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Study on Design and Construction of CFRD under Unfavorable
Conditions
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On this study, prevailing design and construction methods of dam under various unfavorable conditions
are summarized. For example, foundation treatment with large scale alluvium site or weathered rock mass,
dam constructing techniques with unfavorable topographic conditions are studied for the better understanding

of relating engineers. Also, zoning by using weak rocks and sand-gravel fill techniques are summed up.
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Fig. 1. Picture example of alluvium.
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Table 1. CFRD Foundation Treatment in the alluvium (Choi, 2004).

AdAe £3gE BUASFEY AP A 2 AF

Dam
: : . Upstream dam Central part of Downstream
Dam name | Country h?;%lt Plinth foundation foundation dam foundation | dam foundation
Founded on rock; . . .
Bakun | Malaysia | 205 | alluvium Alluvium Allwtum | Alluvium
completely excavated ate xcavate cavate
Gravel
Gravel Gravel
Founded on 50m deep . . unexcavated;
West Seti Nepal 190 | gravel deposit; ﬁ;cg?;fg’me to lﬁ?gﬁ(ﬁ;ﬁgﬁ ce to | Nigh resistance
gravel unexcavated sersmic loads (+) | sefomic loads (+) ;:)_) seismic loads
Hongjadu Chi 187 é&ligvittng completely Alluvit:n& Alluviumt 4 Alluviumt 4
xcavates excavate unexcavate unexcavate
: . Gravel completely Gravel Gravel
Aguamilpa | Mexico 183 excavated Gravel excavated unexcavated unexcavated
Alluvium completely Alluvium Alluvium Alluvium
Mazar Ecuador 183 excavated excavated unexcavated unexcavated
! . Alluvium completely Alluvium Alluvium Alluvium
Miel 1 Colombia | 183 excavated excavated unexcavated unexcavated
Alluvium of
boulders and
Founded on rock; . . .
Salvajina | Colombia | 148 | alluvium gravels in Allavium, Alluvium
completely excavated ni:m}; silty vate unexcavate
unexcz;vated
Alto . Alluvium completely Alluvium Alluvium Alluvium
Anchicaya Colombia | 140 excavated i excavated unexcavated unexcavated
. .. Alluvium completely Alluvium Alluvium Alluvium
Gojeb Ethiopia 135 excavated excavated unexcavated unexcavated
. 40m deep dirty | 40m deep dirty
Khao Laem | Thailand | 130 ld:lprundgg UI%ILrI;OCk’ Dirty boulders boulders in clay | boulders in clay
con?;)letely excavated excavated matrix matrix
unexcavated unexcavated
. . Alluvium completely Alluvium Alluvium Alluvium
Golillas Colombia | 130 excavated unexcavated unexcavated unexcavated
Siah Bishe | | 1 I;?r“t;‘dael‘fu&fl‘n;‘”k; Ditty alluvium | Dirty alluvium | Dirty alluvium
lower dam completely excavated excavated excavated excavated
Founded on rock; River 1 Ri ] Ri )
Reece Australia | 122 | river gravel completely grave Ver grave Ver grave
excavated excavated unexcavated unexcavated
Santa Juana Chile 113 Founded on gravel; Gravel Gravel Gravel
%ravel unexcavated unexcavated unexcavated unexcavated
ounded on rock; . . .
Cethana Austratia | 110 | alluvium completely Alluvium Alluvium Alluvium
excavated excavated unexcavated unexcavated
Founded on rock; River gravel + : River gravel +
Xibeikou China 95 | gravel+sand completely | sand :;]Kgr gravel +t 4 | sand &
excavated excavated unexcavated | \\pexcavated
Siah Bishe | 1 | g gl?’rut;‘d;?u&%"ck Dirty allwvium | Dirty alluvium | Dirty alluvium
upper dam completely excavated excavated excavated Excavated
Kanan | PP | 70 | Alluviem excavated | 3 VA ocmmed | oxcavated
Kangaroo | , o | 59 | Alluvium completely Alluvium Alluvium Alluvium
Creek excavated excavated unexcavated excavated
Pichi Picun | Argentin | =, Alluvium completely Alluvium Alluvium Alluvium
a 1e;xcavated excavated unexcavated unexcavated
ine sand + silt Fine sand + silt | Fine sand + silt | Fine sand + silt
Merowe Sudan completely excavated excavated excavated excavated
Puclao Chile Founded on gravel Gravel Gravel Gravel
unexcavated unexcavated unexcavated unexcavated
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Santa Juana, Puclaro®
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Fig. 3. Plinth - foundation treatment in the Santa Juana dam.
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Fig. 2. Cross section of Puclalo dam.
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Fig. 4. Connection slab in the puclaro dam.

Table 2. CFRDs with concrete diaphragm wall in China (2000).

NO Name Height | Length Slope Face area Al(‘;;;im j:n:;ew dl.zpthhragm vl Comple
{m) (m) Us DS ' m P wi number | t-ion
m m
1 Kekeya 415 120 20/275 | 15/17 12000 375 08 1 1986
2 |Hengshan raised | 70.0 382 14 13 10500 11.0 723 0.8 1 1992
3 | Tongjiezi saddle | 48.0 1085 175 17 20000 77.0 700 1.0 2 1992
4 Caoyutan 16.0 477 16 15 12200 10~22 0.8 1 1995
5 Lianghui 35.4 385 14 14 21786 39 08 1 1997
6 Meixi 400 652 14 13 37310 8~30 20 08 1 1997
7 Cengang 276 287 14 14 11500 39.5 353 0.8 1 1998
8 Tangpu East 29.6 14 14 20 25 08 1 1999
9 Tangpu West 37.2 14 14 20 25 0.8 1 1999
10 Tasite 43.0 180 16 1.6 08 1 u/c
11 Chusong 400 312 18 13 08 1 u/c
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Fig. 5. Left saddle dam of Tongjiezi (1. axis of rockfill
dam, 2. boundary of bed rock, 3. left deep
trench, 4. concrete diaphragm #2, 5. concrete di-
aphragm #1, 6. diversion channel, 7. axis of main
dam, 8. concrete face slab, 9. rockfill dam, 10.
dam axis, 11. concrete plinth, 12. bed rock, 13.
boundary of left deep trench).
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Fig. 6. Cross section(left) and plinth(right) of Pichi Picum Leufu dam.
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Fig. 7. Plinth of Salvajina dam(left; weak foundation, right; residual foundation).

Fig. 8. Upstream toe on Greywacke in the Bakun dam.
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Fig. 9. Foundation treatment of Sogamoso dam.
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Table 3. Sand-gravel fill CFRD.

=, 42E o] &3 A F3 Aguamilpa F) AL, BA
FEde dAdR AL S, sF2ds A2 EE
2o HAE WA R, 0|9} 2-& ¥4 o] Salvajina
HAME AL AT S & ZFeFo] 999 zone
£ B A T gle Ao A2 g YY) &3}
ALAFESLAZE e AL 275 g oA =
sand-gravel A/ 59| WA F= U8 2 oy 5
o, 3 A&} fAHA B2 AA 2 vehd o
2tA @A oll= CFRD 74 lof wj$ Zagure= )5
2 A7) 2R, SN E 20004 7)E0F
SEHAUAY A FFA 70709 CFRD % sand-gravel
A=R F2H 1519 o] lom 100m7t B A 23
d HE g Bk 7 &2 sand & gravel CFRD

. Upstream Downstream .

Dam Country Height(m) slope slope Compleation
Gollilas Colombia 130 16 1.6 1978
Mohammed B.AK Morocco 40 19 22 1981
Crotty Australia 82 13 15 1980
Xiaogang Gou China 55 1.55 16 1990
Baiyanghe China 37 17 15 1994
Santa Juana Chile 110 15 16 1995
Pichi-Picun-leufu Argentina 40 15 15 1995
Caoyutan China 16 16 15 1995
Yacambu Venezuela 162 15 1.6 1996
Chalong China 39 18 18 199
Meixi China 38 14 13 199
Lianghui China 35 14 14 1997
Liangchahe China 43 15 16 1998
Puclaro Chile 80 15 1.6 1999

Fig. 10. Zoning of CFRDs with gravel fill on alluvium (1. cohesive soi,
2. random fill, 3. bedding zone, 4. special bedding zone, 5. tran-
sition zone, 6. main gravelfill zone, 7. downstream gravel or
rockfill zone, 8. downstram riprap, 9. toe drain rockfill, 10.
chimney drain and horizontal drain, 11. face slab, 12. allu-
vium).




106 sy

T WuluwatiZA 138me]l ol&th Fde Hzx
Xiaogangou ## Gouhoudol AFE A7} AME-H ST
o] ¥4 g AN FFE dAE) AT 3
AHE) <=3 Al (chimney drain)7} =HE KT & AR
AFAEE AERT A A 4 (deformation mod-
ulus)7t AAM AR EE FRES A9 FARH] |
o +8 @ S22 F AU A4 7t Y
AT A A 29 A4 AEFE A3 d53
€ Ask] 8 AR A H o] Basith AHAE
o A4, A e w727 & EAO S ER, dEH
(interlocking)]l 2| A o] %7} Yo AFR
A g 4077t 4B E, A A (chimney
drain), AFAZALE] ¢h8}, T2lT AMHE B 5| thA o]
o} 5 of of S}

HZo Bel AFHE FEF(alluvium)ol
gravelfill x4 7 -9 ¥& do=E & 2tk
(Chinese Design Code for CFRDs, 1999).

E 9

2

@A7EA] U A4 CFRDE 4A, Alste 44,
Qo) Aol vis) vl A 5 ¢ 7k FEG
FLB Fxdte o] g 2 AAAA
U S5 2ol A FAEH & o2& dAoH, &
3] HZol 5 FA) 9 Zo] AN FA ZF(alluvium)
Tzl A 28 ndok s oMY A7
AR S Aol 1919 B4 u ¢ Thgd 72z
A, 0l SHE QAT ZIFE FTEHLFoIU Y FF
3% 22 BT 228k M 4A L AFE A 7R
Aok A7t AA 24 A S B¢ 25 &
33 Y F2AF A AZHAAT, Bt B
P3G F2Y AEA 2 S8 1 540l
I 3le FF I CFRD AA 2 ALFA ol of
TR HES Q7 BYETE, £A EA45% AR
AW A4E e AR ARET.

o}

offl d

r.

ofN ok
An,

oX (o 2 M
o oy

2 &

NAZA =3 BT 27 st M A EE Ea8

E A 435 (CFRD, Concrete Faced Rockfill
Dam)oll tha 282 th-3-3 Zo] 2902 5 3l

3

- 29%

L CFRD 44 % A39 0l 38301 33k 5
o $23 7% 20 £AFE thololZY Yoluh B
Aot BE 5N S AASE 92 S92 B 5L

Agste FH3 S8 4 90

2. QT folut AHY %24 (sand-gravel fill) & ©|
LFCFRDZx 38 < EUZ B o, 759 335 59
WY S9N B2 A5 S JEhEs Aoz &
Eikrq=y

3.A 2 A & AHE T A 5ol & A < (Chimney
drain)u 3 Hl <, 12| 3L AFHA ALY $3lES AA
aeof gt

4. BE9% N29 22 2L A4 gYog ZH
N7 CFRDE 48502 BE282 458 Uehiz
Si=g

goes

A4, 1997, T4 CFRDE AR o] A7)
), B, 45(4~8), W EE5}3]

¥4, 1995, AANAM ALEL CFRDE AR (x
0]210m) & AASHA, BE, 43(7), P EE 3]

AL TAL, 199, 359 71 EA S A

=218, 2003, HAA 71E

WEBE, BAEA, BAMA, 2000, %5+ DCFRDD
ByiE, & L8006, NO 162, i A & Bt >
y —_—

Amaya, F. and Marulanda, A, 2000, Colombian
Experience in the Design and Costruction of CFRD
Dams, J. Barry Cooke volume, Concrete face
rockfill dams, Beijing

Auguiat, P., Alvarez, L. and Vidal, L, 1993, Two
Chilean CFRD Designed Riverbed Alluviums,
Proceedings; International Symposium on High
Earth-rockfill Dams, Beijing, China

Casinader, R., 1993, Special Features of Some CFRDs,
Proceedings; International Symposium on High
Earth-rockfill Dams, Beijing, China

Cooke, J. B, 2000, The High CFRD Dams, J. Barry
Cooke volume, Concrete face rockfill dams, Beijing

Cooke, J. B., 1997, Developments in High CFRDs, The
International Journal on Hydropower & Dams,
4(4)

Giudici, S, Herweynen, R. and Quinlan, P., 2000,
HEC experience in CFRDs -~ Past, Present And



¥ A E3YE FTAANFEY 4 HA L ANF 107

Future, Proceedings; International Symposium on
CFRDs, 18 Sep., Beijing, China

Good, R. ], Bain, D. L. W. and Parsons, A. M., 1985,
Weak Rock in Two Rockfill Dams, Concrete Face
Rockfill Dams - Design, . Construction, and
Performance, ASCE

Hacelas, J., Ramirez, C. A. and Regalado, G., 1985,
Construction and Performance of Salvajina Dam,
Concrete  Face Rockfill Dams - Design,
Construction, and Performance, ASCE

Lagos, P. M. and Machado, B. P., 2000, Foundation
Treatments, J. Barry Cooke volume, Concrete face
rockfill dams, Beijing

Liu, L., Shi, L. and Chen, Z., 1993, The Slope Stability
Analysis of a CFRD with Poor Quality
Embankment Materials, Proceedings; International
Symposium on High Earth-rockfill Dams, Beijing,
China

Lu, S, He, Z. and He, Z, 1993, Design and
Application on CFRD on Thick Alluvium Deposit
in Tongjiezi, Proceedings; International
Symposium on High Earth-rockfill Dams, Beijing,
China

Mackenzie, P. R and McDonald, L. A, 1985,
Mangove Creek Dam: Use of Soft Rock for Rockfill,
Concrete  Face Rockfill Dams - Design,
Construction, and Performance, ASCE

Marulanda, L, Nelson, L. and Pinto, D. S., 2000,
Recent Experience on Design, Construction, and
performance of CFRD Dams, ]. Barry Cooke
volume, Concrete face rockfill dams, Bejjing

Materon, B. and Mori, R. T.,, 2000, Construction
Features of CFRD Dams, J. Barry Cooke volume,
Concrete face rockfill dams, Befjing

Navarro, O. E. and Bechis, E. E., 1998, Progress at the
Pichi Picun Leufu Project in Argentina, The

International Journal on Hydropower & Dams,
5(1)

Noguera, G., Pinilla, L. and Martin, L. S., 2000, CFRD
Consturcted on Deep Alluvium, J. Barry Cooke
volume, Concrete face rockfill dams, Beijing

Pan, J. and He, J., 2000, Large Dams in China; A Fifty
- Year Review, China WaterPower Press

Sierra, . M., Ramirez, C. A. and Hacelas, J. E., 1985,
Design Features of Salvajina Dam, Concrete Face
Rockfill Dams - Design, Construction, and
Performance, ASCE

Zeng, F., 2000, Study on Application of Sandy Gravel
to Gudonkou CFRD, Proceedings; International
Symposium on CFRDs, 18 Sep., Beijing, China

E 209 2008 29 1¢
AL A 20068 22 29
AASEY 20069 3¥ 10¥

8hF < (Dong-Soon Park)

FRFAATA $ALATY WAL
305-730, AN FA47 AT 4621

Tel : 042-860-0324

Fax : 042-860-0592

E-mail : fulgent@kowaco.or.kr

718 4 (Hyoung-Soo Kim)

FREAAFA FAAA7Y W) edTA
305-730, HAA FAF HAWF 462-1

Tel : 042-860-0330

Fax : 042-860-0592

E-mail : hskim@kowaco.or kr



