�LSLTLU[Z�YLX\PYLZ�SHTPUH[PVU�[OLYLMVYL�
[OPZ�WHY[�^PSS�IL�JVTWSL[LS`�UVU�YLJ`JSHISL��4VYLV]LY��H�IPN�KPZHK]HU[HNL�VM�[OPZ�KLZPNU�PZ�[OL�MHJ[�[OH[�[OL�
ILJH\ZL�[OL�ÅVH[�NSHZZ�PZ�W\ZOLK�PU[V�[OL�JHZ[�WHY[��H�MYHTL�PZ�SLM[�HYV\UK�[OH[�OHZ�HU�PTWHJ[�VU�[OL�VW[PJHS�
X\HSP[`�VM�[OL�LKNL�JVUULJ[PVU�I\[�HSZV�^PSS�HJJV\U[�MVY�[OLYTHS�IYPKNLZ�ZPUJL�[OLYL�PZ�UV�LSLTLU[�[V�Z[VW�
[OL�OLH[�ÅV^�H[�[OLZL�LKNLZ��

Connecting 
Elements with 

Rotating Toggle
Cast Glass Pane

LTILKKLK�PU�ÅVH[�NSHZZ notched 
in the perimeter

Float Glass Pane
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���¸;\WWLY¹�3VJR

rotate and click!

;OPZ�JVUJLW[�PZ�[OL�ZLJVUK�VM�[OL�Ä]L�HS[LYUH[P]L�JVUJLW[Z�KLYP]PUN�MYVT�[OL�JVTIPUH[PVU�VM�H�ÅVH[�NSHZZ�
WHUL�HUK�H�OVSSV^�JHZ[�NSHZZ�WHUL��0[�PZ�IHZLK�VU�[OL�TLJOHUPJHS�JVUULJ[PVU�HWWSPLK�PU�MVVK�JVU[HPULYZ�
^OLYL�H�OVSSV^�NSHZZ�WHY[�PZ�\ZLK�HZ�H�IHZL�HUK�H�[VW��\Z\HSS`�WSHZ[PJ�VY�NSHZZ��^P[O�H[[HJOLK�YV[H[PUN�ÅHWZ�
PZ�WSHJLK�VU�[VW�VM�[OL�IV[[VT�WHY[�HUK�SVJRZ�PU�WSHJL�^P[O�[OL�\ZL�VM�[OLZL�ÅHWZ�

;OL�[YHUZSH[PVU�VM�[OL�MVVK�JVU[HPULY�JVUJLW[�PU�[OPZ�KLZPNU�VJJ\YZ�PU�[OL�MVSSV^PUN�^H �̀�;OL�OVSSV^�JHZ[�
NSHZZ�WHY[�OHZ�H�SPULHY�UV[JO�H[�[OL�[^V�ZPKLZ�VM�[OL�LSLTLU[�HUK�[OL�ÅVH[�NSHZZ�OHZ�HKOLZP]LS`�IVUKLK�[V�
P[Z�[^V�ZPKLZ�H�OPUNL�^P[O�H�YV[H[PUN�ÅHW��;OL�ÅVH[�NSHZZ�WHY[�PZ�WVZP[PVULK�VU�[VW�VM�[OL�JHZ[�WHY[�HUK�VUJL�
[OL�ÅHWZ�HYL�YV[H[LK�[OL`�SVJR�PU�[OL�UV[JOLZ�MV\UK�PU�[OL�JHZ[�NSHZZ�ZPKLZ�

;OPZ�JVUJLW[�PZ�H�]LY`�WYVTPZPUN�VUL�K\L�[V�[OL�ZPTWSPJP[`�VM�[OL�TLJOHUPZT�^OPJO�PZ�IHZLK�VU�H�^LSS�
WYV]LU�[V�^VYR�TLJOHUPZT�MV\UK�PU�H�KHPS`�SPML�HWWSPJH[PVU��4VYLV]LY��[OL�TLJOHUPZT�PZ�LU[PYLS`�OPKKLU�
MYVT�[OL�MYVU[�WHY[�VM�[OL�NSHZZ�HZ�P[�PZ�VUS`�]PZPISL�PU�[OL�[^V�ZPKLZ��YLZ\S[PUN�PU�VW[PJHSS`�]LY`�\UVI[Y\ZP]L�
LSLTLU[Z�

Rotating Flaps

Cast Glass Pane

NS\LK�PU�ÅVH[�NSHZZ

with two linear notches

Float Glass Pane
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���:SPKPUN�,TILKKLK�3VJR�(

;OL� SHZ[� [OYLL�JVUJLW[Z�[OH[�JVTIPUL�H�ÅVH[�NSHZZ�^P[O�H�OVSSV^�JHZ[�NSHZZ�WHUL�HYL�HSS�IHZLK�VU�[OL�
WYPUJPWSL� VM� ZSPKPUN� LSLTLU[Z�� ;OL� ÄYZ[� VM� [OLZL� [OYLL� ZSPNO[S`� HS[LYUH[P]L� KLZPNU� HWWYVHJOLZ� YLX\PYLZ� H�
OVSSV^�JHZ[�NSHZZ�LSLTLU[�^P[O�[^V�SPULHY�ZSV[Z�VU�P[Z�[^V�ZPKLZ��;OL�ZSV[Z�NV�HSS�[OL�^H`�\W�[V�[OL�[VW�VM�
the unit but stop a little bit before at the bottom so that the sliding of the panel from the opposite side is 
H]VPKLK��;OL�ÅVH[�NSHZZ�WHY[�OHZ�NS\LK�[V�P[Z�[^V�ZPKLZ�H�SPULHY�LSLTLU[�[OH[�JV\SK�IL�THKL�V\[�VM�744(�
MVY�H�SLZZ�]PZPISL�JVUULJ[PVU��-PUHSS �̀�[OL�ÅVH[�NSHZZ�WHY[�PZ�ZSPKLK�PU[V�[OL�JHZ[�NSHZZ�WHY[�

;OPZ� PZ� [OL�ZPTWSLZ[�V\[�VM� [OL� [OYLL�ZSPKPUN�JVUJLW[Z�HS[OV\NO� M\Y[OLY�H[[LU[PVU�ZOV\SK�IL�NP]LU�[V� [OL�
KL]LSVWTLU[�VM�H�SVJRPUN�TLJOHUPZT�H[�[OL�[VW�VM�[OL�\UP[�VUJL�[OL�[^V�KPќLYLU[�WHY[Z�OH]L�ILLU�ZSPKLK�
[VNL[OLY�

PMMA Element

Float Glass Pane

Cast Glass Pane

with linear slots in two 
sides

glued in the two sides 
VM�ÅVH[�NSHZZ
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���:SPKPUN�,TILKKLK�3VJR�)

slide and rotate!;OPZ�WHY[PJ\SHY�KLZPNU�PZ�[OL�ZLJVUK�ZSPKPUN�JVUJLW[�[OH[�JVTIPULZ�H�ÅVH[�NSHZZ�^P[O�H�OVSSV^�JHZ[�NSHZZ�
WHUL��;OL� ÅVH[�NSHZZ�JVUZPZ[Z�VM� [OL�THPU�NSHZZ�WHUL�HUK�VM� H� ZLJVUK�ZTHSSLY�WHUL�^P[O�LTILKKLK�
LSLTLU[Z��NS\LK�]LY[PJHSS`�[V�[OL�THPU�VUL�VU�P[Z�[VW�LKNL��;OL�LTILKKLK�LSLTLU[Z�JVUZPZ[�VM�YV[H[PUN�
[VNNSLZ�[OH[�LUZ\YL�[OL�SVJRPUN�VM�[OL�[^V�KPќLYLU[�WHY[Z�VM�[OL�\UP[�[VNL[OLY��;OL�JHZ[�NSHZZ�WHY[�\ZLZ�[OL�
OVSSV^�NLVTL[Y`�VUS`�VU�[OL�[OYLL�ZPKLZ�ZV�[OH[�[OL�ÅVH[�NSHZZ�WHY[�JHU�ZSPKL�PU[V�P[�HUK�SVJR�H[�[OL�[VW�WHY[�
VM�[OL�\UP[�

;OL�ZWLJPÄJ�KLZPNU�OHZ�HZ�H�ÄUHS�VW[PJHS�YLZ\S[�HU�0.<�^P[O�H�ZTHSS�NSHZZ�MYHTL��VU�[OL�[OYLL�ZPKLZ�VUS �̀�
ILJH\ZL�VM�[OL�̂ H`�[OL�ZSPKPUN�VJJ\YZ��(WHY[�MYVT�[OL�HLZ[OL[PJ�YLZ\S[�̂ OPJO�JVTWYVTPZLZ�[OL�[YHUZWHYLUJ`�
H[�[OLZL�[OYLL�LKNLZ��P[�HSZV�JYLH[LZ�[OLYTHS�IYPKNLZ�PU�[OLZL�[OYLL�ZPKLZ�^OPJO�PZ�UV[�KLZPYHISL��

4VYLV]LY��[OL�JVTWSL_P[`�VM�[OL�TLJOHUPZT�PZ�Z\IZ[HU[PHSS`�PUJYLHZLK�JVTWHYLK�[V�[OL�WYL]PV\Z�KLZPNUZ��
;OL�KPѝJ\S[PLZ�HYL�THPUS`�HZZVJPH[LK�^P[O�[OL�\ZL�VM�[OL�ZSPKPUN�WYPUJPWSL�^OPJO�YLX\PYLZ�NYLH[�[VSLYHUJLZ�
HUK�TPNO[�WYV]L�UV[�MLHZPISL�PM�HWWSPLK�PU�0.<Z�VM�IPN�KPTLUZPVUZ��

Laminated Float Glass

Cast Glass Pane

with linear slots in two 
sides

Connecting 
Elements with 

Rotating Toggle

LTILKKLK�PU�ÅVH[�NSHZZ

Float Glass Pane

NS\LK�[V�ÅVH[�NSHZZ�WHUL
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���:SPKPUN�,TILKKLK�3VJR�*

slide and rotate!

Laminated Float Glass

Cast Glass Pane

with linear slots in two 
sides

Connecting 
Elements with 

Rotating Toggle

LTILKKLK�PU�ÅVH[�NSHZZ

Float Glass Pane

NS\LK�[V�ÅVH[�NSHZZ�WHUL

Linear PMMA 
Element

NS\LK�[V�ÅVH[�NSHZZ�WHUL

;OPZ�WHY[PJ\SHY�KLZPNU�PZ�[OPYK�ZSPKPUN�JVUJLW[�[OH[�JVTIPULZ�H�ÅVH[�NSHZZ�^P[O�H�OVSSV^�JHZ[�NSHZZ�WHUL�
HUK�JVUZ[P[\[LZ�HU�PTWYV]LK�]HYPH[PVU�VM�[OL�WYL]PV\Z�VUL��;OL�KPќLYLUJL�OLYL�PZ�[OL�MHJ[�[OH[�HU�HKKP[PVUHS�
LSLTLU[�[OH[�PZ�NS\LK�[V�[OL�ÅVH[�WHY[�PZ�\ZLK�[V�ZSPKL�PU[V�[OL�JHZ[�NSHZZ�NLVTL[Y`�ZV�[OH[�[OL�]PZPISL�MYHTLZ�
VM�[OL�WYL]PV\Z�KLZPNU�HYL�LSPTPUH[LK�OLYL��;OL�YLZ[�VM�[OL�SVJRPUN�TLJOHUPZT�WYPUJPWSL�PZ�[OL�ZHTL��

(S[OV\NO�[OL�KLZPNU�PZ�ZPNUPÄJHU[S`�PTWYV]LK�PU�[LYTZ�VM�[OL�VW[PJHS�YLZ\S[�HUK�H]VPKZ�[OL�[OLYTHS�IYPKNLZ�
VM�[OL�LKNL�ZLHS�VM�[OL�\UP[��Z[PSS�WVZZLZZLZ�[OL�ZHTL�PZZ\LZ�HZ�[OL�WYL]PV\Z�VUL�PU�[LYTZ�VM�MLHZPIPSP[`�VM�
[OL�JVUZ[Y\J[PVU�
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����(YDOXDWLRQ�RI�'LĳHUHQW�'HVLJQ�&RQFHSWV

4. “Tupper” Lock 5. Sliding Embedded 
Lock A

6. Sliding Embedded 
Lock B

7. Sliding Embedded 
Lock C1. Interlocking Gasket 2. “Tetris” Lock 3. Pushed Embedded 

Lock

++++

++++

+++

++++

++

+++

+

+++

+++

++

+

+

+

++

+

+++

+

++

++

+

:PTWSPJP[`�VM�KLZPNU���
Feasible assembly

+PѝJ\S[�HZZLTIS`�K\L�[V�
tolerances in sliding

+PѝJ\S[�HZZLTIS`�K\L�[V�
[VSLYHUJLZ�PU�ZSPKPUN���
;OLYTHS�IYPKNLZ�

Visible frame

+PѝJ\S[�HZZLTIS`�K\L�[V�
tolerances in sliding

;OLYTHS�)YPKNLZ!

-VY� [OL�ZH[PZMHJ[VY`� [OLYTHS�WLYMVYTHUJL�VM� [OL� 0.<�[OLYTHS�IYPKNLZ�ULLK�[V�IL�LSPTPUH[LK��;OLYLMVYL��
[OLYL�T\Z[�HS^H`Z�IL�HU�LSLTLU[�VM�SV^�JVUK\J[P]P[`�ZLWHYH[PUN�[OL�[^V�NSHZZ�WHULZ��

7V[LU[PHS�MVY�;OPYK�.SHZZ�7HUL�0U[LNYH[PVU!

;OL�WV[LU[PHS�MVY�PU[LNYH[PUN�H�[OPYK�NSHZZ�WHUL�HZ�H�JVU]LJ[P]L�IHYYPLY�PUZPKL�[OL�JH]P[`�PZ�]LY`�PTWVY[HU[�HZ�
P[�JHU�PTWYV]L�ZPNUPÄJHU[S`�[OL�\�]HS\L�VM�[OL�0.<�

:PTWSPJP[`�VM�+LZPNU!

*\YYLU[S`�\ZLK�0.<Z�HYL�IVUKLK�[VNL[OLY�PU�H�]LY`�ZPTWSL�^H �̀�0[�PZ�VUS`��SVNPJHS�[OH[�[OL�ZHTL�ZPTWSPJP[`�VM�
HZZLTIS`�PZ�KLZPYLK�[V�IL�HWWSPLK�PU�[OL�UL^�JVUULJ[PVU�HZ�^LSS�

7V[LU[PHS�MVY�-\SS�9L]LYZPIPSP[`!

;OL�J\YYLU[�KZPNUZ�HYL�IHZLK�VU�H�OHSM�YL]LYZPISL�JVUULJ[PVU�PU�VYKLY�[V�HSSV^�MVY�TVYL�KLZPNU�MYLLKVT�
K\YPUN�[OL�L_WSVYH[PVU�WOHZL��/V^L]LY��[OL�WV[LU[PHS�MVY�[OLZL�[V�JVUULJ[PVUZ�[V�IL�M\Y[OLY�KL]LSVWLK�PU[V�
M\SS`�YL]LYZPISL�VULZ�PZ�H�]LY`�WYVTPZPUN�HZWLJ[�[OH[�OHZ�H�IPN�^LPNO[�MHJ[VY�PU�[OL�L]HS\H[PVU�WYVJLZZ�

++++ ++++ ++++ ++++

(SS�[OL�HIV]L�KLZPNUZ�^LYL�KL]LSVWLK�VU�H�WYLSPTPUHY`�Z[HNL�ZV�HSS�[OL�HZWLJ[Z�[OH[�HYL�ULJLZZHY`�MVY�HU�
LKNL�ZLHS�^LYL�UV[�ZVS]LK�H[�[OPZ�WVPU[��4VYL�ZWLJPÄJHSS �̀� [OL�PU[LNYH[PVU�VM�KLZPJJHU[� PZ�UV[�ZVS]LK�`L[�
HS[OV\NO�P[�PZ�HU�PTWVY[HU[�HZWLJ[�[OH[�^PSS�JVTWYVTPZLK�[OL�ÄUHS�LKNL�ZLHS��4VYLV]LY��PU�HSS�[OL�JHZLZ�[OH[�
[OLYL�PZ�NSHZZ�[V�NSHZZ�JVU[HJ[�H�Z\P[HISL�PU[LYSH`LY�TH[LYPHS�T\Z[�IL�HWWSPLK�[V�H]VPK�Z[YLZZ�JVUJLU[YH[PVUZ��
/H]PUN� [OLZL�HZWLJ[Z� PU�TPUK�� [OL�JVUJLW[Z�HYL�L]HS\H[LK�IHZLK�VU� [OL� MVSSV^PUN�JYP[LYPH� ZV� [OH[� [OL�
WYL]HPSPUN�VULZ�JHU�IL�M\Y[OLY�KL]LSVWLK�PU�[OL�ÄUHS�KLZPNU�Z[HNL�

Evaluation Criteria

6W[PJHS�8\HSP[`!

(Z�VW[PJHS�X\HSP[`�[OL�TPUPTPZH[PVU�VM�[OL�VW[PJHS�PTWHJ[�VM�[OL�JVUULJ[PVU�PZ�[HRLU�PU[V�HJJV\U[��(�ZTVV[O�
L_[LYUHS�Z\YMHJL�^P[OV\[�]PZPISL�LSLTLU[Z�PZ�HSZV�WYLMLYYLK�

-LHZPIPSP[`�VM�(ZZLTIS`!

(Z� 0.<Z�OH]L�]HY`PUN�KPTLUZPVUZ�[OL�JVUULJ[PVU�ULLKZ�[V�IL�HISL�[V�IL�HWWSPLK�MYVT�ZTHSS�ISVJRZ�[V�
IPN�ÅVVY�ZWHU�\UP[Z��;OLYLMVYL��P[�PZ�JY\JPHS�[OH[�[OL�HZZLTIS`�PZ�MLHZPISL�MVY�Z\JO�IPN�LSLTLU[Z��7HY[PJ\SHY�
H[[LU[PVU�PZ�NP]LU�[V�[OL�LќLJ[�VM�[VSLYHUJLZ�K\YPUN�[OL�HZZLTIS �̀�0U�[OPZ�ZLUZL��JVUULJ[PVUZ�\ZPUN�ZSPKPUN�
LSLTLU[�HYL�UV[�WYLMLYYLK�

Thermal Bridges

Feasibility of Assembly

6W[PJHS�8\HSP[`

Simplicity of Design

Potential for 
-\SS�9L]LYZPIPSP[`

++++

+++

+++

+++

++++

++

++

++

+++

+

+++

+++

+++

+

+

Design 
Option

Evaluation 
Criteria

Notes Dependent on geometry and 
material

+PѝJ\S[�[V�SVJR�PU�WVZP[PVU�HUK�
ZLHS�JH]P[`

;OLYTHS�)YPKNLZ��
*HUUV[�IL�M\SS`�YL]LYZPISL

Potential for 
�YK�.SHZZ�7HUL ++++ ++++ ++++
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5.4 Prevailing Design Options

Interlocking Gasket

“Tupper” Lock

+\YPUN�[OL�L]HS\H[PVU�VM�[OL�ZL]LU�KPќLYLU[�WYLSPTPUHY`�KLZPNU�JVUJLW[Z�[^V�VM�[OLT�ZOV^LK�[OL�NYLH[LZ[�
WV[LU[PHS� MVY� M\Y[OLY� KL]LSVWTLU[�� ;OL� YLHZVUZ� MVY� [OH[� HYL� ZPTWSPJP[`� VM� [OLPY� KLZPNU� [OH[� JHU� SLHK� [V�
H� MLHZPISL� 0.<�HZZLTIS`�^P[OV\[� [OLYTHS�IYPKNLZ�HUK�^P[O� [OL� SLHZ[�VW[PJHSS`�VI[Y\ZP]L� YLZ\S[��;OL� [^V�
WYL]HPSPUN�JVUJLW[Z�HYL�[OL�ÄYZ[�VUL��[OL�¸0U[LYSVJRPUN�.HZRL[¹��HUK�[OL�MV\Y[O�VUL��[OL�¸;\WWLY�3VJR¹��;OPZ�
ÄUHS�Z\I�JOHW[LY�VM�[OL�KLZPNU�L_WSVYH[PVU�WOHZL��KLWPJ[Z�[OL�M\Y[OLY�KL]LSVWTLU[�VM�[OLZL�[^V�JVUJLW[Z�
[OH[�^PSS�SLHK�[V�[OL�ÄUHS�KLZPNU�

This design was initially inspired by the 
^H`�NSHZZ� MVVK�JVU[HPULYZ�^VYR��:V� [OL�
VYPNPUHS� PKLH�^HZ� [V�OH]L�HU�LTILKKLK�
OPUNL� PU� [OL� ÅVH[� NSHZZ� WHUL� [OH[� JHU�
YV[H[L�HUK�TLJOHUPJHSS`�SVJR�PU�H�UV[JO�PU�
[OL�JHZ[�NSHZZ�WHY[��

0U� HU� H[[LTW[� MVY� H� M\SS`� YL]LYZPISL�
JVUULJ[PVU�� [OL� PKLH� VJJ\YYLK� [V� THRL�
the connection symmetrical and use a 
TLJOHUPJHS�SVJR�PU�IV[O�WHULZ��;OPZ�RPUK�
VM�JVUULJ[PVU�^V\SK�^VYR�HZ�HU�PU[LYUHS�
mechanical clamping and for this purpose 
H� Z\P[HISL�TH[LYPHS� ^P[O� JLY[HPU� ÅL_PIPSP[`�
and rigidity at the same time would need 
[V�IL�MV\UK�

)L[^LLU� [OL� [^V�WYL]HPSPUN�KLZPNUZ� [OPZ�
one showed more potential for a feasible 
solution due to its simplicity compared to 
[OL�PU[LYSVJRPUN�VUL�

The design was intially based on a 
HKOLZP]LS`� IVUKLK� LSLTLU[� VU� [OL� ÅVH[�
NSHZZ�WHUL�[OH[�OHZ�H�JLY[HPU�ÅL_PIPSP[`�[V�
be connecetd to a continuous notch in 
the perimeter of the cast glass element by 
W\ZOPUN�P[�̂ P[O�MVYJL��(�ZPTPSHY�MVYJL�̂ V\SK�
IL�\ZLK�MVY�[OL�KPZHZZLTIS`�WYVJLZZ��

In this phase, in the attept for maximum 
YL]LYZPIPSP[ �̀�H�KV\IS`�PU[LYSVJRPUN�LSLTLU[�
PU�IV[O�ZPKLZ�PZ�JVUZPKLYLK�OLYL�

This design ended up being discarded 
K\L�[V�P[Z�PUJYLHZLK�JVTWSL_P[ �̀



6.1 Final IGU Design Evolution

6.4 Assembly Order

6.3 Manufacturing Process

6.2 Materials

6.5 End of Life

06. Final Design
IGU Edge Seal Connection

7KH�QH[W�FKDSWHU�FRQVLVWV�RI�D�WKRURXJK�H[SODQDWLRQ�RI�WKH�ıQDO�GHVLJQ��,W�EHJLQV�ZLWK�D�PRUH�GHWDLOHG�
HYROXWLRQ�RI�WKH�ıQDO�SUHYDLOLQJ�FRQFHSW��7KH�ıQDO�GHWDLO�ZLWK�WKH�PDWHULDOV�FKRVHQ�LV�H[SODLQHG�IROORZHG�
by an description of the manufacturing methods and assembly order of each part of the new IGU edge 
seal connection. Finally, the possible end-of-life scenarios of the unit are explained.
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6.1 Final IGU Design Evolution

Mirror the Geometry

Material with 
Spring Behaviour

Glass Fusion

Rotating Flap

Float Glass Cast glass

NS\LK�VY�LTILKKLK�[V�ÅVH[�NSHZZ

JSPJRZ�PU[V�JHZ[�NSHZZ�
geometry

Float glass

Extruded glass

*SHTWPUN�TLJOHUPZT
The selected design option was originally 
JVUJLP]LK�OH]PUN�PU�TPUK�[OL�\ZL�VM�H�ÅVH[�NSHZZ�
HUK�H�JHZ[�NSHZZ�WHY[�HZ�HUHS`ZLK�PU�[OL�WYL]PV\Z�
ZLJ[PVU�

5L]LY[OLSLZZ�� H[� [OPZ� Z[HNL� [OL� YLWSHJLTLU[�
VM� [OL�JHZ[�NSHZZ�WHY[�^P[O�JVTIPUH[PVU�VM� ÅVH[�
and cast glass edges through heat fusion arose 
HZ�H�]LY`�WYVTPZPUN�ZVS\[PVU� [OH[�JVTIPULZ� [OL�
best characteristics of both glass manufacturing 
WYVJLZZLZ��-SVH[�NSHZZ�JHU�IL�\ZLK�MVY�ZTVV[O�
transparent surfaces and it can be heat treated 
MVY� ZHML� IYLHRHNL� PM� ULLKLK�� ^OPSL� JHZ[� NSHZZ�
elements, in shapes that enable a mechanical 
connection, can be fused around the edges of 
[OL�ÅVH[�NSHZZ�

;OL�YLHZVUZ�MVY�[OPZ�HWWYVHJO�HYL�ÄYZ[S �̀�[OL�MHJ[�
that the new IGU aims to be manufactured in a 
]HYPL[`�VM�ZPaLZ�JHZ[PUN�[OL�^OVSL�LSLTLU[�JV\SK�
JH\ZL� MLHZPIPSP[`� PZZ\LZ� MVY� SHYNL� NSHZZ� WHULZ��
:LJVUKS �̀�ÅVH[�NSHZZ� PZ�WYLMLYYLK� MVY� P[Z�ZTVV[O�
and completely transparent surfaces it produces 
JVTWHYLK�[V�JHZ[�NSHZZ��4VYLV]LY��ÅVH[�NSHZZ�PZ�
[OL�TVZ[� LJVUVTPJ� ZVS\[PVU� MVY� SHYNL� Z\YMHJLZ��
-PUHSS �̀� ÅVH[� NSHZZ� JHU� IL� OLH[� [YLH[LK� MVY� ZHML�
IYLHRHNL�� H� ]LY`� PTWVY[HU[� MLH[\YL� MVY� MHJHKL�
HWWSPJH[PVUZ�

The connection was initially designed to consist 
VM�H�JPYJ\SHY�HUK��H�UVU�JPYJ\SHY�WH[�HZ�L_WSHPULK�
PU� [OL� WYL]PV\Z� JOHW[LY�� ;OPZ� HWWYVHJO� THKL�
sense since the use of contaminating factors for 
[OL� NSHZZ� YLJ`JSPUN� JHUUV[� HS^H`Z� IL� H]VPKLK��
4VYLV]LY��[OPZ�VW[PVU�NH]L�H�NYLH[LY�MYLLKVT�VM�
design choices in the initial design exploration 
WOHZL��/V^L]LY��P[�^HZ�MV\UK�YLHSS`�PU[LYLZ[PUN�H[�
[OPZ�WHY[�VM�[OL�KLZPNU�KL]LSVWTLU[�[V�PU]LZ[PNH[L�
^OL[OLY�[OPZ�KLZPNU�JV\SK�IL�L]VS]LK�PU[V�H�M\SS`�
JPYJ\SHY� KLZPNU�� ;OPZ� ^V\SK� TLHU� [OH[� [OL� \ZL�
VM� LTILKKLK� VY� HKOLZP]LS`� IVUKLK� L_[LYUHS�
LSLTLU[Z� PU� [OL� ÅVH[� NSHZZ� WHY[� ZOV\SK� IL�
JVTWSL[LS`�H]VPKLK�

In the process towards a fully circular design 
[OL� ÄYZ[� Z[LW�^HZ� [V�TPYYVY� [OL� JPYJ\SHY� WHY[� VM�
[OL� PUP[PHS� JVUJLW[� HUK� PU]LZ[PNH[L� [OL� ^H`Z� PU�
^OPJO�H�Z\P[HISL�YL]LYZPISL�JVUULJ[PVU�JV\SK�IL�
HJOPL]LK��

;OL� HUZ^LY� [V� [OL� X\LZ[PVU� WYV]LK� [V� IL� [OL�
TH[LYPHSP[`� VM� [OL� JVUULJ[PUN� LSLTLU[�� 4VYL�
ZWLJPÄJHSS �̀�H�TH[LYPHS�^P[O�H�JLY[HPU�ÅL_PIPSP[`�HUK�
H�ZWYPUN�SPRL�ILOH]PV\Y�JV\SK�HJ[�HZ�H�TLJOHUPJHS�
JSHTWPUN�LSLTLU[�SVJRPUN�PU�[OL�JHZ[�NSHZZ�WHY[�VM�
the edge seal ensuring the stability and sealing of 
[OL�\UP[��
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Addition of coated middle glass pane :TVV[OLU�LKNLZ�HUK�SLH]L�ZWHJL�
MVY�[VSLYHUJLZ�HUK�TV]LTLU[Z

<U[PS�[OL�WYL]PV\Z�Z[LWZ��[OL�IHZPJ�WYPUJPWSL�VM�[OL�
LKNL�ZLHS�JVUULJ[PVU�^HZ�KL[LYTPULK��;OL�UL_[�
steps focus on the selection of the most suitable 
materials that comprise the edge seal elements 
HZ�^LSS�HZ�[OLPY�KPTLUZPVUPUN��

At this point, is was found necessary to 
dimension the glass elements based on the 
KLZPYLK� [OLYTHS� WLYMVYTHUJL� VM� [OL� \UP[�� /HUK�
JHSJ\SH[PVUZ�VM�]HYPV\Z�JVTIPUH[PVUZ�VM�NSHZZ�HUK�
JH]P[`�[OPJRULZZLZ�^LYL�[YPLK�V\[�[V�JVUJS\KL�[V�
H�Z\P[HISL�\�]HS\L��

;OLZL�JHSJ\SH[PVUZ�PUJS\KLK�[OYLL�KPќLYLU[�Z[LWZ"�
one without any coating application or inert gas 
ÄSSPUN��VUL�^P[O�VUS`�VUL�JVH[LK�NSHZZ�WHUL�HUK�
VUL�̂ P[O�IV[O�H�JVH[PUN�\ZL�HUK�ÄSSPUN�VM�[OL�JH]P[`�
^P[O�HYNVU�NHZ��-PUHSS �̀�HU�HKKP[PVUHS�JHSJ\SH[PVU�
to determine whether or not the use of a third 
TPKKSL�NSHZZ�WHUL�PZ�YLX\PYLK�^HZ�JVUK\J[LK��

The best performing result of these calculations, 
that can be found more analytically in the 
Appendix A, showed that the best performing 
JVTIPUH[PVU� ^HZ� [OH[� \ZPUN� [^V� ÅVH[� NSHZZ�
WHULZ�VM����TT�LHJO�HUK�[^V�JH]P[PLZ�VM����TT�
each that are separated by a thin glass layer of 
��TT�[OH[�HJ[Z�HZ�H�JVU]LJ[P]L�IHYYPLY��-PUHSS �̀�H�
JVH[PUN�HWWSPJH[PVU�PZ�ULJLZZHY �̀�-VY�[OPZ�YLHZVU�
it was decided to apply the coating on the middle 
[OPUULY� NSHZZ� WHUL� HUK� SLH]L� [OL� V\[LY� VULZ�
JVU[HTPUH[PVU�MYLL��;OPZ�^H �̀�[OL�JVU[HTPUH[PUN�
\UH]VPKHISL�MHJ[VY�PZ�SPTP[LK�[V�[OL�SLHZ[�TH[LYPHS�
^HZ[L�I`�ILPUN�HWWSPLK� PU�H�ZPNUPÄJHU[S`� [OPUULY�
NSHZZ�WHUL��

;OL�HIV]L�\ZLK�LSLTLU[Z�SLHK�[V�H�\�]SH\L�VM������
>�T�2�^OPJO�PZ�H�]HS\L�^P[OPU�[OL�KLZPYLK�SPTP[Z�
VM�[OL�ZL[�\�]HS\L�PU�[OL�KLZPNU�JYP[LYPH��;OL�\ZL�
VM�HYNVU�NHZ�ÄSSPUN�JHU�M\Y[OLY�KLJYLHZL�[OPZ�]HS\L�
[V�H��� ��>�T�2�I\[�ZPUJL�[OL�PTWYV]LTLU[�VM�
the thermal performance is not so great and the 
manufacture complexity of introducing an inert 
NHZ� PU� [OL� JH]P[`�^V\SK� PUJYLHZL� ZPNUPÄJHU[S �̀� P[�
was decided that in the scope of this thesis the 
\ZL�VM�NHZ�ÄSSPUN�^V\SK�IL�H]VPKLK�

;OL� UL_[� Z[LW� [V^HYKZ� [OL� ÄUHSPZH[PVU� VM� [OL�
JVUULJ[PVU� KLZPNU�^HZ� [OL� PKLU[PÄJH[PVU� VM� [OL�
most suitable materials and their necessary 
KPTLUZPVUZ��-VY�[OL�JSHTWPUN�LSLTLU[�H�JVH[LK�
TL[HS�ZWYPUN�JSPW�VM�����TT�[OPJRULZZ�̂ HZ�JOVZLU�
^OPJO�^PSS�IL�HUHS`ZLK�PU�KLW[O�PU�[OL�UL_[�Z\I�
JOHW[LY�

;OL�ÄUHS�Z[LW�MVY�[OL�YLHSPZH[PVU�VM�[OL�JVUULJ[PVU�
PZ�[V�[HRL�PU[V�HJJV\U[�[OL�ULJLZZHY`�ZWHJLZ�MVY�
the tolerances of the construction and for the 
TV]LTLU[Z�[OH[�^PSS�VJJ\Y�K\YPUN�[OL�ZLY]PJL�SPML�
VM�[OL�0.<�



silicone foam with integrated desiccant and PIB 2mm

u-shape metal profile 0.5 mm
(stainless steel 301 spring tempered)

neoprene dip coating 0.5 mm

neoprene gasket

float glass 10 mm

air filled cavity 15 mm

float glass 3 mm

float glass 10 mm with low-e coating

air filled cavity 15 mm

extruded cast glass profile fused to float glass

line of fusion
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6.2 Materials and Manufacturing Glass

Vertical Section 

:JHSL��!�

The design of the new connection of the edge seal is based on the fusion of linear pieces of extruded glass 
LSLTLU[Z�[V�[OL�LKNLZ�VM�[OL�ÅVH[�NSHZZ�WHULZ��:PUJL�ÅVH[�NSHZZ�JHU�IL�WYVK\JLK�PU�H�]HYPL[`�VM�ZPaLZ�[O�
ZJVWL�VM�[OPZ�[OLZPZ�^PSS�MVJ\Z�VU�WHULS�ZPaLZ�VM�������[V�����T�[OH[�HYL�Z\P[HISL�MVY�HWWSPJH[PVU�PU�M\SS`�NSHaLK�
MHJHKLZ�^OLYL�[OL�0.<Z�\ZLK�\Z\HSS`�ZWHU�VUL�ÅVVY�OLPNO[�

Float Glass

;OL�ÅVH[�NSHZZ�WHULZ�HYL�WYVK\JLK�^P[O�[OL�ÅVH[�NSHZZ�WYVJLZZ�KLZJYPILK�PU�KLW[O�PU�[OL�SP[LYH[\YL�YL]PL^�
WHY[��;OL�NSHZZ�YLJPWL�\ZLK�PZ�ZVKH�SPTL�NSHZZ�ZPUJL�P[�PZ�[OL�TVZ[�JVTTVUS`�\ZLK�YLJPWL�PU�[OL�ÅVH[�NSHZZ�
WYVJLZZ�HUK�[OL�TVZ[�JVZ[�LќLJ[P]L�VUL�PU�NLULYHS�

+\YPUN�[OL�THU\MHJ[\YPUN�WYVJLK\YL�[OL�YH^�TH[LYPHSZ�HYL�TL[LK�PU�H�M\YUHJL�PU�H�[LTWLYH[\YL�VM������
�����o*��;OL�UL_[�Z[LW�PZ�[OL�ÅVH[�VM�[OL�TLS[LK�TP_[\YL�VU�H�TVS[LU�IH[O�VM�[PU�H[�H�SV^LY�[LTWLYH[\YL�
VM�HYV\UK������o*�ZV�[OH[�[OL�NSHZZ�PZ�ZWYLHK�HUK�[OL�KLZPYLK�JVU[PU\V\Z�ÅH[�Z\YMHJL�VM�PZ�HJOPL]LK��;OL�
[OPJRULZZ�JHSJ\SH[LK�IHZLK�VU�[OL�KLZPYLK�[OLYTHS�WLYMVYTHUJL�VM�[OL�\UP[�PZ����TT�HS[OV\NO�KPќLYLU[�
[OPJRULZZLZ�JHU�HSZV�IL�\ZLK�PM�MV\UK�ULJLZZHY �̀�-PUHSS �̀�[OL�NSHZZ�ZOLL[�PZ�PU�H�Z[H[L�VM�H�JVU[PU\V\Z�NSHZZ�
ZOLL[�WHZZLZ�NYHK\HSS`�[OYV\NO�HU�HUULHSPUN�SLOY�VM�����o*�[LTWLYH[\YL�ZV�[OH[�P[�JHU�JVVS�NYHK\HSS �̀

-SVH[�NSHZZ�^PSS�JVTL�V\[�VM�[OL�HUULHSPUN�SLOY�PU�[OL�MVYT�VM�H�JVU[PU\V\Z�YPIIVU�VM����TT�[OPJR��[OLYLMVYL�
P[�^PSS�ULLK�[V�IL�J\[�PU�KPTLUZPVUZ�VM�����T�������T��(M[LY^HYKZ�P[�\UKLYNVLZ�HU�LKNL�^VYRPUN�WYVJLZZ�
^OLYL�[OL�YV\NO�J\[�LKNLZ�HYL�NYPUKLK�PU�LKNL�TP[YLZ�VM�����HUK�WVSPZOLK�ZV�[OH[�[OLPY�Z\YMHJL�KLMLJ[Z�HYL�
ZTVV[OLULK��;OPZ�WYVJLZZ�PZ�JY\JPHS�ZPUJL�P[�H]VPKZ�[OL�YPZR�VM�JYHJRZ�HUK�IYLHRHNL�[OH[�HYL�PZ�WYVIHISL�
^P[O�ZOHYW�LKNLZ��-PUHSS �̀�MVY�ZHML[`�YLHZVUZ��[OL�HSYLHK`�J\[�HUK�LKNL�^VYRLK�NSHZZ�WHUL�PZ�M\SS`�[LTWLYLK�
ZV� [OH[� PU� JHZL� VM� IYLHRHNL� P[� MYHJ[\YLZ� PU� ZTHSS� WPLJLZ�THRPUN� P[� H� ZHMLY� VW[PVU� MVY� PUQ\Y`� WYL]LU[PVU�
LZWLJPHSS`�ZPUJL�P[�PZ�TLHU[�[V�IL�HWWSPLK�[V�H�M\SS`�NSHaLK�MHJHKL��;OL�WVPU[�^OLYL�[OL�[LTWLYPUN�VJJ\YZ�
in the assembly order is dependent on the glass to glass bonding and will be further analysed in the next 
ZLJ[PVU�� -VY� LUOHUJLK�ZHML[`� [OL�\ZL�VM� SHTPUH[PVU�JV\SK�VJJ\Y� HS[OV\NO� [OH[�^V\SK�JVTWYVTPZL� [OL�
YLJ`JSHIPSP[`�VM�[OL�WHUL��4VYL�VU�[OL�Z\IQLJ[�VM�ZHML[`�JHU�IL�MV\UK�PU�JOHW[LY�����¸:HML[`�(UHS`ZPZ¹��

Extruded Glass

.SHZZ�L_[Y\ZPVU�PZ�H�MLHZPISL�THU\MHJ[\YPUN�TL[OVK�VM�NSHZZ�LSLTLU[Z�HS[OV\NO�P[Z�\ZL�PZ�UV[�]LY`�JVTTVU�
PU�[OL�I\PSKPUN�PUK\Z[Y �̀� 0[�OHZ�THU`�ZPTPSHYP[PLZ�[V�[OL�L_[Y\ZPVU�VM�TL[HS�HUK�WSHZ[PJZ�HUK�JVUZ[P[\[LZ�H�
ZPTWSL�^H`�VM�WYVK\JPUN�[\ILZ�HUK�YVKZ�VM�H�]HYPL[`�VM�KPќLYLU[�ZOHWLZ�HUK�JYVZZ�ZLJ[PVUZ��;OL�JVTWHU`�
:*/6;;�(.�PZ�J\YYLU[S`�[OL�WYPUJPWHS�THU\MHJ[\YLY�VM�L_[Y\KLK�NSHZZ�WYVÄSLZ�PU�SLUN[OZ�\W�[V����T��

(JJVYKPUN� [V� �9VLKLY�� � ����� PU�KPYLJ[�NSHZZ�L_[Y\ZPVU�H�X\HU[P[`�VM�TH[LYPHS� JVU[HPULK� PU� H�J`SPUKLY� PZ�
Z\IQLJ[LK�[V�WYLZZ\YL�I`�H�WS\UNLY�VY�W\UJO��^OPJO�MVYJLZ�P[�[OYV\NO�[OL�YLSH[P]LS`�ZTHSS�HWLY[\YL�VM�H�KPL��
;OL�TH[LYPHS�PZ�OLH[LK�ILMVYL�L_[Y\ZPVU�[V�PUJYLHZL�P[Z�WSHZ[PJP[ �̀�;OL�WYVÄSL�VM�[OL�IHYZ�L_[Y\KLK�PU�[OPZ�^H`�
PZ�KL[LYTPULK�I`�[OL�ZOHWL�VM�[OL�KPL�HWLY[\YL��

0[�PZ�LZZLU[PHS�[OH[�[OL�NSHZZ�YLJPWL�\ZLK�MVY�[OL�L_[Y\KLK�NSHZZ�PZ�HSZV�ZVKH�SPTL�MVY�[OL�MVSSV^PUN�YLHZVUZ��
-PYZ[S �̀�V[OLY�NSHZZ� YLJPWLZ�OH]L�KPќLYLU[� [OLYTHS�L_WHUZPVU�JVLѝJPLU[Z� [OLYLMVYL� PU� [OL�JHZL�VM� M\ZPUN�
[VNL[OLY�NSHZZ�THKL�VM�KPќLYLU[�YLJPWLZ�MYHJ[\YL�PZ�]LY`�WYVIHISL��4VYLV]LY��HM[LY�M\ZPVU�[OL�KPќLYLU[�NSHZZ�
LSLTLU[Z�^PSS�ILOH]L�HZ�VUL��OLUJL�� MVY� [OL� YLJ`JSPUN�VM�NSHZZ�ZLWHYH[PVU�^PSS�UV[�IL�WVZZPISL�HUK� [OL�
JVTIPUH[PVU�VM�KPќLYLU[�NSHZZ�YLJPWLZ�JHU�OPUKLY�[OL�YLJ`JSHIPSP[`�VM�[OL�JVTWVULU[�

(Z�Z[H[LK�I`��9VLKLY��� �����K\YPUN�NSHZZ�L_[Y\ZPVU�H�JY\JPHS�HZWLJ[�PZ�P[Z�]PZJVZP[`�^OPJO�PZ�KL[LYTPULK�
I`�[OL�[LTWLYH[\YL�[V�^OPJO�[OL�NSHZZ�PZ�OLH[LK��3VVRPUN�H[�[OL�]PZJVZP[`�[LTWLYH[\YL�J\Y]L�VM�ZVKH�SPTL�
NSHZZ��(WWLUKP_�)���HUK�JVUZPKLYPUN�[OH[�L_[Y\ZPVU�PZ�UVYTHSS`�JHYYPLK�V\[�H[�]PZJVZP[PLZ�IL[^LLU���� and 
����5Z�T����P[�PZ�JVUJS\KLK�[OH[�H�[LTWLYH[\YL�VM���������o*�PZ�HKLX\H[L�
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Glass to Glass Bonding

;OL�ÄUHS�Z[LW�[V^HYKZ�[OL�WYLWHYH[PVU�VM�[OL�NSHZZ�LSLTLU[Z�[V�IL�HZZLTISLK�PU[V�[OL�0.<�PZ�[V�LUZ\YL�H�
JVUULJ[PVU�VM�[OL�ÅVH[�NSHZZ�WHUL�^P[O�[OL�L_[Y\KLK�NSHZZ�LKNLZ��0U�VYKLY�[V�H]VPK�NSHZZ�JVU[HTPUH[PVU��
[OL�VW[PVUZ�VM�\ZPUN�H�JVSV\YSLZZ�HKOLZP]L�VY� [OL�\ZL�VM�HU� PU[LYTLKPH[L� SH`LY� [V�JYLH[L� SHTPUH[PVU�HYL�
KPZJHYKLK�ZPUJL�[OL`�^V\SK�JHUJLS�V\[�[OL�HPT�VM�[OPZ�[OLZPZ��;OLYLMVYL��MVY�HU�LKNL�ZLHS�VM�TH_PTPZLK�
[YHUZWHYLUJ`�[OL�WLYTHULU[�JVUULJ[PVU�]PH�OLH[�IVUKPUN�^HZ�VW[LK�MVY��.SHZZ�OLH[�IVUKPUN�YLX\PYLZ�[OL�
application of high temperatures that melt regionally the glass elements and allow them to be fused in one 
TVUVSP[OPJ�JVTWVULU[��

3PRL�NSHZZ�L_[Y\ZPVU��OLH[�IVUKPUN�VM�NSHZZ�LSLTLU[Z�PZ�H�WYVJLK\YL�UV[�JVTTVUS`�MV\UK�PU�[OL�I\PSKPUN�
JVUZ[Y\J[PVU�HWWSPJH[PVUZ��5L]LY[OLSLZZ�� P[Z�\ZL� PU�V[OLY�ÄLSKZ� SPRL�HY[�WYVQLJ[Z�HUK� PU�[OL�WYVK\J[PVU�VM�
SHIVYH[VY`�LX\PWTLU[�HZ�^LSS�HZ�[OL�YLZLHYJO�HSYLHK`�JVUK\J[LK�VU�[OL�Z\IQLJ[�OHZ�ZOV^U�[OL�MLHZPIPSP[`�
VM�[OPZ�TL[OVK�^OPJO�JVUZ[P[\[LZ�HU�HS[LYUH[P]L�TL[OVK�VM�WLYTHULU[S`�IVUKPUN�NSHZZ�LSLTLU[Z�^P[OV\[�
[OL�\ZL�VM�HKKP[PVUHS�JVTWVULU[Z�[OH[�JVTWYVTPZL�P[Z�PUOLYLU[�[YHUZWHYLUJ �̀�4VYLV]LY��[OPZ�TL[OVK�JHU�
JVUZ[P[\[L�HU�HS[LYUH[P]L�[V�[OL�JVSV\YSLZZ�HKOLZP]LZ�[OH[�HYL�J\YYLU[S`�\ZLK�[V�IVUK�NSHZZ�Z[Y\J[\YLZ�PU�[OL�
TVZ[�[YHUZWHYLU[�^H`�I\[�PU�KVPUN�ZV�YLUKLY�[OL�NSHZZ�UVU�YLJ`JSHISL�K\L�[V�OLH]`�JVU[HTPUH[PVU��

;̂ V�HS[LYUH[P]L�OLH[�IVUKPUN�VW[PVUZ�JV\SK�IL�\ZLK�OLYL��;OL�ÄYZ[� PZ�^LSKPUN�NSHZZ�HUK�PZ�IHZLK�VU�H�
[LJOUPX\L�VM�SVJHSS`�OLH[PUN�WPLJLZ�VM�NSHZZ�HUK�IVUKPUN�[OLT�[VNL[OLY�HZ�KLZJYPILK�I`�,ZRLZ��(����������
0[� PZ�H�WYVJLK\YL�]LY`�ZPTPSHY�[V�[OH[�VM�Z[LLS�^LSKPUN�^OLYL�[OL�TH[LYPHS� PZ�OLH[LK�[V�H� SL]LS�^OLYL� P[� PZ�
^VYRHISL��7YL]PV\Z�YLZLHYJO�I`��.PLaLU�������HUK��)LSPZ�L[�HS��������OHZ�WYV]LU�[OL�MLHZPIPSP[`�VM�NSHZZ�
^LSKPUN�PU�ZVKH�SPTL�NSHZZ�HUK�OHZ�JVUJS\KLK�[V�H�]LY`�PTWVY[HU[�IV\UKHY`�JVUKP[PVU�^OPJO�PZ�[OL�ULLK�
VM�HU�HUULHSPUN�V]LU�[V�YLK\JL�[OL�YPZR�VM�[OLYTHS�ZOVJR�MHPS\YL�HM[LY�[OL�IVUK�OHZ�ILLU�THKL��

-VY� [OPZ�ZWLJPÄJ� YLHZVU�� [OL�^LSKLK�Z`Z[LT� PZ� SPTP[LK�I`� [OL�ZPaL�VM� [OL�V]LU�� 0U������� [OL�TH_PT\T�
V]LU�\ZLK�PU�PUK\Z[YPHS�NSHZZ�WYVK\J[PVU�WYVJLZZLZ�OHZ�HU�VYKLY�VM�THNUP[\KL�VM�����I`�����I`���TL[LY�
�.PLaLU��������/H]PUN�PU�TPUK�[OH[�[OPZ�[OLZPZ�HPTZ�[V�JYLH[L�HU�0.<�MVY�MHJHKL�HWWSPJH[PVUZ�[OH[�ZWHUZ�H�
ÅVVY�OLPNO[�PU�KPTLUZPVUZ�VM�����T�������T�P[�PZ�ZHML�[V�ZH`�[OH[�V]LU�MVY�[OPZ�ZPaL�JHU�IL�THU\MHJ[\YLK��
4VYLV]LY��ZPUJL�[OL�WV[LU[PHS�VM�[OPZ�TL[OVK�PZ�NYLH[�MVY�H�^PKLY�\ZL�PU�I\PSKPUN�HWWSPJH[PVUZ�PU�[OL�YLJLU[�
M\[\YL�IPNNLY�ZPaLZ�JV\SK�IL�THU\MHJ[\YLK��;OLYLMVYL��PU�[OL�ZJVWL�VM�[OPZ�[OLZPZ�[OL�HUULHSPUN�V]LU�ZPaL�
^PSS�UV[�IL�JVUZPKLYLK�H�SPTP[PUN�WHYHTL[LY�

;OL�ZLJVUK�HS[LYUH[P]L�VM�OLH[�IVUKPUN�PZ�]PH�[HJR�M\ZPUN�̂ OVZL�WV[LU[PHS�HUK�MLHZPIPSP[`�OHZ�ILLU�KLZJYPILK�
I`�=HU�+LY�=LSKLU� �������� ;HJR� M\ZPVU� YLX\PYLZ� SV^LY� [LTWLYH[\YLZ� [OHU�^LSKPUN�� [O\Z� ZH]PUN�LULYN �̀�
4VYLV]LY��HS[OV\NO�^LSKPUN�TPNO[�WYVK\JL�H�Z[YVUNLY�HUK�TVYL�OVTVNLULV\Z�IVUK�IL[^LLU�[OL�NSHZZ�
Z\YMHJLZ��MVY�[OL�HWWSPJH[PVU�VM�[OPZ�JVUULJ[PVU�KLZPNU��[OL�Z[YLUN[O�VM�[HJR�M\ZPVU�PZ�JVUZPKLYLK�HKLX\H[L��
;HJR�M\ZPVU�[LZ[Z�I`�=HU�+LY�=LSKLU��������YLZ\S[LK�PU�H�Z[YLUN[O�HYV\UK�OHSM�VM�[OL�Z[Y\J[\YHS�+,36������
HKOLZP]L��(Z�Z[H[LK�I`�=HU�+LY�=LSKLU���������M\ZPUN�VJJ\YZ�HYV\UK�[OL�ZV�JHSSLK�KPSH[VTL[YPJ�ZVM[LUPUN�
WVPU[�^OPJO�HJJVYKPUN�[V�[LZ[Z�PZ�HWWYV_PTH[LS`�H[�����*��;OPZ�[LTWLYH[\YL�PZ�LZZLU[PHS�MVY�[OL�Z\JJLZZ�VM�
[OL�M\ZPVU�ZV�[OH[�[OL�NSHZZLZ�HYL�IVUKLK�^P[OV\[�SVZPUN�[OLPY�ZOHWL�

;OL�MVSSV^PUN�WYVJLZZ�VM�[HJR�M\ZPVU�PZ�WYVWVZLK��;OL�ÅVH[�NSHZZ�WHUL�PZ�SVJH[LK�PU[V�HU�V]LU��;OL�L_[Y\KLK�
LSLTLU[Z�HYL�WSHJLK�PU�[OL�YPNO[�WVZP[PVUZ�]LY[PJHSS`�[V�[OL�ÅVH[�WHULS�HUK�HYL�OLSK�\W�I`�H�Z\WWVY[�PU�H�
KPZ[HUJL�MYVT�[OL�ÅVH[�WHUL��;OL�V]LU�PZ�OLH[LK�\W�[V�H�[LTWLYH[\YL�VM����������*��6UJL�[OL�NSHZZ�OHZ�
ILLU�OLH[LK�H�TVSK�WYLZZ�PZ�\ZLK�[V�HWWS`�WYLZZ\YL�VU�[OL�L_[Y\KLK�LSLTLU[Z�[V^HYKZ�[OL�ÅVH[�NSHZZ�ZV�
[OH[�[OL�IVUKPUN�JHU�VJJ\Y��6UJL�[OL�IVUKPUN�PZ�LUZ\YLK��[OL�LSLTLU[Z�HYL�SLM[�PU�[OL�HUULHSPUN�V]LU�MVY�
NYHK\HS�JVVSPUN��(U�PTWVY[HU[�HZWLJ[�[V�JVUZPKLY�OLYL�PZ�[OH[�ILJH\ZL�VM�[OL�OPNO�[LTWLYH[\YLZ�HUK�[OL�
OVSL�PU�[OL�NLVTL[Y`�VM�[OL�L_[Y\KLK�NSHZZ�[OLYL�PZ�H�ZHNNPUN�KHUNLY��0U�VYKLY�MVY�[OPZ�[V�IL�H]VPKLK��HU�HSZV�
L_[Y\KLK�LSLTLU[�THKL�VM�H�OLH[�WYVVM�TH[LYPHS�PZ�WSHJLK�PUZPKL�[OPZ�OVSL�[V�LUZ\YL�[OL�NLVTL[Y`�YLTHPUZ�
PU[HJ[��4VYLV]LY��ZVTL�Z\WWVY[Z�H[�[OL�ZPKLZ�TPNO[�HSZV�IL�ULLKLK�[V�THRL�Z\YL�[OL�L_[Y\KLK�NSHZZ�PZ�UV[�
ZX\LHaLK�V\[�H[�[OL�ZPKLZ��

>OPSL�[OL�[HJR�M\ZPVU�WYVJLK\YL�HZ�KLZJYPILK�ILMVYL�PZ�]LY`�WYVTPZPUN�MVY�HSS�[OL�HMVYLTLU[PVULK�YLHZVUZ�
[OLYL�PZ�Z[PSS�H�TH[[LY�[OH[�YLX\PYLZ�H[[LU[PVU��*\YYLU[S �̀�[OLYL�HYL�UV�HWWSPJH[PVU�VM�[OPZ�IVUKPUN�TL[OVK�[V�
ÅVH[�NSHZZ�[OH[�OHZ�ILLU�OLH[�Z[YLUN[OLULK�VY�M\SS`�[LTWLYLK��/LUJL��[OLYL�HYL�JVUJLYUZ�HIV\[�[OL�PTWHJ[�
[OL�OPNO�[LTWLYH[\YL�VM�[OL�M\ZPVU�WYVJLZZ�TPNO[�OH]L�VU�[OL�WLYMVYTHUJL�VM�[OL�OLH[�[YLH[LK�NSHZZ��;V�
[HJRSL�[OPZ�WV[LU[PHS�PZZ\L��[^V�HS[LYUH[P]L�VW[PVUZ�HYL�NP]LU��-PYZ[S �̀�^L�JV\SK�HYN\L�[OH[�[OL�M\ZPVU�VJJ\YZ�
ILMVYL�[OL�OLH[�[YLH[TLU[�HUK�VUJL�[OL�LSLTLU[Z�OH]L�ILLU�IVUKLK�HUK�JVVSLK�[OL`�HYL�Z\IQLJ[LK�[V�[OL�
OLH[�[YLH[TLU[�WYVJLZZ�HZ�H�^OVSL��;OPZ�TL[OVK�JV\SK�PU�[OLVY`�^VYR�I\[�\U[PS�[LZ[LK�UV�^HYYHU[`�VM�P[Z�
MLHZPIPSP[`�JHU�IL�NP]LU�

;OL�ZLJVUK�HS[LYUH[P]L�VW[PVU�YLX\PYLZ�[OL�\ZL�VM�HU�HKKP[PVUHS�LSLTLU[�MVY�[OL�NSHZZ�[V�NSHZZ�IVUK��0U�[OPZ�
ZJLUHYPV�[OL�NSHZZ�PZ�OLH[�[YLH[LK�VU�P[Z�V^U�ILMVYL�HU`�IVUKPUN�VJJ\YZ��;OLU�H�JSLHY�ZPSPJVUL�LSLTLU[�
KL]LSVWLK�I`�+6>�*69505.�JVTWHU`� [V�IL�\ZLK�HZ� [YHUZWHYLU[�ZWHJLY� PZ� PU[YVK\JLK�IL[^LLU�[OL�
NSHZZ�Z\YMHJLZ��;OPZ�LSLTLU[� PZ�]LY`� [YHUZWHYLU[�HUK�^P[O� [OL�\ZL�VM�H�ZWLJPÄJ�WYPTLY� P[�LUZ\YLZ�NVVK�
HKOLZPVU� [V� [OL�NSHZZ�Z\YMHJL� PU�H�X\PJR�HUK�LHZ`�^H �̀�4VYLV]LY�� [OL�WYVK\J[�JHU�IL�LHZPS`� YLTV]LK�
^P[O�[OL�HWWSPJH[PVU�VM�MVYJL�SLH]PUN�ILOPUK�UV�JVU[HTPUH[PUN�LSLTLU[Z��/V^L]LY��K\L�[V�[OL�MHJ[�[OH[�[OPZ�
LSLTLU[�OHZ�H�ZPNUPÄJHU[�[OPJRULZZ��HU�HKQ\Z[TLU[�PU�[OL�KPTLUZPVUZ�VM�[OL�LSLTLU[Z�^V\SK�ULLK�[V�VJJ\Y�
PU�[OPZ�JHZL�

-PUHSS �̀� P[� PZ� ]LY`� PTWVY[HU[� [V�OPNOSPNO[�OLYL� [OH[� [OL� ZWLJPÄJ�KLZPNU� PZ�OPNOS`�IHZLK�VU� [OL�\ZL�VM� [OL�
HMVYLTLU[PVULK�TL[OVKZ�VM�L_[Y\KPUN�SPULHY�NSHZZ�VM�[OL�KLZPYLK�JYVZZ�ZLJ[PVUZ�HUK�JVUULJ[PUN�[OLT�^P[O�
[OL�HWWSPJH[PVU�VM�H�OLH[�IVUKPUN�[LJOUPX\L�[V�H�ÅVH[�NSHZZ�Z\YMHJL��>OPSL�[OL�ÅVH[�NSHZZ�THU\MHJ[\YPUN�
TL[OVK�PZ�H�^LSS�WYV]LU�HUK�^PKLS`�\ZLK�[LJOUPX\L��[OL�V[OLY�[^V�HYL�Z[PSS�PU�H�TVYL�YLZLHYJO�IHZLK�SL]LS��
This is because their use has not been essential so far in the building industry although their feasibility has 
HSYLHK`�ILLU�WYV]LU��;OLYLMVYL��MVY�[OL�MLHZPIPSP[`�HUK�Z\JJLZZ�VM�[OPZ�ZWLJPÄJ�KLZPNU�[V�IL�LUZ\YLK�[LZ[�
YLNHYKPUN�[OLZL�[^V�[LJOUPX\LZ�ZOV\SK�TL�THKL��4VYLV]LY��ÅVH[�NSHZZ�PZ�J\YYLU[S`�[OL�TVZ[�LJVUVTPJHS�
^H`�[V�WYVK\JL�NSHZZ�MVY�[OL�I\PS[�LU]PYVUTLU[��;OL�PTWHJ[�VM�[OL�PTWSLTLU[H[PVU�VM�[OLZL�[LJOUPX\LZ�VU�
[OL�WYPJL�VM�[OL�ÄUHS�0.<�PZ�Z[PSS�\URUV^U��-PUHSS �̀�YLNHYKPUN�[OL�Z\Z[HPUHIPSP[`�VM�[OL�KLZPNU�P[�PZ�PTWVY[HU[�[V�
TLU[PVU�[OH[�NSHZZ�^LSKPUN�YLX\PYLZ�LULYN`�^OPJO�ZOV\SK�IL�[HRLU�PU[V�HJJV\U[�^OLU�Q\KNPUN�[OL�^OVSL�
Z\Z[HPUHISL�JOHYHJ[LY�VM�[OL�KLZPNU�
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6. Final Design

Metal Foil

Metal Spring Clip

;OL�LSLTLU[�KLZPNULK�[V�WLYMVYT�[OL�YVSL�VM�[OL�JSHTWPUN�TLJOHUPZT�[OH[�SVJRZ�PU[V�[OL�NLVTL[Y`�VM�[OL�
JHZ[�NSHZZ�LSLTLU[�HUK�OVSK�[OL�WHULSZ�[VNL[OLY�PZ�H�TL[HS�ZWYPUN�JSPW���

(JJVYKPUN�[V�4HJOPUL�+LZPNU���������[`WPJHS�ZWYPUN�JSPWZ�JVUZPZ[�VM�H�ZLSM�YL[HPUPUN�MHZ[LUPUN�TL[OVK�[OH[�
holds an element in place using the spring tension, eliminating the need for secondary fastening elements 
Z\JO�HZ�ZJYL^Z�HUK�YP]L[Z��;OL`�HYL�THKL�PU�VUL�WPLJL�LSLTLU[Z�[OH[�JHU�Ä[�PU[V�H�OVSL�VY�[OL`�JHU�IL�
WSHJLK�H[� [OL�LKNL�VM�H�WHULS� [V�OVSK� P[� PU�WSHJL��:WYPUN�JSPWZ� YLTHPU�Z[H[PJ�\UKLY� SVHK�HUK�[OL�ZWYPUN�
[LUZPVU�KVLZ�UV[�HSSV^�MVY�SVVZLUPUN�[OYV\NO�]PIYH[PVU��4VYLV]LY��[OL`�JHU�HJJVTTVKH[L�[VSLYHUJLZ��

4L[HS�ZWYPUN�JSPWZ�JHU�IL�MHIYPJH[LK�MYVT�M\SS�ZWYPUN�[LTWLYLK�TH[LYPHS�VY�OPNO�JHYIVU�ZWYPUN�Z[LLS�Z\JO�HZ!�

�࠮ ������������ZWYPUN�[LTWLYLK�Z[HPUSLZZ�Z[LLS�
�࠮ �����JVUKP[PVU�*�Z[HPUSLZZ�Z[LLS�
�࠮ ������� ��[LTWLYLK�JHYIVU�Z[LLS�
�࠮ Spring brass 
�࠮ Spring tempered phosphor bronze 
�࠮ Beryllium copper 
�࠮ ���������OPNO�JHYIVU�HUULHSLK�TH[LYPHS

;OL�IHZPJ�ZWYPUN�JSPW�TH[LYPHS�PZ�Z[LLS�^P[O������[V�������JHYIVU�^P[O�H�OHYKLUPUN�[V�9VJR^LSS�*��������
=HYPLK�ZWYPUN�[LUZPVUZ�HYL�VI[HPULK�I`�JVU[YVSSPUN�[OL�^PK[O�HUK�[OPJRULZZ�VM�[OL�Z[LLS�

:WYPUN� [LTWLYLK�Z[HPUSLZZ�Z[LLS� PZ�ZLSLJ[LK� MVY� [OL�ZWLJPÄJ�HWWSPJH[PVU�ZPUJL� P[� PZ�JVYYVZPVU� YLZPZ[HU[� PU�
JVU[YHZ[�[V�OPNO�JHYIVU�Z[LLS��;̀ WPJHS�[OPJRULZZLZ�VM�ZWYPUN�JSPWZ�HYL����������TT�HZ�Z[H[LK�I`�:WYPUNÄLSK�
:WYPUN�
�:[HTWPUN��������;OLYLMVYL��H�[OPJRULZZ�VM�����TT�PZ�MV\UK�Z\P[HISL�MVY�[OPZ�JHZL��

(JJVYKPUN�[V�>LYTRL�:WYPUN�4HU\MHJ[\YPUN�*V����������HU�PTWVY[HU[�HZWLJ[�[V�JVUZPKLY�^OLU�KLZPNUPUN�
TL[HS�ZWPYPUN�JSPWZ�PZ�[V�RLLW�[OL�U\TILY�VM�YHKPP�[V�H�TPUPT\T�HUK�[V�KLZPNU�LHJO�YHKP\Z�HZ�IYVHK�HZ�
WVZZPISL��;OPZ�HWWYVHJO�OLSWZ�WYL]LU[�Z[YLZZ�JVUJLU[YH[PVUZ�PU�[OL�WSHJLZ�^OLYL�[OL�LSLTLU[�ILUKZ�[OH[�
JV\SK�SLHK�[V�TH[LYPHS�MHPS\YL��-VY�[OPZ�YLHZVU�[OL�J\Y]H[\YL�VM�[OL�NLVTL[Y`�VM�[OL�JSPW�PZ�HZ�ZTVV[O�HZ�
WVZZPISL�^P[O�VUS`�VUL�J\Y]L�

-PUHSS �̀�HM[LY� P[Z�ZOHWPUN�� [OL�TH[LYPHS�ULLKZ�[V�NV�[OYV\NO�H�WVZ[�OHYKLUPUN�HUK�[LTWLYPUN�WYVJLZZ�[V�
HJX\PYL�H�ZWYPUN�[LTWLYLK�Z[H[L��/LH[�[YLH[PUN�HUK�X\LUJOPUN�WYVJLZZLZ�HSSV^�[OL�TH[LYPHS�[V�YLHJO�[OL�
KLZPYLK�OHYKULZZ�SL]LS�^OPSL�ILPUN�HISL�[V�ÅL_�^P[OV\[�KLMVYTPUN�WLYTHULU[S �̀

-VY�[OL�JSPWZ�MHIYPJH[PVU�WYVJLK\YL�[^V�VW[PVUZ�HYL�WVZZPISL��;OL`�JHU�LP[OLY�IL�L_[Y\KLK�PU�[OL�YLX\PYLK�
SLUN[O�VY� YVSS� MVYTLK�HUK�ILU[� PU[V�ZOHWL�\ZPUN�H�TL[HS�IYLHR��4VYLV]LY��ZPUJL� [OL�HWWSPJH[PVU�VM�VUL�
JVU[PU\V\Z�LSLTLU[�JV\SK�YLZ\S[� PU�HZZLTIS`�KPѝJ\S[PLZ�� P[� PZ�JOVZLU�[V�MHIYPJH[L�HUK�\ZL�TVYL�JSPWZ�VM�
ZTHSSLY�SLUN[OZ�VUL�UL_[�[V�[OL�V[OLY���0U�[LYTZ�VM�[OL�KPTLUZPVUZ�VM�IV[O�[OL�[OPJRULZZ�HUK�[OL�SLUN[O�VM�
[OL�ZWYPUN�JSPW�VUS`�HU�HWWYV_PTH[PVU�JHU�IL�NP]LU�H[�[OPZ�Z[HNL��[LZ[Z�^V\SK�ULLK�[V�IL�THKL�[V�LUZ\YL�
[OLPY�LќLJ[P]LULZZ�

Clip Coating 

When applying mechanical connections in a glass component it is essential for smooth stress distribution 
PU�[OL�IYP[[SL�NSHZZ�[V�H]VPK�KPYLJ[�JVU[HJ[�VM�NSHZZ�^P[O�NSHZZ�HUK�VM�NSHZZ�^P[O�V[OLY�OHYK�TH[LYPHSZ�Z\JO�HZ�
TL[HS��/LUJL��PU�VYKLY�[V�LUZ\YL�HU�L]LU�SVHK�[YHUZP[PVU�IL[^LLU�[OL�JVUULJ[PVUZ�HUK�[OL�NSHZZ�H�Z\P[HISL�
PU[LYTLKPH[L�SH`LY�ULLKZ�[V�IL�HWWSPLK��;OL�Z[PќULZZ�VM�[OL�TH[LYPHS�PZ�JY\JPHS��[OLYLMVYL��[OL�TH[LYPHS�ZOV\SK�
WVZZLZZ�H�`V\UN»Z�TVK\S\Z�ZTHSSLY�VY�ZPTPSHY�[V�[OH[�VM�NSHZZ��4VYLV]LY��PU�VYKLY�[V�ZH[PZMHJ[VYPS`�[YHUZMLY�
MVYJLZ��[OL�PU[LYSH`LY�ZOV\SK�OH]L�HKLX\H[L�Z[YLUN[O�^OPJO�TLHUZ�[OH[�TH[LYPHSZ�^P[O�OPNO�JVTWYLZZP]L�
Z[YLUN[O�HYL�WYLMLYYLK��-PUHSS �̀�[OL�PU[LYSH`LY�OHZ�[V�IL�K\YHISL�[V�^P[OZ[HUK�JVYYVZPVU�HUK�[OLYTHS�ZOVJR��
7SHZ[PJ��YLZPUZ��ULVWYLUL��PUQLJ[PVU�TVY[HYZ��HS\TPUP\T�VY�ÄIYV\Z�NHZRL[Z�OH]L�WYVWLY[PLZ�[OH[�THRL�[OLT�
ZH[PZMHJ[VY`�PU[LYSH`LY�TH[LYPHSZ�MVY�NSHZZ�Z[Y\J[\YHS�JVUULJ[PVUZ��:PUJL�[OL�TH[LYPHS�\ZLK�MVY�[OL�ZWYPUN�JSPW�
PZ�THKL�V\[�VM�OHYK�TL[HS�HUK�JSHTWZ�PU[V�H�JHZ[�NSHZZ�LSLTLU[�[OL�\ZL�VM�Z\JO�HU�PU[LYSH`LY�PZ�JY\JPHS�

(Z�Z[H[LK�I`�9:�*VTWVULU[Z�3[K����������P[�PZ�X\P[L�VM[LU�MVY�ZWYPUN�Z[LLS�JSPWZ�[V�IL�JV]LYLK�PU�WYV[LJ[P]L�
JVH[PUNZ�THKL�MYVT�]PU`S�HUK�ULVWYLUL�[V�TPUPTPZL�HIYHZPVU�KHTHNL�[V�[OL�LSLTLU[Z�[OL`�NL[�PU�JVU[HJ[�
^P[O��(�JVTTVU�HUK�JVZ[�LќLJ[P]L�^H`�[V�HWWS`�WYV[LJ[P]L�JVH[PUNZ�VU�ZWYPUN�JSPWZ� PZ�I`�KPW�JVH[PUN��
(JJVYKPUN� [V�4PK^LZ[�9\IILY�*V��������� PU� [OL�KPW�JVH[PUN�WYVJLZZ�� [OL�JSPW� PZ�KPWWLK� PU[V�H�JVH[PUN�
TH[LYPHS�HUK�M\ZLK�[V�¸ZL[¹�[OL�JVH[PUN��LUZ\YPUN�P[�HKOLYLZ�[V�[OL�TL[HS�WHY[�P[»Z�JV]LYPUN��+PW�JVH[PUN�JHU�
VJJ\Y�PU�[OPJRULZZLZ�VM�����TT�[V������TT�HYL�HJOPL]HISL��KLWLUKPUN�VU�[OL�HWWSPJH[PVU�

;OL�TH[LYPHS�JOVZLU�OLYL�MVY�[OL�TL[HS�JSPW�JVH[PUN�PZ�ISHJR�JVSV\YLK�ULVWYLUL��H�WVS`JOSVYVWYLUL�Y\IILY��
5LVWYLUL�PZ�JVTTVUS`�MV\UK�PU�THU`�JVUZ[Y\J[PVU�HWWSPJH[PVUZ�Z\JO�HZ�IYPKNL�ILHYPUNZ�HUK�Z[Y\J[\YHS�
JVUULJ[PVUZ�;OL�YLHZVUZ�[OH[�JVUZ[P[\[L�ULVWYLUL�H�Z\P[HISL� PU[LYSH`LY�JVH[PUN�TH[LYPHS�HYL� P[Z�ÅL_PIPSP[`�
^OPJO�HSSV^Z�MVY�NYLH[LY�LSVUNH[PVU�HUK�[OL�\UPMVYTP[`�VM�[OL�̂ HSS�[OPJRULZZ��4VYLV]LY��ULVWYLUL�PZ�YLZPZ[HU[�
[V�[LHYPUN��P[�PZ�H�K\YHISL�TH[LYPHS�[OH[�YLX\PYLZ�TPUPTPZLK�THPU[LUHUJL�HUK�WVZZLZZLZ�NYLH[�KHTWLUPUN�
WYVWLY[PLZ�^OPJO�PZ�PKLHS�MVY�HIYVYW[ZPVU�VM�]PIYH[PVUZ�HUK�I\PSKPUN�TV]LTLU[Z��-VY�[OLZL�YLHZVUZ�P[Z�\ZL�
PZ�ZV�HWWLHSPUN�PU�PU�SVUN�[LYT�JVUZ[Y\J[PVUZ�HZ�Z[H[LK�I`�+PTHZ���������

Desiccant 

(Z�TLU[PVULK�PU�[OL�SP[LYH[\YL�YL]PL �̂�H�KLZPJJHU[�PU[LNYH[PVU�PU�[OL�LKNL�ZLHS�PZ�VM�[OL�\[TVZ[�PTWVY[HUJL�
MVY�[OL�SVUN[LYT�ZLY]PJL�SPML�VM�[OL�0.<�ZPUJL�P[�HIZVYIZ�HU`�[YHWWLK�PUZPKL�[OL�JH]P[`�TVPZ[\YL�K\YPUN�[OL�
HZZLTIS`�VM�OL�\UP[��

:[\K`PUN� HUK� HZZLZZPUN�� K\YPUN� [OL� SP[LYH[\YL� YL]PL �̂� [OL� HS[LYUH[P]L�^H`Z� PU� ^OPJO� KLZPJJHU[� PZ� \ZLK�
in current IGUs led to the conclusion that the most suitable option for this design both regarding the 
YL]LYZPIPSP[`�HUK�[OL�[YHUZWHYLUJ`�VM�[OL�LKNL�ZLHS�PZ�[V�\ZL�H�ZPSPJVUL�KLZPJJH[LK�MVHT��;OLZL�MVHTZ�HYL�
H�[`WL�VM�J\YYLU[S`�\ZLK�^HYT�LKNL�ZWHJLYZ�THKL�V\[�VM�H�KLZPJJH[LK�MVHT�^P[O�HU�PU[LNYH[LK�TVPZ[\YL�
IHYYPLY�ÄST��;OL�NYLH[�HK]HU[HNL�VM�\ZPUN�[OPZ�[`WL�VM�TH[LYPHS�PZ�[OH[�PU�VUL�ZPUNSL�LSLTLU[�[OYLL�ULJLZZHY`�
M\UJ[PVUZ�HYL� M\SÄSSLK��;OLZL� M\UJ[PVUZ�HYL� [OL� YLX\PYLTLU[�VM�H�TVPZ[\YL�IHYYPLY�HUK�H�KLZPJJHU[��IV[O�
PU[LNYH[LK�PU�[OL�ZHTL�TH[LYPHS��4VYLV]LY��[OL�ÅL_PIPSP[`�HUK�SV^�[OLYTHS�JVUK\J[P]P[`�VM�[OPZ�KLZPJJH[LK�
MVHT�JVUZ[P[\[LZ�P[�HU�PKLHS� PU[LYSH`LY�TH[LYPHS�[V�H]VPK�NSHZZ�[V�NSHZZ�KPYLJ[�JVU[HJ[��HJJVTTVKH[L�[OL�
TV]LTLU[Z�VM�[OL�WHULS�HUK�H]VPK�[OL�JYLH[PVU�VM�[OLYTHS�IYPKNLZ�H[�[OL�LKNL�ZLHS��

Finally, the indispensable integration of a desiccant in the IGU assembly is a factor that greatly impacts its 
LKNL�ZLHS�[YHUZWHYLUJ`�ZPUJL�P[�JVUZPZ[Z�VM�H�]PZPISL�LSLTLU[�[OH[�JHUUV[�IL�H]VPKLK��

(Z�TLU[PVULK�PU�[OL�SP[LYH[\YL�YL]PL �̂�HWHY[�MYVT�[OL�70)�TVPZ[\YL�IHYYPLY��[OH[�VU�[OPZ�JHZL�PZ�PU[LNYH[LK�PU�
[OL�KLZPJJH[LK�MVHT�KPZJ\ZZLK�HIV]L��[OL�WYLZLUJL�VM�H�TL[HS�MVPS�PZ�HSZV�ULJLZZHY`�MVY�[OL�TVPZ[\YL�HUK�
HPY�PTWLYTLHIPSP[`�VM�[OL�LKNL�ZLHS��-VY�[OPZ�YLHZVU�HU�HS\TPU\T�[HWL�VM������TT�[OPJRULZZ�PZ�HWWSPLK�HSS�
HYV\UK�[OL�WLYPTL[LY�VM�[OL�LKNL�ZLHS�
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6.3 Assembly Order

���-\ZPVU�VM�L_[Y\KLK�NSHZZ�[V�ÅVH[�NSHZZ�Z\YMHJLZ
and fully tempering of the whole glass element

���(WWSPJH[PVU�VM�HS\TPU\T�[HWL�HYV\UK�LKNL�ZLHS

���(WWSPJH[PVU�VM�ZWYPUN�JSPWZ

���,_[Y\ZPVU�VM�NSHZZ�JYVZZ�ZLJ[PVUZ ���*\[�L_[Y\KLK�NSHZZ�LKNLZ�H[����KLNYLLZ

���(WWSPJH[PVU�VM�ZPSPJVUL�MVHT�^P[O�PU[LNYH[LK�KLZPJJHU[ ���(KKP[PVU�VM�H�JVH[LK�[OPYK�NSHZZ�WHUL

���-P_PUN�VM�JVYULY�WPLJLZ  ��(WWSPJH[PVU�VM�ULVWYLUL�NHZRL[Z

;OL� HZZLTIS`� VYKLY� JVUZPZ[Z� VM� UPUL� KPќLYLU[� Z[LWZ��
;OL� ÄYZ[� [OYLL� Z[LWZ� ^OPJO� HYL� HZZVJPH[LK� ^P[O� [OL�
manufacturing of the glass elements has already been 
HUHS`ZLK� PU� [OL� WYL]PV\Z� ZLJ[PVU�� ;V� Z\TTHYPZL�� [OL�
NSHZZ�WHUL�Z\YMHJLZ�HYL�WYVK\JLK�I`�[OL�Z[HUKHYK�ÅVH[�
NSHZZ�TL[OVK�� ;OL� SPULHY� NSHZZ� LSLTLU[Z� VM� [OL� LKNL�
ZLHS�JVUULJ[PVU�HYL�L_[Y\KLK�PU�[OL�HWWYVWYPH[L�SLUN[OZ��
-PUHSS �̀� OLH[� IVUKPUN� VM� [OL� KPќLYLU[� NSHZZ� LSLTLU[Z�
VJJ\YZ�\ZPUN�[OL�[HJR�M\ZPVU�TL[OVK��

The following steps are associated with the application 
of the necessary elements of the proper sealing of 
[OL� \UP[�� -PYZ[S �̀� H� KLZPJJH[LK� ZPSPJVUL� MVHT� ^P[O� HU�
integrated PIB moisture barrier layer is applied around 
[OL�WLYPTL[LY�VM�[OL�LKNL�ZLHS��)LMVYL�[OL�ZLHS�VM�[OL�\UP[��
H�JVH[LK�TPKKSL�WHUL�PZ�HKKLK�HUK�[OL�[OYLL�KPќLYLU[�
JVTWVULU[Z� HYL�IYV\NO[� [VNL[OLY��(U� HS\TPU\T� [HWL�
is applied around the edge seal acting as an additional 
TVPZ[\YL�WYL]LU[PVU�SH`LY��

The last part of the assembly order consists of the 
HWWSPJH[PVU� VM� LSLTLU[Z� [OH[� LUZ\YL� [OL� JVUULJ[PVU��
Therefore, the coated metal spring clips are applied in 
IYVRLU�KV^U� [V� ZTHSSLY� WPLJLZ� MVY� LHZPLY� HWWSPJH[PVU��
-\Y[OLYTVYL�� JVYULY� WPLJL� LSLTLU[Z� HYL� Ä_LK�� -PUHSS �̀�
ULVWYLUL�NHZRL[Z�JHU�IL�HSZV�HWWSPLK� PZ�KLZPYLK�HZ�H�
^H`�[V�H]VPK�^H[LY�HUK�KPZ[�HJJ\T\SH[PVU�PU�[OL�ZSV[Z�VM�
[OL�ZLHS�HS[OV\NO�L]LU�PM�[OPZ�OHWWLULK�P[�^V\SK�WVZL�
UV�[OYLH[�[V�[OL�M\UJ[PVUHSP[`�VM�[OL�JH]P[ �̀�



if thermal performance fails due to:

wear of coating
fail of cavity seal

REFURBISHMENT OPTION

RECYCLING OPTION

Prolong Life time

Bring Back Into The Loop
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6.4 End of Life

if thermal performance fails due to:

wear of coating
fail of cavity seal

REFURBISHMENT OPTION

RECYCLING OPTION

Prolong Life time

Bring Back Into The Loop

;OL�KPZHZZLTIS`�WYVJLZZ�VM�[OL�\UP[�PZ�[OL�L_HJ[�YL]LYZL�VM�[OL�VUL�\ZLK�K\YPUN�[OL�HZZLTIS �̀�-PYZ[�[OL�
NHZRL[Z�HYL�[HRLU�V\[�MVSSV^LK�I`�H�YLTV]HS�VM�[OL�JVH[LK�ZWYPUN�JSPWZ��(M[LY^HYKZ��[OL�HS\TPU\T�[HWL�
PZ�WLLSLK�Vќ�HUK�[OL�WHULZ�W\SSLK�HWHY[�[V�IL�ZLWHYH[LK��;OL�KLZPJJH[LK�MVHT�PZ�Z\IZLX\LU[S`�YLTV]LK�
^P[O�[OL�HWWSPJH[PVU�VM�H�ZTHSS�MVYJL��;OL�NSHZZ�WHULZ�HYL�[OLU�SLM[�^P[OV\[�HU`�HKKP[PVUHS�LSLTLU[�HWHY[�
maybe from small traces from the adhesion of the aluminum tape and the desiccated foam that can be 
LHZPS`�YLTV]LK��

6UJL�[OL�\UP[�OHZ�ILLU�KPZHZZLTISLK�[OLYL�HYL�[^V�WVZZPISL�ZJLUHYPVZ��,P[OLY�[OL�\UP[�^PSS�IL�YLZLHSLK�[V�
be used again as new or, if that option is not desirable, the edge seal components will be discarded to 
^HZ[L�HUK�[OL�NSHZZ�WHULZ�[OH[�HYL�^P[OV\[�JVU[HTPUH[PVU�^PSS�IL�YLJ`JSLK��

;OL�ÄYZ[�VW[PVU�PZ�[OL�TVZ[�KLZPYHISL�ZPUJL�P[�PZ�LZZLU[PHSS`�H�Z\Z[HPUHISL�YLM\YIPZOTLU[�WYVJLK\YL�[OH[�KVLZ�
UV[�YLX\PYL�ZPNUPÄJHU[�HTV\U[Z�VM�HKKP[PVUHS�LULYN �̀�+\YPUN�[OPZ�WYVJLZZ��[OL�JVUKP[PVU�VM�LHJO�PUKP]PK\HS�
LSLTLU[�^PSS�IL�PUZWLJ[LK�HUK�P[Z�WV[LU[PHS�MVY�YL\ZL�^PSS�IL�HZZLZZLK��0[�PZ�HU[PJPWH[LK�[OH[�[OL�LSLTLU[Z�
of the edge seal will be discarded due to failure although the lifespan of these elements would need to 
IL�ZLLU�VU�WYHJ[PJL��4VYLV]LY��[OL�NSHZZ�WHUL�[OH[�JHYYPLZ�[OL�JVH[PUN�^PSS�HSZV�IL�HZZLZZLK�YLNHYKPUN�P[Z�
JVUKP[PVU��0M�[OL�JVH[PUN»Z�WLYMVYTHUJL�PZ�MV\UK�YLK\JLK�[OLU�[OL�WHUL�^PSS�IL�KV^U�J`JSLK��VY�YLJ`JSLK�
PM�WVZZPISL���PU�JHZ[�NSHZZ�MVY�L_HTWSL��HUK�YLWSHJLK�I`�H�UL^�VUL��-PUHSS �̀�[OL�LKNLZ�^PSS�IL�YLZLHSLK�HUK�
[OL�\UP[�^PSS�IL�YLHK`�MVY�\ZL�HNHPU�WYVSVUNPUN�P[Z�SPML�[PTL�^P[O�[OL�TPUPTHS�TH[LYPHS�HUK�LULYN`�^HZ[LK��

If refurbishment is not desired for any reason, the glass panes that are left without contaminating factors 
^PSS�IL�YLJ`JSLK�HZ�[OL`�HYL��0M�M\ZPVU�PZ�PUKLLK�\ZLK�P[�^PSS�OH]L�UV�PTWHJ[�VU�[OL�YL`JSHIPSP[`�ZV�[OL�KPќLYLU[�
NSHZZ�WHY[Z�KV�UV[�ULLK�[V�IL�ZLWHYH[LK�I\[�JHU�IL�YLJ`JSLK�HZ�VUL�LSLTLU[�� 0M�[OL�IVUKPUN�\ZLZ�[OL�
JSLHY�ZPSPJVUL�MYVT�+6>�H�ZLWHYH[PVU�VM�[OL�KPќLYLU[�NSHZZ�WHY[Z�^PSS�HSZV�VJJ\Y�HUK�LHJO�VM�[OLT�^PSS�IL�
YLJ`JSLK�PUKLWLUKLU[S �̀



07. Facade Application
7.2 Choosing a Facade Typology
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7.8 Safety Analysis

7.6 Corner Connection
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substructure
beams

thermal insulation
\�]HS\L�#�����>�T�2

transparency
VW[PJHSS`�\UVIZ[Y\J[P]L�

facade connections

circularity
LUHISL�YL]LYZPIPSP[`�

of the structure

^LH[OLY�WYVVÄUN
air tight 

water tight

feasibility of construction
accommodate tolerances,

thermal expansions,
I\PSKPUN�TV]LTLU[Z

SVHK�[YHUZMLY�
ÅVVY�ZWHU�OLPNO[

7.1 Design Criteria for Facade Application

;OL�WYVK\J[�KL]LSVWLK�PU�KL[HPS�PU�[OL�WYL]PV\Z�JOHW[LYZ�JHU�IL�HWWSPLK�PU�HSS�[OL�ZJLUHYPVZ�[OL�J\YYLU[�
PUZ\SH[LK�NSHZZ�\UP[Z�HYL�HWWSPLK"�MYVT�H�[`WPJHS�MYHTLK�̂ PUKV^�[V�H�M\SS`�NSHaLK�MHJHKL��;OL�HPT�VM�[OL�ÄUHS�
KLZPNU�VM�[OPZ�[OLZPZ�PZ�[OL�HWWSPJH[PVU�VM�[OL�KL]LSVWLK�0.<�PU�H�MHJHKL�Z`Z[LT�[OH[�L_OPIP[Z�[OL�TH_PT\T�
WVZZPISL�[YHUZWHYLUJ`�^OPSL�JVUZ[P[\[PUN�H�M\SS`�YL]LYZPISL�Z[Y\J[\YL��

;OLYLMVYL�� [OL� WYPTHY`� KLZPNU� JYP[LYPH� [OH[� ZL[� [OL� IHZL� MVY� [OL� KLZPNU� HWWSPJH[PVU� HYL� [OL� MVSSV^PUN��
;YHUZWHYLUJ`� PU� [LYTZ�VM� MYHTLSLZZ�]LY[PJHS� QVPU[Z�HUK�VW[PJHSS`�\UVI[Y\ZP]L�JVUULJ[PUN�LSLTLU[Z� PZ� [OL�
ÄYZ[��,X\HSS`� PTWVY[HU[� PZ�[OL�ULLK�MVY�YL]LYZPIPSP[`� PU�[OL�^OVSL�MHJHKL�Z[Y\J[\YL�I`�H]VPKPUN�[OL�\ZL�VM�
Z[Y\J[\YHS�ZPSPJVUL��;OL�HIV]L�TLU[PVULK�JYP[LYPH�ZL[�[OL�IHZPZ�MVY�[OL�ZLSLJ[PVU�VM�[OL�MHJHKL�[`WVSVN`�HUK�
[OL�Z[Y\J[\YHS�Z\IZ[Y\J[\YL�Z`Z[LT�[OH[�^PSS�IL�\ZLK��

4VYLV]LY��PU�VYKLY�MVY�[OL�KLZPNU�[V�IL�MLHZPISL�PU�[LYTZ�VM�JVUZ[Y\J[PVU�HUK�M\SÄS�HSS�[OL�YLX\PYLTLU[Z�VM�H�
MHJHKL�Z`Z[LT�ZVTL�IHZL�N\PKLSPULZ�ULLK�[V�IL�ZL[�HZ�̂ LSS��;OLZL�YLNHYK�THPUS`�[OL�[OLYTHS�HUK�Z[Y\J[\YHS�
performance of the facade as well as its proper weather sealing and accommodation of tolerances and 
TV]LTLU[Z�[OH[�VJJ\Y�K\YPUN�P[Z�SPML�\ZL��

3VHKZ!�ÅVVY�ZWHU
:\IZ[Y\J[\YL!�ILHTZ�VUS`
;OLYTHS!�\ZL�VM�PUZ\SH[LK�NSHZZ�\UP[Z
Optically minimised joints
9L]LYZPISL�Z[Y\J[\YL
Water tightness
(JV\Z[PJ�PUZ\SH[PVU�IL[^LLU�ÅVVYZ
Fire resistance
Ease of assembly
Accommodation of tolerances 
(JJVTTVKH[PVU�VM�I\PSKPUN�TV]LTLU[Z�HUK�SPULHY�[OLYTHS�L_WHUZPVUZ

Design Criteria

What are the main design criteria for a reversible fully glazed facade system?
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7. Facade Application

7.2 Choosing a Facade Typology
Curtain Wall Connections

;OL�PUKP]PK\HS�NSHZZ�WHULZ�[OH[�JVTWYPZL�H�[YHUZWHYLU[�MHJHKL�T\Z[�IL�JVUULJ[LK�[VNL[OLY�[V�LUZ\YL�[OL�
Z[Y\J[\YHS�Z[HIPSP[`�HUK�^H[LY�[PNO[ULZZ�VM�[OL�I\PSKPUN�LU]LSVWL��.SHZZ�QVPU[Z�HYL�H�JY\JPHS�WHY[�VM�[OL�MHJHKL�
JVUZ[Y\J[PVU��(SS� [OL� M\UJ[PVUZ� [OH[�OH]L� [V�IL�HJOPL]LK�I`� [OL� PUKP]PK\HS� MHJHKL�LSLTLU[Z�ZOV\SK�HSZV�
IL�MV\UK�H[�[OL�QVPU[Z��;OL�QVPU[Z�VM�HU`�MHJHKL�ULLK�[V�IL�^H[LY[PNO[��HPY[PNO[�HUK�ZV\UKWYVVM�HUK�TVYL�
ZWLJPÄJHSS`�PU�[OL�JHZL�VM�H�NSHZZ�MHJHKL��[YHUZWHYLUJ`�PZ�HSZV�H�KLZPNU�JYP[LYPVU�[OH[�PZ�\Z\HSS`�[HRLU�PU[V�
JVUZPKLYH[PVU�PU�[OL�KL[HPSPUN�WOHZL��5L]LY[OLSLZZ��[OL�YLHSP[`�VM�JVUZ[Y\J[PVU�OHZ�ZOV^U�[OH[�MHJHKL�QVPU[Z�
HYL�^LHR�ZWV[Z�PU�[LYTZ�VM�^H[LY�[PNO[ULZZ��[OLYTHS�IYPKNLZ�VY�Z[YLZZ�JVUJLU[YH[PVUZ�

;OL�MVSSV^PUN�[`WVSVNPLZ�VM�NSHZZ�MHJHKL�JVUULJ[PVUZ�HYL�YL]PL^LK�PU�[LYTZ�VM�[OLPY�LќLJ[�VU�[OL�[YHUZWHYLUJ`�
HUK�[OL�YL]LYZPIPSP[`�VM�[OL�Z[Y\J[\YL�ZV�[OH[�[OL�TVZ[�Z\P[HISL�[`WL�JHU�IL�JOVZLU�MVY�[OL�MHJHKL�HWWSPJH[PVU�

3PULHY�*SHTWPUN�)HY

7VPU[�*SHTWZ

Point Drilled Fixings

Structural Silicone

7VPU[�4LJOHUPJHS�*SHTW�-P_PUN

>OLUL]LY�KL[HPSPUN�[OL�Ä_PUN�WVPU[Z� P[� PZ� PTWVY[HU[�[V�LUZ\YL�[OH[�TV]LTLU[Z�VYPNPUH[PUN� PU�[OL�WYPTHY`�
Z[Y\J[\YL� VY� V[OLY� JVTWVULU[Z�� HUK� HSZV� [OL� [OLYTHS� L_WHUZPVU� VM� TL[HS� JVUZ[Y\J[PVUZ�� JHU� IL�
HJJVTTVKH[LK�^P[OV\[�PU[YVK\JPUN�YLZ[YHPU[�MVYJLZ��;OL�MHJHKL�T\Z[�IL�H[[HJOLK�[V�P[Z�Ä_PUNZ�Z\JO�[OH[�
HKQ\Z[TLU[�PZ�WVZZPISL�PU�[OYLL�KPYLJ[PVUZ��*VUULJ[PVUZ��Q\UJ[PVUZ�HUK�[YHUZP[PVUZ�ZOV\SK�IL�KLZPNULK�PU�
Z\JO�H�^H`�[OH[�[OL`�YLTHPU�WLYTHULU[S`�PTWLY]PV\Z�[V�HPY�HUK�]HWV\Y�KPќ\ZPVU�

;OL�MHJHKL�PZ�[OL�ZRPU�VM�[OL�I\PSKPUN��[OL�LSLTLU[�[OH[�ZLWHYH[LZ�HUK�WYV[LJ[Z�[OL�PUULY�ZWHJL�MYVT�[OL�
L_[LYUHS� LU]PYVUTLU[HS� JVUKP[PVUZ�^OPSL� ZOHWPUN�� [V� H�NYLH[� L_[LU[�� [OL� HYJOP[LJ[\YHS� L_WYLZZPVU�VM� [OL�
I\PSKPUN��4VYL�ZWLJPÄJHSS �̀�H�MHJHKL�PZ�H�]LY`�JVTWSL_�TLJOHUPZT�[OH[�ZLY]LZ�[OL�MVSSV^PUN�M\UJ[PVUZ��0U�
[LYTZ�VM�I\PSKPUN�WO`ZPJZ�WYVWLY[PLZ��P[�PUZ\SH[LZ�MYVT�[OL�OLH[��JVSK�HUK�UVPZL��0[�WYV[LJ[Z�MYVT�YHPU^H[LY�
HUK�TVPZ[\YL� WLUL[YH[PVU� HZ�^LSS� HZ� MYVT�^PUK� MVYJLZ�� HUK� P[� HSSV^Z� MVY� V\[KVVYZ� ]PL^Z� HUK� KH`SPNO[�
[YHUZTPZZPVU��4VYLV]LY��H�MHJHKL�OHZ�H�Z[Y\J[\YHS�YVSL�HZ�̂ LSS��̂ OL[OLY�HZ�WHY[�VM�[OL�SVHK�ILHYPUN�Z[Y\J[\YL�
VM�[OL�I\PSKPUN�VY�HZ�H�TLHUZ�[V�[YHUZMLY�[OL�̂ PUK�KYP]LU�MVYJLZ�HUK�P[Z�V^U�̂ LPNO[�[V�[OL�WYPTHY`�Z[Y\J[\YL��

Curtain Wall Facades

-VY�TH_PTPZLK�[YHUZWHYLUJ`�H�J\Y[HPU�^HSS�MHJHKL�HWWSPJH[PVU�PZ�JOVZLU��*\Y[HPU�^HSSZ�HYL�[OL�L]VS\[PVU�
of the classic window, consisting of glass elements with frames (glazing beads) that are mounted into the 
solid part of the facade, to construction that facilitates the application of larger areas of glass and consists 
VM�ZWLJPHS��WH[LU[LK�NSHaPUN�IHYZ�TV\U[LK�VU�[OL�Z\WWVY[PUN�JVUZ[Y\J[PVU��0U�[OPZ�JHZL��[OL�MHJHKL�JHU�
OH]L�H�\UPMVYT�[YHUZWHYLU[�HWWLHYHUJL�HUK�P[�PZ�ZLWHYH[LK�MYVT�[OL�ZVSPK�SVHK�ILHYPUN�WHY[�VM�[OL�I\PSKPUN��

Curtain Wall Substructures

+PќLYLU[�RPUK�VM�Z\IZ[Y\J[\YLZ�JHU�IL�\ZLK� PU�J\Y[HPU�^HSS� MHJHKLZ��LHJO�^P[O�H�KPќLYLU[�LќLJ[�VU� [OL�
[YHUZWHYLUJ`�VM�[OL�Z[Y\J[\YL�HUK�[OL�SVHK�[YHUZMLY�VM�[OL�NSHZZ»Z�KLHK�SVHK�HUK�^PUK�SVHKZ�[V�[OL�WYPTHY`�
Z[Y\J[\YL��

Post and beam

Post 

Beam 

*HISL�TLZO�Z[Y\J[\YL

-VY�TH_PTPZLK�[YHUZWHYLUJ`�H�ILHT�MHJHKL�Z[Y\J[\YL�PZ�JOVZLU�PU�[OPZ�JHZL�



movement 
is tolerated

!xed 
connection 
at the 
bottom

loose
connection 
at the top

self weight

wind loads

movement 
is tolerated
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7.3 Facade Structure Overview

:\IZ[Y\J[\YL!�)LHTZ
3VHK�;YHUZMLY�4LJOHUPZT!�WLY�ÅVVY
� �%�0U�WSHUL�SVHKZ!�:\WWVY[LK�[OYV\NO�Z\WWVY[�ISVJRZ
� �%�6\[�VM�WSHUL�SVHKZ!�:\WWVY[LK�I`�WVPU[�Ä_PUN�JSHTWPUN�WSH[LZ

3VHK�[YHUZMLY 9L]LYZPIPSP[` Transparency 5V[LZ

3PULHY�
*SHTWPUN�

Bar

Point 
*SHTWPUN�

Plates

Point 
Drilled 
Fixings

Structural 
Silicone

+++ +++ +

++ +++ ++

++ +++ ++

+++ � +++

Visible Framing

3LZZ�]PZPISL�[OHU�SPULHY�JSHTWZ

:[YLZZ�*VUJLU[YH[PVUZ�
9LX\PYLZ�H[[LU[PVU�H[�ZLHSPUN�VM�0.<�

Optically Discrete

+PѝJ\S[�KPZHZZLTIS �̀
9L]LYZPISL�^P[O�NSHZZ�JVU[HTPUH[PVU

A mechanical connection of the glass panels to the substructure is chosen with hidden point clamping 
WSH[LZ�\ZPUN�[VNNSL�IHY�HUK�ZJYL �̂

 Point 
Mechanical 
*SHTW�-P_PUN

++ +++ +++ Hidden Fixings
-\SS`�9L]LYZPISL
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7.4 Vertical Connections

Vertical Section at Facade Support Block

:JHSL��!�



Vertical Section at Clamp Fixing

:JHSL��!�
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7. Facade Application

7.5 Horizontal Connection

Horizontal Section between Adjacent IGUs

:JHSL��!�
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7.7 Assembly Order

���-P_PUN�VM�Z[LLS�ILHTZ�[V�HUJOVYZ ���-P_PUN�VM�Z\WWVY[�ISVJRZ

���7SHJLTLU[�VM�0.<�VU�Z\WWVY[�ISVJRZ ���;\YU�VM�[VNNSL�Ä_PUN�JSPWZ

 ��7SHJLTLU[�VM�]LY[PJHS�NHZRL[Z

���-P_PUN�VM�HUJOVYZ�PU�JVUJYL[L�ZSHI

���-P_PUN�VM�[VNNSL�Ä_PUN�JSPWZ

���-P_PUN�VM�ZWYPUN�JSPWZ�MVY�NHZRL[�OVSKPUN ���7SHJLTLU[�VM�OVYPaVU[HS�NHZRL[Z



08. Conclusions
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8. Conclusions

8.1 Answer to Research Question

8.2 Recommendations for Further Research

Main Research Question

To what extent can transparency and circularity be combined in an insulated glass unit (IGU) that 
can be applied in fully glazed facades?

;OL�J\YYLU[�THZ[LY»Z�[OLZPZ� MVJ\ZLZ�VU�[OL�L_WSVYH[PVU�[OYV\NO�KL[HPSLK�KLZPNU�VM� [OL�KPќLYLU[�^H`Z� PU�
^OPJO�HU�PUZ\SH[LK�NSHZZ�\UP[�JHU�ILJVTL�TVYL�JPYJ\SHY�^P[OV\[�JVTWYVTPZPUN�P[Z�[YHUZWHYLUJ �̀�;OL�[LYT�
JPYJ\SHY�OLYL�YLMLYZ�[V�H�KLZPNU�[OH[�[HJRSLZ�[OL�LUK�VM�SPML�VM�[OL�\UP[�I`�MHJPSP[H[PUN�P[Z�YLTHU\MHJ[\YL�PU�JHZL�
its thermal performance starts decreasing, the reuse of parts of it or of the whole unit and the recycling of 
[OL�NSHZZ�WHULZ�^OLU�ULP[OLY�YL\ZL�UVY�YLTHU\MHJ[\YL�HYL�HU�VW[PVU��

;OL�WYVWVZLK�^H`�[V�HJOPL]L�[OPZ�NVHS�PZ�[^VMVSK��-PYZ[S �̀�PU�[OL�SL]LS�VM�[OL�^OVSL�0.<�P[ZLSM�MHJ[VYZ�[OH[�
impede the potential of the glass panes to be recycled, namely the use of lamination and coatings on the 
NSHZZ�Z\YMHJLZ�HZ�^LSS�HZ�[OL�\ZL�VM�Z[Y\J[\YHS�ZPSPJVUL�HKOLZP]LZ�[V�IVUK�HUK�ZLHS�[VNL[OLY�[OL�KPќLYLU[�
NSHZZLZ�PU[V�HU�0.<��T\Z[�IL�H]VPKLK�[V�[OL�L_[LU[�[OH[�[OL`�KVU»[�JVTWYVTPZL�HU`�[OL�WLYMVYTHUJL�HUK�
[OL�ULJLZZHY`�WYVWLY[PLZ�VM�[OL�\UP[��

:LJVUKS �̀�[OL�RL`�LSLTLU[�[V^HYKZ�H�TVYL�JPYJ\SHY�0.<�PZ�[OL�LKNL�ZLHS�JVUULJ[PVU�IL[^LLU�[OL�KPќLYLU[�
LSLTLU[Z�[OH[�JVTWYPZL�[OL�0.<��;OPZ�JVUULJ[PVU�PZ�J\YYLU[S`�[OL�^LHRLZ[�ZWV[�VM�[OL�^OVSL�\UP[�K\L�[V�
the use of these structural silicone that apart from contaminating the glass, lead to premature failure of 
[OL�LU[PYL�0.<��/LUJL��ZPUJL�[OLYL�PZ�UV[�HU`�WYV]PZPVU�MVY�P[Z�YLWSHJLTLU[��[OL�0.<�PZ�\Z\HSS`�KPZJHYKLK�
^P[OV\[�OH]PUN�M\SÄSSLK�WV[LU[PHS� SPML�[PTL�L_WLJ[HUJ �̀�;OLYLMVYL��[OPZ�ZPSPJVUL�ZLJVUKHY`�ZLHS� PZ�WYLJPZLS`�
[OL�LSLTLU[� [OH[� [OPZ� [OLZPZ� PZ�HPTPUN�H[� YLWSHJPUN� [OYV\NO�HU�HS[LYUH[P]L� YL]LYZPISL�JVUULJ[PVU�KLZPNU��
4VYLV]LY��[OL�NVHS�PZ�[V�JVTIPUL�[OL�WYPUJPWSLZ�VM�JPYJ\SHYP[`�^P[O�[OL�I\PSKPUN�PUK\Z[Y`»Z�JVU[PU\V\Z�KLZPYL�
MVY�TH_PTPZLK�[YHUZWHYLUJ`�I`�TPUPTPZPUN�[OL�]PZPISL�LSLTLU[Z�VM�[OL�JVUULJ[PVUZ�PU�[OL�0.<�P[ZLSM�HZ�^LSS�
HZ�PU�P[Z�HWWSPJH[PVU�PU�H�NSHZZ�MHJHKL��

;OL�KLZPNU�L_WSVYH[PVU�VM�[OL�KPќLYLU[�^H`Z�PU�^OPJO�HU�0.<�JHU�IL�JYLH[LK�PU�H�TVYL�JPYJ\SHY�^H`�SLK�
[V�H�ÄUHS�KLZPNU�[OH[�HJOPL]LZ�[OL�PUP[PHS�NVHS�PU�H�]LY`�ZH[PZM`PUN�SL]LS��;̂ V�ÅVH[�NSHZZ�WHULZ�HYL�\ZLK�HZ�
NSHZZ� Z\YMHJLZ��,_[Y\KLK�NSHZZ�WYVÄSLZ�^P[O� ZSV[Z� HYL� M\ZLK�H[� [OL�WLYPTL[LY�VM� [OL� ÅVH[�NSHZZ�THRPUN�
H�WLYTHULU[�HUK� [YHUZWHYLU[�IVUK�VM�NSHZZ� [V�NSHZZ�^P[OV\[� [OL�\ZL�VM�JVU[HTPUH[PUN�HKOLZP]LZ��;OL�
JVUULJ[PVU�IL[^LLU�[OL�[^V�ZLWHYH[L�NSHZZ�WHULZ�OHWWLUZ�^P[O�[OL�\ZL�VM�H�TL[HS�ZWYPUN�JSPW�[OH[�SVJRZ�
PU�[OL�ZSV[Z�VM�[OL�L_[Y\KLK�NSHZZ�WYVÄSLZ�HJ[PUN�HZ�HU�PU[LYUHS�JSHTWPUN�LSLTLU[��0[Z�HWWSPJH[PVU�PU[LYUHSS`�
HUK�UV[�L_[LYUHSS`�VM�[OL�ÅVH[�NSHZZ�Z\YMHJLZ��HZ�TVZ[�JSHTWPUN�TLJOHUPZTZ�^V\SK��LUZ\YLZ�H�JVUULJ[PVU�
[OH[�^OPSL�UV[�M\SS`�[YHUZWHYLU[�PZ�VW[PJHSS`�\UVI[Y\ZP]L��-VY�PUJYLHZLK�[OLYTHS�WLYMVYTHUJL�VM�[OL�\UP[�H�
[OPYK�NSHZZ�WHUL�^P[O�H�SV^�L�JVH[PUN�HWWSPLK�[V�P[�PZ�WVZP[PVULK�IL[^LLU�[OL�[^V�L_[LYUHS�VULZ�

(Z� MHY� HZ� [OL�JPYJ\SHYP[`�VM� [OL�\UP[� PZ� JVUJLYULK�� [OL� YL]LYZPISL� JVUULJ[PVU� PZ� H�IPN� Z[LW� [V^HYKZ� [OH[�
KPYLJ[PVU�ZPUJL� P[�LUHISLZ�H� YLSH[P]LS`�LHZ`�KPZHZZLTIS`�VM� [OL�\UP[�HSSV^PUN� MVY� [OL�UVU�M\UJ[PVUHS�WHY[Z�
[V� IL� YLWSHJLK� [OYV\NO� H� YLM\YIPZOTLU[� WYVJLK\YL��4VYLV]LY�� [OL� H]VPKHUJL� VM� [OL� HIV]L�TLU[PVULK�
contaminating factors both in the main glass surfaces and in the edge seal connection allows for the 
YLJ`JSPUN�VM�[OL�\ZLK�NSHZZ�LSLTLU[Z��;OL�SPTP[H[PVUZ�YLNHYKPUN�[OL�JPYJ\SHYP[`�HZWLJ[�HYL�HZZVJPH[LK�THPUS`�
^P[O�[OL�MHJ[�[OH[�[OL�\ZL�VM�H�SV^�L�JVH[PUN�JHUUV[�IL�H]VPKLK�MVY�[OL�ZH[PZMHJ[VY`�[OLYTHS�WLYMVYTHUJL�
VM�[OL�Z`Z[LT��/V^L]LY��P[Z�HWWSPJH[PVU�UV[�VU�[OL�[OPJRLY�L_[LYUHS�NSHZZ�WHULZ�I\[�VU�[OL�[OPUULY�TPKKSL�
one is a design choice that reduces the contamination in the element using the least material resulting 
PU� SLZZ�^HZ[LK�VY�KV^U�J`JSLK�TH[LYPHS��6UL�ÄUHS� SPTP[H[PVU� PU� [OPZ�HZWLJ[�JVUJLYUZ� [OL�WV[LU[PHS�ULLK�
MVY�SHTPUH[PVU�VM�VUL�VM�[OL�NSHZZ�WHULZ�PM�LUOHUJLK�Z[Y\J[\YHS�JHWHJP[`�VY�ZHML[`�PZ�KLZPYLK��0U�[OPZ�JHZL��
the pane carrying the lamination could also be burdened with the coating application so that again the 
JVU[HTPUH[PVU�PZ�SPTP[LK�PU�VUL�LSLTLU[�^OPJO�^V\SK�ULLK�[V�IL�KV^U�J`JSLK�

(Z�WYL]PV\ZS`�TLU[PVULK��[OPZ�[OLZPZ�MVJ\ZLK�VU�H�KLZPNU�L_WSVYH[PVU�[OV\NO�KL[HPSPUN�I\[�[OL�WYVWVZHS�VM�
[OL�ÄUHS�KLZPNU�YLTHPUZ�PU�H�YLZLHYJO�SL]LS��0.<Z�HYL�WYVK\J[Z�[OH[�OH]L�H�SHYNL�U\TILY�VM�YLX\PYLTLU[Z�[V�
IL�M\SÄSSLK�PU�VYKLY�MVY�[OLT�[V�IL�HISL�[V�IL�HWWSPLK�PU�[OL�I\PSKPUN�LU]LSVWL�LUZ\YPUN�[OL�KLZPYLK�[OLYTHS�
PUZ\SH[PVU��

(WHY[�MYVT�[OLPY�\�]HS\L�HUK�[OLPY�Z[Y\J[\YHS�YPNPKP[`�[OL�TVZ[�JY\JPHS�WHY[�VM�HU�0.<�PZ�[OL�ULLK�MVY�HU�HPY[PNO[�
ZLHS�HUK�H�^H[LY��HPY�HUK�TVPZ[\YL�IHYYPLY�HSS�HYV\UK��4VYLV]LY��[OL�ULLK�MVY�HU�PU[LNYH[LK�KLZPJJHU[�PUZPKL�
[OL�JH]P[`�[V�HIZVYI�[OL�YLTHPUPUN�TVPZ[\YL�MYVT�[OL�HZZLTIS`�PZ�LX\HSS`�PTWVY[HU[��;OL�HMVYLTLU[PVULK�
HZWLJ[Z�̂ LYL�[HRLU�PU[V�JVUZPKLYH[PVU�PU�[OL�KL[HPSPUN�VM�[OL�JVUULJ[PVU�HUK�̂ LYL�PU[LNYH[LK�\ZPUN�Z[HUKHYK�
^H`Z�[OH[�J\YYLU[�0.<Z�HSZV�\ZL��5L]LY[OLSLZZ��[LZ[PUN�ZOV\SK�IL�KVUL�[V�L]HS\H[L�[OL�WLYMVYTHUJL�VM�[OL�
UL^�0.<�YLNHYKPUN�HSS�[OLZL�HZWLJ[Z��4VYL�PTWVY[HU[S �̀�TVPZ[\YL�HIZVYW[PVU�[LZ[Z�ZOV\SK�IL�JVUK\J[LK�[V�
measure the performance of the desiccant use and tests regarding the air and moisture permeability of the 
ZLHS�ZOV\SK�IL�THKL��4VYLV]LY��PU�[LYTZ�VM�[OL�L]HS\H[PVU�VM�[OL�Z[Y\J[\YHS�PU[LNYP[`�VM�[OL�JVUULJ[PVU�[LZ[Z�
should be made to lead to proper dimensioning since the used dimensions of the elements are based on 
[OL�ÄUKPUNZ�VM�J\YYLU[�ZPTPSHY�HWWSPJH[PVUZ���

-PUHSS �̀�HZ�TLU[PVULK�HIV]L��[OL�Z\JJLZZ�VM�[OL�KLZPNU�OLH]PS`�YLSPLZ�VU�[OL�VUL�OHUK��VU�[HRPUN�HK]HU[HNL�
VM�ZOHWPUN�NSHZZ�PU�KPќLYLU[�NLVTL[YPLZ�HWHY[�MYVT�[OLT�[^V�KPTLUZPVUHS�ÅVH[�NSHZZ�]PH�L_[Y\ZPVU�VY�JHZ[PUN��
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Regarding the aspect of maximising the transparency of the current IGU edge seals, the proposed design 
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Finally, the proposed edge seal connection enables the application of IGUs in fully glazed facades using 
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It is important to mention here that all the aspects mentioned as limitations in the scope of this thesis 
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Appendix

The following appendix includes all the perfomred hand calculations regarding the u-value of the new 
IGU. Various combinations of glass and cavity thicknesses were tried out to conclude to the most 
suitable u-value. 

7KH�FDOFXODWLRQV�LQFOXGHG�WKUHH�GLĳHUHQW�VWHSV��RQH�ZLWKRXW�QHLWKHU�DQ\�FRDWLQJ��DSSOLFDWLRQ�QRU�DQ\�LQHUW�
JDV�ıOOLQJ��RQH�ZLWK�RQO\�RQH�FRDWHG�JODVV�SDQH�DQG�RQH�ZLWK�ERWK�D�FRDWLQJ�XVH�DQG�ıOOLQJ�RI�WKH�FDYLW\�
with argon gas. Finally, an additional calculation to determine whether or not the use of a third middle 
glass pane is required was conducted. 
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Appendix A - themal calculations
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Appendix B - glass extrusion




