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|@=} RQ= |=Q@ |@ QHD VwQ l} u}vJty "OQ=O |m =v@UJ VvD Q=Okt QO |rY= Vkv
[12�10]"OvOQm O=yvW}B |y=oW}=tR; |m =v@UJ |=yxO=O R= xO=iDU= =@ O=OUv= p}Uv=DB
'uwDU}B V}=OH V}=tR; QO xm OvOQm u=}@ R}v 10'�2010� u=Q=mty w |rwvo =BU=
R= |Q=}U@ QO xm |r=L QO &OQ=O OwHw VvD p=tQv |xir-wt |Q}oxR=Ov= u=mt= \ki
\wQNt V}=OH V}=tR; =Pr 'CU= xOQm QF= |WQ@ w p=tQv |xir-wt 'VQ@ |=yQ=R@=
xwqa "OvOQm O=yvW}B =Q 'CU= VvD QwmPt |xir-wt wO u=tRsy |Q}oxR=Ov= x@ QO=k xm
|iQat 11|m =v@UJ u=R}t u=wvax@ =Q Rri K]U x@ xOW xO}@UJ l =N Q=Okt u; Q@
=Q \wQNt V}=OH V}=tR; 12'�2011� u=Q=mty w u=oOv}v}i u}vJty [13]"OvOQm
|iQat O=OUv= |xO}OB =@ x]@=Q QO xv=OR} Q |=yl =N Q=DiQ |UQQ@ |=Q@ O}OH |WwQ
[14]"OvOQm xar=]t =Q Rri K]U x@ l =N uO}@UJ Vy=m QO =ypwrLt |NQ@ Q}F-=D w
x=oDUO 'Vv=Q=mty w |rwvo =BU= KQ] R= uDiQo wor= =@ 'Q[=L VywSB QO
|@ QHD |@=} RQ= w |m =v@UJ VvD '|WWm VvD |Q}oxR=Ov= hOy =@ \wQNt V}=OH
TBU "CU= xOW xDN=U w |L=Q] 'Rri K]U x@ l =N uO}@UJ ẁkw sOa =} ẁkw
CUOx@ G}=Dv uOw@ Q}PB Q=QmD w CLY |UQQ@ ut[ 'hrDNt |=yV}=tR; s=Hv= =@
CQwQ[ "CU= xOW |UQQ@ xOW |Q}oxR=Ov= Q}O=kt QO pt=wa |NQ@ Q}F-=D 'xOt;
w x=oW}=tR; QO VQ@ Q=R@= x@ l =N uO}@UJ |xO}OB |R=UxO=U 'Q[=L VywSB
=@ Rri K]U R= l =N V}=OH |=Q@ sRq VvD u=R}t QO QF-wt pt=wa |NQ@ |UQQ@

"CU= |WQ@ w p=tQv |=yxir-wt uDiQo Q_vQO

\wQNt V}=OH x=oDUO CN=U w |L=Q] "2
|rY= VN@ 3 pt=W 'Q[=L VywSB QO xOW xDN=U \wQNt V}=OH x=oDUO

%CU=

wQ}v p=ta= VN@ "1"2
p}mWD |Rri \wQNt w Tm@ Q}o 'QwDwt |xOvQ=OQ@ QO ?wJQ=yJ l} R= VN@ u}=
=@ \wQNt Pwiv CaQU Q}}eD u=mt= uOQm sy=Qi CyH R}v pO@t l} "CU= xOW
xDN=U \wQNt "CU= xOW x}@aD x=oDUO QO xk}kO Q@ QDt|r}t 50 =D 0 01 C}iQ_
Vv=Q=mty w u=oOv}v}i Q_v j@] xHQO 58 T-=Q |x} w=R 'Q[=L VywSB QO xOW

[3]"CU= xOW |Q=m@; CK45 Oqwi TvH R= w OQ=O

wQ}v |Q}oxR=Ov= VN@ "2"2
CkO =@ w wQ}v sQowr}m 100 |Q}oxR=Ov= C}iQ_ =@ wQ}v |Q}oxR=Ov= pwrU l} pt=W
R= pY=L VWm =} Q=Wi |wQ}v |Q}oxR=Ov= u=mt= 'xOW QmP pwrU =@ "CU= sQo 1

"OwW|t sy=Qi l =N QO \wQNt GwQN =} Pwiv

=yxO=O V}=tv w C@F VN@ "3"2
1 CkO =@ =Q wQ}v pwrU \UwD xOW |Q}oxR=Ov= |wQ}v xm CU= Qo q=D}O l} pt=W
VywSB QO xOW xDN=U x=oDUO hrDNt |=yVN@ '1 pmW QO "OyO|t V}=tv sQo

"CU= xOW xO=O u=Wv Q[=L

130



3/
2|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

|xvwtv |=Q@ |WWm VvD Q@=Q@ QO \wQNt V}=OH CaQU Q}}eD Q=Owtv "4 pmW
"hrDNt |=yC@w]Q OYQO QO S1

QO S1 |xvwtv |=Q@ |WWm VvD Q@=Q@ QO CW=Oyov u=tR C=Q}}eD Q=Owtv "5 pmW
"hrDNt |=yC@w]Q OYQO

\wQNt V}=OH V}=tR; s=Hv= |=Q@ xv}y@ Q=Okt u=wvax@ Ov=wD|t w CU}v V}=OH
"OwW xDiQo Q_v QO

CW=Oyov u=tR Q}F-=D "2"4
'u}at u=tR COt CWPo R= TB 'OwW|t l =N OQ=w ,qt=m \wQNt xm |t=ovy
CW=Oyov u=tR 'QwmPtXNWt|v=tR |xR=@ &OwW|t R=e; l =N R= \wQNtV}=OH
xOW |Q}oxR=Ov= |WWm VvD QO CW=Oyov u=tR Q}F-=D |UQQ@ |=Q@ "OwW|t xO}t=v
G}=Dv "OW s=Hv= xk}kO 8 w 3 '1 CW=Oyov |=yu=tR =@ S1 |xvwtv |wQ V}=tR;
OvwQ xm 5 pmW 'xOt; CUOx@ G}=Dv T=U=Q@ "CU= xOW x�=Q= 3 pwOH QO V}=tR;
"CU= xOW s}UQD 'OyO|t u=Wv =Q CW=Oyov u=tR Q@=Q@ QO |WWm VvD C=Q}}eD
|OwaY OvwQ 'CW=Oyov u=tR V}=Ri= =@ |WWm VvD C=Q}}eD OvwQ 'u; j@=]t xm
Q@ "CU= |�RH u; C=Q}}eD 'xk}kO 3 R= QDW}@ CW=Oyov u=tR <=R= x@ um}r &OQ=O
u=tR u=wvax@ xk}kO 5 CW=Oyov u=tR '|Oa@ |=yV}=tR; s=Hv= |=Q@ T=U= u}=

"CU= xOW xDiQo Q_v QO xv}y@

V}=tR; R= xOt; CUOx@ G}=Dv |Q}PB Q=QmD |UQQ@ "5
\wQNt V}=OH

xm \wQNt V}=OH CaQU w CW=Oyov u=tR |=Q@ xv}y@ Q}O=kt u}}aD R= Oa@
x@ &OvDUy Q=PoQ}F-=D xOW |Q}oxR=Ov= |WWm VvD Q}O=kt QO Q}eDt wO u=wvax@

\w@ Qt �50 C@w]Q |=Q@ u=tR p@=kt QO |WWm w |Q=Wi VvD Q=Owtv "3 pmW
"S2 |xvwtv x@

"Q[=L VywSB QO xOW xO=iDU= l =N |=yxvwtv |=y|oS}w "1 pwOH
S3 S2 S1 xvwtv s=v
48 50 83 |v=wQ OL
29 30 35 |Q}tN OL
19 20 48 |Q}tN XN=W
CL MH CH OLDt |Ov@xk@]

V}=OH CaQU w CW=Oyov u=tR |xv}y@ u}}aD "4
\wQNt

OvDUy x=oDUO x@ \w@ Qt QDt=Q=B wO '\wQNt V}=OH CaQU w CW=Oyov u=tR
Qw_vt u}O@ &OvQ=PoQ}F-=D V}=tR; QO xOW |Q}oxR=Ov= |WWm VvD Q}O=kt QO w
xvwtv l} '=yu; |=Q@ xv}y@ Q}O=kt u}}aD w xOW QmP Q}eDt wO Q}F-=D |UQQ@ CyH
pwOH QO S1 |xvwtv C=YNWt "OW ?=NDv= �S1 |xvwtv� j=J TQ l =N
|=yC@ w]Q =@ xvwtv xU 'S1 |xvwtv C@ w]Q OYQO Q}}eD =@ "CU= xOW x�=Q= 1
xU =@ \wQNt V}=OH V}=tR; TBU "OW xDN=U u; R= OYQO 58 w 51 '42
xOW O}rwD |xvwtv Qy |wQ Q@ hrDNt V}=OH CaQU xU w CW=Oyov u=tR
Q=QmD x@DQt 10 V}=tR; Qy 'G}=Dv uOw@ Q}PB Q=QmD |UQQ@ Qw_vt x@ "OW s=Hv=

"OW

\wQNt V}=OH CaQU Q}F-=D "1"4
QDt|r}t 25 w 15 '5 hrDNt V}=OH CaQU xU =@ \wQNt V}=OH V}=tR;
pwOH QO "OW s=Hv= S1 |xvwtv R= xOW O}rwD |xvwtv Qy |wQ Q@ 'xk}kO Q@
xOW x�=Q= S1 |xvwtv |wQ Q@ xOW s=Hv= |=yV}=tR; R= xOt; CUOx@ G}=Dv '2
CaQU Q}F-=D xm CU= xOW s}UQD 4 pmW 'xOt; CUOx@ G}=Dv x@ xHwD =@ "CU=
u=Wv �|WWm VvD� l =N R= \wQNt V}=OH |=Q@ sRq |wQ}v Q=Okt QO =Q V}=OH

"OyO|t
Q=Okt QO |�RH C=Q}}eD OvJ Qy 'OwW|t x_Lqt 4 pmW QO xm Qw]u=ty
QO |rw 'OQ=O OwHw xk}kO Q@ QDt|r}t 15 R= QDtm |=yCaQU QO |WWm VvD
|yHwD p@=k Q}}eD 'xk}kO Q@ QDt|r}t 25 =D 15 R= QDW}@ V}=OH CaQU |xOwOLt
Cio u=wD|t u}=Q@=v@ "CU= xOWv xOy=Wt xOW |Q}oxR=Ov= |WWm VvD Q=Okt QO
CaQU R= |a@=D 'xk}kO Q@ QDt|r}t 15 R= QDW}@ |=yCaQU |=Q@ |WWm VvD

131



"""V
}=OH

V}
=tR;

G}=D
vp}

rLD
w|

UQQ
@

"S1 |=yxvwtv |=Q@ xOW x@U=Lt |Q=t; |=yQDt=Q=B =@ hrDNt |=yC@w]Q OYQO w \wQNt V}=OH CaQU <=R= x@ |WWm VvD Q}O=kt "2 pwOH
P t� Cv� S N

CW=Oyov u=tR V}=OH CaQU �kPa� |WWm VvD C@w]Q OYQO xvwtv s=v
(min) (mm=min) u}ov=}t xv}tm xv}W}@

1 01 2 26 3 5 0 92 10
3 5

26 18 25 24 27 47 42 S1�1

S1

1 02 2 26 3 22 0 44 10 13 59 13 05 14 12 51 S1�2
1 03 2 26 4 22 0 38 10 9 12 8 58 9 52 58 S1�3

1 04 2 26 2 74 0 79 10
3 15

28 91 27 34 29 98 42 S1�4
1 03 2 26 1 80 0 26 10 14 20 13 08 14 56 51 S1�5
1 05 2 26 3 22 0 29 10 9 13 8 35 9 512 58 S1�6

1 01 2 26 3 13 0 91 10
3 25

29 14 27 92 30 16 42 S1�7
1 02 2 26 1 91 0 27 10 14 29 13 94 14 61 51 S1�8
1 03 2 26 6 45 0 60 10 9 37 8 53 10 01 58 S1�9

Q=}at h=QLv= S 'C=Q}}eD ?} Q[ Cv 'u=v}t]= ?} Q[ t� 'V}=tR; O=OaD N 'CkO XN=W P

"S1 |xvwtv |=Q@ xOW x@U=Lt |Q=t; |=yQDt=Q=B =@ hrDNt |=yCW=Oyov u=tR <=R= x@ |WWm VvD Q}O=kt "3 pwOH
P t� Cv� S N

CW=Oyov u=tR V}=OH CaQU �kPa� |WWm VvD C@w]Q OYQO xvwtv s=v
(min) (mm=min) u}ov=}t xv}tm xv}W}@

1 02 2 26 1 40 0 35 10
1

15

25 091 24 3 25 51 42 S1�1

S1

1 03 2 26 1 90 0 29 10 15 46 15 0 15 95 51 S1�2
1 07 2 26 4 50 0 40 10 8 81 8 17 9 43 58 S1�3

1 04 2 26 3 50 0 79 10
3

28 91 27 3 29 98 42 S1�4
1 03 2 26 3 22 0 26 10 14 20 13 8 14 57 51 S1�5
1 05 2 26 4 22 0 29 10 9 13 8 35 9 52 58 S1�6

1 07 2 26 4 20 1 25 10
8

29 49 27 6 31 45 42 S1�7
1 03 2 26 1 80 0 28 10 15 44 15 0 16 04 51 S1�8
1 07 2 26 4 40 0 44 10 9 86 9 42 10 54 58 S1�9

Q=}at h=QLv= S 'C=Q}}eD ?} Q[ Cv 'u=v}t]= ?} Q[ t� 'V}=tR; O=OaD N 'CkO XN=W P

Q=Owtv |wQ Q@ Q[=L VywSB QO xOW V}=tR; |xvwtv 3 |Q}oQ=Qk pLt "6 pmW
|=yxvwtv w C}vwr} QwtCvwt |xOwOLt QO S1 |xvwtv T=U= u}= Q@ "xOv=Qo =U=m

"OvQ}o|t Q=Qk C}v}rw�=m |xOwOLt QO S3 w S2

xwqa '\wrNt V}=OH V}=tR; R= xOt; CUOx@ G}=Dv |Q}PB Q=QmD |UQQ@ Qw_vt
x�=Q= C=YNWt =@ �S3 w S2� Qo}O |xv=OR} Q l =N |xvwtv wO 'S1 |xvwtv Q@
|}=}t}W ?}mQD QO hrDNt |=y|v=m |v=w=Qi OYQO "OvOW xO=t; 1 pwOH QO xOW
|Q}tN XN=W x@ xHwD =@ "CU= xOW x�=Q= 4 pwOH QO xOW V}=tR; |=yxvwtv
|Q}oQ=Qk pLt 6 pmW QO 'CU= xOW x�=Q= 1 pwOH QO xm xvwtv 3 |v=wQ OL w
|Q}oQ=Qk pLt x@ xHwD =@ "CU= xOW xO=O u=Wv xOv=Qo =U=m Q=Owtv QO xvwtv xU
QO S3 w S2 |=yxvwtv w C}vwr} QwtCvwt |xOwOLt QO S1 |xvwtv� =yxvwtv
|}=}t}W |=yR}r=v; =@ QwmPt |=ypLt j=@]v= w �Ov=xDiQo Q=Qk C}v}rw�=m |xOwOLt
'�CU= xOW x�=Q= 4 pwOH QO xm � S3 w S1 |=yxvwtv |wQ Q@ xOW s=Hv=
=Hv; R= "CU= S3 |xvwtv x@ x}@W S2 |xvwtv |U=vW|v=m ?}mQD Cio u=wD|t
=Pr &CU=yu; C@ w]Q OYQO R= QF-=Dt xv=OR} Q |=yl =N |m}v=mt |=y|oS} w xm
s=Hv= hrDNt |=yC@ w]Q OYQO =@ 1 pwOH |=yxvwtv |wQ |Oa@ |=yV}=tR;

"OW

132



3/
2|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

xHwD =@ \wQNt V}=OH V}=tR; R= xOt; CUOx@ G}=Dv |Q}PB Q=QmD |UQQ@ "7 pmW
"hrDNt |=yC@w]Q =@ xvwtv 3 |wQ Q@ xOW s=Hv= V}=tR; 90 x@

%OW x@U=Lt 1 |x]@=Q R= xO=iDU= =@ 13'C=Q}}eD ?} Q[
Cv = S=M (1)

=@ "CU=yxO=O u}ov=}t M w Q=}at h=QLv= S 'C=Q}}eD ?} Q[ Cv 'u; QO xm
u}@ xOW s=Hv= |=yV}=tR; |=Q@ C=Q}}eD ?} Q[ '5 w 3 '2 |=ypwOH x@ xHwD
|=Q@ ?} Q[ u}= C=Q}}eD |xvt=O '14umv=O Q_v j@] "CU= 12 49 =D 1 40
T=U= u}= Q@ [15]&OW=@ OYQO 40 =D 13 u}@ Ov=wD|t l =N hrDNt |=yQDt=Q=B
CUOx@ |WWm VvD R= |rw@k p@=k Q}O=kt CU= QO=k QwmPt Q=R@= xm Cio u=wD|t

"OyO
'u; QO xm [16]'OW x@U=Lt 2 |x]@=Q j} Q] R= '15CkO XN=W 'swO VwQ QO
CU= u=v}t]= ?} Q[ t� w =yxvwtv O=OaD n 'Q=}at h=QLv= S '=yxO=O u}ov=}t M
C=Q}}eD ?} Q[ w xvwtv O=OaD T=U=Q@ '16CvOw}DU= � |D `} RwD R= xO=iDU= =@ xm

%O};|t CUOx@ �95 O=tDa= K]U |=Q@

"XRD R}r=v; T=U=Q@ S3 w S1 |=yxvwtv |xOvyO p}mWD |=y|v=m "4 pwOH
|v=w=Qi OYQO |v=m s=v
S2 S1
61 3 C}vwrw�=m
0 18 C}r=@=DU} Qm
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1. adhesion
2. cohesion
3. Sass & Burbaum
4. adhesion stress
5. tension stress
6. clogging
7. Geodata
8. Thewes & Burger
9. Hollman & Thewes
10. Spagnoli et al.
11. adherence
12. Feinendegen et al.
13. coe�cient of variation
14. Duncan
15. accuracy index
16. T-student
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