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St reszczeni e. �:�SUDF\�SU]HGVWDZLRQR�PHWRG
�V]DFRZDQLD�RVLDGDQLD�JOHE\�SRGGDQHM�REFL��
*HQLX�Z\NRU]\VWXM�F��WHFKQLN
�7'5��3RVWDZLRQR�KLSRWH]
��*H�RVLDGDQLH�WR��GR�PRPHQWX�FDáNRZLWe-
JR� Z\SDUFLD� SRZLHWU]D� ]� ZROQ\FK� SU]HVWU]HQL�� MHVW� MHG\Q�� SU]\F]\Q�� ]PLDQ\� ZLOJRWQR�FL� REM
Wo-
�FLRZHM�� 6áXV]QR�ü� WDN� SRVWDZLRQHM� KLSRWH]\�� NWyUHM� X]DVDGQLHQLH� MHVW� NRQLHF]QH� GR� ]DVWRVRZDQLD�
PHWRG\�� Z\ND]DQR� QD� SRGVWDZLH� UR]ZD*D�� WHRUHW\F]Q\FK� RUD]� SU]HSURZDG]RQHJR� HNVSHU\PHQWX�
SRORZHJR�� 'RGDWNRZR� SRSUDZQR�ü� PHWRG\� SRWZLHUG]RQR� SRSU]H]� Z\ND]DQLH� OLQLRZHJR� ]ZL�]NX�
SRPL
G]\�QDSU
*HQLDPL�L�REOLF]RQ\PL�RVLDGDQLDPL� 

6 áRZD � N O X F ]RZH : technika TDR, osiadanie gleby 

:67	3 

3RGVWDZRZ\P� ]DGDQLHP� F]\QQHM�ZDUVWZ\� JOHE\� MHVW� ]DSHZQLHQLH� UR�OLQRP�Rd-
powiednich warunków powietrzno-wodnych. Gleba�UHDOL]XMH�WR�]DGDQLH�G]L
NL�]GRl-
QR�FLRP�GR�PDJD]\QRZDQLD�ZRG\�SRGF]DV�RSDGyZ��MDN�UyZQLH*�SRSU]H]�MHM�SRELHUa-
QLH�]��Já
EV]\FK�ZDUVWZ��3
F]NRZVNL�L�LQ���������,QWHQV\ZQR�ü�W\FK�SUoFHVyZ�]DOH*\�
P�LQ�� RG� ]DJ
V]F]HQLD� JOHE\�� =E\W� GX*H�� SRZRGXMH� ]ZL
NV]RQ\� SRdVL�N��Z�Z\QLNX�
F]HJR�QDVW
SXMH�QLHNRU]\VWQH�SDURZDQLH�–� ]ZáDV]F]D�ZWHG\�JG\�JOHED� MHVW�QLHSRUo-
�QL
WD�� 1DGPLHUQH� ]DJ
V]F]HQLH� VSRZRGRZDQH� MHVW� QS�� SU]HMD]GDPL� PDV]\Q� UROQi-
F]\FK� Z\NRQXM�F\FK� ]DELHJL� DJURWHFKQLF]QH�� :\]QaF]DQLH� ]DVL
JX� L� VNDOL� ]PLDQ�
struktury� JOHE\� SRGGDQHM� REFL�*HQLX�� SRPLPR� FL�JOH� SoZVWDM�F\FK� QRZ\FK� PHWRG�
                                                 
∗(NVSHU\PHQW�SU]HSURZDG]RQR�SU]\�XG]LDOH�VWXGHQWyZ�]�.RáD�1DXNRZHJR�0HOLRUDQWyZ� 
LP��SURI��6WDQLVáDZD�%DFD 
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SRPLDURZ\FK�� Z\PDJD� SU]HSURZDG]HQLD� SUDFRFKáRnQ\FK� EDGD�� Z\NRU]\VWXM�F\FK�
VNRPSOLNRZDQ��DSDUDWXU
��%DGDQLD� WDNLH�SU]HSURZDG]D�VL
�JáyZQLH�GOD�SRWU]HE�SUo-
ducentów opon do maszyn rolniczych w celu zminimalizowania negatywnych skut-
ków prowadzonych prac polowych (Bykowski i in. 2001, Konstankiewicz i in. 
1999, Pytka i Konstankiewicz 1998, Pytka i in 2000).   

&HOHP�QLQLHMV]HM�SUDF\�MHVW�SU]HGVWDZLHQLH�PR*OLZR�FL�]DVWRVRZDQLD�WHFKQLNL�
TDR (pierwoWQLH�RSUDFRZDQHM�GR�SRPLDUX�ZLOJRWQR�FL�REM
WR�FLRZHM��GR�V]DFo-
wania osiaGDQLD�JOHE\�SRGGDQHM�REFL�*HQLX�� 

  
METODY 

 
:� Z\QLNX� SU]\áR*RQHJR� SLRQRZHJR� REFL�*HQLD� QDVW
SXMH� RVLDGDQLH� JOHE\��

2EFL�*HQLH�]HZQ
WU]QH�SRZRGXMH�Z�SLHUZV]HM�NROHMQR�FL�]PQLHMV]HQLH�REM
WR�FL�
SRUyZ��-H*HOL�JOHED�]QDMGXMH�VL
�Z�VWDQLH�QLHSHáQHJR�QDV\FHQLD��QDMSLHUZ�QDVW
Su-
MH�Z\SDUFLH�SRZLHWU]D�]�ZROQ\FK�SU]HVWU]HQL��SRQLHZD*� MHVW�RQR��Z�SU]HFLZLH��
VWZLH�GR�ZRG\��QLH]ZL�]DQH�]�ID]��VWDá���-H*HOL�]D��JOHED�MHVW�FDáNRZLFLH�Z\V\Fo-
na zachodzi zjawisko konsolidacji, które polega na równoczesnym zmniejszaniu 
VL
�]DZDUWR�FL�ZRG\�L�REM
WR�FL�SRUyZ��:LáXQ��������:�QLQLHMV]HM�SUDF\�UR]Sa-
WU\ZDQD�MHVW�V\WXDFMD�JG\�JOHED�QLH�MHVW�Z�SHáQL�Z\V\FRQD�ZRG���:�W\P�SU]\SDd-
ku idea zastosowania techniki TDR do s]DFRZDQLD�RVLDGDQLD�RSLHUD�VL
�QD�KLSRWe-
]LH�� *H� RVLDGDQLH� WR�� GR� PRPHQWX� FDáNRZLWHJR� Z\SDUFLD� SRZLHWU]D� ]� ZROQ\FK�
SU]HVWU]HQL�� MHVW� MHG\Q�� SU]\F]\Q�� ]PLDQ\� ZLOJRWQR�FL� REM
WR�FLRZHM�� 3RQL*HM�
hipoteza ta zostanie uzasadniona.  

Na rysunku 1 przedstawiono przHVWU]H�� JOHE\� R� REM
WR�FL� SRF]�WNRZHM�Vcp, 
w NWyUHM�]DZDUWD�MHVW�ID]D�VWDáD��ZRGD�L�SRZLHWU]H��-H*HOL�WDND�SU]HVWU]H��]RVWDQLH�
SRGGDQD� REFL�*HQLX� WR� MHM� REM
WR�ü� NR�FRZD Vck ulegnie zmniejszeniu. Zmiana 
REM
WR�FL�∆Vcp jest równa: 

 

ckcpc VVV −=∆ ,                         (1) 

gdzie: cV∆ –�]PLDQD�REM
WR�FL�JOHE\��FP3), 

cpV –�SRF]�WNRZD�REM
WR�ü�JOHE\��FP3), 

ckV –�NR�FRZD�REM
WR�ü�JOHE\��FP3). 

3RQLHZD*�QDMSLHUZ�Z\SLHUDQLH�MHVW�MHG\QLH�SRZLHWU]H�Wo zgodnie z rysunkiem 1, 
PR*QD�]DSLVDü��-H*HOL 
 

           wpspppcp VVVV ++=        i       wkskpkck VVVV ++= ,                (2) 
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���D�WDN*H����� wkwpsksp VVVV == ,      oraz    ckcp VV > ,                   (3)  

  to       
ck

wk

cp

wp

V

V

V

V
< ������F]\OL������p���k,                              (4) 

gdzie: Vpp, (Vpk) –�SRF]�WNRZD���NR�FRZD��REM
WR�ü�SRUyZ��FP3), 
 Vsp, (Vsk) –�SRF]�WNRZD���NR�FRZD��REM
WR�ü�V]NLHOHWX��FP3), 
 Vwp, ( Vwk) –�SRF]�WNRZD���NR�FRZD��REM
WR�ü�ZRG\��Fm3), 
 θp, (θk) –�SRF]�WNRZD���NR�FRZD��ZLOJRWQR�ü�REM
WR�FLRZD����� 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rys. 1.� =PLDQD� REM
WR�FL� SU]HVWU]HQL� JOHERZHM�Z\ZRáDQR� REFL�*HQLHP��Vc, –� FDáNRZLWD� REM
WR�ü�
rozpatrywanej przestrzeni gleby, Vp –�REM
WR�ü�SRUyZ��Vs –�REM
WR�ü�V]NLHOHWX��Vw –�REM
WR�ü�Zody, 
h –�Z\VRNR�ü�UR]SDWU\ZDQHM�SU]HVWU]HQL�JOHE\��∆h – osiadanie,  q(t) –�REFL�*HQLH��LQGHNV�p – chwi-
OD�SRF]�WNRZD��LQGHNV�k –�FKZLOD�NR�FRZD� 
Fig. 1. Change in soil space caused by loading, Vc, – total volume of soil space under analysis, Vp – 
volume of pores, Vs – skeleton volume, Vw – water volume, h – height of soil space under analysis, 
∆h – self-consolidation,  q(t) – load, index p – initial moment, index k – final moment 
 
:\QLND� ]� WHJR��*H�Z� FKZLOL� JG\� SRMDZLD� VL
� RVLDGDQLH� JOHE\� WR� ]PLHQLD� VL
� MHM�
ZLOJRWQR�ü�REM
WR�FLRZD�SRPLPR��*H�REM
WR�ü�ZRG\�SR]RVWDMH� VWDáD��=DNáDGDM�F�
*H�]PLDQD�∆Vc�QDVW
SXMH�Z�F]DVLH�∆t�L�RGE\ZD�VL
�Z�ZDUXQNDFK�EUDNX�UR]V]HU]Dl-
QR�FL�ERF]QHM�PR*QD��]QDM�F�G\QDPLN
�ZLOJRWQR�FL��REOLF]\ü�RVLDGDQLH�Z\ZRáDQH�
REFL�*HQLem: 
 

11 −∆⋅





−=∆ thh

k

p
p θ
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,        (5) 
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gdzie: h∆  – osiadanie (cm), 

ph  –�Z\VRNR�ü�SRF]�WNRZD��FP�� 
pθ , kθ –�SRF]�WNRZD���NR�FRZD��ZLOJRWQR�ü�REM
WR�FLRZD (cm3.cm-3), 

∆t – krok czasowy (min). 

3LRQRZH� QDSU
*HQLD� QRUPDOQH� GOD� UR]SDWU\ZDQ\FK� Z� SUDF\� SXQNWyZ� OH*�F\FK�
w RVL�V\PHWULL�REFL�*RQHJR�REV]DUX�REOLF]RQH�V��ZJ�Z]RUX�SRGDQHJR�SU]H]�%o-
XVVLQHVTD��NWyU\�Z�SRVWDFL�RJyOQHM�]DSLVXMH�VL
�QDVW
SXM�FR��:LáXQ������� 

 
q⋅= ησ ,                                       (6)

     
gdzie: 1 –�QDSU
*HQLD�QRUPDOQH��N3D��� 

� –� ZVSyáF]\QQLN� GR� REOLF]DQLD� QDSU
*H�� SRG� REFL�*HQLHP� RG� REV]DUX�
koáRZHJR��RGF]\W\ZDQ\�]�QRPRJUDPyZ��–),  

q –�REFL�*HQLH��N3D�� 
3RPLDU�ZLOJRWQR�FL�REM
WR�FLRZHM�JOHE\�Z\NRQDQR�]D�SRPRF��DSDUDWX�7'5�Zy-
NRU]\VWXM�FHJR�UHIOHNWRPHWUL
�GRPHQRZR-F]DVRZ���VNRQVWUXRZDQHJR�Z�,$�3$1�
w Lublinie (Malicki i in. 1992, Skierucha 2000). 

OPIS EKSPERYMENTU 

(NVSHU\PHQW�SU]HSURZDG]RQR�Z�PLHMVFRZR�FL�6XFKD�5]HF]ND�Z�ZRMHZyGz-
twie warmL�VNR-PD]XUVNLP��'R�EDGD��Z\NRU]\VWDQR�PDWHULDá�JOHERZ\��NWyUHJR�
UR]NáDG�JUDQXORPHWU\F]Q\�F]
�FL�PLQHUDOQ\FK�RGSRZLDGDá�SLDVNRZL��UHGQLHPX��
Na rysunku 2 (z lewej strony) przedstawiono schemat modelu fizycznego. Po-
MHPQLN�Z�NV]WDáFLH�ZDOFD�R��UHGQLF\����FP�Z\SHáQLRQR�PDWHULDáHP�JOHERZ\P�
GR�Z\VRNR�FL� ��� FP��1DVW
SQLH�Z�RVL� V\PHWULL� XPLHV]F]RQR��� F]XMQLNL�7'5��
Umo*OLZLáR� WR� UHMHVWUDFM
� ZLOJRWQR�FL� REM
WR�FLRZHM� Z� RGVW
SDFK� �-minu-
towych. W FKZLOL� SRF]�WNRZHM� �tp�� GR�ZLHU]FKQLHM�ZDUVWZ\�JOHE\��SU]\áo*RQR�
zmienne w F]DVLH�� SLRQRZH�� UyZQRPLHUQLH� UR]áR*RQH� REFL�*HQLH� q(t), przeka-
]\ZDQH�SU]H]�NRáRZ��SRZLHU]FKQL
�R��UHGQLF\������FP��:LHONR�FL�REFL�*HQLD�
]PLHQLDQR�RG����GR����N3D�SU]H]�RNUHV���PLQXW��&]DVRZ��]PLHQQR�ü�RbFL�*HQLD�
oraz miejsce umieszczenia czujników przedstawiono na rysunku 2. W dalszej 
F]
�FL� SUDF\� UR]SDWU\ZDQD� E
G]LH� MHG\QLH� SU]HVWU]H�� GR� Já
ERNR�FL� ����� FP��
NWyU��SRG]LHORQR�XPRZQLH�QD���ZDUVWZ\��WDN�DE\�F]XMQLNL�ZLOJRWQR�FL�]QDMGo-
ZDá\�VL
�Z�LFK�FHntralnych punktach. 
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Rys. 2. Schemat eksperymentu i czasRZD� ]PLHQQR�ü� REFL�*HQLD� q(t), (I, II , III) – oznaczenie 
warstw, (1, 2, 3) – oznaczenie punktów pomiarowych 
Fig. 2. Schematic of the experiment and load variation in time, q(t), (I, II , III) – designation of lay-
ers, (1, 2, 3) – designation of measurement points 

WYNIKI 

5\VXQHN���SU]HGVWDZLD�]PLDQ\�ZLOJRWQR�FL�REM
WR�FLRZHM�Z�ZDUVWZDFK�,��,,��
,,,��:� F]DVLH� JG\� QDVW
SRZDá� Z]URVW� REFL�*HQLD� q(t)�� WM�� Z� FL�JX� SLHUZV]\FK� ��
PLQXW��ZDUWR�FL�ZLOJRWQR�FL�]PLHQLDá\�VL
�RG����GR������:�QDVW
SQ\P�RNUHVLH�
nie zaobserwowDQR�Z]URVWX�ZLOJRWQR�FL��.RU]\VWDM�F�]�]DOH*QR�FL�����REOLF]RQR�
osiadania (∆h�� Z� ND*GHM� ZDUVWZLH�� 2EOLF]HQLD� SURZDG]RQR� ]� Uy*Q\P� NURNLHP�
czasowym ∆t. 

 
Rys. 3. =PLDQ\�ZLOJRWQR�FL�REM
WR�FLRZHM�Z\ZRáDQH�REFL�*HQLHP��θ –�ZLOJRWQR�ü (%) 
Fig. 3. Changes in volumetric moisture caused by loading, θ – moisture (%) 
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1D� U\VXQNX� �� �]� OHZHM� VWURQ\�� SU]HGVWDZLRQR� ZDUWR�FL� REOLF]RQHJR� RVLDGDQLD�
w warstwie I dla krótkiego kroku czasowego (∆t� ���PLQXWD���2EOLF]RQH�ZDUWR�FL�
]PLHQLDM��VL
�RG�–0,2 cm⋅min-1 do 0,3 cm⋅min-1. 

Rys. 4. 6WDELOQR�ü�REOLF]H��RVLDGDQLD�Z�ZDUVWZLH�,�GOD�]ZL
NV]DM�FHJR�VL
�NURNX�F]DVRZHJR��∆hI – 
osiadanie warstwy I  
Fig. 4. Stabilit y of calculations of self-consolidation in soil l ayer I for increasing time step, ∆hI – 
self-consolidation in layer I 
 

Otrz\PDQH�XMHPQH�ZDUWR�FL�∆h�QLH�PDM��IL]\F]QHJR�VHQVX�L�Z\QLNDM��]�EUa-
ku staELOQR�FL�PHWRG\�GOD�NUyWNLFK�NURNyZ�F]DVRZ\FK��-DQLN��������'OD�NURNX�
∆t� ���PLQ��U\V����Z��URGNX��REOLF]RQH�ZDUWR�FL�RVLDGDQLD�QDGDO�V��]Uy*QLFRZDQH�
warto�FL�� DOH� ]DNUHV� ]PLHQQR�FL� Mest mniejszy i wynosi od –0,1 do 0,2 cm⋅min-1.  
Gdy ∆t� ���PLQ���U\V����]�SUDZHM��WR�REOLF]RQH�RVLDGDQLD�Z�FL�JX�SLHUwszych 8 
PLQXW�SU]\MPXM��ZDUWR�FL�UyZQH�Z�SU]\EOL*HQLX�����FP⋅min-1. Natomiast w na-
VW
SQ\P�RNUHVLH�JG\�REFL�*HQLH�MHVW�VWDáH�WR�REOLF]RQH�ZDUWR�FL�∆h�V��Z�SU]y-
EOL*HQLX�UyZQH�����FP⋅min-1��3U]\M
WR��*H�JG\�∆t > 4 min zaproponowana meto-
GD�MHVW�VWDELOQD��=DOH*QR�ü�����Z\NRU]\VWDQR�UyZQLH*�GR�REOLF]HQLD�RVLDGania od 
FKZLOL�SRF]�WNRZHM�GR�PRPHQWX��JG\�REFL�*HQLH�E\áR�VWDáH��'R�REOLF]H��]DVWo-
sowano krok czasowy ∆t� ���PLQXW��5\VXQHN���SU]HGVWDZLD�]PLDQ
�Z\VoNR�FL�
„umownych” warstw rozpatrywanej przestrzeni gleby obli czonych dla pierw-
V]\FK���PLQXW��1DMZL
NV]H�REOLF]RQH�RVLDGDQLH�]DREVHUZRZDQR�Z�ZDrstwie I. 
:\QLRVáR� RQR� ����� FP�� FR� VWDQRZLáR� ������Z\VRNR�FL� SRF]�WNRZHM��:�ZDr-
stwie II wynioVáR� ����� FP� ������ L� QDMPQLHMV]H�Z�ZDUVWZLH� ,,,�– 0,31 cm co 
VWDQRZLáR�������Z\VRNR�FL�SRF]�WNRZHM� 

8]\VNDQH� Z\QLNL� SRWZLHUG]DM�� SRSUDZQR�ü� ]DSURSRQRZDQHM�PHWRG\��:LHl-
NR�FL�RVLDGDQLD�PDOHM��ZUD]�]�Z]URVWHP�Já
ERNR�FL��SRQLHZD*�PDOHM��QDSU
*HQLD�
Z�JOHELH��1D�U\VXQNX���SU]HGVWDZLRQR�DNWXDOQ���Z]JO
GQ��Z\VRNR�ü�ZDUVWZ\�,,�
RGQLHVLRQ��GR�VWDQX�SRF]�WNRZHJR�� 
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Rys. 5. 2VLDGDQLH�Z\ZRáDQH� REFL�*HQLHP hpi –�Z\VRNR�ü� i-tej warstwy, ∆hI, hII, hIII , – osiadanie 
warstwy I, II , III   
Fig. 5. Self-consolidation of soil caused by loading, hpi – height of i-th layer, ∆hI, hII, hIII , – self-
consolidation in layers I, II , III  
 

 
Rys. 6. :]JO
GQD�Z\VRNR�ü�ZDUVWZ�REOLF]RQD�QD�SRGVWDZLH�G\QDPLNL�ZLOJRWQR�FL�REM
WR�FLRZHM��
h(t) – aktualna wysoNR�ü�ZDUVWZ\��hp –�SRF]�WNRZD�Z\VRNR�ü�ZDUVWZ\  
Fig. 6. Relative height of soil l ayers calculated on the basis of volumetric moisture dynamics, h(t) – 
current height of layer, hp – initial height of layer 
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2EOLF]HQLD�Z\NRQDQR�Z\NRU]\VWXM�F�]DOH*QR�ü������SU]\MPXM�F�GOD�ND*GHM�FKZLOL�
PDNV\PDOQLH�GáXJL�NURN�F]DVRZ\�∆t�� �3U]HSURZDG]RQR�UyZQLH*�EH]SR�UHGQL�So-
PLDU� RVLDGDQLD� JOHE\� Z� PLHMVFX� SU]\áR*HQLD� SRZLHU]FKQL� NRáRZHM�� SU]H]� NWyU��
SU]HND]\ZDQR�REFL�*HQLH��3R���PLQXWDFK�RG�FKZLOL�SRF]�WNRZHM�]PLHU]RQH�RVLa-
danie�Z\QLRVáR������FP�D� VXPD�REOLF]RQHJR�RVLDGDQLD� �Z�ZDUVWZDFK� ,�� ,,�� L� ,,,�
Z\QRVL� ����� FP�� 3RUyZQDQLH� ZDUWR�FL� REOLF]RQHM� L� ]PLHU]RQHM� PD� FKDUDNWHU�
orienWDF\MQ\� SRQLHZD*�Z� REOLF]HQLDFK� QLH� XZ]JO
GQLRQR� RVLDGDQLD� JOHE\�� NWyUH�
PRJáR�Z\VW�SLü�SRQL*HM������FP� 
 

Rys. 7.�=DOH*QR�ü�QDSU
*H��σ obliczonych ze wzoru (6) i osiadania obliczonego na podstawie dy-
QDPLNL�ZLOJRWQR�FL�REM
WR�FLRZHM�ZHGáXJ�UyZQDQLD������∆hi – osiadanie i-tej warstwy, hip –�SRF]�t-
NRZD�Z\VRNR�ü�i-tej warstwy 
Fig. 7. Relation of stress σ, calculated from formula (6), and values of self-consolidation calculated 
on the basis of volumetric moisture dynamics according to eq (5), ∆hi – self-consolidation of i-th 
layer, hip – initial height of i-th layer  
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G]\�QDSU
*HQLDPL�REOLF]RQ\PL�]�]DOH*QR�FL�����
L�RGSRZLHGQLPL�ZDUWR�FLDPL�RVLDGDQLD�REOLF]RQ\PL�]�]DOH*QR�FL������'R�EXGRZ\�
]ZL�]NX�Z\NRU]\VWDQR�ZDUWR�FL�REOLF]RQH�Z�WU]HFK�ZDUVWZDFK��FR�]RVWDáR�SU]Hd-
VWDZLRQH�QD� U\VXQNX����=DOH*QR�ü� WD�PD�FKDUDNWHU� OLQLRZ\�FR� UyZQLH*�GRZRG]L�
poSUDZQR�FL� ]DSURSRQRZDQHM� PHWRG\�� SRQLHZD*� ]JRGQLH� ]� WHRUL�� RGNV]WDáFH��
SRGáR*D��ZWHG\�JG\�RVLDGDQLH�Z\VW
SXMH�ZVNXWHN��FL�OLZR�FL�JOHE\�� WR�SRZLQQR�
E\ü�OLQLRZR�]DOH*QH�GR�QDSU
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WNIOSKI 

1. 6WZLHUG]RQR� SU]\GDWQR�ü� WHFKQLNL� 7'5� GR� SRPLDUX� ZLOJRWQR�FL� JOHE\�
SRGGDQHM�REFL�*HQLX� 

2. 6WZLHUG]RQR�� *H� RVLDGDQLH� JOHE\� Z\ZRáDQH� REFL�*HQLHP� SRZRGuje 
Z]URVW�ZLOJRWQR�FL�REM
WR�FLRZHM�JOHE\��:\QLND�WR�]�IDNWX�Z\SLHUDQLD�SRZLHWU]D�
]�JOHE\��D�QLH�]�SU]\URVWX�REM
WR�FL�ZRG\� 

3. 3RSUDZQR�ü� ]DSURSRQRZDQHM�PHWRG\� V]DFRZDQLD� RVLDGDQia poszczegól-
Q\FK�ZDUVWZ�JOHE\�Z\NRU]\VWXM�F�WHFKQLN
�7'5�SRWZLHUG]RQR�SRSU]H]�Z\ND]a-
QLH�OLQLRZHJR�]ZL�]NX�SRPL
G]\�QDSU
*HQLDPL�L�REOLF]onymi osiadaniami. 
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A bst ract .  The paper presents a method for the estimation of self-consolidation of soil sub-
jected to loading, based on the TDR technique. The hypothesis was adopted that the self-
consolidation, up to the moment of total displacement of air from free soil spaces, was the only 
cause of changes in the volumetric moisture content of the soil . The truth of such a hypothesis, the 
demonstration of which is required for the implementation of the method, was shown on the basis of 
theoretical consideration and of a field experiment. Additionally, the correctness of the method was 
confirmed through the demonstration of linear relationships between levels of stress and calculated 
rates of self-consolidation.  

K eywords:  TDR technique, self-consolidation of soil  
 
*The experiment was conducted with participaWLRQ�RI� VWXGHQWV� IURP�3URIHVVRU�6WDQLVáDZ�%DF�6Wu-
dents’ Science Organization 
 
 


