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Abstract. Promoting energy conservation for buildings towards a state of ultra-
low energy consumption and near-zero energy consumption has evolved into a
top priority in the process of achieving the goal of “carbon dioxide peaking and
carbon neutrality” in the building field. Conceptually, the goal of near-zero en-
ergy consumption building is defined as reducing the building energy consump-
tion by 60% to 75% based on the current energy-saving design standards for
public buildings. In this regard, this paper relies on the implementation and
construction process of a project of the Beijing Municipal Administrative Cen-
ter to conduct systematic research on the construction technology of key nodes
of zero-energy and zero-carbon buildings. After implementing the technical
plan, experimental testing and calculation were conducted on the heat transfer
coefficient of the building envelope structure. Through effectiveness evaluation,
the building achieved a good ultra-low energy consumption effect, laying a
good foundation for achieving zero energy consumption and zero carbon build-
ings.

Keywords: Zero Energy Consumption; Zero Carbon; Thermal Bridge Blocking
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1 Introduction

China is the country with the largest number of existing buildings and annual new
construction in the world. According to the "China Building Energy Consumption and
Carbon Emissions Research Report (2021)", the total carbon emissions from the en-
tire construction process in 2019 accounted for approximately 50.6% of the total car-
bon emissions in the country. Building carbon emissions are mainly concentrated in
five links: building material production, transportation, construction, operation, and
demolition[1]. Among them, the operation stage accounts for the highest proportion.
Therefore, optimizing key nodes to reduce the energy consumption of the building
itself is crucial for the green development of the construction industry[2].

The guidance documents concerning energy conservation for buildings have been
issued intensively in numerous places in China since this year. In this context, vigor-
ously advancing energy conservation for buildings has been accepted as the main
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content of the “14th Five-Year Plan” of various provinces and cities[3]. Likewise,
promoting energy conservation for buildings towards a state of ultra-low energy con-
sumption and near-zero energy consumption has evolved into a top priority in the
process of achieving the goal of “carbon dioxide peaking and carbon neutrality” in the
building field[4]. As mentioned above, the goal of near-zero energy consumption
building refers to reducing the building energy consumption by 60% to 75% based on
the current energy-saving design standards for public buildings. As a whole, this pa-
per relies on the implementation and construction process of a project of the Beijing
Municipal Administrative Center to conduct systematic research on the construction
technology of key nodes of zero-energy and zero-carbon buildings[5]. The project is
located in the Beijing Municipal Administrative Center, among which 2# Office Sup-
porting Building(Fig. 1) is relatively independent and mainly undertakes the function
of an exhibition hall. The project involved in this research, in a broad sense, is not
only a direct embodiment of the green development vision advocated by General
Secretary during the construction initiated by the Beijing Municipal Administrative
Center, but also is of great reference, demonstration, and guiding significance for
increasing the utilization of renewable energy and fully implementing zero-energy
and zero-carbon building technology in the whole city[6].

Fig. 1. Effect Diagram of Project 2# Oftice Supporting Building
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2 Research on Construction Technology for Key Nodes of Zero-
energy and Zero-carbon Buildings

2.1  Construction Technology of Roofing Vapor Barrier, Insulation Layer, and
Waterproof Layer

The roofing vapor barrier, insulation layer, and waterproof layer of this project adopt
a “sandwich-shaped structure”, which consists of hot-melt polyester base (type II)
SBS modified asphalt waterproof membranes with a thickness of 4 mm, self-adhesive
glass-fiber reinforced base modified asphalt waterproof membranes with a thickness
of 3 mm, staggered assembling of double-layer graphite polystyrene boards with a
thickness of 250 mm (Fig. 2), and self-adhesive acid and alkali-resistant aluminum
foil glass fiber tire vapor-insulation membranes (Fig. 3) with a thickness of 1.2 mm
from top to bottom[7]. Dry construction is completely realized by the closed-loop
wrapping of the insulation layer formed by the roofing waterproofing membrane and
the vapor-insulation membrane. Simply put, this technology not only effectively
avoids the phenomenon that multi-layer insulation materials are difficult to eliminate
due to water inflow but also avoids a series of hidden dangers, such as weakening of
roofing insulation effect, bulging or freeze-thaw damage as well as chemical corro-
sion of waterproof layer[8].

The vapor barrier at the bottom of the ultra-thick insulation layer aims to prevent
indoor water vapor from entering the insulation layer through upward movement,
which may further cause various quality hidden dangers such as the failure of insula-
tion layer performance as well as the bulging and destruction of the waterproof layer.
Therefore, the self-adhesive acid and al-kali-resistant aluminum foil glass fiber tire
vapor-insulation membranes with a thickness of 1.2 mm are used to construct the
vapor barrier. In addition, it is necessary to make the vapor barrier form a fully-
enclosed structural layer on the roof, which turns over to the top of the parapet along
the surrounding parapet. Meanwhile, the subsequent construction of the waterproof
layer is required to form an integral wrapping of the intermediate insulation layer
jointly with the vapor barrier to prevent air leakage and water seepage[9].

The insulation board between the upper and lower layers is effectively bonded with
polyurethane foam adhesive. During construction, the adhesive is directly applied to
the insulation board, which is then quickly pressed on the base or bottom insulation
board. In this regard, coiled waterproof membranes or other temporary heavy objects
can be evenly pressed on the newly-bonded insulation board for at least 15 minutes to
prevent the insulation board from shifting and falling off under the action of roofing
wind load[10]. People are not allowed to walk on the surface of the insulation board
until 2 hours after the bonding is completed.

In addition, the isolation membrane of self-adhesive waterproof membranes (Fig.
4) should be torn off evenly from one end of them during construction. While tearing
off the isolation membrane, it is necessary to roll membranes slowly forward to ex-
haust the air inside and make them tightly bonded together. The bottom membrane
shall be rolled up on the parapet to achieve bonding and sealing with the vapor-
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insulation membrane, thus ensuring the complete encapsulation of the flat insulation
layer of the roof.

Upon the completion of the paving and acceptance of the bottom self-adhesive wa-
terproofing membrane, the construction of the waterproofing membrane for the upper
surface layer shall be started. The waterproofing membrane of the upper surface layer
is rolled up to the top of the parapet to complete the closure with the vapor-insulation
membrane. By completely wrapping the insulation layer on the side of the parapet, it
can realize the complete drying and sealing of the system of the whole roof, encom-
passing the vapor barrier, insulation layer, and waterproof layer.

Fig. 2. Paving Diagram of the Staggered Assembling of Graphite Polystyrene Board

V

Fig. 3. Paving Diagram of the Vapor-insulation Membrane
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Fig. 4. Paving Diagram of the Waterproof Membrane

2.2 Air-tightness Construction Technology of Peripheral Protection Structure

The air-tight layer typically refers to a continuous and seamless envelope that is locat-
ed inside the outer envelope and made of air-tight material and can prevent gas leak-
age. Likewise, air tightness is usually defined as the ability of a building to prevent air
leakage in the closed state. Air tightness is directly related to the indoor heat loss
caused by cold air or hot air infiltration, namely, indoor energy loss. The higher the
air tightness, the smaller the heat loss. In other words, the quality of air-tightness con-
struction for the peripheral protection structure of buildings directly affects the ener-
gy-saving insulation and overall energy-saving effect of buildings. In particular, some
buildings that emphasize the comfort of human settlements put forward more strin-
gent requirements for air tightness. In this connection, the adoption of steel structures
in these buildings generally leads to unsatisfactory air tightness. The reason is that the
steel structure showcases assembly-type characteristics and has more gaps between
components. Therefore, the expected air tightness effect is not easy to achieve.

Fig. 5. Construction Drawing of Bonded Waterproof and Vapor-insulation Membranes
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Galvanized angle steel is welded at the fixed position of the main steel beam based
on the setting out of the main steel structure. Furthermore, self-tapping self-drilling
screws are used to fix cement pressure plates and galvanized steel sheets on galva-
nized angle steel respectively. The waterproof and vapor-insulation membranes
should be aligned with the gap between the cement pressure plate as well as the gap
between the cement pressure plate and the galvanized steel plate for bonding respec-
tively. In addition, air-tightness treatment should be conducted for all easily identifia-
ble gaps. More precisely, waterproof and vapor-insulation membranes (Fig. 5) should
be bonded at the gap to form a barrier to ensure air tightness, which is beneficial to
keep the air-tight layer continuous and penetrating to ensure the overall air tightness
and prevent the air leakage of the building's peripheral protection structure, thus sig-
nificantly improving the energy-saving efficiency of the building by reducing the heat
loss and energy consumption of the building[11].

2.3  Construction Technology of Thermal Bridge Blocking up through Curtain
Wall Connector

Regarding the external wall with metal curtain wall and steel structure frame, the
direct fixation of curtain wall keel on steel column and steel beam will inevitably
form a thermal bridge pas-sage composed of keel, connector, rear-positioned ground
plate, steel column, and steel beam (secondary structure), which will lead to a higher
thermal rate than similar concrete structures and seriously affect the indoor thermal
insulation effect. Hence, the technology of thermal bridge blocking up, as a key tech-
nology suitable for ultra-low energy consumption buildings, is particularly important
in terms of steel structure buildings[12].

Traditional curtain wall connectors are welded by embedded steel plates and square
steel, and the same method is used for primary and secondary keels and connectors.
As a result, the low thermal resistance of steel leads to the high thermal conductivity
of connectors, which greatly affects the energy-saving effect of buildings. Nowadays,
it is composed of adapters, stainless steel bolts, moisture-proof and heat-insulating
gaskets (Fig. 6), and keel bolting. By effectively adding heat-insulating gaskets to cut
off the transmission path of the thermal bridge from the keel, connector, and rear-
positioned ground plate to the steel column and steel beam (secondary structure), a
very good effect of reducing energy loss can thus be realized. The thermal resistance
of the integral curtain wall connector is further improved by upgrading and reforming
the connector and increasing the application of the treatment technology concerning
thermal bridge blocking up for 10mm polyurethane moisture-proof and heat-
insulating gaskets with high thermal resistance. Meanwhile, by changing the “surface-
based” connection mode of connectors into a “point-based” connection mode (i.e.,
changing welding to hinge) and increasing heat-insulating gaskets to reduce the cross-
sectional area of thermal transmission, the maxi-mum blocking up of thermal bridge
is ultimately realized.
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Fig. 6. Construction Drawing of Moisture-proof and Heat-insulating Gaskets

Except that the curtain wall connector and keel are fixed in the form of bolting, ny-
lon gaskets with high thermal resistance are added to reduce the cross-sectional area
of thermal trans-mission at the conversion connection and block the thermal bridge to
the maximum extent, thereby reducing the thermal transmission of the curtain wall
system. On the whole, the above construction technology is beneficial to greatly re-
duce the building energy consumption com-pared with the energy-saving design
standard of public buildings, thus actively promoting environmental protection, ener-
gy conservation, and emission reduction, and reducing the energy loss of buildings.
From a long-term perspective, the above construction technology is helpful to reduce
carbon emissions, and more importantly, to achieve good environmental benefits.

2.4  Construction Technology of Air-tightness Treatment for
Electromechanical Pipelines

To fulfill the air-tightness requirements of the project, great attention must be paid to
the treat-ment of external walls, windows, roofs, and pipeline parts through the wall
during the con-struction stage. To this end, special component connection and sealing
materials should be adopted to implement the treatment concerning thermal bridge
blocking up, thereby reducing the loss of energy transmission. In the meantime, the
energy-saving goal of ultra-low energy-consumption buildings can only be achieved
by reducing the damage to air tightness caused by pipeline parts through the wall and
reducing the leakage points of air tightness to form a good air tightness whole.

After installing the pipeline according to the design requirements of the drawings,
the air-tight adhesive tape should be used to bond the gaps. Meanwhile, the special
thermal-insulation rock wool for the pipeline should be stuffed to realize the thermal
bridge blocking up. In addi-tion, it is necessary to make another plastering air-tight
layer on the outside of rock wool and the wall surface, with alkali-resistant glass fiber
mesh attached to it to achieve crack resistance. In the case that the pipeline is round,
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the air-tight adhesive tape should be cut into small pieces for bonding. Each section of
air-tight adhesive tape should be bonded to the pipeline and com-pacted first, then
bonded to the wall and compacted, leaving no gap at the corner. On the other hand, In
the case that the pipeline is rectangular, the air-tight adhesive tape should be wrapped
around the pipeline, and the four corners of the pipeline should be overlapped with the
air-tight adhesive tape.

3 Calculation of heat transfer coefficient of envelope structure

Through the implementation of the above key node construction technical scheme, the
heat transfer coefficient of the building envelope has been greatly improved. Through
experimental detection and theoretical calculation, the heat transfer coefficient of each
part of the envelope is as follows:

3.1 Enclosure Structure 1-External Wall (Table 1)

Inner surface heat transfer coefficient a n [w/(MK)]: 8.7
External surface heat transfer coefficient a w [w/(MK)]: 23
Thermal resistance of enclosed air interlayer rk [MK/w]: 0

Table 1. Test and test parameters of various envelope materials involved in external walls.

Thickness Correction Thermal resistance
Material AMW/(mK
aterial name S[mm] [W/mK)] factoron R =8/(oax)) [m*K/W]
fi
Cement fiber 24 0.930 1.00 0.026
pressure plate
Rock 1
Ock Woo 80 0.040 1.10 1.818
board
Cement fiber 24 0.930 1.00 0.026
pressure plate
Rock wool 130 0.040 1.10 2.955
board
Total 258 -- -- 4.824

Heat-transfer coefficient K=1/(1/0n+Y R+Ri+1/aty) =0.201 [W/(m?K)]

3.2  Enclosure Structure 2- External wall (underground) (Table 2)

Inner surface heat transfer coefficient a n [w/(MK)]: 8.7
External surface heat transfer coefficient a w [w/(MK)]:12
Thermal resistance of enclosed air interlayer rk [MK/w]: 0
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Table 2. Test and test parameters of various envelope materials involved in external walls

(underground).
Thickness Correction Thermal resistance
Material A[W/(mK
atenal name S[mm] [W/(mK)] factoron, R =58/(cuxA) [m?K/W]
Relnforc.ed concrete 200 1.740 1.00 0.115
exterior wall
3mm waterproof 3 0.170 1.00 0.018
membrane
4mm waterproof 4 0.170 1.00 0.024
membrane
Extruded polysty- 150 0.030 1.15 4.348
rene Board
Additional water- 3 0.170 1.00 0.018
proof layer
Br1ck. wall protec- 100 1.280 1.00 0.078
tive layer
Total 460 - - 4.600

Heat-transfer coefficient K=1/(1/0n+) R+Ri+1/01y)=0.208 [W/(m?K)]

3.3  Enclosure Structure 3- Roof covering (Table 3)

Inner surface heat transfer coefficient a n [w/(MK)]: 8.7
External surface heat transfer coefficient a w [w/(MK)]:23
Thermal resistance of enclosed air interlayer rk [MK/w]: 0

Table 3. Test and test parameters of various envelope materials involved in roof covering.

. Thickness Correction Thermal resistance
Material name AMW/(mK)]
S[mm] factoray, R =8/(0pxA) [m*K/W]
Reinforced concrete roof slab 120 1.740 1.00 0.069
Fine aggregate concrete slopin
geree ping 50 1.280 1.00 0.039
layer
Waterproof and vapor proof
P porp 1 0.170 1.00 0.007
membrane
High capacity and heavy
weight graphite polystyrene 250.0 0.033 1.05 7.215
board
Bottom waterproof membrane 3 0.170 1.00 0.018
Surface waterproof membrane 4 0.170 1.00 0.024
Fine aggregate concrete protec-
g8 g‘ P 50 1.280 1.00 0.039
tive layer
Total 478 - - 7.410

Heat-transfer coefficient K=1/(1/0n+) R+Ri+1/01y)=0.132 [W/(m?K)]
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3.4  Enclosure Structure 4- Unheated basement roof (Table 4)

Inner surface heat transfer coefficient a n [w/(MK)]: 8.7
External surface heat transfer coefficient a w [w/(MK)]:12
Thermal resistance of enclosed air interlayer rk [MK/w]: 0

Table 4. Test and test parameters of various envelope materials involved in unheated basement

roof.
Thickness Correction Thermal resistance
Material A K
aterial name §[mm] WL ctore, R =5/(0ux) [mPK/W]
Cement mortar 15 0.930 1.00 0.016
plastering layer
Reinforced con- 120 1.740 1.00 0.069
crete roof slab
Cement mortar 20 0.930 1.00 0.022
leveling layer
Rock wool board 200 0.040 1.10 4.545
Cement mortar 15.0 0.930 1.00 0.016

plastering layer
Total 370 -- -- 4.668
Heat-transfer coefficient K=1/(1/0x+Y R+Ri+1/0)=0.205 [W/(m?*K)]

4 Conclusion

This article combines the construction and implementation process of a certain project
in the Beijing Municipal Administrative Center, and through research on the construc-
tion technology of key nodes in the building, summarizes and forms mature and oper-
able technical solutions such as construction technologies of the roofing vapor barrier,
insulation layer, and waterproof layer, air tightness of peripheral protection structure,
thermal bridge blocking up through curtain wall connector, and air-tightness treatment
for electromechanical pipelines. After the implementation of the technical plan, the
heat transfer coefficients of the building's various parts of the enclosure structure were
tested and tested, effectively verifying that the technical plan proposed in this study
can effectively improve the heat transfer coefficient of the building's enclosure struc-
ture, reduce local energy consumption to a certain extent, improve the overall energy-
saving effect of the building, and is of great significance for achieving zero energy
consumption and zero carbon in the building. At the same time, it has accumulated
rich experience and provided reference for the construction of similar projects in the
future, which has good economic and social economic benefits and is worthy of wide-
spread use and promotion.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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