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构造的层级关系



STRUCTURES Building performance, energy

Concepts

Insulation concepts
Diagram of layers

Fig. 13: Diagram of layers (template)
External walls, floors and roofs are first drawn schematically with three layers. The dimensions of the individual layers are not defined here, 
they are determined by building performance, structural and architectural criteria.
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unheated basement 
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In finalising a draft design the question of a suitable in-
sulation concept arises in conjunction with the intended 
architectural appearance of the building. Insulation is 
not automatically “thermal insulation” but can also in-
clude sound insulation, for example. Thermal insulation 
between the interior and the exterior climates is used 
above all in the facades, in the roof and in the foundations, 
or rather the “floor over the basement”. Sound insulation 
is employed primarily between the storeys (in the floors) or 
in the walls between sound compartments, e.g. between 
apartments, offices, etc. At the start the architect is faced 
with the choice of a thermal insulation system. In synthe-
tic systems or compact systems individual elements pro-
vide several functions, e.g. insulating and load-carrying. 
Examples of this are single-leaf masonry walls and timber 
panel elements. By contrast, there are complementary 
systems split into a hierarchy of layers with the functions 
of loadbearing, insulating, and protecting. Starting with 
the position of the structural elements in relation to the 
insulation, complementary systems therefore require a 
further refinement of the insulation concept according to 
“load bearing layer inside” or “loadbearing layer outside”.

When choosing a complementary system the diagram 
of layers serves as a reference for the constructional 
analysis of a building. It is suitable for checking the con-
tinuity and coherence of the insulation concept and for 
localising problems. Loadbearing layer, insulating layer 
(thermal and sound insulation) and protective layer are 
shown schematically on plan and in section, with the rule 
being that the individual layers should not be interrupted. 
Openings (doors, windows), changes of direction (projec-
tions, rooftop terraces, etc.) and nodes (junctions) in the 
layers demand special attention. The insulation concept is 
elaborated when these key points are designed in detail, 
or – if particularly serious disadvantages are discovered 
– the concept is discarded.
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STRUCTURES Building performance, energy
Concepts

Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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Parapet
Rooftop terrace, 
roof garden
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Loggias, balconies, open 
walkways
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internal partition
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“house raised on 
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Concepts

Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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STRUCTURES Building performance, energy

Concepts

Insulation concepts
Diagram of layers

Fig. 13: Diagram of layers (template)
External walls, floors and roofs are first drawn schematically with three layers. The dimensions of the individual layers are not defined here, 
they are determined by building performance, structural and architectural criteria.
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In finalising a draft design the question of a suitable in-
sulation concept arises in conjunction with the intended 
architectural appearance of the building. Insulation is 
not automatically “thermal insulation” but can also in-
clude sound insulation, for example. Thermal insulation 
between the interior and the exterior climates is used 
above all in the facades, in the roof and in the foundations, 
or rather the “floor over the basement”. Sound insulation 
is employed primarily between the storeys (in the floors) or 
in the walls between sound compartments, e.g. between 
apartments, offices, etc. At the start the architect is faced 
with the choice of a thermal insulation system. In synthe-
tic systems or compact systems individual elements pro-
vide several functions, e.g. insulating and load-carrying. 
Examples of this are single-leaf masonry walls and timber 
panel elements. By contrast, there are complementary 
systems split into a hierarchy of layers with the functions 
of loadbearing, insulating, and protecting. Starting with 
the position of the structural elements in relation to the 
insulation, complementary systems therefore require a 
further refinement of the insulation concept according to 
“load bearing layer inside” or “loadbearing layer outside”.

When choosing a complementary system the diagram 
of layers serves as a reference for the constructional 
analysis of a building. It is suitable for checking the con-
tinuity and coherence of the insulation concept and for 
localising problems. Loadbearing layer, insulating layer 
(thermal and sound insulation) and protective layer are 
shown schematically on plan and in section, with the rule 
being that the individual layers should not be interrupted. 
Openings (doors, windows), changes of direction (projec-
tions, rooftop terraces, etc.) and nodes (junctions) in the 
layers demand special attention. The insulation concept is 
elaborated when these key points are designed in detail, 
or – if particularly serious disadvantages are discovered 
– the concept is discarded.
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STRUCTURES Building performance, energy

Concepts

Insulation concepts
Complementary systems – loadbearing layer outside

The “loadbearing layer outside” concept is used primarily 
on buildings with a fair-face concrete or facing masonry 
external facade, or those with a single interior space.
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Fig. 17: Diagram of layers, loadbearing layer outside
The system chosen for the floor connections (with chromium steel anchors) makes possible an uninterrupted insulating layer. The circles 
design ate the transitions where the different layers are joined; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 19: Case study: floor support separated, continuous insulating layer
This type of construction is only possible in reinforced concrete because the 
chromium steel anchors must be integrated into the wall and floor reinforcement. 
Compression-resistant insulation must be incorporated between the face of a wall 
and the edge of the floor. Such insulation is often included with the respective 
anchor system (e.g. Schöck-Isokorb).

Diagram of principle  Construction detail

Fig. 18: Case study: floor support not separated, discontinuous insulating layer
To compensate for the interruption in the insulation layer a strip of insulation at least 
100 cm wide must be attached to the soffit around the perimeter (either laid in the 
formwork or fixed to the underside of the floor). Disadvantage: the soffit must be 
plastered or lined (“facing quality”). Combined impact sound/thermal insulation must 
be incorporated on top of the floor. The vertical loadbearing layer can be in concrete 
or masonry.
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The insulation in this case is on the inside. The transfer 
of loads from floors to the external loadbearing structure 
in multistorey buildings means that the insulation layer is 
interrupted at every floor. To reduce the ensuing thermal 
bridges the soffits of the intermediate floors have to be 
insulated for a distance of at least one metre around the 
perimeter. Combined thermal and impact sound insula-
tion can be incorporated on the top of the floor. Fair-face 
concrete structures can also make use of corrosion-
resistant chromium steel anchors which enable a struc-
tural connection between wall and edge of slab but also 
leave a cavity which can be filled with a compression-
resistant insulating material. The continuity of the insu-
lating layer is guaranteed here, but the (closely spaced) 
anchors do represent discrete thermal bridges.

Owing to their “false vapour-tightness sequence” 
(most permeable layer on the inside, densest layer on 
the outside), constructions with internal insulation must 
include a vapour barrier on the inside of the thermal insu-
lation in order to prevent condensation.
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Concepts

Insulation concepts
Complementary systems – loadbearing layer outside

The “loadbearing layer outside” concept is used primarily 
on buildings with a fair-face concrete or facing masonry 
external facade, or those with a single interior space.
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Fig. 17: Diagram of layers, loadbearing layer outside
The system chosen for the floor connections (with chromium steel anchors) makes possible an uninterrupted insulating layer. The circles 
design ate the transitions where the different layers are joined; these key details must be resolved in detailed drawings.
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Fig. 19: Case study: floor support separated, continuous insulating layer
This type of construction is only possible in reinforced concrete because the 
chromium steel anchors must be integrated into the wall and floor reinforcement. 
Compression-resistant insulation must be incorporated between the face of a wall 
and the edge of the floor. Such insulation is often included with the respective 
anchor system (e.g. Schöck-Isokorb).
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Fig. 18: Case study: floor support not separated, discontinuous insulating layer
To compensate for the interruption in the insulation layer a strip of insulation at least 
100 cm wide must be attached to the soffit around the perimeter (either laid in the 
formwork or fixed to the underside of the floor). Disadvantage: the soffit must be 
plastered or lined (“facing quality”). Combined impact sound/thermal insulation must 
be incorporated on top of the floor. The vertical loadbearing layer can be in concrete 
or masonry.
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The insulation in this case is on the inside. The transfer 
of loads from floors to the external loadbearing structure 
in multistorey buildings means that the insulation layer is 
interrupted at every floor. To reduce the ensuing thermal 
bridges the soffits of the intermediate floors have to be 
insulated for a distance of at least one metre around the 
perimeter. Combined thermal and impact sound insula-
tion can be incorporated on the top of the floor. Fair-face 
concrete structures can also make use of corrosion-
resistant chromium steel anchors which enable a struc-
tural connection between wall and edge of slab but also 
leave a cavity which can be filled with a compression-
resistant insulating material. The continuity of the insu-
lating layer is guaranteed here, but the (closely spaced) 
anchors do represent discrete thermal bridges.

Owing to their “false vapour-tightness sequence” 
(most permeable layer on the inside, densest layer on 
the outside), constructions with internal insulation must 
include a vapour barrier on the inside of the thermal insu-
lation in order to prevent condensation.
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Paspels School

Fig. 125: External envelope

Fig. 127: Inner layer of  insulation

Fig. 126: The meandering internal skin around 
the classrooms forms a complete loop.

Fig. 128: The structural system chosen permits 
a rearranged layout on the  floor above.

Fig. 129: The classrooms are lined with wood 
panelling.

Concept Draft project

Fig. 130: Draft project, plan of ground  floor

Fig. 132: Draft project, east elevation

Fig. 131: Draft project, plan of 1st  floor

Fig. 133: Draft project, north elevation
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Fig. 139: Plan of 1st  floor, 1:200
1:50 working drawing (reduced)

Fig. 137: 2nd  floor, south-facing classroom Fig. 138: Common area on 1st  floor
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Fig. 142: Plan of 2nd  floor, 1:200
1:50 working drawing (reduced)

Fig. 140: Common area on 2nd  floor Fig. 141: Corridor, 2nd  floor
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Paspels School

Floor construction
Tongue and groove boards fixed with  

concealed screws,  26 mm
Pavatherm NK  impact sound  insulation 40 mm
Thermal  insulation 74 mm
Concrete, type 6 280 mm

Wall construction
Concrete, type 5 250 mm
Thermal  insulation 120 mm
Vapour barrier
Counter battens 30/60 mm
Tongue and groove boards fixed with 

concealed screws 18 mm

Roof construction
Sheet metal
 Bitumen roofing felt, fully bonded
Boarding 29 mm
Counter battens 60/60 mm
Battens 40 mm
Sarnafil TU 122/08, fully bonded
Thermal  insulation, 

2 layers laid cross-wise 2 x 100 mm
Vapour barrier
Concrete, type 2 260 mm

Fig. 148: Inward-opening classroom windows from inside

Fig. 149: Inward-opening classroom windows from outside

Fig. 147: Section through classroom window, 1:20
1:5 working drawing (reduced)
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Paspels School

Floor construction
Granolithic concrete 20 mm
Screed with underfloor  heating 80 mm
 Polyethylene sheet
Thermal  insulation 40 mm
Concrete, type 6 280 mm

Wall construction
Concrete, type 5 250 mm
Thermal  insulation 120 mm
Concrete, type 5 250 mm

Roof construction
Sheet metal 
 Bitumen roofing felt, fully bonded
Boarding 29 mm
Counter battens 60/60 mm
Battens 40 mm
Sarnafil TU 122/08, fully bonded 
Thermal  insulation, 
 2 layers laid cross-wise 2 x 100 mm
Vapour barrier
Concrete, type 2 260 mm

Fig. 151: Windows in common areas open outwards

Fig. 152: Contrast between inward- and outward-opening windows

Fig. 150: Section through corridor window, 1:20
1:5 working drawing (reduced)
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Paspels School

Floor construction
Granolithic concrete 20 mm
Screed with underfloor  heating 80 mm
 Polyethylene sheet
Thermal  insulation 40 mm
Concrete, type 6 280 mm

Wall construction
Concrete, type 5 250 mm
Thermal  insulation 120 mm
Concrete, type 5 250 mm

Roof construction
Sheet metal 
 Bitumen roofing felt, fully bonded
Boarding 29 mm
Counter battens 60/60 mm
Battens 40 mm
Sarnafil TU 122/08, fully bonded 
Thermal  insulation, 
 2 layers laid cross-wise 2 x 100 mm
Vapour barrier
Concrete, type 2 260 mm

Fig. 151: Windows in common areas open outwards

Fig. 152: Contrast between inward- and outward-opening windows

Fig. 150: Section through corridor window, 1:20
1:5 working drawing (reduced)
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Paspels School

Floor construction
Tongue and groove boards fixed with  

concealed screws,  26 mm
Pavatherm NK  impact sound  insulation 40 mm
Thermal  insulation 74 mm
Concrete, type 6 280 mm

Wall construction
Concrete, type 5 250 mm
Thermal  insulation 120 mm
Vapour barrier
Counter battens 30/60 mm
Tongue and groove boards fixed with 

concealed screws 18 mm

Roof construction
Sheet metal
 Bitumen roofing felt, fully bonded
Boarding 29 mm
Counter battens 60/60 mm
Battens 40 mm
Sarnafil TU 122/08, fully bonded
Thermal  insulation, 

2 layers laid cross-wise 2 x 100 mm
Vapour barrier
Concrete, type 2 260 mm

Fig. 148: Inward-opening classroom windows from inside

Fig. 149: Inward-opening classroom windows from outside

Fig. 147: Section through classroom window, 1:20
1:5 working drawing (reduced)
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Paspels School

Floor construction
Tongue and groove boards fixed with  

concealed screws,  26 mm
Pavatherm NK  impact sound  insulation 40 mm
Thermal  insulation 74 mm
Concrete, type 6 280 mm

Wall construction
Concrete, type 5 250 mm
Thermal  insulation 120 mm
Vapour barrier
Counter battens 30/60 mm
Tongue and groove boards fixed with 

concealed screws 18 mm

Roof construction
Sheet metal
 Bitumen roofing felt, fully bonded
Boarding 29 mm
Counter battens 60/60 mm
Battens 40 mm
Sarnafil TU 122/08, fully bonded
Thermal  insulation, 

2 layers laid cross-wise 2 x 100 mm
Vapour barrier
Concrete, type 2 260 mm

Fig. 148: Inward-opening classroom windows from inside

Fig. 149: Inward-opening classroom windows from outside

Fig. 147: Section through classroom window, 1:20
1:5 working drawing (reduced)
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BUILDINGS Selected projects

334

Paspels School

Structural aspects
The engineer’s report
The architectural concept called for the inside of the build-
ing to be separated from the external  facade by 120 mm 
of thermal  insulation without erecting a second loadbear-
ing wall to support the  floor slabs. This in turn called for 
an optimum engineering solution in order to transfer the 
support reactions from the walls and floors to the external 
 facade.

The answer was to use high-strength double  shear 
studs.

At ground  floor level the two walls to the left and right 
of the stairs are the primary structural elements supporting 
the first  floor. The inner walls of the first and second floors 
are the structural elements for the  floor and  roof above 
respectively. The interaction with the  floor and  roof slabs 
(walls as webs, slabs as flanges) is taken into account. All 
the support reactions are transferred at the wall junctions 
transverse to the external walls. Double  shear studs, one 
above the other, were incorporated in the  facade at these 
junctions. The number of  shear studs required depends 
on the loadbearing capacity of a single stud.

In order to eliminate the deflection of the unsupported 
slab edges (spans between 8.0 and 10.0 m) along the 
 facade, additional support points with  shear studs were 
incorporated in the centre of each slab edge span and at 
the corners of the  facade.

Special attention had to be given to transferring the 
 shear forces at the  shear studs.
The thermal  insulation had to be reduced to 50 mm 
around the  shear studs; however, this was acceptable in 
terms of the thermal requirements. In order to prevent 
– as far as possible – the formation of cracks in the exter-
nal walls, particularly around the long windows, consider-
able additional longitudinal  reinforcement was fitted in the 
areas at risk. The structural analysis of this new building 
represented a real challenge for the engineer.

Fig. 136: Cage of  reinforcement with   shear stud positioned ready for cast-

Fig. 135: Row of  shear studs in the internal corridorFig. 134: The thickness of thermal  insulation is reduced around the  shear studs.

Gebhard Decasper
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STRUCTURES Building performance, energy
Concepts

Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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Insulating layer
Loadbearing layer

Roof
Flat, pitched

Parapet
Rooftop terrace, 
roof garden

Projections and returns
Loggias, balconies, open 
walkways

Openings
Doors, windows

Floor–wall
External wall, 
internal partition

Plinth
“underground house”
“platform house”
“house raised on 
stilts”

Foundation
Pad, strip, raft

Edge of roof

Terrace–facade 
junction

Soffit of loggia, 
junction with lintel

Ground slab, junction 
with foundation

Loggia rain-
water drip

Window junc-
tions, lintel, 
spandrel
panel, 
reveals

Floor
junction

Junction with 
surrounding
ground

Edge of 
terrace
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STRUCTURES Building performance, energy
Concepts

Insulation concepts
Complementary systems – loadbearing layer inside
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mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).
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protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
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COMPONENTS Foundation – Plinth

417

Sole plate

Wood-based board (vapourproof!)

Separating layer
(e.g. bitumen felt)

Damp-proof course
(e.g. Combiflex)

Paving flags
Fine sand
Fine gravel

Coarse gravel

Geotextile mat, fleece

Coarse gravel

Bitumen paint

Porous boards

Drainage, perforated/
porous pipe

Geotextile mat, fleece

Slope to side
of excavation

Construction joint

Timber box element

Floor support

Lean concrete

Wall construction
- Horizontal boards 24 mm
- Vertical battens (ventilated cavity) 40 mm
-  Bitumen-impregnated softboard

(airtight  membrane) 18 mm
- Timber studding,  insulation (e.g. Isofloc) 120 mm
- Wood-based  board ( plywood, vapourproof!) 12 mm
- Vertical battens (space for services) 50 mm
- Wood- cement  particleboard (e.g. Fermacell)

or fibre-reinforced  plasterboard (e.g. Sasmox) 12 mm
Total 276 mm

Floor construction
- 3-ply  core  plywood, floating,

tongue and groove 27 mm
- Impact sound  insulation 20 mm
- Vapour barrier
- Lignatur timber box element,

 soffit left exposed 220 mm
Total 267 mm

Wall construction, unheated  basement
- Porous boards 60 mm
- Waterproofing (e.g. bitumen paint) 2 mm
- In situ concrete wall 240 mm
Total 302 mm

Floor construction, unheated  basement
- Screed 30 mm
- Concrete  ground slab 200 mm
- Lean concrete 50 mm
Total 280 mm

Plinth, timber  platform  frame construction
1:20

COMPONENTS Foundation – Plinth

415

Insulating unit 

Insect screen

Plinth panel 
(e.g. Eternit)

Peripheral insulation, 
waterproof

Bitumen paint

Paving flags
Fine sand
Fine gravel

Coarse gravel

Geotextile mat, fleece

Geotextile mat, fleece

Coarse gravel

Drainage, perforated/
porous pipe

Slope to side 
of excavation

Porous boards

Lean concrete

Construction joint

Wall construction
- Cladding in medium and large format
 e.g. Eternit slates, rectangular double-lap 
 arrangement, 300 x 600 mm 10 mm
- Ventilated cavity (40 x 70 mm vertical battens) 40 mm
- Thermal  insulation, 2 layers each 60 mm, 
 with 60 x 60 mm battens in both directions     120 mm
- Clay  masonry, B, 29 x 17.5 x 19 cm 175 mm
- Plaster 15 mm
Total 360 mm

Floor construction
- Ready-to-lay parquet flooring 15 mm
- Screed 60 mm
-  Separating layer (e.g. 1 mm  plastic sheet)
- Thermal  insulation, vapourproof 

(e.g. expanded  polystyrene)  80 mm
- Concrete slab over  basement 200 mm
Total 355 mm

Wall construction, unheated  basement
- Porous boards 60 mm
- Waterproofing (e.g. bitumen paint)  3 mm
- In situ concrete wall 260 mm
Total 323 mm

Floor construction, unheated  basement
- Screed 30 mm
- Concrete  ground slab, roughened 200 mm
- Lean concrete 50 mm
Total 280 mm

Plinth, external  cladding, lightweight
1:20

外保温：地下室（非采暖）- 木结构 - 外表皮 外保温：地下室（采暖）- 砌体结构 - 外表皮



外墙

288

STRUCTURES Building performance, energy
Concepts

Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.

Protective layer
Insulating layer
Loadbearing layer

Pr
ot

ec
tiv

e 
la

ye
r

In
su

la
tin

g 
la

ye
r

Lo
ad

be
ar

in
g

la
ye

r

Pr
ot

ec
tiv

e 
la

ye
r

In
su

la
tin

g 
la

ye
r

Lo
ad

be
ar

in
g 

la
ye

r
Pr

ot
ec

tiv
e 

la
ye

r
In

su
la

tin
g 

la
ye

r
Lo

ad
be

ar
in

g 
la

ye
r

Pr
ot

ec
tiv

e 
la

ye
r

In
su

la
tin

g 
la

ye
r

Lo
ad

be
ar

in
g

la
ye

r

Protective layer
Insulating layer
Loadbearing layer

Roof
Flat, pitched

Parapet
Rooftop terrace, 
roof garden

Projections and returns
Loggias, balconies, open 
walkways

Openings
Doors, windows
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internal partition
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“underground house”
“platform house”
“house raised on 
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Insulation concepts
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Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.
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Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.
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Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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COMPONENTS Wall – Floor

424

Loadbearing layer

Insulating layer
Protective layer
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Separating layer

Fasteners: 
spacing depends on 
format of insulating 
material

Skirting board

Separating strip

Skirting board

Separating strip

Make-up unit

Separating layer
Make-up unit

Wall construction
- e.g. Wancor-Therm K
 Mineral  render finish coat (coloured or painted) 2 mm
- Bonding  render
 (with  glass mat inlay over entire surface) 4 mm
- Mineral  render undercoat 20 mm
- Insulation  board 5-110-10 (3-layer  board),
 fixed with  plastic fasteners 125 mm
- Clay  masonry, B, 29 x 17.5 x 19 cm 175 mm
- Plaster 15 mm
Total 341 mm

Floor construction
- Magnesite flooring (seamless) 15 mm
- Screed 65 mm
-  Separating layer (e.g. 1 mm  plastic sheet)
- Impact sound  insulation 20 mm
- Concrete slab 200 mm
- Plaster to  soffit 10 mm
Total 310 mm

External  insulation,  rendered
1:20

Mesh embedded 
to protect corner

Important for external insulation systems:
- grain size of render (shrinkage cracks)
- darkness value of coloured render or paint finish
- mechanical resistance

Section Plan

外保温：外灰泥粉刷 - 内砌体

COMPONENTS Wall – Floor

427

vorfabrizierte
Balkonplatte auf
Schalung gelegt

Anschlussarmierung

Wärmedämmung 
hinterstopft

Trennstreifen

Auflagerkonsole

Wärmedämmung 
hinterstopft

Trennstreifen

Wichtig: keine
Elektroinstallationen
in den Aussenwänden!

Variante:
«Getrennter An-
schluss» ( z. B.
mit Cret-Dorn)

Deckeneinlage
Wärmedämmung
(z. B. Styrofoam 60mm
mit Netzarmierung)Variante:

Einlage Deckendämmung
in Schalung

Tr
ag
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Dämmschicht

Schutzschicht

Tragschicht

Thermal insulation

Separating strip

Thermal insulation fitted
into recess in soffit 
(e.g. 60 mm expanded
polystyrene with mesh
reinforcement)

Note:
No electric cables
in external walls!

Prefabricated balcony
slab placed on formwork

Starter bars

Variation: 
soffit insulation laid
in formwork

Variation: 
“isolated junction”
(e.g. with Cret-Dorn
shear studs)

Support nib

Thermal insulation

Separating strip
Protective layer

Insulating layer

Loadbearing
layer
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Non-loadbearing external wall
1:20

Section Plan

Fig. 1: Erection and fixing of a  facade element

Stahlstütze d=160mm
(Tragstruktur)

Backsteinmauer verputzt 120mm

ckverbindung

Isolationseinlage gegen
Luft- und Körperschallübertragung

Tragstruktur (Schotte)

Corner
connection

Steel stanchion, d = 160 mm 
(loadbearing structure)

Clay masonry wall, plastered, 120 mm, 
loadbearing structure (shear wall)

Separating strip to prevent transmission
of airborne and structure-borne sound

Wall construction (timber box-  frame construction)
- Wood- cement  particleboard

(e.g. Duripanel, for painting) 20 mm
- Ventilated cavity  25 mm
- Hardboard 8 mm
- Thermal  insulation (cellulose wool, 
 e.g. Isofloc) 120 mm
- Plywood (vapour check) 15 mm
Total 188 mm

Floor construction
- Ready-to-lay parquet flooring 20 mm
- Screed (with underfloor  heating) 80 mm
-  Separating layer (e.g. 1 mm  plastic sheet) 
- Impact sound  insulation 30 mm
- Concrete slab 180 mm
- Thermal  insulation (e.g. expanded  polystyrene) 30 mm
- Plaster to  soffit 10 mm
Total 350 mm

Example:
Morger & Degelo: Müllheimer-Strasse residential 
development, Basel (CH), 1993

外保温：外轻质饰面 - 内饰面板 - 非承重墙体 
		  （水平遮阳 局部水平保温 ）
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STRUCTURES Building performance, energy
Concepts

Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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Protective layer
Insulating layer
Loadbearing layer

Roof
Flat, pitched

Parapet
Rooftop terrace, 
roof garden

Projections and returns
Loggias, balconies, open 
walkways

Openings
Doors, windows

Floor–wall
External wall, 
internal partition

Plinth
“underground house”
“platform house”
“house raised on 
stilts”

Foundation
Pad, strip, raft

Edge of roof

Terrace–facade 
junction

Soffit of loggia, 
junction with lintel

Ground slab, junction 
with foundation

Loggia rain-
water drip

Window junc-
tions, lintel, 
spandrel
panel, 
reveals

Floor
junction

Junction with 
surrounding
ground

Edge of 
terrace
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STRUCTURES Building performance, energy
Concepts

Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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Protective layer
Insulating layer
Loadbearing layer

Roof
Flat, pitched

Parapet
Rooftop terrace, 
roof garden

Projections and returns
Loggias, balconies, open 
walkways

Openings
Doors, windows

Floor–wall
External wall, 
internal partition

Plinth
“underground house”
“platform house”
“house raised on 
stilts”

Foundation
Pad, strip, raft

Edge of roof

Terrace–facade 
junction

Soffit of loggia, 
junction with lintel

Ground slab, junction 
with foundation

Loggia rain-
water drip

Window junc-
tions, lintel, 
spandrel
panel, 
reveals

Floor
junction

Junction with 
surrounding
ground

Edge of 
terrace



双层砌体 - 门窗（居中）
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Sturz

Rückhalte-
anker in
Chromstahl,
unter Brüstung

evt. Stossfugen
offen für
Hinterlüftung
und Ent- 
wässerung

Wetterschenkel

Sturz, z.B.
Stahlton
sichtbar

Masskoordination
der Innen- und 
Aussenschale
bei der Fenster-
öffnung

FugendichtungRollschicht aus
Backstein oder 
Klinker, nur 
wettergeschüzt 
zu empfehlen
(Problem: 
Fugendichtung)

Fugendichtung

Dämmschicht

Schutzschicht

Öffnung Sichtmauerwerk

Anschlag-
stein

evt. Anschluss-
leisten Fugendichtung

Innen

Aussen

Anschlag-
stein

evt. Anschluss-
leisten

Fugendichtung
Innen

Aussen

Wandaufbau 

Backsteinmauerwerk BS 29/14/6.5 140 mm
(Varianten: div. Sichtsteinmodule, präfabrizierte 
Betonsteine oder -elemente etc.)
Hinterlüftung mindestens 40 mm
Wärmedämmung (z.B. Steinwolle) 120 mm
Backsteinmauerwerk BS 25/15/14 150 mm

Total 450 mm

Aussenansicht Innenansicht

Vorlesung Übung Phänomene Grundlagen Bauteile
Öffnung
Sichtmauerwerk

Beispiele

ETH Zürich, Departement Architektur, Architektur + Konstruktion I/II, Prof. Andrea Deplazes
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STRUCTURES Building performance, energy
Concepts

Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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Protective layer
Insulating layer
Loadbearing layer

Roof
Flat, pitched

Parapet
Rooftop terrace, 
roof garden

Projections and returns
Loggias, balconies, open 
walkways

Openings
Doors, windows

Floor–wall
External wall, 
internal partition

Plinth
“underground house”
“platform house”
“house raised on 
stilts”

Foundation
Pad, strip, raft

Edge of roof

Terrace–facade 
junction

Soffit of loggia, 
junction with lintel

Ground slab, junction 
with foundation

Loggia rain-
water drip

Window junc-
tions, lintel, 
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panel, 
reveals

Floor
junction

Junction with 
surrounding
ground

Edge of 
terrace
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Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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Insulating layer
Loadbearing layer

Roof
Flat, pitched

Parapet
Rooftop terrace, 
roof garden

Projections and returns
Loggias, balconies, open 
walkways

Openings
Doors, windows

Floor–wall
External wall, 
internal partition

Plinth
“underground house”
“platform house”
“house raised on 
stilts”

Foundation
Pad, strip, raft

Edge of roof

Terrace–facade 
junction

Soffit of loggia, 
junction with lintel

Ground slab, junction 
with foundation

Loggia rain-
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reveals

Floor
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ground

Edge of 
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COMPONENTS Floor

461

Floor construction
- Floor covering, e.g. magnesite               10 mm
- Screed  60 mm
-  Separating layer (e.g. 1 mm  plastic sheet)
- Impact sound  insulation                20 mm
- Reinforced  concrete  topping                  130–180 mm
- Profiled metal sheeting
- Steel primary/secondary beams   

(e.g. HEA or HEB sections) varies 

Structure
-  1-way span
- Profiled metal sheeting,  reinforced  concrete  topping
- Relatively good  fire resistance
- Provides ducting for services
- Span in direction of profiling without supporting 

construction (primary/secondary beams): up to 6 m
- Structural depth: 13–22 cm; 

 concrete  topping: 8–20 cm

Features
- Little propping needed
- Reduces the work on site

Formwork
- No  formwork or main  reinforcement
- Low handling weight

Sound
- Good airborne and  impact sound  insulation
- Beware of flanking transmissions!

Composite slab,  profiled metal sheeting–concrete
1:20

HEA 140

HEA 240

Steel edge trim 
(as formwork)

Holorib® metal sheeting

Trapezoidal metal sheeting

Wall construction
External  cladding, with ventilated cavity
- Corrugated metal sheeting, galvanised varies
 Ventilated cavity (vertical sheeting)  >40 mm
- Thermal  insulation          50 mm
- Thermal  insulation in sheet steel trays   

(galvanised)  80 mm 

- Steel colums, steel beams varies

Fig. 7: (top) Soffit of  profiled metal sheeting; (bottom)  profiled metal sheeting 
with  concrete  topping

COMPONENTS Floor

465

HEA 140

Grout

HEA 240

Structure
-  1-way span
- Modularity (for standard  plate widths)
-  Prefabrication
- Services can be routed along steel beams
- Low weight
- Steel beams limit  fire resistance
- Spans of up to 6 m

Features
- Dry construction
- No  formwork and no propping
- Fast assembly 

Steel  floor
1:20

Wall construction
External  cladding, with ventilated cavity
- Corrugated metal sheeting, galvanised varies
- Ventilated cavity (vertical sheeting)  > 40 mm
- Thermal  insulation  50 mm
- Thermal  insulation in sheet steel trays 
 (galvanised)  80 mm
- Steel colums, steel beams  varies

Floor construction
- Floor covering, e.g. magnesite  10 mm
- Screed  60 mm
-  Separating layer (e.g. 1 mm  plastic sheet)
- Impact sound  insulation  20 mm
- Concrete 150–300 mm
- Steel primary/secondary beams
 (e.g. HEA or HEB sections) varies 

Fig. 12: Primary structure of (solid) rolled sections, secondary structure of 
(open) lattice beams

钢支模混凝土楼板 - 钢梁 - 钢柱 混凝土梁板 - 钢梁 - 钢柱
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STRUCTURES Building performance, energy
Concepts

Insulation concepts
Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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Insulating layer
Loadbearing layer

Roof
Flat, pitched

Parapet
Rooftop terrace, 
roof garden

Projections and returns
Loggias, balconies, open 
walkways

Openings
Doors, windows

Floor–wall
External wall, 
internal partition

Plinth
“underground house”
“platform house”
“house raised on 
stilts”

Foundation
Pad, strip, raft

Edge of roof

Terrace–facade 
junction

Soffit of loggia, 
junction with lintel

Ground slab, junction 
with foundation

Loggia rain-
water drip

Window junc-
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reveals
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Complementary systems – loadbearing layer inside

Fig. 14: Diagram of layers, loadbearing layer inside
The insulating layer continues uninterrupted as a “second leaf “. The circles designate the transitions where the different layers are joined 
together; these key details must be resolved in detailed drawings.

Diagram of principle  Construction detail

Fig. 16: Case study: double-leaf masonry, wall–floor junction
The protective layer is realised as a self-supporting masonry leaf, e.g. using clay or 
calcium silicate bricks, and partial tying back to the loadbearing layer is necessary 
owing to the instability of the non-loadbearing external leaf in the case of multistorey 
buildings. The use of double-leaf masonry results in the thickest wall construction.

Diagram of principle  Construction detail

Fig. 15: Case study: rendered external insulation, wall–floor junction
The protective layer consists of render applied to the insulation. This form of con-
struction results in a thin wall but the protective layer provides little defence against 
mechanical damage, which can lead to problems around the plinth in particular 
(damage to the insulation caused by feet, vehicles, etc.).

In this concept the loadbearing layer is exclusively on the 
“warm side”, completely enclosed by the layer of insu-
lation. The outermost layer serves, in the first place, to 
protect the insulation against mechanical damage and 
climatic effects and has no loadbearing function. Various 
materials may be used, from a thin layer of render to 
suspended stone slabs to facing brickwork or fair-face 
concrete. Accordingly, the thickness of the protective layer 
can vary considerably. Penetrations through the thermal 
insulation are confined to the fasteners for the insulating 
material and the external cladding or the ties attaching a 
self-supporting external leaf to the loadbearing layer. The 
ensuing thermal bridges are minimal.

Owing to the uninterrupted development of the insu-
lation layer and the minimal thermal bridges, the “load-
bearing layer inside” concept does not present any prob-
lems in terms of the building performance and is one of 
the most common facade arrangements. It is also fre-
quently used in the refurbishment of uninsulated or poorly 
insulated buildings.
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Protective layer
Insulating layer
Loadbearing layer

Roof
Flat, pitched

Parapet
Rooftop terrace, 
roof garden

Projections and returns
Loggias, balconies, open 
walkways

Openings
Doors, windows

Floor–wall
External wall, 
internal partition

Plinth
“underground house”
“platform house”
“house raised on 
stilts”

Foundation
Pad, strip, raft

Edge of roof

Terrace–facade 
junction

Soffit of loggia, 
junction with lintel

Ground slab, junction 
with foundation

Loggia rain-
water drip

Window junc-
tions, lintel, 
spandrel
panel, 
reveals

Floor
junction

Junction with 
surrounding
ground

Edge of 
terrace
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Reconstituted stone slabs, 
coloured green, sandblasted, 
fixed to concrete 
at discrete points with 
special anchors

Reconstituted stone coping, 
coloured green, sandblasted

Safety barrier of chromium-nickel steel, 
painted green with micaceous iron oxide paint, 
fixed to concrete via cantilever arm of solid steel

Sheet metal (chromium-nickel steel), 
painted green with micaceous iron 
oxide paint

Reconstituted stone coping, 
coloured green, sandblasted

 Flat  roof – warm deck
Plastics – external  cladding, heavyweight

Roof construction
- Concrete flags  50 mm
- Gravel  40 mm
- Synthetic roofing felt
- Thermal  insulation  100 mm
- Vapour barrier
- Screed laid to falls  20–80 mm
- Concrete slab  300 mm
- Plaster  5–10 mm
Total 515–580 mm

Wall construction
- Reconstituted stone slabs, coloured green, 
 sandblasted 120 mm
- Cavity (construction tolerance) 30 mm
- Thermal  insulation  100 mm
- Concrete wall  200 mm
- Plaster  10 mm
Total 460 mm

Fig. 7: Diener & Diener: Warteckhof mixed 
residential and commercial development, Basel 
(CH), 1996
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Plinth insulation: expanded polystyrene 
panel with water-repellent coating

Strap made from galvanised sheet steel, 
2.5 mm, L = 185 cm

Mortar levelling bed

Flashing, sheet aluminium, 
0.7 mm, white stove-enamelled

Sliding bearing

 Flat  roof – upside-down  roof
 Bitumen – external  insulation,  rendered

Roof construction
- Okoume battens 40 mm
- Okoume supporting battens 30 mm
- Fine chippings, bonded 40–90 mm
- Protective fleece
- Thermal  insulation, expanded  polystyrene 80 mm
- Calendered polymeric roofing, 2 layers
- Concrete slab laid to falls  120–170 mm
- Plaster  5–10 mm
Total 315–420 mm

Wall construction
- Render (depends on system)  5 mm
- External  insulation, extruded  polystyrene 120 mm
- Clay  masonry  150 mm
- Plaster  15 mm
Total 290 mm

Fig. 9: Oliver Schwarz architectural practice: 
Peter   apartment block, Rüschlikon (CH), 1997

上人平屋顶 - 外保温（女儿墙） 上人平屋顶 - 外保温（无女儿墙）
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 Pitched  roof –  cold deck
Roof tiles –  masonry in  brickwork bond

Roof construction
- Concrete interlocking tiles approx. 70 mm
- Tiling battens, 30 x 50 mm 30 mm
- Counter battens, 45 x 50 mm 45 mm
- Seamless secondary waterproofing/

covering layer on  roof  decking 22 mm
- Ventilated cavity 60 mm
- Thermal  insulation, rockwool 140 mm
- Thermal  insulation, rockwool 40 mm
- Vapour barrier
- Battens, 24 x 48 24 mm
- Lining ( plasterboard) 12.5 mm
Total approx. 440 mm

Wall construction
- Render 25 mm
- Masonry in  brickwork bond,

Optitherm 15 and 23 390 mm
- Plaster 15 mm
Total 430 mm

Ridge

Ridge capping

Vent

Ridge purlin

Ridge capping

Vent

Ridge purlin

Rafter

Clay masonry, B,
10 x 9 cm

Ventilation

Vent (with
insect screen)

Secondary waterproofing/
covering layer

Ventilated cavity

Wall plate

Separating layer, 10 mm

Facing bricks (BN 15)
for installing services

Ventilation

Vent (with
insect screen)

Secondary waterproofing/
covering layer

Ventilated cavity

Clay masonry, B,
10 x 9 cm

Rafter

Wall plate

Separating layer, 10 mm

Facing bricks (BN 15)
for installing services

Fig. 3: Gigon & Guyer:  House C (CH), 1994

Eaves

Sealing strip Secondary waterproofing/
covering layer

Vapour barrier Ventilated cavity Rafter

Verge overhang with
boarding to soffit

Verge

COMPONENTS Roof – Parapet
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 Pitched  roof –  cold deck
Sheet metal –  single-leaf  masonry

verzinktes Z- Blech
mit Unterzugblech verzinkt

Lüftungsgitter Chromstahl

Stehfalz

Leichte Überhöhung im Randbereich
aufgrund Schwindung Sparren.
Überhöhung ausgeglichen nach
Senkung um 2 cm innerhalb ca. 2 Jahren.

Standing seam

Minimal camber at edges owing 
to shrinkage of rafters. Camber
compensated for after settlement
of 2 cm within approx. 2 years.

Galvanised Z-profile
dovetailed with sheet
metal over joist

Chromium-steel
insect screen

Dichtungsband
und Kantenprofil

Spenglerblech

Fliegengitter

Unterkonstruktion in Holz

Sparren

Stehfalz

Dachraum kalt,
den Ort entlüfte

Mörtelbett 10 bis 20 mm

Deckenvormauerstein

Standing
seam

Rafter

Insect screen

Timber supporting 
construction

Flashing

Sealing strip 
and edge trim

Facing bricks
concealing edge
of slab

Mortar bed, 10 to 20 mm

Roof construction ( cold deck)
- Sheet  copper, in bays with standing seams 0.6 mm
-  Secondary waterproofing/covering layer, F3 film
- Roof  decking  27 mm
- Rafters, 100 x 160 mm  160 mm
Total 188 mm

Floor construction (insulated)
-  Chipboard  20 mm
- Insulation, rockwool  160 mm
- Concrete slab  240 mm
- Plaster  10 mm
Total 430 mm

Wall construction
- Render  25 mm
- Single-leaf  masonry, ThermoCellit  365 mm
- Plaster  15 mm
Total 405 mm

Eaves Ridge

Verge

Fig. 4: Morger & Degelo: Singeisenhof housing 
development, Riehen (CH), 2001

Roof void, unheated, 
ventiled via verge

斜屋顶 - 木屋架 外斜屋顶 - 外木屋架 - 内平天花 - 内混凝土平屋面 



整体解决方案

瑞士萨梅丹旅游管理学院

改造项目

2019 - 2021



Samedan, Engadin, Switzerland
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Auflage
Fensterbank

Spannseilhalter

10

Alublech Fugenprofil

11

Stossfuge

05

1.    Wärmedämmung Mineralwolle
2.    Perimeterdämmung
3.    Luftdichte Dampfbremse, Fensterband
4.    Windabdichtung, diffusionsoffen, wasserableitend
5.    Horizontalprofil Fassadenunterkonstruktion
6.    Vertikalprofil Fassadenunterkonstruktion
7.    Konsole Fassadenunterkonstruktion, wärmegedämmt, punktuell
8.    Aluminiumgussplatten
9.    Lasche auf Alugussplatten
10.  Befestigungswinkel, punktuell
11.  Alu-Blech, Farbe nach Wahl Architekt
12.  Aluminiumgussplatten als Fensterbank
13.  Rundkies
14.  Noppenmatte
15.  Folie Bauzeitsschutz

05

08
05

19
09

Alu-blech
Fugenprofil

10

BESTAND

NEU

Es wird davon ausgegangen, dass die Luft- und Wasserdichtigkeit
der Fassade (Fenster und Rohbau) gem. SIA 331 gegeben ist.
Im Zuge der Fassadensanierung wird die Wärmedämmung und
die Fassadenbekleidung ersetzt. (Hinterlüftete Fassade gem. SIA 232).

VertikalschnittHorizontalschnitt

Detail Stossfuge

水平窗
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Stahlwinkel
für Befestigung
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ZIP-Führungsschiene
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8

Schweissnaht

8 Sonnenschutz
ZIP System

z.B. Stobag VM720/3
6786x3000mm

Gefälle 2°

29 1 13

+9.975

41.    Wärmedämmung Mineralwolle
2.    Perimeterdämmung
3.    Luftdichte Dampfbremse, Fensterband
4.    Windabdichtung, diffusionsoffen, wasserableitend
5.    Horizontalprofil Fassadenunterkonstruktion
6.    Vertikalprofil Fassadenunterkonstruktion
7.    Konsole Fassadenunterkonstruktion, wärmegedämmt, punktuell
8.    Aluminiumgussplatten
9.    Lasche auf Alugussplatten
10.  Befestigungswinkel, punktuell
11.  Alu-Blech, Farbe nach Wahl Architekt
12.  Aluminiumgussplatten als Fensterbank
13.  Rundkies
14.  Noppenmatte
15.  Folie Bauzeitsschutz1
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15

25

Alublech Fugenprofil

Fensterbank Alublech

Alugussplatten
in 5° Gefälle

BESTAND

NEU

Es wird davon ausgegangen, dass die Luft- und Wasserdichtigkeit
der Fassade (Fenster und Rohbau) gem. SIA 331 gegeben ist.
Im Zuge der Fassadensanierung wird die Wärmedämmung und
die Fassadenbekleidung ersetzt. (Hinterlüftete Fassade gem. SIA 232).

1

VertikalschnittHorizontalschnitt

Detail Stossfuge

景观大窗
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1.    Wärmedämmung Mineralwolle
2.    Perimeterdämmung
3.    Luftdichte Dampfbremse, Fensterband
4.    Windabdichtung, diffusionsoffen, wasserableitend
5.    Horizontalprofil Fassadenunterkonstruktion
6.    Vertikalprofil Fassadenunterkonstruktion
7.    Konsole Fassadenunterkonstruktion, wärmegedämmt, punktuell
8.    Aluminiumgussplatten
9.    Lasche auf Alugussplatten
10.  Befestigungswinkel, punktuell
11.  Alu-Blech, Farbe nach Wahl Architekt
12.  Aluminiumgussplatten als Fensterbank
13.  Rundkies
14.  Noppenmatte
15.  Folie Bauzeitsschutz

BESTAND

NEU

Es wird davon ausgegangen, dass die Luft- und Wasserdichtigkeit
der Fassade (Fenster und Rohbau) gem. SIA 331 gegeben ist.
Im Zuge der Fassadensanierung wird die Wärmedämmung und
die Fassadenbekleidung ersetzt. (Hinterlüftete Fassade gem. SIA 232).
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石棉保温

XPS保温





Giuliani Hönger Architekten ETH BSA SIA 27.03.2020 gez: yl
Strukturverglasung B Detail 1:5
Fassadensanierung, Chesa Naira, Academia Engiadina, HFT Graubünden Ausschreibung

Fassadensanierung
Kanzleistrasse 57, 8004 Zürich Tel 043 243 41 00   Fax 043 243 41 01 info@giulianihoenger.ch   www.giulianihoenger.ch

Quadratscha 18, 7503 Samedan

DIN A3

Tel 081 851 06 11   Fax 081 851 06 46 hft@academia-engiadina.ch   www.hftgr.ch

Schweissnaht

Stossfuge

12

Alublech hinter
Gusseisen

Silikonfuge

2°
 G

efä
lle

1

1

8

Gefälle 2°
+2.975

29 1 13 1
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6mm12
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13 Stahlwinkel Terrain
Wiese

1.    Wärmedämmung Mineralwolle
2.    Perimeterdämmung
3.    Luftdichte Dampfbremse, Fensterband
4.    Windabdichtung, diffusionsoffen, wasserableitend
5.    Horizontalprofil Fassadenunterkonstruktion
6.    Vertikalprofil Fassadenunterkonstruktion
7.    Konsole Fassadenunterkonstruktion, wärmegedämmt, punktuell
8.    Aluminiumgussplatten
9.    Lasche auf Alugussplatten
10.  Befestigungswinkel, punktuell
11.  Alu-Blech, Farbe nach Wahl Architekt
12.  Aluminiumgussplatten als Fensterbank
13.  Rundkies
14.  Noppenmatte
15.  Folie Bauzeitsschutz

BESTAND

NEU

Es wird davon ausgegangen, dass die Luft- und Wasserdichtigkeit
der Fassade (Fenster und Rohbau) gem. SIA 331 gegeben ist.
Im Zuge der Fassadensanierung wird die Wärmedämmung und
die Fassadenbekleidung ersetzt. (Hinterlüftete Fassade gem. SIA 232).
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Detail Alublech Fugenprofil
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PBD-Bahn

1.    Wärmedämmung Mineralwolle
2.    Perimeterdämmung
3.    Luftdichte Dampfbremse, Fensterband
4.    Windabdichtung, diffusionsoffen, wasserableitend
5.    Horizontalprofil Fassadenunterkonstruktion
6.    Vertikalprofil Fassadenunterkonstruktion
7.    Konsole Fassadenunterkonstruktion, wärmegedämmt, punktuell
8.    Aluminiumgussplatten
9.    Lasche auf Alugussplatten
10.  Befestigungswinkel, punktuell
11.  Alu-Blech, Farbe nach Wahl Architekt
12.  Aluminiumgussplatten als Fensterbank
13.  Rundkies
14.  Noppenmatte
15.  Folie Bauzeitsschutz

BESTAND

NEU

Es wird davon ausgegangen, dass die Luft- und Wasserdichtigkeit
der Fassade (Fenster und Rohbau) gem. SIA 331 gegeben ist.
Im Zuge der Fassadensanierung wird die Wärmedämmung und
die Fassadenbekleidung ersetzt. (Hinterlüftete Fassade gem. SIA 232).
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弹性的气候边界

瑞士伯尔尼音乐学院

改造项目

2004 - 2010
2010 - 2018



Adresse

Bauherrschaft

Aufgabe
Verfahren

Bearbeitungszeit
Auszeichnungen

Fotogra�e

Team

Fabrikstrasse 6,
3012 Bern
Kanton Bern, Amt
für Grundstücke
und Gebäude AGG
Hörsaalgebäude
Wettbewerb 2004,
1. Preis
2004�2010
SIA Umsicht 2011
best architects
2011
Prix Acier 2011,
Anerkennung
Die Besten 2011,
Anerkennung
Prix Lignum 2012,
2. Rang Region
Mitte
Atu Prix 2012
Walter Mair, Karin
Gauch/Fabien
Schwartz Bild 3
Deana Canonica,
Lorenzo Giuliani,
Christian Hönger,
Bianca Hohl, Julia
Koch, Gabriele
Oesterle, Chiara
Pestoni, Caroline
Schönauer

Kontakt

Giuliani Hönger Architekten ETH BSA SIA
Kanzleistrasse 57, 8004 Zürich

+ 41 43 243 41 00
info@giulianihoenger.ch
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Historisches Bild: Bernhard Luginbühl,
Umberto di Felice vor «Silberschwan»,
Künstlerwerkplatz Industrie, Artemis
Verlag 1990

Referenzbild: Nathan Road Kowloon,
Hongkong





伯尔尼 音乐学院 

Bern Musikhaus

 2018



Musikhaus Kraftzentrale vonRoll-Areal, Bern, 2010�2018, Wettbewerb 1. Preis

Aussteifende Raum�gur
Die denkmalgeschützte Kraftzentrale trägt als Zeitzeuge zum Gleichgewicht
zwischen Alt und Neu auf dem vonRoll-Areal bei. Als neues Musikhaus erlaubt
das Saalfoyer eine ö�entliche Durchwegung im Zentrum des zukünftigen
Campus.

Zwischen bestehender Gebäudehülle und der neuen tragenden Raum�gur im
Inneren werden Musikräume als schalloptimierte Kammern ausgebildet. Durch
die Integration der Steigzonen rhythmisieren die Innenwände die Gangräume.

Vorgespannte, verschieden farbene Zementsteinwände leisten die
Erdbebenertüchtigung und erzeugen mit den hellen Fugen eine sinnliche
Atmosphäre. Innen wird diese durch neue Naturholzfenster verstärkt, während
die feingliedrigen, historischen Industrieverglasungen den industriellen
Charakter nach aussen bewahren.

Referenzbild: Carlo Scarpa, Museo di Castelvecchio Verona 1958�64, Foto: Riccardo
Bianchini
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das Saalfoyer eine ö�entliche Durchwegung im Zentrum des zukünftigen
Campus.

Zwischen bestehender Gebäudehülle und der neuen tragenden Raum�gur im
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Charakter nach aussen bewahren.

Referenzbild: Carlo Scarpa, Museo di Castelvecchio Verona 1958�64, Foto: Riccardo
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Musikhaus Kraftzentrale vonRoll-Areal, Bern, 2010�2018, Wettbewerb 1. Preis

Aussteifende Raum�gur
Die denkmalgeschützte Kraftzentrale trägt als Zeitzeuge zum Gleichgewicht
zwischen Alt und Neu auf dem vonRoll-Areal bei. Als neues Musikhaus erlaubt
das Saalfoyer eine ö�entliche Durchwegung im Zentrum des zukünftigen
Campus.

Zwischen bestehender Gebäudehülle und der neuen tragenden Raum�gur im
Inneren werden Musikräume als schalloptimierte Kammern ausgebildet. Durch
die Integration der Steigzonen rhythmisieren die Innenwände die Gangräume.

Vorgespannte, verschieden farbene Zementsteinwände leisten die
Erdbebenertüchtigung und erzeugen mit den hellen Fugen eine sinnliche
Atmosphäre. Innen wird diese durch neue Naturholzfenster verstärkt, während
die feingliedrigen, historischen Industrieverglasungen den industriellen
Charakter nach aussen bewahren.

Referenzbild: Carlo Scarpa, Museo di Castelvecchio Verona 1958�64, Foto: Riccardo
Bianchini



伯尔尼 音乐学院 

Bern Weichenbauhalle

 2010



Hörsaalgebäude Weichenbauhalle
vonRoll-Areal, Bern, 2004�2010,
Wettbewerb 1. Preis

Haus-im-Haus-
Prinzip
Die denkmalgeschützte
Weichenbauhalle trägt als Zeitzeuge
der Industrie zum Gleichgewicht
zwischen Alt und Neu auf dem
vonRoll-Areal bei. Als neues
Hörsaalzentrum erlaubt das
Hörsaalfoyer eine ö�entliche
Durchwegung im Zentrum des
zukünftigen Campus.

Zwei Körper mit sieben Hörsälen
und 1'500 Sitzplätzen werden nach
dem Prinzip Haus im Haus in die
Halle hineingestellt. Der
Zwischenraum zwischen integral
erhaltenen Aussenwänden und den
plastisch geformten Einbauten
bildet das Foyer mit Zwischenklima.
Ö�nungen in den Einbauten
ermöglichen Querblicke und
erzeugen ein Kaleidoskop von alter
und neuer Räumlichkeit.

Die neuen Dach- und
Wandkonstruktionen bestehen aus
vorgefertigten, hochwertig
gedämmten Holzelementen mit
akustisch wirksamen Verkleidungen
aus zementgebundenen
Holzwerksto�platten, welche den
industriellen Charakter
aufrechterhalten.



Historisches Bild: Bernhard Luginbühl,
Umberto di Felice vor «Silberschwan»,
Künstlerwerkplatz Industrie, Artemis
Verlag 1990

Referenzbild: Nathan Road Kowloon,
Hongkong



气候边界层（保温层）将「真实结构」与「建筑立

面」进行了物理分隔，建筑立面不再是建筑结构

的「忠实呈现」，而是内部结构的「映射」。建筑

设计和表达被多种因素影响和定义，是多义而模糊

的：

- 表达建筑结构

- 表达建筑功能

- 表达城市关系

- 建筑师认知的自我表达

- ...



Hans Kollhoff, 
Ministry of the Interior and Ministry of Justice
Hague, Netherlands


