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This research project focuses on one of the MMCs in situ, namely the Insulated Concrete
Formwork (ICF). The ICF wall system has several advantages; it shows increased construction
speed, significant structural strength and durability, better noise reduction and others. In terms of its
thermal performance, ICF can provide complete external and internal wall insulation, minimizing
thermal bridges, providing very low U-values and a high level of tightness when properly installed
(Rajagopalan et al., 2009).

The ICF wall component consists of modular prefabricated polystyrene foam (EPS) hollow
blocks and in-situ concrete. The blocks are assembled on site and the concrete is poured into the
void. Once the concrete has hardened, the insulating formwork remains in place forever. The
resulting structure structurally resembles a conventional reinforced concrete wall. Concrete is a high
density material and is therefore considered to have a high thermal mass [1]. Thermal mass fabric
can be used as a passive design strategy to reduce energy consumption in space conditioning [2].
The fundamental benefit of thermal mass lies in its ability to trap indoor, stray and solar heat,
helping to mitigate indoor temperature fluctuations and postponing peak load times [3, 4].

It is generally accepted that the global climate is changing and this will inevitably affect the
entire built environment. As various governments join forces to reduce greenhouse gas emissions,
building codes are becoming more and more stringent, with particular emphasis on improving the
performance of the building fabric (reduced infiltration, better insulation and optimal use of solar
energy). Research has shown that ultra-tight and highly insulated structures are at risk of
overheating [5].

The ICF is often thought of as simply an insulating panel that acts thermally as a lightweight
structure. There is an opinion that the inner layer of insulation isolates the thermal mass of concrete
from the internal space and prevents thermal interaction. Although there is evidence to support the
thermal storage capacity of ICF [6, 7] compared to lightweight wood frame panels with the same
level of insulation, there is still a gap in understanding when trying to quantify the effect of its
thermal mass[5].

The main research problem is despite previous research done on the MCF, there remains a
knowledge gap about its actual thermal performance. In addition, a generally low level of
understanding on how to quantify the effect of its thermal mass and a lack of evidence to support
the accuracy of ICF modeling predictions[5].

The aim of the study is to analyze the thermal performance of the ICF construction method,
developing an understanding of the thermal behavior of the ICF and its response to dynamic heat
transfer inertia of the concrete core of the material.

A single-zone building (Figure 1) was selected as a simplified case based on the one specified
in the BESTEST methodology [8]. The rationale was to minimise building complexity and thus
decrease the number of variables related to geometry and zoning in the input data. At the outset, all
simulation models were validated using the BESTEST case 600 for low thermal mass and case 900
for high thermal mass [8].
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Figure 1 - The geometry of the BESTEST building [5]

Three construction methods were simulated (Figure 2):
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Figure 2 - Cross-section of the three wall construction methods [5]

The ICF option was based on real building construction details and was used as a reference to
specify U-Values for all other construction elements. In this way U-values were consistent for all
three building models. Hence, the main difference between the three construction methods was in
the amount of thermal mass in the fabric. The simulation settings were identical in all three
scenarios; each model had the same building footprint, windows, HVAC system, internal gains and
infiltration rates (Table 1) [5].

Building Model Details
Internal Treated Floor Area 6m x 8m = 48m?
Orientation Principal axis running east west direction
Windows Two double glazed windows, 2m x 3m each, on south fagade,
U-Value = 3.00 W/m’K, g-Value = 0. 747
U-Values (W/m’K) Walls = 0.10
Floor = 0.10
Ceiling =0.11
HVAC system Ideal loads
HVAC Set points 20°C Heating/ 27°C Cooling
HVAC Schedule 24h (Continuously on)
Internal Gains 200W (other equipment)
Infiltration 0.5ACH (Constant)

Table 1 — Input data used for the building model [5]

Relative differences between the maximum and minimum values provided by the nine BPS
tools for annual energy consumption and system peak loads when simulating the same ICF building
(Figure 3).
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Figure 2 - Divergence in the simulation results provided by the nine BPS tools for the same
single-zone ICF building for the: a) annual heating energy consumption, b) peak heating loads, c)
annual cooling energy consumption, d) peak cooling loads [5].

Relative differences between the maximum and the minimum estimates energy consumption
for all three construction methods (Table 2).

Energy use ICF Low High Mass

WESS
Heating
Heating
Cooling
Cooling

Table 2 — Relative differences between the maximum and minimum estimated energy
consumption in [%]

A preliminary comparative analysis of the thermal performance of ICF, LTM and HTM
buildings was carried out. The results showed that in this particular case, the former behaves closer
to the HTM building. It is difficult to draw firm conclusions about the actual thermal performance
of any of the three construction methods in such a simplified simulation scenario. A more realistic
scenario of a representative building case study would increase the reliability of this result. The
results obtained with nine BPS instruments showed a wide range of ICF energy reduction/increase
variations compared to the LTM and HTM cases[5].
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[IpombliieHHast apXUTEKTypa — 3T0 cdepa IesaTeabHOCTH, Oa3upyromascs Ha CBA3M HAayKH,
TEeXHUKU U HcKyccTBa. OHa Kak KaTalau3aTtop, OTpa)kaeT ypOBEHb pa3BUTHs oOliecTBa, o0pa3 ero
KHU3HU (KacaeMo KakK IMPOU3BOJICTBA, TAK U KYJIbTYPHOU COCTABIISIOLIEH ).

B Hactosmee Bpems cHenMaiMcTaMH IIUPOKO OOCY)XJaeTcs Ha pa3iMuHBIX YPOBHSX
HEOOXOMMOCTh  Pa3BUTHUSI MPOMBILUIEHHBIX TEPPUTOPUN, MOTEPSABUIMX AKTYalIbHOCTh U
HSKOHOMHMYECKYIO  II€J1€COO0pa3HOCTh B CBA3M C TEXHOJOIMUYECKOW JeaKTyalnu3anued u
HECIIOCOOHOCTBIO EPEUTH HA HOBBIM 3Tal pa3BUTHSL.

o cTenenu coxpaHeHUs: TPOU3BOJICTBEHHOM (DYHKIIMM pa3innyaroT aanTaluio:

® C [IOJIHBIM COXpPaHEHUEM MPOU3BOACTBEHHON (PYHKIINH;

® C YaCTUYHBIM COXPAaHEHHEM IPOU3BOJICTBEHHOHN (DyHKIIMH;

® C JTUKBUJIALIUEH MPOU3BOICTBEHHON (PYHKIINH.

B MHpOBOIl NpakTHKE NPOCIEKUBAECTCS HECKOJIBKO AKTYaIbHBIX TEHACHLUMH, KacarOIIHUXCS
peopraHu3alii  OPOMBIIUICHHBIX  3[JaHUM € TOJHBIM WM  YacTMYHBIM  COXpaHEHHUEM
MIPOU3BOICTBEHHOMN (DYHKITNH:

® [[peBpallleHue NPeIpUITUN B KOHTJIOMepaT HayKU U IPOU3BOJICTBA (TEXHOMApK);

®* coueTaHue GYHKIMN )KUIIbsI, TPOU3BOJICTBA U HAYKH (TEXHOIOJIHC);

® 00bEIMHEHUE TPOU3BOJICTBEHHBIX MPEANPHUATHI C HAyYHO-HCCIEA0BATEIbCKUMHU LIEHTPaMH
¥ TOOOYHBIMH OM3HEC KOMIIAaHUSMU. BKITIOUeHrne KOMITIeKca B TOPOJICKYIO TKaHb (MHHOBAI[MOHHBIE
rOpOACKHE KIacTepbl, OM3HEC-TIapK);
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