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HYGROTHERMAL BEHAVIOUR OF A HEMP CONCRETE WALL: 
EXPERIMENTAL AND NUMERICAL APPROACH 
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$%675$&7�
$OWHUQDWLYH� SURGXFWV� VXFK� DV� JUHHQ� PDWHULDOV� DUH�
HLWKHU�EDFN�RU�QHZO\�LPSOHPHQWHG�LQ�WKH�FRQVWUXFWLRQ�
ILHOG�� 7KH� ORZ� HQYLURQPHQWDO� LPSDFW� RI� KHPS�
FRQFUHWH� DQG� LWV� WKHUPR�K\GULF� EHKDYLRXU� VKRZ� WKH�
SRVVLELOLWLHV�RI�KHDOWKLHU�FRQVWUXFWLRQ�DQG�OHW�REWDLQ�D�
EHWWHU� FRPIRUW� RI� XVHUV�� ,Q� FRQWUDVW� ZLWK� XVXDO�
FRQFUHWH�� WKH� KHPS� FRQFUHWH� KDV� KXJH� K\JURVFRSLF�
EXIIHU�FDSDFLW\���
7KH�DLP�RI� WKLV�ZRUN� LV�WR�VWXG\�WKH�KHPSFUHWH�ZLWK�
SURPSW� QDWXUDO� FHPHQW�� ZKLFK� LV� D� FRQFUHWH� EORFN�
PDGH�RI�D�PL[WXUH�RI�KHPS�VKLYV�DQG�³3URPSW�QDWXUDO�
FHPHQW´�� )RU� WKDW�� LWV� EHKDYLRXU� LQ� HQHUJ\�
FRQVXPSWLRQ�DQG�FRPIRUW�DW�D�ZDOO�DQG�EXLOGLQJ�VL]H�
OHYHO� DUH� DQDO\VHG� WKDQNV� WR� VLPXODWLRQ� DQG�
H[SHULPHQWDO�PHDVXUHPHQWV��ZKLFK�DUH�FRQGXFWHG� LQ�
SDUDOOHO��
([SHULPHQWDO�WHVWV�KDYH�EHHQ�UXQ�DW�ZDOO�VFDOH�LQ�WZR�
3$66<6� WHVW� IDFLOLWLHV�� 7HVW� ZDOOV� DUH� VXEMHFW� WR�
ZHDWKHU� VROLFLWDWLRQV� RXWVLGH� DQG� K\GURWKHUPDO�
UHJXODWLRQ�LQVLGH��)RU�QXPHULFDO�VWXG\��D��'�FRXSOHG�
KHDW� DQG� PRLVWXUH� WUDQVSRUW� PRGHO� LV� GHILQHG��
1XPHULFDO�DQDO\VLV�JLYHV�UHVXOWV�LQ�WKH�VDPH�WUHQGV�DV�
H[SHULPHQWDO�GDWD��

,1752'8&7,21�
+LJK� HQYLURQPHQWDO� TXDOLW\� EXLOGLQJV� DUH� QRZDGD\V�
UHTXLUHG�DQG�VRPH�DOWHUQDWLYH�SURGXFWV�VXFK�DV�JUHHQ�
PDWHULDOV� DUH� HLWKHU� EDFN� RU� QHZO\� LPSOHPHQWHG� LQ�
WKH� FRQVWUXFWLRQ� ILHOG�� 6LQFH� ������ KHPS� FRQFUHWH�
FDPH�EDFN�RQ�WKH�FRQVWUXFWLRQ�DUHD�LQ�)UDQFH��,WV�ORZ�
HQYLURQPHQWDO� LPSDFW� DQG� LWV� WKHUPR�K\GULF�
SURSHUWLHV� VWLOO� PRVWO\� XQNQRZQ� VKRZ� WKH�
SRVVLELOLWLHV�RI�KHDOWKLHU�FRQVWUXFWLRQ�DQG�OHW�REWDLQ�D�
EHWWHU� FRPIRUW� RI� XVHUV�� ,Q� FRQWUDVW� ZLWK� XVXDO�
FRQFUHWH�� WKH� KHPS� FRQFUHWH� KDV� KXJH� K\JURVFRSLF�
EXIIHU� FDSDFLW\� DQG� KHPS� JLYHV� WR� LW� D� SRURXV�
VWUXFWXUH� PRUH� FRPSOHWH� ZLWK� VHYHUDO� SRUH� VL]HV��
ZKLFK� LQFUHDVH� WKH� K\GURWKHUPDO� H[FKDQJH� ZLWK�
EXLOGLQJ� LQVLGH�� 0RVW� RI� WKH� WLPH�� KHPS� FRQFUHWH�
�KHPSFUHWH�� LV� D�PL[WXUH� RI� OLPH� DQG� VKLY�� WKH� QRQ�
ILEHUHG�SDUW�RI�KHPS�� ,Q� WKLV�ZRUN��D�SURPSW�QDWXUDO�
FHPHQW�ELQGHU�LV�XVHG��
7KH�DLP�RI� WKLV�ZRUN� LV� WR�XQGHUVWDQG� WKH�EHKDYLRXU�
RI�WKH�KHPSFUHWH�LQ�HQHUJ\�FRQVXPSWLRQ�DQG�FRPIRUW�
DW�D�FRQVWUXFWLRQ�VL]H�OHYHO��)RU�WKLV��ERWK�VLPXODWLRQ�

DQG� H[SHULPHQWDO� PHDVXUHPHQWV� DUH� GRQH�
VLPXOWDQHRXVO\��7KH�SDSHU� LV�GLYLGHG�LQWR� IRXU�SDUWV��
)LUVW�� D� VWDWH� RI� WKH� DUW� ZLOO� EH� JLYHQ�� DQG� WKHQ� WZR�
SDUWV� ZLOO� GLVFXVV� WKH� H[SHULPHQWDO� VHWXS� DQG� WKH�
QXPHULFDO� VWXG\�� $� FRPSDULVRQ� EHWZHHQ�
H[SHULPHQWDO�GDWD�DQG�QXPHULFDO�UHVXOWV�LV�SUHVHQWHG��

67$7(�2)�7+(�$57�
6LQFH� WKH�HLJKWLHV�GLIIHUHQW� UHVHDUFK�KDYH�EHHQ�GRQH�
RQ�WKH�KHPS�FRQFUHWH��7KH�UHVHDUFK�SURJUDPV�PDLQO\�
IRFXV� RQ� WKUHH� GLIIHUHQW� VFDOHV�� 0DWHULDO�� :DOO� DQG�
%XLOGLQJ�� WR� EHWWHU� FKDUDFWHUL]H� LWV� SK\VLFDO� �PDLQO\�
WKHUPR�K\GULF�� SURSHUWLHV�� WR� EH� DEOH� WR� SUHGLFW� LWV�
EHKDYLRXU�LQ�UHDO�FRQGLWLRQV�DQG�WR�KLJKOLJKW�LWV�SURV�
DQG�FRQV�FRPSDUHG�WR�RWKHU�PDWHULDOV���
)RU� WKLV� PDWHULDO�� RQH� ILQGV� PRVWO\� H[SHULPHQWDO�
VWXGLHV�RQ�WKH�PDWUL[�DQG�PDWHULDO�SURSHUWLHV���&pUH]R�
��������0DJQLRQW� �������� *ORXDQQHF� HW� DO�� ���������
7KH�REMHFWLYHV�DUH�PDLQO\�WR�FKDUDFWHUL]H�WKH�SK\VLFDO�
SURSHUWLHV�RI�WKH�PDWHULDO�DQG�TXDQWLI\�WKH�LPSDFW�RI�
KHPSFUHWH�FKDUDFWHULVWLFV��GHQVLW\�� UHODWLYH�KXPLGLW\��
«��RQ�WKH�WKHUPDO�SURSHUWLHV��WKHUPDO�FRQGXFWLYLW\���
FDSDFLW\� DQG� �GLIIXVLYLW\��� )RU� H[DPSOH� WKH�GLIIHUHQW�
DXWKRUV� KLJKOLJKW� WKDW� WKH� YDULDWLRQ� RI� WKH� WKHUPDO�
FRQGXFWLYLW\�FDQ�EH�GRXEOH�GHSHQGLQJ�RQ�WKH�UHODWLYH�
KXPLGLW\�DQG�WKDW�FDQ�LQFUHDVH�RI�����GHSHQGLQJ�RQ�
WKH�GHQVLW\��
$W� WKH� ZDOO� VFDOH�� ERWK� H[SHULPHQWDO� DQG� QXPHULFDO�
DQDO\VLV� DUH� UXQ� LQ� SDUDOOHO� E\� GLIIHUHQW� DXWKRUV��
+ROFURIW� HW� 5K\GZHQ� ������� *RXUOD\� HW� DO�� �������
&ROLQDUW�HW�DO����������$LW�HW�DO����������([SHULPHQWDO�
VWXGLHV� DUH� XVXDOO\� FRQGXFWHG� LQ� FRQWUROHG� DPELHQW�
�WHPSHUDWXUH� DQG� UHODWLYH� KXPLGLW\�� WHVW� FHOOV�� 7KHLU�
REMHFWLYHV� DUH� WR� XQGHUVWDQG� WKH� EHKDYLRXU� RI�
KHPSFUHWH� XQGHU�GLIIHUHQW� FRQGLWLRQV�RI� WHPSHUDWXUH�
DQG� KXPLGLW\�� 7KDQNV� WR� WKHVH� H[SHULPHQWV� WKH\� DOO�
HPSKDVL]HG�WKH�LPSDFW�RI�WKH�PRLVWXUH�WUDQVIHU�RQ�WKH�
WKHUPDO�EHKDYLRU�RI�WKH�ZDOO��VRPHWLPHV�GXH�WR�SKDVH�
FKDQJH� LQVLGH� WKH� ZDOO�� *RXUOD\� HW� DO�� �������
FRQFOXGH� WKDW� DQ� RSWLPDO� KHPSFUHWH� SRURVLW\� PLJKW�
H[LVW� WR�EH� WKH�EHVW�FRPSURPLVH�EHWZHHQ� FRQYHFWLYH�
WUDQVIHU�DQG�SKDVH�FKDQJH� LQVLGH� WKH�PDWHULDO��7KHVH�
H[SHULPHQWDO�GDWD�KDYH�EHHQ�DQDO\]HG�DQG�KHOSHG� WR�
FDOLEUDWH�VRPH�QXPHULFDO�PRGHOV��$LW�HW�DO��������SXW�
LQ�HYLGHQFH�WKH�LPSRUWDQFH�RI�WDNLQJ�LQWR�DFFRXQW�WKH�
K\VWHUHVLV� SKHQRPHQRQ�RI� WKH� VRUSWLRQ� FXUYH� DQG�RI�
WKH�LQLWLDO�ZDWHU�FRQWHQW�JUDGLHQW�LQ�WKH�KHPSFUHWH��
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$W� EXLOGLQJ� VFDOH�� QXPHULFDO� DQG� H[SHULPHQWDO�
DQDO\VLV� DUH� GRQH� VHSDUDWHO\�� >*5(� ������� IROORZ�
HQHUJ\� FRQVXPSWLRQ� DQG� WKHUPDO� FRPIRUW� RI� VRPH�
UHDO�KHPS�FRQFUHWH�EXLOGLQJV�EHKDYLRU�WKDQNV�WR�OLJKW�
PRQLWRULQJ��<DWHV�������� UHFRUGV� WKDW�ZLWK� WKH�VDPH�
HQHUJ\� SURGXFWLRQ� LQ� WZR� GLIIHUHQW� KRXVHV�� WKH�
WHPSHUDWXUH�LV���&�KLJKHU�LQ� WKH�KHPSFUHWH�KRXVH�LQ�
FRPSDULVRQ� RI� D� EULFN� KRXVH��0DDORXI� HW� DO�� �������
GHVFULEH� WKH� EHKDYLRU� RI� D� KHPSFUHWH� FHOO� IRU� ERWK�
ZLQWHU� DQG� KRW� VXPPHU� FRQGLWLRQV� ZLWK� D� GHWDLOHG�
KHDW� DQG� PDVV� WUDQVIHU� FRGH�� GHYHORSHG� LQ� 63$5.�
HQYLURQPHQW�� 7KH� KHPSFUHWH� LV� FRPSDUHG� WR�
WUDGLWLRQDO� FRQVWUXFWLRQ� PDWHULDOV� VXFK� DV� EULFN� DQG�
FRQFUHWH�� 7KH� KHPSFUHWH� PLWLJDWH� PRUH� WKH� H[WHULRU�
WHPSHUDWXUH�DPSOLWXGH�WKDQ�WKH�RWKHUV��
7KH� ZRUN� SUHVHQWHG� KHUH� DOORZV� JRLQJ� IXUWKHU� WKDQ�
WKHVH� ZRUNV� LQ� WZR� SRLQWV�� )LUVW� LW� DOORZV� WR�
FKDUDFWHUL]H� KHPSFUHWH� ZLWK� QDWXUDO� FHPHQW� LQVWHDG�
RI� OLPH� DQG� WKHQ� WR� WHVW� KHPSFUHWH� DW� D� ZDOO� VFDOH�
XQGHU� UHDO�ZHDWKHU� FRQGLWLRQV� DV�ZH�ZLOO� GHVFULEH� LW�
LQ�WKH�IROORZLQJ�SDUDJUDSK��

(;3(5,0(17$/�$3352$&+�
Experimental campaign Description 

�
Figure 1 : Passys cells with hempcrete walls 

,Q�WKH�H[SHULPHQWDO�VWXG\��WZR�3$66<6�WHVW�FHOOV�DUH�
XVHG� DV� VKRZQ� LQ� )LJXUH� ��� 7KH\� DUH� SDUDOOHOHSLSHG�
WHVW�FHOOV�RI�DURXQG����P��YROXPH�HDFK��)RU�HDFK�FHOO��
RQH� WHVW�ZDOO� LV�EXLOW�ZLWK� WKH� VWXGLHG�PDWHULDO�ZKLOH�
WKH� ILYH� RWKHU� ZDOOV� DUH� KLJKO\� LQVXODWHG� ���� FP� RI�
SRO\VW\UHQH��DQG�DUH�QRQ�WHVWHG�ZDOOV��)LJXUH����7KH�
WZR�WHVW�FHOOV�DUH�QH[W�WR�HDFK�RWKHU��7HVWHG�ZDOOV�DUH�
VRXWK�RULHQWHG�DQG�DUH�VXEMHFW�WR�ZHDWKHU�VROLFLWDWLRQV�
RXWVLGH�DQG�K\GURWKHUPDO�UHJXODWLRQ�LQVLGH��
�

 
Figure 2 : Passys test cell structure 

7KH� WHVWHG�ZDOO�FRPSRVLWLRQV�DUH� WKH�VDPH�ZLWK� IHZ�
GLIIHUHQFHV� LQ� SK\VLFDO� SURSHUWLHV�� 7KH\� DUH�

FRPSRVHG� RI� SUHIDEULFDWHG� KHPSFUHWH� EORFNV� ZLWK�
VWUXFWXUDO� FRQFUHWH� EHDPV� �RI� ��� FP� VL]H�� DV�
LOOXVWUDWHG� LQ� )LJXUH� ��� 7KLV� VWUXFWXUH� DOORZV� WKH�
VLPXOWDQHRXV� DQDO\VLV� RI� WZR� GLIIHUHQW� SDUWV� RI� WKH�
VDPH� VWUXFWXUH�� RQH� ZLWK� D� FRQFUHWH� EHDP� DQG� RQH�
RQO\�ZLWK�KHPSFUHWH��7KH�ZDOO� LV� WKHQ� ILQLVKHG�ZLWK�
SODVWHUV�RQ�ERWK�VLGHV��

�
Figure 3 : Wall structure view 

Indoor conditions scenarios 

,QGRRU� WHPSHUDWXUH� LV� FRQWUROOHG� E\� DQ� DLU�
FRQGLWLRQLQJ�XQLW�DQG�PRLVWXUH�FDQ�EH�JHQHUDWH�E\�DQ�
XOWUDVRQLF� KXPLGLW\� JHQHUDWRU� ZKLFK� LV� OLQNHG� WR� D�
UHFRUGLQJ�V\VWHP�WR�VDYH�WKH�JHQHUDWHG�ZDWHU�ZHLJKW��
$LU� FKDQJH� LV� SRVVLEOH� LQ� WKH� V\VWHP�EXW� LQ�RUGHU� WR�
UHGXFH�WKLV�LPSDFW��WKH�V\VWHP�ZDV�WXUQHG�RII�GXULQJ�
PHDVXUHPHQWV�� 7KHVH� V\VWHPV� HQDEOH� WR� LPSRVH�
VFHQDULRV� WR� WHVW�SK\VLFDO�SKHQRPHQD��2Q� WKH� ILUVW� ��
VFHQDULRV��WKH�UHODWLYH�KXPLGLW\�LQ�ERWK�FHOOV�KDV�EHHQ�
OHW�LQ�IUHH�HYROXWLRQ��)LJXUH���VKRZV�WKH�HYROXWLRQ�RI�
WHPSHUDWXUH�WKURXJK�WKHVH���VFHQDULRV��
�

�
Figure 4 : Temperature evolution in scenarios 

7KHVH�HYROXWLRQV�KDYH�EHHQ�FKRVHQ�DFFRUGLQJ� WR� WKH�
QHHG�RI�WKH�QXPHULFDO�DQDO\VLV��

Monitoring system 
Sensor mapping 

0RUH� WKDQ�RQH�KXQGUHG�VHQVRUV�DUH�VHW� WR�UHFRUG� WKH�
ZDOO�DQG�FHOO�EHKDYLRXU�DV�LOOXVWUDWHG�LQ�Figure 5��7KH�
LQVWUXPHQWDWLRQ� HQDEOHV� WR� FROOHFW� WHPSHUDWXUH��
UHODWLYH� KXPLGLW\�� KHDW� IOX[� GDWD� IURP� WKH� ZDOO� DQG�
WKH� WHVW� URRP�� FRQVXPSWLRQV� RI� +9$&� V\VWHPV��
:HDWKHU� FRQGLWLRQV� DUH� UHFRUGHG� IRU� WKH� ZKROH�
H[SHULPHQWDO�VLWH���
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�6�H�Q�V�L�U�L�R�Q�� �6�+�7������ �V�H�Q�V�R�U�V�� �D�U�H�� �X�V�H�G�� �W�R�� �U�H�F�R�U�G�� �U�H�O�D�W�L�Y�H��
�K�X�P�L�G�L�W�\�� �D�Q�G�� �W�H�P�S�H�U�D�W�X�U�H�� �I�R�U�� �W�K�H�� �D�L�U�� �D�Q�G�� �L�Q�� �W�K�H��
�P�D�W�H�U�L�D�O���� �$�� �V�S�H�F�L�D�O�� �S�U�R�W�H�F�W�L�R�Q�� �D�U�R�X�Q�G�� �V�H�Q�V�R�U�� �K�H�D�G��
�Z�D�V�� �D�S�S�O�L�H�G���W�R���D�Y�R�L�G���G�H�W�H�U�L�R�U�D�W�L�R�Q���R�I�� �V�H�Q�V�R�U���V�H�Q�V�L�E�O�H��
�H�O�H�P�H�Q�W���� �7�K�H�� �L�P�S�D�F�W�V�� �R�I�� �W�K�H�� �S�U�R�W�H�F�W�L�R�Q�� �R�Q�� �V�H�Q�V�R�U��
�D�F�F�X�U�D�F�\�� �D�Q�G�� �R�Q�� �V�H�Q�V�R�U�� �U�H�V�S�R�Q�V�H�� �W�L�P�H�� �Z�H�U�H�� �Y�H�U�L�I�L�H�G��
�E�\�� �S�U�H�O�L�P�L�Q�D�U�\�� �W�H�V�W�V���� �5�H�V�X�O�W�V�� �V�K�R�Z�� �D�� �J�R�R�G��
�S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H���S�U�R�W�H�F�W�L�R�Q�����,�Q���R�U�G�H�U���W�R���I�R�O�O�R�Z���W�K�H��
�W�U�D�Q�V�I�H�U�� �L�Q�V�L�G�H�� �W�K�H�� �Z�D�O�O���� �W�K�H�\�� �D�U�H�� �V�H�W�� �D�W�� �G�L�I�I�H�U�H�Q�W��
�G�H�S�W�K�����D�W�� �W�K�H�� �L�Q�W�H�U�I�D�F�H�V�� �E�H�W�Z�H�H�Q�� �D�L�U�� �D�Q�G�� �L�Q�W�H�U�L�R�U��
�S�O�D�V�W�H�U���� �L�Q�W�H�U�L�R�U�� �S�O�D�V�W�H�U�� �D�Q�G�� �K�H�P�S�F�U�H�W�H�� �E�O�R�F�N�V����
�K�H�P�S�F�U�H�W�H�� �E�O�R�F�N�V�� �D�Q�G�� �H�[�W�H�U�Q�D�O�� �S�O�D�V�W�H�U�� �D�Q�G�� �L�Q�� �W�K�H��
�P�L�G�G�O�H�� �R�I�� �W�K�H�� �K�H�P�S�F�U�H�W�H�� �E�O�R�F�N�V���� �7�K�L�V�� �Z�D�O�O�� �P�D�S�S�L�Q�J��
�D�O�O�R�Z�V���K�D�Y�L�Q�J�� �G�L�I�I�H�U�H�Q�W�� �Y�H�U�W�L�F�D�O�� �D�Q�G�� �K�R�U�L�]�R�Q�W�D�O��
�J�U�D�G�L�H�Q�W���P�H�D�V�X�U�H�P�H�Q�W�����6�R�P�H���V�H�Q�V�R�U�V���K�D�Y�H���E�H�H�Q���V�H�W���L�Q��
�W�K�H�� �F�R�Q�F�U�H�W�H�� �E�H�D�P�� �L�Q�� �R�U�G�H�U�� �W�R�� �T�X�D�Q�W�L�I�\�� �L�W�V�� �L�P�S�D�F�W�� �R�Q��
�W�K�H���W�K�H�U�P�R���K�\�G�U�L�F���W�U�D�Q�V�I�H�U����

�&�D�S�W�H�F�� �V�H�Q�V�R�U�V�� �D�U�H�� �X�V�H�G�� �W�R�� �U�H�F�R�U�G�� �K�H�D�W�� �I�O�X�[���� �)�R�X�U�� �R�I��
�W�K�H�P���D�U�H���V�H�W���L�Q���H�D�F�K���F�H�O�O�����W�Z�R���R�I���W�K�H�P���D�W���W�K�H���L�Q�W�H�U�I�D�F�H��
�E�H�W�Z�H�H�Q���W�K�H���L�Q�W�H�U�L�R�U���S�O�D�V�W�H�U���D�Q�G���W�K�H���K�H�P�S�F�U�H�W�H���E�O�R�F�N�V��
�D�Q�G�� �W�Z�R���R�W�K�H�U�V�� �D�W�� �W�K�H�� �L�Q�W�H�U�I�D�F�H�� �R�I�� �K�H�P�S�F�U�H�W�H�� �E�O�R�F�N�V��
�D�Q�G�� �W�K�H�� �H�[�W�H�U�L�R�U�� �S�O�D�V�W�H�U���� �)�R�U�� �H�D�F�K�� �V�L�G�H���� �R�Q�H�� �L�V�� �V�H�W�� �L�Q��
�I�U�R�Q�W���R�I���W�K�H���F�R�Q�F�U�H�W�H���E�H�D�P���W�K�H���R�W�K�H�U���L�Q���W�K�H���P�L�G�G�O�H���R�I��
�W�K�H���F�R�Q�F�U�H�W�H���E�O�R�F�N�V���I�D�F�H�����7�K�L�V�� �Z�L�O�O���D�O�O�R�Z�� �T�X�D�Q�W�L�I�\�L�Q�J��
�W�K�H�� �L�P�S�D�F�W�� �R�I�� �W�K�H�� �F�R�Q�F�U�H�W�H�� �E�H�D�P�� �R�Q�� �W�K�H�� �W�K�H�U�P�D�O��
�W�U�D�Q�V�I�H�U������
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Figure 5 : Sensors mapping 

Sensors validation 
�7�R�� �Y�D�O�L�G�D�W�H�� �W�K�H�� �U�H�O�D�W�L�Y�H�� �K�X�P�L�G�L�W�\�� �D�F�T�X�L�V�L�W�L�R�Q���� �V�R�P�H��
�S�U�H�O�L�P�L�Q�D�U�\�� �W�H�V�W�V�� �K�D�Y�H�� �E�H�H�Q�� �U�X�Q�� �L�Q�� �G�L�I�I�H�U�H�Q�W��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q�V�� �I�R�U�� �V�H�Q�V�R�U�� �L�Q�W�H�U���F�R�P�S�D�U�L�V�R�Q���� �2�X�U��
�V�H�Q�V�R�U�V���J�L�Y�H���V�D�W�L�V�I�\�L�Q�J���U�H�V�X�O�W�V����Figure 6������
�7�R�� �F�R�Q�V�R�O�L�G�D�W�H�� �W�H�P�S�H�U�D�W�X�U�H�� �D�F�T�X�L�V�L�W�L�R�Q�� �D�Q�G��
�U�H�O�L�D�E�L�O�L�W�\�����L�W���L�V���D�O�V�R���P�H�D�V�X�U�H�G���E�\���W�K�H�U�P�R�F�R�X�S�O�H���D�W���W�K�H��
�V�D�P�H���S�R�L�Q�W�V����
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��
Figure 6 : Sensirion SHT75 validation 

Experimental campaign results 
Impact of initial conditions 
�$�V�� �D�� �I�L�U�V�W�� �R�E�V�H�U�Y�D�W�L�R�Q���� �L�W�� �F�D�Q�� �E�H�� �Q�R�W�H�G�� �W�K�D�W�� �W�K�H��
�G�L�I�I�H�U�H�Q�W���K�H�P�S�F�U�H�W�H���E�O�R�F�N�V���Z�H�U�H���Q�R�W���D�W���W�K�H���V�D�P�H���O�H�Y�H�O��
�R�I�� �P�R�L�V�W�X�U�H�� �F�R�Q�G�L�W�L�R�Q�V�� �D�W�� �W�K�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �V�W�D�J�H���� �V�R��
�W�K�D�W�� �W�K�H�L�U�� �E�H�K�D�Y�L�R�X�U�� �K�L�J�K�O�\�� �G�H�S�H�Q�G�� �R�Q�� �W�K�H�L�U�� �L�Q�L�W�L�D�O��
�F�R�Q�G�L�W�L�R�Q�V���� �7�K�L�V�� �L�V�� �L�O�O�X�V�W�U�D�W�H�G���R�Q��Figure 7���� �Z�K�L�F�K��
�V�K�R�Z�V�� �W�K�H�� �H�Y�R�O�X�W�L�R�Q�� �R�I�� �W�K�H�� �U�H�O�D�W�L�Y�H�� �K�X�P�L�G�L�W�\�� �L�Q�� �W�K�H��
�P�L�G�G�O�H���R�I���W�K�H���K�H�P�S�F�U�H�W�H���E�O�R�F�N�V���I�R�U�������G�L�I�I�H�U�H�Q�W���S�R�L�Q�W�V��
�L�Q�� �H�D�F�K�� �F�H�O�O���� �(�D�U�O�\�� �6�H�S�W�H�P�E�H�U�� ������ �P�R�Q�W�K�V�� �D�I�W�H�U�� �W�K�H��
�Z�D�O�O���F�R�Q�V�W�U�X�F�W�L�R�Q�������U�H�O�D�W�L�Y�H���K�X�P�L�G�L�W�\���Y�D�U�L�H�V���I�U�R�P����������
�W�R������������ �L�Q���W�K�H�� �P�L�G�G�O�H���R�I�� �W�K�H���G�L�I�I�H�U�H�Q�W���E�O�R�F�N�V���� �,�W�� �K�D�V��
�E�H�H�Q���F�K�R�R�V�H�G���W�R���X�V�H�G�����K�H�P�S�F�U�H�W�H���E�O�R�F�N�V���L�Q���W�K�H�L�U���X�V�X�D�O��
�V�W�D�W�H�� �D�Q�G�� �Q�R�W�� �K�D�Y�H�� �D�� �L�Q�L�W�L�D�O�� �S�K�D�V�H�� �L�Q�� �D�� �F�O�L�P�D�W�H��
�F�K�D�P�E�H�U�� �W�R�� �E�H�� �V�X�U�H�� �R�I�� �W�K�H�� �L�Q�L�W�L�D�O�� �F�R�Q�G�L�W�L�R�Q�V���� �7�K�L�V��
�L�O�O�X�V�W�U�D�W�H�V�� �X�Q�F�H�U�W�D�L�Q�W�L�H�V�� �W�K�D�W�� �F�D�Q�� �E�H�� �H�[�S�H�F�W�H�G�� �R�Q�� �U�H�D�O��
�F�R�Q�G�L�W�L�R�Q�V�����7�K�D�Q�N�V�� �W�R�� �W�K�H�� �I�L�U�V�W�� �V�F�H�Q�D�U�L�R���� �Z�K�H�U�H�� �W�K�H��
�L�Q�G�R�R�U�� �F�R�Q�G�L�W�L�R�Q�V�� �D�U�H�� �V�H�W�� �W�R�� �����ƒ�&�� �Z�L�W�K�� �D�� �I�U�H�H��
�H�Y�R�O�X�W�L�R�Q�� �R�I�� �U�H�O�D�W�L�Y�H�� �K�X�P�L�G�L�W�\���� �Z�H�� �F�D�Q�� �V�H�H�� �W�K�D�W�� �W�K�H��
�K�H�P�S�F�U�H�W�H�� �E�O�R�F�N�V�� �U�H�O�D�W�L�Y�H�� �K�X�P�L�G�L�W�\�� �W�U�H�Q�G�V�� �W�R��
�F�R�Q�Y�H�U�J�H�� �W�R�� �W�K�H�� �V�D�P�H�� �Y�D�O�X�H�V���� �7�K�H�� �G�U�\�� �E�O�R�F�N�� �K�D�V�� �D�Q��
�L�Q�F�U�H�D�V�L�Q�J�� �U�H�O�D�W�L�Y�H�� �K�X�P�L�G�L�W�\�� �Z�K�L�O�H�� �W�K�H�� �Z�H�W�W�H�U�� �K�D�Y�H�� �D��
�G�H�F�U�H�D�V�L�Q�J���U�H�O�D�W�L�Y�H���K�X�P�L�G�L�W�\������
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Figure 7 : Relative humidity evolution 

at the middle of different hempcrete blocks. 
 
Beam concrete influence 
�7�K�H���L�P�S�D�F�W���R�I���W�K�H���F�R�Q�F�U�H�W�H���E�H�D�P���R�Q���W�K�H���W�K�H�U�P�D�O���O�R�V�V��
�F�D�Q�� �E�H�� �T�X�D�Q�W�L�I�L�H�G�� �W�K�D�Q�N�V�� �W�R�� �W�K�H�� �K�H�D�W�� �I�O�X�[�� �V�H�Q�V�R�U�V����
�5�H�J�D�U�G�L�Q�J���W�K�H���W�K�H�U�P�D�O���F�R�Q�G�X�F�W�L�Y�L�W�\���R�I���K�H�P�S�F�U�H�W�H���D�Q�G��
�F�R�Q�F�U�H�W�H�����D�Q�G���W�K�H���V�L�]�H���R�I���W�K�H���E�H�D�P���������F�P���[�����F�P�������W�K�H��
�W�K�H�U�P�D�O�� �U�H�V�L�V�W�D�Q�F�H�� �L�V�� �K�D�O�I�� �Z�K�H�Q�� �W�K�H�U�H�� �L�V�� �W�K�H�� �F�R�Q�F�U�H�W�H��
�E�H�D�P�� �F�R�P�S�D�U�H�G�� �W�R�� �W�K�H�� �I�X�O�O�� �K�H�P�S�F�U�H�W�H�� �E�O�R�F�N�V���� �7�K�L�V��
�F�D�Q���E�H���Y�H�U�L�I�L�H�G���R�Q���)�L�J�X�U�H���������Z�K�L�F�K���U�H�S�U�H�V�H�Q�W�V���W�K�H���K�H�D�W��
�I�O�X�[���U�H�F�R�U�G�H�G�����:�H���Q�R�W�L�F�H���W�K�D�W���W�K�H���L�Q�W�H�U�Q�D�O���K�H�D�W���I�O�X�[���L�Q��
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IURQW�RI�WKH�FRQFUHWH�EHDP�LV�WZLFH�WKH�RQH�LQ�IURQW�RI�
WKH�IXOO�KHPSFUHWH�EORFNV��7KH�LPSDFW�RI�WKH�FRQFUHWH�
EHDP� RQ� WKH� PRLVWXUH� WUDQVIHU� VWLOO� QHHGV� WR� EH�
LQYHVWLJDWHG� 

�
Figure 8 : Heat flux data 

Scenario 3 for simulation 
:H� QRZ� FRQFHQWUDWH� RQ� VFHQDULR� QXPEHU� ��� ZKLFK�
ZDV�UXQ�IURP�1RYHPEHU�WKH��WK�IRU����GD\V��7KLV�ZLOO�
EH�WKH�RQH�XVHG�WR�FRPSDUH�WKH�QXPHULFDO�PRGHO�ZLWK�
WKH�H[SHULPHQWV��2Q�WKH��WK�RI�1RYHPEHU��WKH�LQWHUQDO�
FRQGLWLRQV� ZHUH� FKDQJHG� IURP� D� IUHH� WHPSHUDWXUH�
�ZKLFK�YDU\�EHWZHHQ����DQG����&�WKH�GD\V�EHIRUH��WR�
D�VWHDG\�WHPSHUDWXUH�RI����&��,W�LPSOLHV�DQ�HYROXWLRQ�
RQ�WKH�UHODWLYH�KXPLGLW\��ZKLFK�LV�OHIW�IUHH�LQVLGH�WKH�
FHOOV� IURP� ������� WR� �������� ,I� ZH� ORRN� DW� WZR�
KRUL]RQWDO�JUDGLHQWV��WKH�FRQFUHWH�EHDP�]RQH�DQG�WKH�
KHPSFUHWH� EORFNV� ]RQH�� D� GHFUHDVH� RI� WKH� UHODWLYH�
KXPLGLW\� DW� WKH� PLGGOH� RI� WKH� EORFN� DQG� DW� WKH�
LQWHUIDFH�EHWZHHQ�WKH�LQWHULRU�FRDWLQJ�DQG�WKH�EORFN�LV�
REVHUYHG� DV� VKRZQ� RQ� )LJXUH� 9�� 7KHVH� UHVXOWV� ZLOO�
KHOS�WR�FDOLEUDWH�WKH�QXPHULFDO�PRGHOV��
�

�
Figure 9 : Horizontal gradient for scenario Tint = 

28°C 

180(5,&$/�$3352$&+�
Numerical model description 
,Q�SDUDOOHO�WR�WKH�H[SHULPHQWDO�FDPSDLJQ�SUHVHQWHG�LQ�
WKH� ODVW� SDUDJUDSK�� QXPHULFDO� VLPXODWLRQV� DUH� VHW� XS�
WR� JR� IXUWKHU� LQ� WKH� KHPSFUHWH� FKDUDFWHUL]DWLRQ� DQG�
WU\� WR� JHQHUDOL]H� WKH� FRQFOXVLRQ� WR� RWKHU�
FRQILJXUDWLRQV�� ,Q� D� ILUVW� VWHS�� D� �'� PRGHO� LQ�
&2062/� ���D� LV� GHILQHG� WR� WDNH� LQWR� DFFRXQW�
WKHUPDO�DQG�K\GULF�FRXSOHG�WUDQVIHU���
7KH� JHRPHWU\� FRQVLGHUHG� LV� D� �'� KRUL]RQWDO� FXW� RI�
WKH� SUHVHQWHG� KHPSFUHWH� ZDOO�� $W� WKLV� VWDJH�� WKH�
PRGHO� LQFOXGHV� RQO\� WKH� KHPSFUHWH� EORFNV� DQG� WKH�
FRQFUHWH� EHDP� ZLWKRXW� WKH� LQWHULRU� DQG� H[WHULRU�
SODVWHUV��\HOORZ�GDVK�OLQH�LQ�Figure 10��
�
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Figure 10: Model domain and boundary conditions 

�7�K�H�� �J�H�Q�H�U�D�W�H�G�� �P�H�V�K�� �K�D�V�������������W�U�L�D�Q�J�X�O�D�U�� �H�O�H�P�H�Q�W�V����
�7�K�H�� �E�R�X�Q�G�D�U�\�� �F�R�Q�G�L�W�L�R�Q�V�� �F�R�Q�V�L�G�H�U�H�G���� �V�K�R�Z�Q�� �R�Q��
�)�L�J�X�U�H�����������D�U�H���W�K�H���P�H�D�V�X�U�H�G���G�D�W�D���I�R�U���E�R�W�K���W�H�P�S�H�U�D�W�X�U�H��
�D�Q�G�� �U�H�O�D�W�L�Y�H�� �K�X�P�L�G�L�W�\�� �D�W�� �W�K�H�� �L�Q�W�H�U�I�D�F�H�� �R�I�� �W�K�H��
�K�H�P�S�F�U�H�W�H���E�O�R�F�N�V���D�Q�G���W�K�H���S�O�D�V�W�H�U�V�����,�W���O�H�W���X�V���R�Y�H�U�F�R�P�H��
�R�Q�� �I�L�U�V�W�� �S�K�\�V�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �S�O�D�V�W�H�U�V�� �W�K�D�W�� �D�U�H�� �Q�R�W��
�G�H�I�L�Q�H�G�� �D�W�� �W�K�L�V�� �V�W�D�J�H�� �R�I�� �W�K�H�� �V�W�X�G�\�� �D�Q�G�� �D�O�V�R���R�Q��
�U�D�G�L�D�W�L�R�Q�� �R�Q�� �W�K�H�� �H�[�W�H�U�L�R�U�� �I�D�o�D�G�H���� �7�K�L�V�� �P�H�W�K�R�G�� �W�D�N�H�V��
�L�Q�W�R�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�� �W�K�H�� �U�D�G�L�D�W�L�R�Q�� �L�Q�G�L�U�H�F�W�O�\�� �E�\�� �L�W�V��
�W�K�H�U�P�D�O�� �H�I�I�H�F�W���� �)�R�U�� �W�K�H�� �V�D�P�H�� �U�H�D�V�R�Q�V�� �F�R�Q�Y�H�F�W�L�Y�H��
�H�[�F�K�D�Q�J�H�� �Z�L�W�K�� �L�Q�G�R�R�U�� �D�Q�G�� �R�X�W�G�R�R�U�� �D�U�H�� �Q�H�J�O�H�F�W�H�G�� �D�W��
�W�K�L�V�� �V�W�D�J�H�� �R�I�� �W�K�H�� �V�W�X�G�\�� �D�V�� �Z�H�� �W�R�R�N�� �E�R�X�Q�G�D�U�\��
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�V�L�G�H�V���R�I���W�K�H���Z�D�O�O����
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�F�R�P�S�X�W�D�W�L�R�Q�D�O���W�L�P�H����
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Figure 11 : Time step dependence 
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Figure 12 : Time step dependence - zoom 
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Numerical model results 
�,�Q�� �D�� �I�L�U�V�W�� �V�W�H�S���� �D�� �Q�R�Q�� �F�R�X�S�O�H�G�� �Y�H�U�V�L�R�Q�� �R�I�� �W�K�H�� �P�R�G�H�O��
�K�D�Y�H�� �E�H�H�Q�� �U�X�Q�� �Z�L�W�K�R�X�W�� �W�D�N�L�Q�J�� �L�Q�W�R�� �D�F�F�R�X�Q�W�� �W�K�H�� �W�H�U�P�V��
�R�I�� �W�K�H�� �F�R�X�S�O�L�Q�J�� �W�K�H�� ���� �H�T�X�D�W�L�R�Q�V�� �Z�K�L�F�K�� �L�P�S�O�\�� �Z�D�W�H�U��
�Y�D�S�R�X�U�� �V�D�W�X�U�D�W�L�R�Q�� �S�U�H�V�V�X�U�H�� �D�Q�G�� �Z�D�W�H�U�� �Y�D�S�R�X�U��
�S�H�U�P�H�D�E�L�O�L�W�\���R�I���W�K�H���P�D�W�H�U�L�D�O�����Ü�ã��������

�,�Q�� �D�� �V�H�F�R�Q�G�� �V�W�H�S���� �W�K�H�� �F�R�X�S�O�H�G�� �H�T�X�D�W�L�R�Q�V�� �K�D�Y�H�� �E�H�H�Q��
�V�R�O�Y�H�G������
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�7�K�H�� �V�\�Q�W�K�H�W�L�F�� �Z�D�\�� �W�R�� �R�E�V�H�U�Y�H�� �W�K�H�� �D�G�Y�D�Q�W�D�J�H�V�� �R�I�� �W�K�H��
�F�R�X�S�O�H�G�� �P�R�G�H�O�� �L�V�� �W�R�� �D�Q�D�O�\�V�H�� �W�H�P�S�H�U�D�W�X�U�H�� �D�Q�G��
�K�X�P�L�G�L�W�\�� �G�D�W�D�� �V�H�S�D�U�D�W�H�O�\���� �7�K�X�V�� �R�Q�� �W�H�P�S�H�U�D�W�X�U�H�� �G�D�W�D��
�R�Q�H�� �F�D�Q�� �R�E�V�H�U�Y�H�� �W�K�H�� �G�L�I�I�H�U�H�Q�F�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �W�Z�R��
�P�R�G�H�O�V�� �Z�L�W�K�� �W�K�H�� �P�H�D�V�X�U�H�G�� �G�D�W�D�� �L�Q�� �V�X�S�S�R�U�W�� �R�Q�� �W�K�H��
�V�D�P�H���I�L�J�X�U�H�����D�Q�G���W�K�H�� �V�D�P�H���D�Q�D�O�\�V�L�V�� �I�R�U���W�K�H�� �K�X�P�L�G�L�W�\����
�,�Q�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J���� �R�Q�� �I�L�J�X�U�H�� �������� �Z�H�� �S�U�H�V�H�Q�W��
�W�H�P�S�H�U�D�W�X�U�H�� �G�D�W�D�� �Z�L�W�K���D�� �]�R�R�P�� �R�Q���W�K�H�� �U�L�J�K�W���K�D�Q�G���V�L�G�H��
�R�I���W�K�H���I�L�J�X�U�H������
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��
Figure 13 : Temperature evolution -  

Comparison between experimental, non-coupled and 
coupled model 

��
Figure 14 : Temperature evolution -  

Comparison between experimental, non-coupled and 
coupled model - zoom 

�)�R�U�� �E�R�W�K�� �P�R�G�H�O�V���� �Q�R�Q���F�R�X�S�O�H�G�� �D�Q�G�� �F�R�X�S�O�H�G���� �W�K�H��
�W�H�P�S�H�U�D�W�X�U�H�� �H�Y�R�O�X�W�L�R�Q�� �L�V�� �L�Q�� �J�R�R�G�� �F�R�Q�F�R�U�G�D�Q�F�H�� �Z�L�W�K��
�W�K�H���P�H�D�V�X�U�H�G���G�D�W�D�����7�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���W�K�H���W�H�P�S�H�U�D�W�X�U�H��
�L�V�� �O�R�Z�H�U�� �W�K�D�Q�� �������ƒ�&�� �D�I�W�H�U�� �D�� �I�L�U�V�W�� �L�Q�L�W�L�D�W�L�R�Q�� �S�H�U�L�R�G��
�Z�K�H�U�H�� �G�L�V�F�U�H�S�D�Q�F�L�H�V�� �D�U�H�� �P�R�U�H�� �L�P�S�R�U�W�D�Q�W�� �G�X�H�� �W�R��
�D�V�V�X�P�S�W�L�R�Q�� �G�R�Q�H�� �D�W�� �W�K�H�� �L�Q�L�W�L�D�O�L�]�D�W�L�R�Q���� �$�� �J�H�Q�H�U�D�O��

�U�H�P�D�U�N�� �L�V�� �W�K�D�W�� �W�K�H�� �S�X�U�H�� �K�H�D�W�� �P�R�G�H�O�� �L�V�� �P�R�U�H�� �D�F�F�X�U�D�W�H��
�W�K�D�W���W�K�H���F�R�X�S�O�H�G���P�R�G�H�O���I�R�U���W�H�P�S�H�U�D�W�X�U�H���Y�D�O�X�H�V���� �7�K�X�V����
�D�� �S�D�U�D�P�H�W�U�L�F�� �D�Q�D�O�\�V�L�V�� �R�Q�� �P�D�W�H�U�L�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�¶��
�L�Q�I�O�X�H�Q�F�H�� �L�V�� �Q�H�F�H�V�V�D�U�\�� �W�R�� �I�L�Q�G�� �Z�K�L�F�K�� �Y�D�O�X�H�V�� �K�D�Y�H��
�G�R�P�L�Q�D�Q�W���L�P�S�D�F�W���R�Q���U�H�V�X�O�W�V����

�)�R�U���W�K�H���U�H�O�D�W�L�Y�H���K�X�P�L�G�L�W�\���H�Y�R�O�X�W�L�R�Q�����F�R�X�S�O�H�G���P�R�G�H�O���L�V��
�D�E�O�H���W�R���U�H�S�U�R�G�X�F�H���G�D�W�D���Y�D�U�L�D�W�L�R�Q���W�H�Q�G�H�Q�F�L�H�V���T�X�L�W�H���Z�H�O�O��
���)�L�J�X�U�H�� ���������� �,�Q�� �W�K�H�� �V�D�P�H�� �W�L�P�H���� �Q�R�Q���F�R�X�S�O�H�G�� �P�R�G�H�O��
�J�L�Y�H�V�� �U�H�V�X�O�W�V�� �O�H�V�V�� �D�F�F�X�U�D�W�H�� �D�Q�G�� �L�W�V�� �F�R�P�S�X�W�H�G�� �Y�D�O�X�H�V��
�D�U�H���I�X�U�W�K�H�U���I�U�R�P�� �P�H�D�V�X�U�H�G���G�D�W�D���W�K�D�Q���W�K�H���F�R�X�S�O�H�G���R�Q�H��
���)�L�J�X�U�H�� ������������ �(�Y�H�U�\�G�D�\�� �Y�D�U�L�D�W�L�R�Q�V���D�U�H�� �Q�R�W���U�H�S�U�R�G�X�F�H�G��
�E�X�W���W�H�Q�G�H�Q�F�L�H�V���D�U�H�����W�K�X�V�����D���O�R�Q�J�H�U���Y�D�O�L�G�D�W�L�R�Q���S�H�U�L�R�G���L�V��
�Q�H�F�H�V�V�D�U�\�� �W�R�� �V�H�H�� �W�K�H�� �L�P�S�D�F�W�� �R�I�� �E�X�L�O�G�L�Q�J�� �P�D�W�H�U�L�D�O�V��
�F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���R�Q���U�H�V�X�O�W�V����
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Figure 15 : Relative Humidity evolution -   

Comparison between experimental, non-coupled and 
coupled model 
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�F�R�Q�W�U�R�O�� �W�K�H�U�P�D�O�� �D�Q�G�� �K�\�G�U�L�F�� �D�P�E�L�H�Q�W�� �D�L�U�� �D�Q�G�� �R�Q�� �W�K�H��
�R�W�K�H�U�� �V�L�G�H�� �U�H�F�H�L�Y�H�� �R�X�W�G�R�R�U���F�R�Q�G�L�W�L�R�Q�V���� �7�K�H�� �Z�D�O�O�V���D�Q�G��
�F�H�O�O�V���D�U�H���P�D�S�S�H�G���Z�L�W�K���V�H�Q�V�R�U�V���L�Q�F�O�X�G�L�Q�J���W�H�P�S�H�U�D�W�X�U�H����
�U�H�O�D�W�L�Y�H�� �K�X�P�L�G�L�W�\�� �D�Q�G�� �K�H�D�W�� �I�O�X�[���� �,�Q�� �W�K�H�� �I�L�U�V�W�� �S�D�U�W�� �R�I��
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