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ZAGADNIENIA KONSTRUKC<JNE I MATERIAàO:E

S. Pyrak ±�2�EXGRZLH�NRĞFLRáD�]�ZLHĪą�Z�]HVSROH�VDNUDOQ\P�
SRG�ZH]ZDQLHP�ĞZ��0LFKDáD�$UFKDQLRáD�Z�3LDVWRZLH � � � �

M. GRáGyQ ±� 2� SURMHNWRZDQLX� VW\NyZ� PLĊG]\� EHWRQDPL�
XNáDGDQ\PL�Z�UyĪQ\P�F]DVLH � � � � � � � � � � � � � � � � � � � � � � �

J. Kubik ±�6WDQ\�JUDQLF]QH�PXUyZ�REURQQ\FK � � � � � � � � � � �

KONFERENCJA „KONTRA 2020”

J. Jasiczak ±�6]F]HJyOQ\�SU]\SDGHN�NRUR]ML�PUR]RZHM�EHWRQX�
VSRW\NDQ\�Z�QRZ\FK�ZLDGXNWDFK�GURJRZ\FK�±�PRĪOLZRĞFL�
RJUDQLF]HQLD�VNXWNyZ� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

P. CzaSik, M. %RrRĔ, D. Kuza ±� 2� GHJUDGDFML� ]DSUDZ�
FHPHQWRZ\FK�]�NUXV]\ZHP�]H�V]NáD�RGSDGRZHJR� � � � � �

P. ZaMGHO ±�,QWHUSUHWDFMD�UH]XOWDWyZ�SUyE\�XGDUQRĞFL�RSU]\U]ą-
GRZDQ\P�PáRWHP�Charpy’ego QD�SRWU]HE\�RFHQ\�ZáDĞFL-
ZRĞFL�VWDOL�NRQVWUXNF\MQ\FK� � � � � � � � � � � � � � � � � � � � � � � � �

PORADNIK KONSTRUKTORA

M. GRáGyQ ±�2�VWRVRZDQLX�SUĊWyZ�RGJLĊW\FK�MDNR�]EURMHQLD�QD�
SU]HELFLH�Sá\W�SáDVNLFK�ZHGáXJ�QRUP\�31-(1�����-�-�� � �

ZAGADNIENIA OGÓLNE

P. Górski, M. Tatara ±�2�ZVSyáSUDF\�3ROLWHFKQLNL�2SROVNLHM�
]�,QVW\WXWHP�0HFKDQLNL�7HRUHW\F]QHM�L�6WRVRZDQHM�$NDGHPLL�
1DXN�5HSXEOLNL�&]HVNLHM� � � � � � � � � � � � � � � � � � � � � � � � � � �

LIST DO REDAKCJI

A. JarRPiQiak ±� :� QDZLą]DQLX� GR� DUW\NXáX� GRW\F]ąFHJR�
EDGDĔ� PRVWX� GURJRZHJR� R� VWDORZHM� NRQVWUXNFML�
SRZáRNRZHM� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

KRONIKA

J. KaZHcki, S. Pyrak ±� ĝS�� 3URIHVRU�
�����±����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

INFORMACJE

3RUR]XPLHQLH�]����JUXGQLD������U��Z�VSUDZLH�ZVSyáG]LDáDQLD�
VWRZDU]\V]HĔ� QDXNRZR-WHFKQLF]Q\FK� ]� 3ROVNą� ,]Eą�
,QĪ\QLHUyZ�%XGRZQLFWZD�����������������������������������������������������

RECENZJE� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

315

320
329

333

338

341

345

351

357

358

II Rká.

III Rká.



314 INŻYNIERIA I BUDOWNICTWO NR 7/2020

3<5$.�6���2 EXGRZLH NRĞFLRáD ] ZLHĪą Z ]HVSROH VDNUDOQ\P SRG 
ZH]ZDQLHP ĞZ� 0LFKDáD $UFKDQLRáD Z 3LDVWRZLH�
� 2PyZLRQR� UR]ZLą]DQLD� DUFKLWHNWRQLF]QH� L� NRQVWUXNF\MQH� NRĞFLRáD�
]�ZLHĪą�RUD]�SRGVWDZRZH�]DJDGQLHQLD�]ZLą]DQH�]�UHDOL]DFMą��3RGDQR�
LQIRUPDFMH�GRW\F]ąFH�UREyW�Z\NRĔF]HQLRZ\FK�L�LQVWDODF\MQ\FK�

*2à'<1�0���2 SURMHNWRZDQLX VW\NyZ PLĊG]\ EHWRQDPL XNáDGDQ\-
PL Z UyĪQ\P F]DVLH�
� 6FKDUDNWHU\]RZDQR�PHFKDQLF]QH�PRGHOH�SUDF\�WHJR�URG]DMX�VW\-
NyZ�� D� WDNĪH� UyĪQH� SRVWĊSRZDQLD� REOLF]HQLRZH� SRGDQH� Z� QRUPDFK��
2FHQLRQR�MH�Z�ĞZLHWOH�Z\QLNyZ�EDGDĔ�HNVSHU\PHQWDOQ\FK��ZVND]XMąF�
VWZLHUG]RQH� UR]ELHĪQRĞFL� L� LFK� PRĪOLZH� SU]\F]\Q\�� 6WZLHUG]RQR�� ĪH�
PLPR�XZ]JOĊGQLHQLD�ZLHOX�F]\QQLNyZ��WDNLFK�MDN�Z\WU]\PDáRĞü�EHWRQX��
VWRSLHĔ� ]EURMHQLD� SRSU]HF]QHJR�� V]RUVWNRĞü� SRZLHU]FKQL� ]HVSROHQLD��
Z�ĪDGQHM� ]�DQDOL]RZDQ\FK�QRUP�QLH�RSLVDQR�Z�VSRVyE�]DGRZDODMąF\�
QRĞQRĞFL�VW\NyZ�PLĊG]\�EHWRQDPL�XNáDGDQ\PL�Z�UyĪQ\P�F]DVLH�

.8%,.�-���6WDQ\ JUDQLF]QH PXUyZ REURQQ\FK�
� 3U]HGVWDZLRQR�PHFKDQL]P\�]QLV]F]HQLD�]DE\WNRZHJR�PXUX�REURQ-
QHJR� Z� Z\QLNX� SRZVWDQLD� RGVSRMHĔ� SU]\SRZLHU]FKQLRZ\FK� ZDUVWZ�
ĞFLDQ\�]DE\WNX��3U]HDQDOL]RZDQR�QDMSURVWV]\�PHFKDQL]P�]QLV]F]HQLD��
NLHG\� Z\VWĊSXMH� NRQWDNW� FLHUQ\� W\ONR� Z� SRGVWDZLH� SáDWD� RGáDPX��
2V]DFRZDQR� JUDQLF]QH� SDUDPHWU\� RNUHĞODMąFH� Z\VWąSLHQLH� WHJR�
PHFKDQL]PX�]QLV]F]HQLD�

-$6,&=$.�-���6]F]HJyOQ\ SU]\SDGHN NRUR]ML PUR]RZHM EHWRQX VSR-
W\NDQ\ Z QRZ\FK ZLDGXNWDFK GURJRZ\FK ± PRĪOLZRĞFL RJUDQLF]H-
QLD VNXWNyZ�
� :�SRF]ąWNRZ\FK� ODWDFK�;;,�ZLHNX�Z\EXGRZDQR�Z�3ROVFH�SRQDG�
����� ZLDGXNWyZ� EHWRQRZ\FK�� =DQRWRZDQR� ZLHOH� SU]\SDGNyZ� EUDNX�
PUR]RRGSRUQRĞFL�EHWRQX�MXĪ�QD�HWDSLH�RGGDZDQLD�RELHNWyZ�GR�HNVSOR-
DWDFML��3URFHV�PLDá�QLHW\SRZ\�SU]HELHJ��QDVWĊSRZDá�GUDVW\F]Q\�VSDGHN�
Z\WU]\PDáRĞFL�EHWRQX�QD�ĞFLVNDQLH�EH]�FKDUDNWHU\VW\F]QHJR�áXV]F]H-
QLD�VLĊ�SRZLHU]FKQL�L�XE\WNX�PDV\��:�DUW\NXOH�Z\MDĞQLRQR�WR�]MDZLVNR�
L�]DSURSRQRZDQR�ĞURGNL�]DUDGF]H�

&=$3,.�3��� %252ē�0��� .8=$�'���2 GHJUDGDFML ]DSUDZ FHPHQWR-
Z\FK ] NUXV]\ZHP ]H V]NáD RGSDGRZHJR�
� 3U]HGVWDZLRQR� Z\QLNL� EDGDĔ� UHDNFML� DONDOLD� ±� NU]HPLRQND� �$65��
Z� ]DSUDZLH�� Z� NWyUHM� MDNR� NUXV]\ZR� ]DVWRVRZDQR� NRORURZą� VWáXF]NĊ�
V]NODQą��:\NRQDQR�EDGDQLH�HNVSDQVML�PHWRGą�SU]\VSLHV]RQą�ZHGáXJ�
$670� &� ������ 3URZDG]RQR� MH� GR� ]QLV]F]HQLD� EDGDQ\FK� SUyEHN��
3RUyZQDQR�PLNURVWUXNWXUĊ� ]DSUDZ\� ]QLV]F]RQHM� L� ]DSUDZ\�� QD� NWyUHM�
EDGDQLD� SURZDG]RQR� SU]H]� ��� GQL�� FR� SR]ZROLáR� QD� OHSV]H� SR]QDQLH�
PHFKDQL]PX�GHJUDGDFML�EDGDQHM�]DSUDZ\�

=$-'(/�3���,QWHUSUHWDFMD UH]XOWDWyZ SUyE\ XGDUQRĞFL RSU]\U]ąGR-
ZDQ\P PáRWHP Charpy’ego QD SRWU]HE\ RFHQ\ ZáDĞFLZRĞFL VWDOL 
NRQVWUXNF\MQ\FK�
� 2PyZLRQR� ]DVDGĊ� SUyE\� XGDUQRĞFL� RSU]\U]ąGRZDQ\P� PáRWHP�
Charpy’ego�RUD]�W\SRZH�Z\NUHV\�]�W\FK�EDGDĔ��=DSUH]HQWRZDQR�FKD-
UDNWHU� ]PLDQ� SROD� QDSUĊĪHĔ� Z� EDGDQ\FK� SUyENDFK� L� MHJR� ZSá\Z� QD�
FKDUDNWHU\VW\NL�SU]HáRPyZ��3U]HGVWDZLRQR�Z\NUHV\�]�EDGDĔ�XGDUQRĞFL��
RGQRV]ąF�MH�GR�NU]\ZHM�SU]HMĞFLD�VWDOL�Z�VWDQ�NUXFK\��3RGDQR�SU]\NáDG\�
VWDOL�NRQVWUXNF\MQ\FK��NWyUH�PRJą�Z\ND]\ZDü�FKDUDNWHU\VW\F]Q\�SU]H-
ELHJ�NU]\Z\FK�Z\WU]\PDáRĞFLRZ\FK�

*2à'<1� 0���2 VWRVRZDQLX SUĊWyZ RGJLĊW\FK MDNR ]EURMHQLD QD 
SU]HELFLH Sá\W SáDVNLFK ZHGáXJ QRUP\ 31-(1 ����-�-��
� 3U]HGVWDZLRQR� ]DVDG\� NRQVWUXNF\MQH� GRW\F]ąFH� NV]WDáWRZDQLD�
L�UR]PLHV]F]DQLD�]EURMHQLD�SUĊWDPL�RGJLĊW\PL��=DPLHV]F]RQR�SU]\NáDG�
REOLF]HQLRZ\��Z�NWyU\P�Z\]QDF]RQR�Z\PDJDQH�]EURMHQLH�QD�SU]HELFLH�
Z�IRUPLH�VWU]HPLRQ�L�SUĊWyZ�RGJLĊW\FK��6WZLHUG]RQR��ĪH�]H�Z]JOĊGX�QD�
VSRVyE�UR]PLHV]F]DQLD�SUĊWyZ�RGJLĊW\FK��QLHPRĪOLZH�PRĪH�VLĊ�RND]Dü�
]DFKRZDQLH�Z\PDJDQHM�REOLF]HQLRZHM�QRĞQRĞFL�Z�]HZQĊWU]Q\P�SU]H-
NURMX�NRQWUROQ\P��3RGDQR�SURSR]\FMĊ�NV]WDáWRZDQLD�]EURMHQLD�X]XSHá-
QLDMąFHJR�Z�WDNLP�SU]\SDGNX�

*Ï56.,� 3��� 7$7$5$� 0��� 2 ZVSyáSUDF\ 3ROLWHFKQLNL 2SROVNLHM 
] ,QVW\WXWHP 0HFKDQLNL 7HRUHW\F]QHM L 6WRVRZDQHM $NDGHPLL 1DXN 
5HSXEOLNL &]HVNLHM�
� 3U]HGVWDZLRQR�Z\EUDQH�UH]XOWDW\�EDGDĔ�HNVSHU\PHQWDOQ\FK�GRW\-
F]ąFH�ZSá\ZX�REORG]HQLD� QD� DHURG\QDPLNĊ� FLĊJLHQ�PRVWyZ�SRGZLH-
V]RQ\FK��NWyUH�Z\NRQDQR�Z�NLONX�RVWDWQLFK�ODWDFK�Z�UDPDFK�ZVSyáSUDF\�
GZyFK�RĞURGNyZ�QDXNRZ\FK�

3<5$.�6���2Q WKH FRQVWUXFWLRQ RI D FKXUFK ZLWK D WRZHU LQ WKH 
VDFUHG FRPSOH[ GHGLFDWHG WR 6W� $UFKDQJHO 0LFKDHO LQ 3LDVWyZ�
� $UFKLWHFWXUDO� VROXWLRQV� DQG� FRQWUXFWLRQV� RI� D� FKXUFK�ZLWK� D� WRZHU�
DQG�EDVLF�LVVXHV�UHODWHG�WR�LPSOHPHQWDWLRQ��ZHUH�GLVFXVVHG��,QIRUPDWLRQ�
UHJDUGLQJ�ILQLVKLQJ�DQG�LQVWDOODWLRQ�ZRUNV�ZHUH�LQGLFDWHG�

*2à'<1�0���$ERXW WKH GHVLJQ RI LQWHUIDFHV EHWZHHQ FRQFUHWH FDVW 
DW GLIIHUHQW WLPH�
� ,Q�WKH�SDSHU�PHFKDQLFDO�PRGHOV�GHVFULELQJ�EHKDYLRXU�RI�LQWHUIDFH�
EHWZHHQ� FRQFUHWH� FDVW� DW� GLIIHUHQW� WLPHV�� DV� ZHOO� DV� YDULRXV� GHVLJQ�
SURFHGXUHV�ZHUH�SUHVHQWHG��5HJXODWLRQV�ZHUH�HYDOXDWHG�LQ�WKH�OLJKW�RI�
WKH�UHVXOWV�RI�H[SHULPHQWDO�LQYHVWLJDWLRQV��7KH�GLVFUHSDQFLHV�IRXQG�DQG�
WKHLU�SRVVLEOH�FDXVHV�ZHUH�LQGLFDWHG�DQG�GLVFXVVHG��'HVSLWH�LQFOXGLQJ�
VXFK� IDFWRUV� DV� FRQFUHWH� VWUHQJWK�� LQWHUIDFH� UHLQIRUFHPHQW� UDWLR� RU�
URXJKQHVV�RI�WKH�MRLQW�VXUIDFH��LW�ZDV�IRXQG�WKDW�QRQH�RI�WKH�DQDO\VHG�
VWDQGDUG�SURFHGXUHV�VDWLVIDFWRULO\�GHVFULEHV�WKH�ORDG�EHDULQJ�FDSDFLW\�
RI�WKH�LQWHUIDFHV�EHWZHHQ�FRQFUHWH�FDVW�DW�GLIIHUHQW�WLPH�

.8%,.�-���/LPLW VWDWH RI GHIHQVLYH PRQXPHQWDO�
� 7KH� SDSHU� SUHVHQWV� WKH� GHVWUXFWLRQ� PHFKDQLVP� RI� WKH� KLVWRULF�
GHIHQVLYH�ZDOOV��7KH�UHDVRQ�RI�WKDW�SKHQRPHQD�LV�WKH�GHFD\�RI�WKH�ZDOO�
VXUIDFH�OD\HU��,Q�SDUWLFXODU��WKH�VOLS�DW�WKH�EDVH�RI�WKH�ZDOO�ZDV�DQDO\VHG�

-$6,&=$.� -���$ VSHFLDO FDVH RI FRQFUHWH IURVW IURVWLQJ IRXQG LQ 
QHZ URDG YLDGXFWV ± SRVVLELOLWLHV RI OLPLWLQJ HIIHFWV�
� ,Q�WKH�HDUO\�����V��RYHU�������QHZ�FRQFUHWH�YLDGXFWV�ZHUH�EXLOW�LQ�
3RODQG��7KHUH�KDYH�EHHQ�PDQ\�FDVHV�RI�LQVXIILFLHQW�IURVW�UHVLVWDQFH�RI�
FRQFUHWH�DV�HDUO\�DV�DW�WKH�FRPPLVVLRQLQJ�VWDJH��7KH�SURFHVV�KDG�DQ�
XQXVXDO�FRXUVH��WKHUH�ZDV�D�GUDVWLF�GHFUHDVH�LQ�FRQFUHWH�FRPSUHVVLYH�
VWUHQJWK�ZLWKRXW�FKDUDFWHULVWLF� IODNLQJ�RI� WKH�VXUIDFH�DQG�ZHLJKW� ORVV��
7KLV�SKHQRPHQRQ�KDV�EHHQ�H[SODLQHG�LQ�WKH�SDSHU�DQG�WKH�PLWLJDWLRQ�
PHDVXUHV�KDYH�EHHQ�SURSRVHG�

&=$3,.�3���%252ē�0���.8=$�'���'HJUDGDWLRQ RI PRUWDUV ZLWK ZDVWH 
JODVV DJJUHJDWH�
� 7KH� SDSHU� SUHVHQWV� WKH� VWXG\� RI� DONDOL-VLOLFD� UHDFWLRQ� �$65�� LQ�
PRUWDU� FRQWDLQLQJ� FRORUHG� ZDVWH� JODVV� XVHG� DV� DQ� DJJUHJDWH�� 7KH�
H[SDQVLRQ� ZDV� PHDVXUHG� XVLQJ� WKH� $670� &� ����� DFFHOHUDWHG� WHVW�
SURFHGXUH�XQWLO�WKH�GLVLQWHJUDWLRQ�RI�WKH�VSHFLPHQV��7KH�PLFURVWUXFWXUHV�
RI�GDPDJHG�PRUWDU�ZHUH�FRPSDUHG�ZLWK�WKH�PLFURVWUXFWXUHV�RI�PRUWDU�
WHVWHG�E\�RQO\�E\�VWDQGDUG���-GD\V��7KLV�DOORZHG�IRU�EHWWHU�XQGHUVWDQGLQJ�
RI�WKH�GHJUDGDWLRQ�PHFKDQLVP�RI�PRUWDU�ZLWK�ZDVWH�JODVV�

=$-'(/�3���,QWHUSUHWDWLRQ RI WKH UHVXOWV RI WKH LQVWUXPHQWHG LPSDFW 
&KDUS\ WHVW IRU WKH SXUSRVH RI DVVHVVLQJ WKH SURSHUWLHV RI 
VWUXFWXUDO VWHHOV�
� 7KH� DUWLFOH� GLVFXVVHV� WKH� SULQFLSOH� RI�&KDUS\
V� LQVWUXPHQWHG� WHVW�
DQG�W\SLFDO�FKDUWV�RI�WKHVH�WHVWV��7KH�QDWXUH�RI�WKH�FKDQJHV�RI�WKH�VWUHVV�
ILHOG� LQ� WKH�H[DPLQHG� VDPSOHV�DQG� LWV� FRQVHTXHQFHV� IRU� WKH� IUDFWXUH�
FKDUDFWHULVWLFV�ZHUH�SUHVHQWHG��&KDUWV�RI�&KDUS\¶V� LPSDFW� WHVWV�ZHUH�
SUHVHQWHG�DQG�DVVLJQHG�IRU�D�EULWWOH�WUDQVLWLRQ�FXUYH�RI�VWHHO��([DPSOHV�
RI�VWUXFWXUDO�VWHHOV�ZHUH�JLYHQ�WKDW�PD\�VKRZ�D�FKDUDFWHULVWLF� IRUP�RI�
VWUHQJWK�FXUYHV�RI�WKH�&KDUS\
V�LQVWUXPHQWHG�WHVW�

*2à'<1� 0��� $ERXW GHVLJQ RI EHQW-XS EDUV DV SXQFKLQJ VKHDU 
UHLQIRUFHPHQW RI IODW VODEV DFFRUGLQJ WR 31-(1 ����-�-�  
SURFHGXUH�
� 'HVLJQ� SULQFLSOHV� IRU� VKDSLQJ� DQG� GLVWULEXWLRQ� EHQW-XS� EDUV� DV�
SXQFKLQJ�VKHDU�UHLQIRUFHPHQW�RI�IODW�VODEV�ZHUH�SUHVHQWHG��$�ZRUNLQJ�
H[DPSOH�� ZKLFK� FRQFHUQHG� FDOFXODWLRQ� RI� WKH� UHTXLUHG� VKHDU�
UHLQIRUFHPHQW�LQ�WKH�IRUP�RI�VWLUUXSV�DQG�EHQW-XS�EDUV��ZDV�LQFOXGHG��,W�
KDV�EHHQ�IRXQG�WKDW�GXH�WR�WKH�ZD\�WKH�EHQW-XS�EDUV�ZHUH�DUUDQJHG��LW�
ZDV�QRW�SRVVLEOH�WR�PDLQWDLQ�SXQFKLQJ�VKHDU�UHVLVWDQFH�LQ�WKH�H[WHUQDO�
FRQWURO�VHFWLRQ��$�SURSRVDO�IRU�SODFLQJ�DGGLWLRQDO�UHLQIRUFHPHQW�LQ�VXFK�
FDVH�KDV�EHHQ�SUHVHQWHG�

*Ï56.,� 3��� 7$7$5$� 0��� 2Q LQWHUQDWLRQDO FRRSHUDWLRQ EHWZHHQ 
2SROH 8QLYHUVLW\ RI 7HFKQRORJ\ DQG ,QVWLWXWH RI 7KHRUHWLFDO  
DQG $SSOLHG 0HFKDQLFV RI $FDGHP\ RI 6FLHQFHV RI WKH &]HFK 
5HSXEOLF�
� 7KH� SDSHU� SUHVHQWV� WKH� VHOHFWHG� UHVXOWV� RI� H[SHULPHQWDO�
LQYHVWLJDWLRQV�RQ� WKH� LQIOXHQFH�RI� LFLQJ�RQ�DHURG\QDPLFV�RI�FDEOHV�RI�
FDEOH-VXSSRUWHG�EULGJHV��7KH�LQYHVWLJDWLRQV�ZHUH�FDUULHG�RXW�RYHU�WKH�
SDVW� IHZ� \HDUV� ZLWKLQ� WKH� IUDPHZRUN� RI� LQWHUQDWLRQDO� FRRSHUDWLRQ�
EHWZHHQ�WZR�SDUWQHU�VFLHQWLILF�LQVWLWXWLRQV�


