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Abstract Revetment is a structure installed on the slope in front of an embankment. Its purpose is to
directly protect the embankment or riverbank from destruction and erosion caused by a runoff. The first
major principle is that such a revetment should secure hydraulic stability during rainfall and flooding.
In this study, an experiment was conducted to evaluate the hydraulic stability based on the test method
presented by ASTM for two types of stone-based revetment methods. The test model of the revetment
method was manufactured and installed on-site. In particular, the experiment was performed on a
sloped channel with a slope of 13/100. Through a real-scale experiment according to three flow
conditions, the hydraulic stability was checked by measuring the hydraulic characteristic factors for each
revetment method. The experiments suggest no destruction of the test model according to the flow
conditions. In addition, it was confirmed that the cross-sectional average flow velocity was stable at 6.20
m/s. Subsequently, the vertical deformation of the river bed was measured using a 3D scanner, and it
was confirmed that no deformation had occurred in the vertical direction. Moreover, the tractive force
is a representative hydraulic characteristic of the revetment material, and the material was found to be

stable even with a tractive force of up to 337.65 N/m2.
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Fig. 1. Stone mattress method
(a) cross section and component, (b) installation of field
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Fig. 2. Flexible stone method
(a) cross section and component, (b) installation of field
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Fig. 5.

Experimental model production process using
stone mattress method

(a) installation of bottom and upper mesh,

(b) combine mesh, (c) installation (d) completed
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Fig. 6. Experimental model production process using

flexible stone method

(2) natural stone punching, (b) built up geogrid and
anchor fixed, (c) installation, (d) completed
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Table 1. Experimental conditions

stone mattress flexible stone
conditions method method
Ist | 2nd | 3rd | 1st | 2nd | 3rd
stabilization time(min) | 5 5 5 5 5 5
stabilization
discharge(m?/s) 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20
discharge(m?/s) 1.35 | 2.68 | 4.34 | 1.46 | 3.38 | 4.25
Duration time(min) 240 | 240 | 240 | 240 | 240 | 240
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Fig. 7. Definition sketch(ASTM D7276-06,2008)
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Fig. 8. Hydraulic stability test(stone mattress, Q=4.34m’/s)
(a) upward view during the experiment, (b) side view
during the experiment, (c) upward view after
experiment, (d) side view after experiment

(b)
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Fig. 9. Hydraulic stability test(flexstone, Q=4.25m>/s)
(a) upward view during the experiment, (b) side view
during the experiment, (c) upward view after
experiment, (d) side view after experiment



SHEARSH7| &38R R A2238 Al123, 2021

S AL WS 9ol $4L e B
A% S5k gaolth AUz g A Tk
o) §4e HATHERGEAS AH8510] AZs9om
7 AT Table 29} 2tk AuH4Ql §E2HL 0

4

AZ71E A AXste] Axste HEA PHe A48t
£ Zlo] Yo} B AToIME DRETES BET]

o] FEA o 2E AV Qo] =&Y & I
ol Z45= Bl F9EHE AP Sk
ARAl 79, F1, FEEe AAsieH 14149
sto] 53]9] WHES4e skl ASsialt. dddy
AR dHEAFRE0R Shitold AR mEZ|A
SHY A 12~33] 23 A9l A3 Hdf 6.20
m/s9] &R AMElen, EHAE oA
o 542 6.09 m/s&E A=A Fig. 1000412}
2ol 2714 ¥ mE FEEAE fEA R IME A

ot ghe AR FUT AFS Eola e A d

i
[¢]

ox
oo
& rlo o

Ol

Utk AE vjEels TP =29 AYOE HEEE
o 3L 1A AOF BUHAAT EAAEE ST

£ A9 Aot Hol7t gl Ao SeIsy
QU o BB HIE §53 Be Syt
71 e Aggeo] Wsle S0 BAYRS 24
3] B 2 Age] Arkg vlFo] & ) 4lo] A4
of ofaf Mgl hael VIRl Ao e,

o

Table 2. Mean Velocities by Experiments conditions

stone mattress flexible stone

No. method method
1st | 2nd | 3rd I1st | 2nd | 3rd
Discharge(m?®/s) 1.35 | 2.68 | 4.34 | 1.46 | 3.38 | 4.25

Mean Depth(m) 0.12 | 0.20 | 0.28 | 0.16 | 0.30 | 0.35

Mean Velocity(m/s) | 4.51 | 5.57 | 6.20 | 4.74 | 5.77 | 6.09
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Fig. 10. Relationship between average velocity and
discharge
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Table 3. Results of 3-D RiDAR Scan

flexible stone
method

stone mattress

No. method
Ist | 2nd | 3rd | 1st | 2nd | 3rd

Volume of Uplift(m?) [0.012{0.013|0.013|0.009 |0.008|0.010

Volume of subsidence

() 0.0050.005|0.004 |0.018 | 0.023 | 0.027

Section Average Vertica

| Displacement (mm) 15| 18 | 1.8 | 23 | 2.6 | 3.4
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Fig. 11. Results of bed elevation by 3-D scanner
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Table 4. Results of Experiments

stone mattress flexible stone
No. method method
1st 2nd 3rd 1st 2nd 3rd
Discharge(m?/s) | 1.35 | 2.68 | 4.34 | 1.46 | 3.38 | 4.25
Energy Slope | 0.106 | 0.096 | 0.086 | 0.13 | 0.12 | 0.13
Mean Depth(m) | 0.12 | 0.20 | 0.28 | 0.16 | 0.30 | 0.35
Hydra“g;)Radi“S 0.11 | 0.17 | 022 | 0.14 | 023 | 0.26
Tractive foree | )55 41575 65| 208.82|171.40| 259.09(337.65
(N/m?)
SHEAZAL HAAT AP (2016)°1 A Bt FF
8 B gaRee Auud WEDAY SYH Y A

200 ~ 300 N/mr9] s8AFgoz A5t o
‘AE WEZA AE FBA AASHE d84RY

rlo

417

= 24J5HA] Al A7 s ERATE I =

800 N/w& £ Ao 5
ZAoF Uepdth Fig. 12&
= J_%E:‘ ANE =ARE JE‘_E o l

E 39 &7 #A FEHE A L 5+ A
AEMER A 3 Ho 24 Mgl &
AL gholgt & A%z 29 30 N/n'9]
27129 A88S 27 9= Aoz FIEgth 18

[) A=
AR

U ARl o8t A4 s s F2a
olEj7} S slx) oot WY ATke AN % 9] o)
2o ol Fus}] ML 271He WL B3t o

oFet AlgYelee] Shuvt Washt & Aol

A5

mlo f”

27
A
nn ]

Tractive force(N/m?)

100 ® stone mattress

X flexible stone

0

0.0 05 1.0

15

20 25 3.0
Discharge(m?3/s)

35 40 45 50

Fig. 12. Relationship of tractive force and
discharge

2
=

AL

5. A&
2 AT AR SRS dife g ASTM D
72779) WS £83te] Sel WYY AL Sl

u= T o
o &, AEY 7 59 5420z Qlsto] T EYS

=

AP A

2|5} styon Ave o3t Zoh
@O AF7IRE 27FA] SF FHo] st & 335]9] AF

< APty om o 42 /\Euﬂﬁaio
9] AL 6.20 m/s, SHAE FH AL 6.09
m/s XA FFst AR FEHJ

@ ASTM 72779 8FS 53t AES} 331 A8
5ot AN HEZY AEQ &40y ol
AlgA| 9] MY BhAYslA] gk Aoz BRIFE I

® RE AY2 H5F SEAHE AFFHAEL oy

RS HGIHOm, AE hELL FH 7

£ 298.82 N/, %Eﬂé,_sz] o] Ao
337.65 N/ire] Afeow oFyst Ao = vehdet



SHEARSH7| &38R R A2238 Al123, 2021

S~

@ AHA7IEY) 2714 TQkg o] Higt 2l A
AT HATAA 1 B o) HEE= $29)
AV olEiglon 38ARY oyl ItE
At @d=xd, BAY, 884 5 H°F
b 5/44e aEste] Adgstox et gl e
2 wdEh

SEAZAL AAARE R (201690 SJotd AEHE A
F9] AT AAIsh= 38474 800 N/nt
€ ol Ag 2AnE 1 dA sejddes AF
St7] ol &5 AAAE] AjAdo] o]Fojxitd
F7HEE 5% Y ALFES HES
< Aoz 7|diEt

i

rO

o

o

rO

_?L
4
30

References

[1] Ministry of Land Infrastructure and Transport, “River
Construction Design Standard”, Ministry of Land
Infrastructure  and  Transport(MOLIT),  Korea,
pp-135-138, 2016.

[2] Bae, S. S., Lee, K. W., Heo, C. H., Jee, H. K, “A Study
on the Hydraulic Characteristics for River Bank
Protection using Gabion Mattress”, /. Korean Society
of Agricultural Engineers, vol.44, no.2, pp.81-98.
2002.
http://www.koreascience.or.kr/article/JAK020021192
1004315.kr

3] Kim. D. H., “A Study on Standard and Certification
System for the Field of Water Resources(Emphasizing
Revetmen?)’, Yeungnam University, korea, pp.122-132,
2012.
http://www.riss.kr/link?id=T13169552

[4] Lee, D. H., and Kim, D. H, “A Real Scale Experimental
Study for Evaluation of Permissible Shear Stresses on
Vegetation Mats’, Journal of the Korea Academia-Industrial,
Vol. 13, No. 12, pp.6151-6158, 2012.

DOI : https://doi.org/10.5762/KAIS.2012.13.12.6151

[5] Lee, D. H., Rhee, D. S, and Kim, M. H,
‘Determination of Permissible Shear Stresses on
Vegetation Mats by Soil Loss Evaluation”, Journal of
the Korea Academia-Industrial, Vol. 14, No. 11,
pPp.5956-5963, 2013.

DOI : https://doi.org/10.5762/KAIS.2013.14.11.5956

[6] Lee, D. H, ‘Development of Test Method for
Vegetation Mats”, Korea Institute of Civil Engineering
and Building Technology(KICT), korea, pp.57-106,
2013.
https://scienceon.kisti.re.kr/srch/selectPORSrchRepor
t.do?en=TRK0201500000269

[71 Lee, D. H, ‘Development of Test Method for
Vegetation Mats”, Korea Institute of Civil Engineering

418

and Building Technology(KICT), korea, pp.9-45, 2014.
https://scienceon.kisti.re.kr/srch/selectPORSrchRepor
t.do?cn=TRK0201500010957

[8] Kim, B. K., Seo, D. S., Park. J. S., and Kim, Y. Y,

“Evaluation of Hydraulic Stability Using Real Scale
Experimental on Porous Concrete Revetment Block”,
Journal of the Korea Institute for Structural
Maintenance and Inspection, Vol. 20, No. 2,
pp.125-134. 2016.

DOI : http://dx.doi.org/10.11112/iksmi.2016.20.2.122

[9] McCulah, J., and Howard, V., “Shasta College erosion

control blanket study, research quantifies erosion
from slopes”, Land and Water, Vol. 44, No.5, 2000.
http://www.landandwater.com/features/vol44no5/vol
44n05 2.html

[10] American Society for Testing and Materials, “ASTM D
7276-08  Standard Guide for Analysis and
Interpretation of Test Data for Articulating Concrete
Block (ACB) Revetment Systems in Open Channel
Flow”, ASTM, USA, 2008.

DOL: http://dx.doi.org/10.1520/D7276-08

[11] American Society for Testing and Materials, “ASTM D
7277-08 Standard Guide for Performance Testing of
Articulating Concrete Block (ACB) Revetment Systems
for Hydraulic Stability in Open Channel Flow”, ASTM,
USA, 2008.

DOI: http://dx.doi.org/10.1520/D7277-08
A M &(Sung-Jung Kim) (M52

+ 20019 2¢
a3t (3D
20039 2¥ -
st (54D
20039 3% ~ @A : A
2979 $4979

LA B

.

FAdL BEEE



