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Abstract

In this study, a large laboratory model experiment was conducted with the aim of developing
an embankment reinforcement method to prevent overtopping, which is the main cause for
the failure of agricultural reservoirs. The model experiment was carried out with concrete and
asphalt as a permanent reinforcement method and with geomembrane as the emergency
method at a deteriorated homogeneous reservoir. Under the non-reinforced conditions,
the pattern of the failure appeared in several scour directions from the downstream slope
as the overtopping began, and the width and depth of the erosion were magnified as
it gradually moved to the dam crest. Under the conditions reinforced with asphalt and
concrete, the overtopping was stabilized. In the case of the concrete reinforcement, it was
found that the slope of the riprap boundary exhibited downward erosion by the current;
thus, it was necessary to construct an extension up to the riprap joint of the upstream and
downstream sides to prevent the expansion of the failure. Under the conditions reinforced
with the geomembrane sheet, the overtopping was stabilized, and no seepage was found
that required the emergency reinforcement method. Asphalt, concrete, and geomembrane
sheet reinforcements have been shown to be capable of delaying failure for about 1 hour and
40 minutes compared to the non-reinforcement conditions. The reinforcement method is
considered to be a very effective method to prevent disasters during overtopping. The pore
water pressure can be used as useful data to predict the risk of failure at an embankment.
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Materials and Methods
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Table 1. Geotechnical properties.
Sample G, PI (%) k,(m/s) W, (%) Vo N/m’) ¢ (kPa) 9 (°) USCS
Embankment 2.65 9.2 2.37E - 07 8.6 17.75 16.7 24 SC

G,, specific gravity; PI, plastic index; k,, coefficient of permeability; W, optimum moist content; v,,,,,, maximum dry
density; c, cohesion; ¢, internal friction angle; USCS, unified soil classification system; SC, clayey sand.
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Fig. 1. Grain size distribution.
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Results and Discussion
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Fig. 2. (a) Cross section and locations of the monitoring system and (b) the reinforcement section
of reservoir crest. P, piezometer; FWL, flood water level; HWL, high water level; CS, crushed stone.

Korean Journal of Agricultural Science 47(1) March 2020 166



Model experiments for the reinforcement method of agricultural reservoirs by overtopping

o470l ol =¥ ok FUY A4t Y F 9ol WS HEE] A JTAH FHOR B
SPE Lol AWES AFEHA, SFH WHOR LA ES AHEHIOH, SFA HZHlE YR
of g Al Al 872 913} gabion S-S A x]5tel B Pelot B3l ojx] TS HAsHelct

AAIE T A ol B3R T4 SYSN7| A0 g 29 20l TIEWAE) PN

. 4 9120 AL ARATRP), Woh(P2), HRAM SYP3)

A2 EAE 23 9 AARE APy, 22 EAE 24 2 FAE AP0, 4502 £
8 Y Yol HEEPs), Beh2 BAE +HYEtol HEEE7)0] v gstelch
ARl AR A AN AU DD UR N 334G 23 4 WD ol

F EXU A8 5 0le 24T 2719 357U A 87 50 kPa)S ARESHIAAL
logger}t computer©ll 25 2524 02 7ot e & of it WukF: Bk T2 ZF b 2 Zlo] 60 cm,
40 cm, 7] 2 cm 2 A5}

A2l s dd FACE AA 2Y Fxo| AREE Alge #AT dEl = 24517 9J5te] 12 mmAlE
SHeE A 2T ARESFRI T EV'—O— A el 752 - 4% HRlolA 2HSHIL, G Al HEE 7S
Al 517] 9J5to] A 122 9F5-10 em 7FF TG T Ao AR £(17.75 kPa)2] 90 - 95% = tHAS 5
o}

32

EFA HIKIAFHS] S2El

HYEX I8 5 YR 2I|HACIM = fFTFEAE : 2
oA Foka UM A|= 0|4 E(0.28 Lis)&E 7oAt E7 571 SAlClAN = 97T 2.58 Lis (BF
4 1.8 em)Z F7F5HA B3 FEIE 24 5H T

517 2A0AE LR7E ARE A sFRAMC)A of2] sl MZukeo] Uehtn WK o gk
R0 o|EseA £ Z3t Zo|7t SrhEglom HEHOR H3| ZL 40- 60 cm, 2ol 1225 em
2 37 vpepgit ofejah 2ol A P Rol tiet A4l 115 /1, sHEAM Bl gabion 80| A
2] 5}2] 93917] 2ol 5FAM Hgrio] @s) BalEl 2o et

AutRE of AT E & B 270 A= Y7ol dish oFYstlal, R JEES] FEFF oA ot
=glon, stEAPH Ao A& gabion 29 9] ko 2 Hu|7} dhE]A] oottt o|ef e 2o & Huf
Fol| N G FAPHE] AP L7 A] Ak, Aol A SHRAFHS] AP YL E7ER] Al F ST AR E

o] JHan2 47 AP E vs o S/ = 9le Ao dehdn)

HrpRE T EE BAR 2700 A= dRol sl /PEStlal, A8 E ApAe] A2 A vt
Oup sHRAPE AbA Ikl BARAIM ol o5t AlZ R B0l MR Srtsilon, £ 2
15 - 40 cm, Z1°]= 16 - 20 em= LFERSTE o] ek -2 20| A= ofATE I} FASHA HubRol A A
FAAS} SERAMR O] AP ER7M] AR ES At AlSott BAR AR Qe s32TE
Ag 4 e Aoz webeh

Korean Journal of Agricultural Science 47(1) March 2020 167



Model experiments for the reinforcement method of agricultural reservoirs by overtopping

i SO

Asphalt Concrete Geomembrane

Non reinforcement

Spillway

>

¥ ; w Fa 2 4 s, -
TR . f :
o AL f R e o3
20 cm 60 cm L 60%em a0y, S 70 cm
- v i - e 8 -l -

™

Downstream

L=40cm
Failure D=25cm

£

4 -
Downstream
i

Fig. 3. Failure pattern according to the reinforcement methods. (a) Before (t = 0) and (b) Final
stage (t =1 h 40 min).
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Fig. 4. Variation of the pore water pressure. P1 - P7, locations of piezometer, PWP, pore water
pressure.
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Conclusion
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