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4- Bed Form
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Figure 1. Schematic diagram of different bed layers
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5- Sub-Armor Layer
6-Surface Sampling
7- Volumetric Sampling
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Figure 2. Surface sampling (a: Mean diameter measurement

of surface layer particles, b: Plan view of sampling frame

and its application)
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Figure 3. Experimental sediment hole to identify armor
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Figure 4. Volumetric sampling

(a: Using CSU barrel, b: Sieve analysis)
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Table 2. Applied data and methods of preparation
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Table 3. Two-variate power relationships (SI units)
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Dependent Variable = aQbDEUE
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Table 4. Three-variate power relationships (SI units)
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Table 5. Four-variate power relationships (SI units)
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Figure 6. A comparison of three-variate relationships of this

study with other empirical relationships
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Figure 5. A comparison of two-variate relationships of this

study with other empirical relationships
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Table 6. A comparison of some empirical relationships with

results of this study
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Table 7. Role of surface, armor and sub-armor material in estimating stable width
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Table 8. Role of armoring coefficient in estimating width
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Table 9. Role of surface, armor and sub-armor material in estimating stable depth

&
arls i _D
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Dependent Variahle = D*

R’ bed sediments

o Dl gy
o)l .
i a b c d e
Relationship
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Table 10. Role of armoring coefficient in estimating depth
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Table 11. Role of surface, armor and sub-armor material in estimating stable slope
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Table 12. Role of armoring coefficient in estimating slope
Ay pare = 5
Dependent Variable = § . )
R bed sediments JERCH
abayl .
e a b c
Relationship
007 -031 036 0.40 Surface Layer b Y
5= a*Q*hda" 0.05  -0.28 0.42 0.46 Armor Layer heetsY
005 -028 1.3 046  Sub-Armor Layer — ghws 254y
b 110 036 015 058 084 Armor Layer ety
5=a'Q d, q;"

091  -034 -030 0.80 090 Sub-Armor Layer  ghws ey

0313 513 boe 45 W3 S s sdel sty 55 sy 51V
b ol ey VL, ol Ll cds e 5 oY o3
St g b IS b oS 550 o 5 sbnl 015 e 1) At
BP-re rli:.a)z Ao CLMQYQ*&ZQLAJJJ u\ﬁiwm
sdes 53 O 5 ABl o BB RS rew y3 a5l S ¢CL».A Y
SLeslS a5y 5 035 G S e cadlas 55 2blie
ek Ol a3y a5l 5 e Ol i (o S
A b w3 kil sl Ak mleeaY S (shade

.MAJQLLbLg);@%MC\Mﬁ)qYQ\)SQﬁﬁ
gl 5> b3 Gl oS el 0T 51 Sk el cts s Y
IO win ol 5500 s s 5 5 eles oY
3 e il g g sbaailtag, s il e LS e
Sl e CL..MU“‘Y Cnld s by albtag,y s 515 Ol s
e s cl.wm.:\) 35 53 b e3lul 3 8 ys gl

VAV 5l —FY o lows —p235190 Jlw

4

Gl Stdmhas oo D3ge0 200 L OY) doax s
To e P 03 o s i S ] C.,é‘}@b:)o)'\.u\
O3 lae o prean alaily 53l (o o OAile Ul oS
SERNCICH NS S PGS PN I IR tE U {5 NIt WOPNY
)JM%J@JMLJKO‘J&_AJEJ‘.J‘)‘J@“JQYJWQLO)
el 3 gl 5 s 3 Y )3 (Slas o piteans el

S5 o 9 Sy

sl e b3 o Gl Sl el il
R T A P A B T T A
Lils) e el Rl a Jies s S Olsen
L 2oe lalsy o8 (31 oS 4l (R8I Ges 5 250
Lylyy 3 aS sl Jb 5s cplessd sl L o Jale 0558
'M\JWLEMJ;E‘OQJ?&M

Ol S 13l (owsiaes 9 @ole



Fort Collins, CO. 126.

10. Julien, P. Y. 2002. River Mechanics. Published in the
United States of America by Cambridge University Press.
New York.

11. Julien, P. Y. and Wargadalam, J. 1995. Alluvial channel
geometry: theory and applications, Journal of Hydraulic
Engineering. ASCE. 121: 312-325.

12. Lacey, G. 1958. Flow in alluvial channels with sandy
mobile beds. Proceedings of the Institute of Civil Engineers.
London, 9. Discussion. 11: 145-164.

13. Lamberti, A. and Paris. E. 1992. Analysis of armouring
processes through laboratory experiments. Dynamics of
gravel-bed rivers. 227-25.

14. Lee, J. S. and Julien, P. Y. 2006. Downstream Hydraulic
Geometry of Alluvial Channels. Jour. Of Hydra. Eng. 132
(12).

15. Leopold, L. B. and Maddock, T. 1953. The Hydraulic
Geometry of Stream Channels and Some Physiographic
Implications. Geological Survey Professional, 252.

16. Manning, R. 1891. On the flow of water in open
channels and pipes. Transactions of the Institution of Civil
Engineers of Ireland. 20: 161-207.

17. Meyer-Peter, E. and Muller, R. 1948. Formulas for bed
load transport. In Proceedings of the 3rd Meeting of IAHR
Stockholm. 39—46.

18. Milhous, R. T., Hogan, S. A., Abt, S. R. and Watson,
C. C. 1995. Sampling river-bed material: the barrel sampler
Rivers. 5 (4): 239-249.

19. Mueller, E.R. and Pitlick, J. 2005. Variation in the
reference Shields stress for bed load transport in gravel-
bed streams and rivers, Water Resources Research, vol. 41,
W04006, doi:10.1029/2004WR003692.

20. Parker, G. 2004. Response of the Gravel Bed of a
Mountain River to a Hydrograph. International Conference
on Slopeland Disaster Mitigation, Taipei, Taiwan, October
5-6, 11.

21. Parker, G., Wilcock, P., Paola, C., Dietrich, W. and
Pitlick, J. 2007. Quasi-Universal Relations for Bankfull
Hydraulic Geometry of Single-Thread Gravel-Bed Rivers.
Journal of Geophysical Research Earth Surface.

22. Tabatabai, M. R. M., Taher Shamsi, A. and Shirkhani,
R. 2011. Evaluation of regime relationships in estimating

stable width of gravel bed rivers. Journal of Iran Watershed

VAV 5l —FY o lows —p235190 Jlw

By CL“»J.U' B) cL.,AsL“:Y R PR CePv PO JA@T [ 5 esls
cwl.hdui‘)|oMkaﬁj).b‘))w)f)‘J«ot?‘@tb ‘/
e o a oo sladla g, Il slal 4 il O sdiaslis

.,\..LbL;c 4.2.,.).‘) e )Lg} ajjja g_,\..:.:a ‘Q\)S o)'\.)u'\ c&bj:.ﬁd.a

&b
1. Andrews, E.D. and Parker, G. 1987. Formation of a
coarse surface layer as the response to gravel mobility.
Sediment Transport in Gravel-bed Rivers. John Wiley and
Sons, Chichester, UK, pp. 269— 300.

2. Billi, P. and Paris, E. 1992. Bed sediment characterization
in river engineering problems. Erosion and Sediment
Transport Monitoring Programmes in River Basins, [AHS
Publ. no. 210.

3. Bray, D. 1. 1982b. Regime equations for gravel-bed
rivers. In Hey, R. D., Bathurst, J. C. and Thorne. C. R.,
(Editors): Gravel-bed Rivers: Fluvial Processes, Engineering
and Management, John Wiley and Sons Chichester. 517- 552.

4. Bunte, K. and Abt, S. R. 2001. Sampling Surface and
Subsurface ParticlelJsize Distributions in Wadable Gravel(
and Cobble[1Bed Streams for Analyses in Sediment
Transport, Hydraulics, and Stream[/bed Monitoring. USDA
Forest Service Rocky Mountain Research Station, General
Technical Report RMRS[IGTRI[174.

5. Church, M. and Kellerhals, R. 1979. On the statistics of
grain size variation along a gravel river. Canadian Journal of
Earth Sciences 15: 1151-1160.

6. Dietrich, W. E., Kirchner, J. W., Ikeda, H., and Iseya,
F. 1989. Sediment supply and the development of the coarse
surface layer in gravel-bedded rivers. Nature 340. 215-217.

7. Engelund, F. and Fredsee, J. 1976. A sediment transport
model for straight alluvial channels, Nord. Hydrol., 7, 293-
306.

8. Hassan, M.A., Egozi , R., and Parker, G. 2006.
Experiments on the effect of hydrograph characteristics on
vertical grain sorting in gravel bed rivers. Water Resources
Research 42: W(09408. DOI: 10.1029/2005WR004707.

9. Hogan, S. A., Abt, S. A. and Watson, C. C. 1993.
Development and testing of a bed material sampling method
for gravel and cobble bed streams. Report prepared at the
Department of Civil Engineering. Colorado State University,

Ol S 13l (owsiaes 9 @ole



25. Wolman, M. G. 1954. A method of sampling coarse
river-bed material. Transactions of American Geophysical
Union. 35: 951-956.

26. Yalin, M. S. 1977. Mechanics of sediment transport.
Pergamon. Oxford. UK.

VAV 5l —FY o lows —p235190 Jlw

Y

Management Science and Engineering. 5 (15): 25-34. (In
Persion)

23. Whiting, P. J. and King, J. G. 2003. Surface particle
sizes on armoured gravel streambeds: effects of supply and
hydraulics”, Earth Surface Processes Landforms 28, 1459-
1471.

24. Wilcock, P. R. and Crowe, J. C. 2003. Surface-based
transport model for mixed-size sediment. J. Hydraul. Eng.,
129(2): 120-128.

Ol S 13l (owsiaes 9 @ole



g5 — sole i

Ol 813l (omrsian 9 @ole
Iran-Watershed Management
Science & Engineering

Vol. 12, No. 42, Fall 2018 VYAV 5l —FY o,lans —o2lsd Jlo

Abstract

Impact of Bed Armoring in Derivation of Regime Relationships Using Field
Measurements

M. R. Majdzadeh Tabatabai', R. Johari?, A. Masoudi® and M. Mahmoudi*
Received: 2015/05/2  Accepted: 2018/05/28

Bed material size frequency distribution of rivers is one of the key points to identify river characteristics.
River bed armoring development is one of the controlling factors in sediment transporting and eroding
processes of gravel bed rivers. In this research, field study was initially carried out on several gravel bed
rivers in Khuzestan and Chaharmahal provinces. 24 hydrometeorological stations in 17 river reaches were
sampled to characterize bed material gradation curve. With regards to bed structure of gravel bed rivers,
samplings were made by surface and volumetric methods. Thereafter, sediment samples were differentiated
in three categories of surface, armor and sub-armor layers. The collected field data were originally applied
to derive regime relationships by using multivariate regression analysis. The effect of bed structure was
directly studied in these relationships for the better understanding of that in the regime relationships.

Keywords: Gravel bed, Armoring, Regime relationships.
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