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Experimental Study on Effect of Concrete Frame Ratio on Thermal
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Abstract: In response to the national “14th Five—Year Plan” to vigorously promote prefabricated construction
and enhance the energy efficiency of new buildings and to contribute to the achievement of the nation’s “dual
carbon” target, a prefabricated structural insulation integrated composite sandwich wall panel is proposed. To

achieve a fully dry connection for these wall panels, solid concrete frames are positioned around the perimeter of the
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panels as one of the connectors. The presence of concrete frames creates a significant thermal bridge, which largely
determines the thermal performance of the wall panel. Quantifying the effect of the frame ratio on the thermal
performance of the wall panel is of great guiding significance for its structural design optimization and practical
engineering application. Therefore, six sets of wall panel specimens with varying frame ratios were designed and
tested by calibrated hot box method in this study to quantitatively analyze the effect of the frame ratio on the thermal
performance of prefabricated wall panels. The experimental results reveal that the presence of concrete frames not
only postpones the time to reach a steady state in thermal transmission but significantly reduces the thermal
performance of the wall panel. When the frame ratio is 19.94%, 30.85%, 40.95%, 50.26%, and 61.43%, the
thermal resistance of the wall panel is reduced by 79.26%, 84.28%, 87.48%, 89.36%, and 91.10%, respectively.
To meet the current building energy—saving requirements, the frame ratio of the wall panel should be controlled
within 20% in practical engineering applications. Through a comparative analysis of various methods for calculating
wall panel thermal resistance with experimental results, it is recommended to use the zone method as the thermal
resistance calculation method for wall panels with concrete frames.

Key words: structural insulation integration wall panel ; prefabricated concrete composite sandwich wall panel ;

concrete frame ratio ; thermal performance ; hot box test
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Fig.9 Temperature distribution curves on the hot side surface of each specimen
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Fig.11 Temperature distribution of each measurement point along the thickness of the specimens
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Tab.3 Summary of thermal resistance for each specimen
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& 4095 2027 1116 11656 0.243

5 5026 1857 -1089 12677 0.210

6 6143 1744 984 14115 0.174
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Tab. 4 Thermal resistance for each specimen

considering frame ratio effect only

W LR mEm GRm__ AH
we  owm wErc e YW

1# 0.00 32.54 -17.80 21.97 2.068

2% 19.94 24.58 -13.49 80.18 0.429

3# 30.85 22.69 -12.22 96.61 0.325

4% 40.95 20.87 -11.69 113.24 0.259

5% 50.26 19.09 -11.07 123.47 0.220

6* 61.43 17.81 -10.29 137.85 0.184
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sandwich wall panel using thermal code method
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Tab.5 Summary of thermal resistance calculation results for specimens (considering solid concrete frames only )

S~ FATIRIE TR AR X3 BTk

T\ vz

RS DHEZR/% i ; Y . Y - THRAE/ - AN -

(m*-K-W™) 5 TR 221% R R221% 5 R % 5 R22/%
(m*K-W1) (m*K-W) (m*K-W) (m**K-W™)

1* 0.00 2.068 2.077 0.44 2.077 0.44 2.077 0.44 2.077 0.44
2# 19.94 0.429 0.450 4.90 0.226 -47.32 0.440 2.56 0.502 17.02
3* 30.85 0.325 0.315 -3.08 0.176 -45.85 0.339 4.31 0.263 -19.08
4% 40.95 0.259 0.247 -4.63 0.152 -41.31 0.275 6.18 0.285 10.04
5% 50.26 0.220 0.206 -6.36 0.139 -36.82 0.230 4.55 0.235 6.82
6" 61.43 0.184 0.171 -7.07 0.128 -30.43 0.188 2.17 0.192 4.35
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