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Centrifuge tests for simulating the behavior of CFRD with increasing
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SYNOPSIS : As the number of CFRD constructions increases, the necessity of an accurate
assessment on its behavior also has been increasing accordingly. The performance of concrete
faced rockfill dam (CFRD) under different water levels is greatly concerned by dam engineers
and designers in the world. However, domestic research on CFRD design and construction has
yet been insignificant. This study deals with three centrifuge model tests, mainly investigates the
deformation of the concrete faced slabs with different face slab stiffness under different water
levels. The prototype of a centrifugal model dam is half size of domestic CFRD dam. Detailed
material preparation, model design, model set—up, model instrumentation and testing procedures
are presented. In order to simulate the prototype concrete faced slab, three kinds of thin
fiberglass plates with different thickness was adopted in the three model tests. The water level
control facility was specially designed for this experiment to control the water level rise and
drawdown during centrifuge flight. Although most of the results from the three model tests are
satisfactory, it is also required that the cenirifuge test results should be compared with those of
numerical analysis and field measurements to analyze the centrifuge test results more in detail.

Key words : CFRD, Dam behavior, Centrifuge, Stiffness of the face slab, Water level of reservoir
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Max. acceleration © 300 g (259 rpm)

Effective payload » 1.5 ton

Effective capacity : 450 gton

Maximum radius : 5.03 m
Size of the swing basket | LXWXH = 1.5mXx1.0mx1.2m

DC motor power . 700 kW

Time to reach 300g 1 15~20 min

Continuous rotation time @ 24h

Electric slip rings : 14 (power), 100 {(signal)

Weight of the centrifuge @ 58t
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1/29) 26mEB 48 W RolZ o By 9wl AAsinh AN 70& #H83ke] CFRD 239 %ol
= 370mmi ?47«#5?3’120% malq bR AAEEE 7064t B B M AHS Fue 24 B4 Y
7 1 14, 873 244 PiE 1 1.88 AAdQ00, 58 YA AsHe do oA AR §5
49l 350mm(%ﬁa D 24.5mE AREg. AARRA )7 5 Aspinning)SHRAA o} FAAE £4 AE

2 5%7, & 90mm(Stage 1), 155mm(Stage 2), 220mm(Stage 3), 285mm(Stage 4), 350mm(Stage 5
2 Uio] olRojAth A3 59 Y o= IR A G FHE AT F oA FHE A4
2 SRAA, 2 A BAE 29 S 9 94, F9 sder TR A9d At o 3

Aol upel AL FHstd £ Wt w2 W D face slabd A% FFE BFSHG
B Age] AHe" A8 &7 (container)?] FAZNLXWxH)IE 1335%740x685mme.2n, Algg7]e] UF
Bo 2ol AaE 98 water tank EHog ARgHY. 28, WA F 400mm L CFRD 28
2722 o8 F71o® o]&35ch CFRD ¢l concrete face slabi fiberglass o2 HAFE o, of
L I R B i =
ED,
'm *m N3
El Il = E; I 2

o714, E : elastic module, 1 inertia, El ! the bending stiffness, N ! scale, m : model p !

prototype, ¢ @ concrete faced slab, f : fiberglass plate, EY, = 28 GPa, E‘f,, = 19 GPa
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Z7] AFe| ojstyl U9 concrete face slab9l stiffness® 618.75 tm'/m3ith. oj7lo] Rd AAA
g AAE] N=704 ALl 249 concrete face slab9 stiffnesst™ 180 kgar/cm® Apbdvh 2
Aol ALg¥l 29 slab2l A3 fiberglasse] 57 2 AL % 13 #rh

Faced slab
Transition zone
Designed water level - Ea‘ R fip!
= | N
X'\"b( 2 Main Yo o
Dead water level 5 “(?) ;(:)(;ll;ﬁll f;l:kﬁll
=< /a zone \
Pﬂm 1335 |
a9 2. 49 i CFRD 289 /aw
# 1. Stiffness of model slab
Model slab thickness (mm) FZA R (A LX)
No Model EC’I E)’(”I {” Ef n]f E
) (kgar/cm) | ( cf/cm) nd m
g kg Calculated Used (kgew/em) | (GPa)
1 Model 1 250 250 2.5 2.6 350.5 24.0
2 Model 2 180 180 2.2 2.0 157.2 23.1
3 Model 3 100 100 1.8 1.5 65.5 24.3

93] AL29 fiberglass T ¥ &9 epoxy fiberglass® FAE<l glew, 7t
9 7% o 0.lmmelth. Fiberglass & 7|&¢] RRA @AM de] o]g5lo] g9 aluminum ol
vjate] B3 Fnlek AFv] dx) Al GA FEske o848 5= ke el stk Az A AE
B ALge] 23hd, 1.70~1.90g/crt, QAR EE 245~343MPa, A modulus(BE)E 17~21GPac]
o B Agole Fule 2¥ slabE A3t slab AFE BAEoH, Zb fiberglass slab®l &
200mmSith. o] & HZFoA 14mel sEste Hololth

Face slab RAME

51 10 i)
@Al

2.2 XY= EM

2.2.1 28 & simulation

238 w9l rockfill 8- main rockfill, sub-rockfill, transition ¥%¥0.3 FAFM, Z}7] & AR
2 HxFAY 3 7Y FxAR dE BXE 0¥ 33 gu X A8 Jd% EEe A4 He
HEH Y% BEE 7|22 sto] AARon, W ¥ Zxoe A4 Su W | @A AMEHE
EAE o]&st

At oz By A Ao Ao ARE aUlR AMEsldol s, | HRARe] Ay AA Fx
Az A7) v A AYEE adE AHETE 5 A9k weld 2EARA HEEE o A 4
W 2 EQRM(Equal Quantity Replacing Method) W4 whgl 28 £ Ase Qg AA4suct
3 A AP ALEE 9 24 PHe o] 3 Equal Quantity Replacing Method(EQRM)
9} Similar Particle Distribution Method(SPDM)7} 9,19.111 SPDME a4 4% B38 543 Cud Cc
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T oZEE gl Aon of AG ARAY FE A FHAel v & gld & AFelAe
rockfill A=l Hd A= IQRM WS- whel A8 47 (container) @ ¥ 40cm9] ¢F 1/7(EFH o
Z 6~109 60mm= AAsto], AYERETY H UA=7] 600mm, 300mmE EF FUsHA 60mm

—l
2 Z2A7T. 293, smm os M&e Azel F5 By Wekd RS AR} FANES

AZtHHou %, 2004). 49 w9t 28 Az dw BX 2 A AR 29 3 8 7§ 49 Pk

- 12

100 —a—— \ :
80 E ——— L : =
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& \\\ mam)ockfll iTn'E:T:‘s';:” soll
R e o N
- Prototy pe \k§>* M odel X
s 40 [main rockfill > N — sub rogKfil N
5 . Prolotype 7 \N: Vel \.\‘
a . sub rockfitl ‘ .
20 H H ™ h \-
o ] - |
0
1000 100 10 9 0.1 0.01

Particle size {(mm)
-8 3. CFRD 29 @ %2z 429 95 2%

(a) Main rockfill (b) Sub-rockfill () Transition material
a8 4, P 2Y 2 AE A

2.2.2 B8 Ex M=ol BM

239 main rockfill®} sub-rockfill®] ZAZWEE 2.15g/ar® thHom, %‘%%?} ‘E‘Zﬂ%c’ﬂ’ﬂ
2 A5 Hx A ZFx 4 ¥y EAds ‘?913}/] Heto], F FH2 /}%T, 3

4 main rockfill AEY EAL X 300mm, ¥o] 700mme SJ-70 W¥ )‘s_}gq—/ng/ (F2 41
AATE 2E o)gatd F4st9a, NE AFA 55 GPo 4 WEE EFJAT BE AEE
g F owjg AeHdA Adggown, kA FEGS 04, 0.8, 1.2, 1.6MPalth A9 FE
1mm/mm on, Hou WHE 15974 @S Sastany. vpRe p&gro]l TSR Aadste &

g nolov), wepd 2 Pl RS AR Aste] thgel A8 Agsignh

N
-
m;

b= b= Adlog(5- 3

AAA, ¢, = W5 2ANAY whdZ, & 27 whEZ, ape T4e Wl W v G, Pa

T
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z7) transition zoned BEE 2.20g/ar® ABHQ OV, B A ﬂ"}’q A AN AR AT oA =
A4 ot A" EEE 2.15g/ar AZAEUG B AR T

544 91k AHgE AEAEr A4E 38mmol i, %o}-& 80mmolt}, Awel oA A&
stolon, o mlule AEolA Hgto] ol FojH ) AlEH ARY AR BEAL F 29 24

Frood L

m H

X 2. CFRD 28 Fx Ag9 A ZFx EA

A =B Az 4% (g/en) C (kPa) o, ad ()
Main rockfill zone 2.15 0 57.0 13.1
Sub rockfill zone 2.15 0 52.8 9.6

A4 = A% 9% (g/ai) | C' (kPa) dy' () | Ceu (kPa) b, ©

Transition zone 2.15 5.7 42.1 9.5 40.5

2.3 Water level control Al& ZX|

B Aldo AlgH 9 2AAXE F 79 solenoid WEH$ do]xX = je] #=x, flow meter, &

A AlxEoz FALL $£9 2- A3 Mars 18 59 o, B Agd ¢hA _,_sg:ﬂ solenoid

# Z Yongchuang Solenoid Valve(Type @ YCDK11-ZW-160-15, Max.

Pressure : 10kg/cm?)& 5 AE ARy 70g AeldA AFgHoz 2Fddlon, A

(spinning) Al €7] W 49 28 Yo Axg 7+= 5o 3t #swA 2489tk &) okl A
29 outlet mouth'® AFH et U Folo] AAHAUHEe] 90mm).

it
o
o?f‘.. 10
ot
b3
o
(~I

‘Y_ VWater level
Upper cpntrg)
Reservoir SRS 17 1

Outside centrifuge

Flow meter

|

Solenoid valve 1 1]

>~ Model container

] 7Mode\r
N PN - dam \ N\
Lower Solenoid valve 2

Reservoir

a9 5. F£¢ 24 ZAH
2.4 AIE717] %l (Instrumentation)

2 AN Fag #F Bl FRFF slaboly] WMol BE AFVINE FE LF éoﬂ B
M, 583 %3 AS)E face slab A% Te) FANNUT. AzelT TH EAL S
MY WA (strain gage)E AX3a, £H9E 90mmolA 350mm7tA A7l A

@ A A7 WA A 98 ASE wd AaA el Ased B ASNIE zm 3
Askgich. AR Astst AR A Awrel Ase HAe7| Hstol oA Al 1-:% %7}
F9 otgl F Eeol Abdel 7o) HEE LVDTULVDT 1, LVDT 2)& A3t slab ¥ g EX
t}. LVDT ¥ B Eo] ZLF membrancgd #HEFR F3eE Zupxg 3 94 4 ] 1ﬁ9f’1
2 3% Adel® LVDTE dAake] 855 Ahd wde SAsarh
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LS : ¥9 548 dolA A

cHe
st VDTS | LVDT : ¥4
@ EP: E@A
e SG @ ME L& A(strain-gage)
S

PPT : 255344

i

728 6. CFRD 9AIREAE A&7 wixE

Qsadk 79 flberglass Eﬁé s1ab7}- -o%é Abgol A x| = A

”'731“4%1‘3}. wd F el 23 slab(plate 1, plate 2) 5‘3'{"1

el Eﬁf’é%ﬁl% BANA 2 slabd] TR $8E& FAHeH o

Ag e ool Ro] golalis dgg §om ARl ¥ ‘MW-‘&
@ ,

2 : 2 DA FES HRon, o W ANE A ©
18 2O RS FAE /19T AT A F 49 Ve BT S YES ARS PPoR A
Asgon, RE A5/ A9 A4 A 2AL LA

9% g9 st % 3701 23 (Model 1, Model 2, Model 3) AgE& AAEATH Aegh 23
Z228 939 439 IZE framed AASAY. 4 T& frames AT —‘?, zx AsE I WY

of MY A28 WR(2.15kg/ad7tA FAE Aoz B 2yL A8t Main rockfill# sub-rockfill
742 gk fiberglass #o7 FEE 3 3—?« A5E AY Yol b & AAEL, dZAde %
10kg® hammerE ol &3ttt A WA F thd& AAG F, EgAE Ui AAANAT EQAE
A% 942 Auser] dekd e maz AAD Fel Tl EUAE Hol 29 ool A8k
oo A B AR A Add el HAHES FAR Jegen, 4 U §9) 9ge
Z Q3 AcHoE £33 4AsE Aol 44 &svh vpx¥wto s F7 10mm transition zone& 4
S22 Ao A FASRY. FAY = SA) gFola] UFo] EgHA AX 7 B8k, o] B
AR 2 S9Y EQAE 25 23 fiberglass plate $3d] ¥t}

2

(a) 28 =z 3 frame
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CFRD SAE A[FA] slaboll ##ate] A3 e FFskeE AL &7 MWl fiberglass Alo] @ =4

o
slab AAXNE Tl 94 WF-2 75 sbsAdol 7] Wi,  AQoME nF Wuydos Az
® water bag Wil B& A9 vFE WASEA 2 slabo] Y5 Q& &Fo] NAAER 519
o B water bag dHtole wETFE 5o, £9 A} /MEES Ak Algd WRHAY F

A= 1.5mmS .
3. Al Exp & #3

3.1 AIY ER}

23 FH 9 counter weight Al4te] gtad & Al %71;= swing basketoll A3ttt AE 7oA
e AES AR AFIAC ddsidon, g A5 3l % 6471 channelo]l AF=HA. AFH
Aue N7 & A F 7’%51011 A H R o1, -“%*‘ AEUE Fo FRALE AEHA.

27] BYe 1g BEA AAEH7) W] dubdon ge Wy ¥ Bydyg FwkstA do. oe
M ERR AL Hstol & APl A 108 B 70g FHE A F, Eg e oF 4% F
¢t 70g HHE ALAZA o] & 7 Ba Ao FYE SUAR o] ZrAZ N, 7t gAd e

T ¢ ARG B2 #E 4.3¢ming $EE FFHJoH, viA" ©A F F9 AsiAoA

17.3¢/min £%2 o] w5},

3.2 Model 1 AlE] Ziu}

Model 1 A9 2y i 9 A=y 94X+ 19 83 v},

i :
— T
\ﬁ Camera [ Loersemsc T T K Yom)
o Eonhpresur LVDT1 215 82
L§2 — o ) 3
Lsl 0 q ot LVDT4 1061 169
700 L 180 18 A Simingauge Laser sensor | 581 343
E Laser sensor 2 700 369
q EPI-1,4 188 60
EPI-25 317 152
Y/ EPI36 7 245
EP1-7 700 100
EP1-8 700 200
SGI-1,6 188 60
PPT12|(S §G1-2,7 274 122
— 5G1-3.8 361 183
SGI-4,9 447 245
1335 | 5G15.10 53 306
(@) RHANY A= () AZ7) 24 2E

18 8. Model 1 A

el

gl

Model 1o diste] a9 d42g A@Ade 18 99 2om, o7]A PPTIH PPT2E 49 4%
GAE HAFa Ao AR Ak, @ A, s A WslE 4719 LVDTS ¥ A9 ¥ 121 AA &
ol g3t =74 Pii ﬁ A At 947 dedtl uﬂra} *V‘“-%— Apell A Mol WAl AEH .

EdAE ¢4 o npe} ol Aekgk A7) ojE 9 % 2l e Lﬂxl Fale A7 goken, W
FEA G4 platc lﬂr plate 2 Afo]o] Zolgt ARE 19_9";1:}. Slaboll & & 10719] RPLA7F Hx5o)
slab?] WL HAsAom, A Aoy += 9L, - dFL Ulﬁh%. I 1o} AAG vie} F
o] stiffness”t & Model 2, Model 39 A% 4% 248 oo} gL 34319k
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300 20
Model 1 Mode! 1
- / £
3 [—PPTi] £ 10 ‘ -
§ 0 e PPT2 =
g & ; i
150 | £ 05 B 101
T 100 | 95KkPa 1 @ 0.0 Iy Ly ;
> L Q I £y i
ix : 1 f i H
so | ...46kPa = 05 i ;
i H : H
o il 10 - - :
0 500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000
Time {s) Time (s}
(a) F=4¢k (b) M A (LVDT, 70g 7} o|F)
2 0.0012
Modei 1 f\
R 70g 0.0008 - Model 1
2 0g JPR—— ~:\
£ —181
E 0.0004
8 &
A 0
N
I
-0.0004
= : -0.0008 . : . : :
500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 3500
Time (s} Time (s}
- ~ = = O
(c) MA ("elA AA, 70g o] F) (c) W&

1% 9. Model 1 Aol A7) 54 A
3.3 =9 ¥i5 U slab ZHAM0| CFRD HE0|| D[xl= A&
3.3.1 ¢ &0 M= face slab HE
374 2e Aol HAY A8E wgog £9) Ago wE fiberglass face slab® WAL £k
At RE 97 Aol uwel face slab® WAFL F718 o, Model 12 Model 2 2 Model

o
39}E oA Alo)sk AL Bl Model 19 A%, HZE 494 face slab Aghdo)A vz AAg
1.0mm &3t A HY oL, Model 29 Model 3olA4 &= O}Eﬂé&’ﬂ 928 LVDT 1044 2k 3.0mm #3t
F o) A] =

7 e, B AdioAE Adger Hsirt AA FAPAG. 29 102 349 Y F model
2004 SAE AHE HoFa o
MODEL 2
- LVDT1

5 N

I3} 3.0 %

£E% ., /7N

B2 Lo L Nwore

é £ = // \\

BIE

l_‘g § = 1.0 /// T \X‘\

.§ % 0.5 /, \*A\:‘“\:\\‘\.L\ =

gg 0.0 — -

S 200 400 600

Distance from the toe of the slab {mm)

(98 71% 49, stage 1 : 4.5m, stage 2 : 9.0m, stage 3 : 14.5m, stage 4 @ 19.0m, stage 5 : 22.0m)
9 10, 79 Arsol wE face slabel H3 (Model 2)
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3.3.2 %] &A50f WE face slab 28 W3}

A%l e gon st RE AQAA A AFL Rk oA dAR 0 WHE, F
g% 0 e e Zes dedd. o 59 dgen Jdu dF F7M) face slabd] ARE
A7, o)2FH face slabol dgo] fdy otk AW 7 case ME 7|9} FP Aol
ua FF 4w e Bl Basi

Distance from the toe of the face siab (mm) Distance from the toe of the face slab {mm)
0 100 200 300 400 500 600 o 100 200 300 400 500 600
0.0002 -0.0006 T
—e— 27| (&5H, T0g —— 27| (243, 709)
g Stage 1 -0.0004 [ e Stagel
0 H .- Stage 2 —i— Stage 2
—x—:lage: 0.0002 H I:::ii /}
§ ooo2 ‘::_—s:xs £ o [LotsSeed re—
@ 7} 4
0.0004 0.0002 \\\;‘ _ /. \ >///
. \\\\_l\_::/ /x/x\///
0.0004 ———
00006 0.0006 \/% /
. " Il
0.0008 0.0008
(a) Plate 1 (SG1~SG5, + &, - &%) (b) Plate 2 (8G6~SG10, + 4%, - ¢

(438 718 49, stage 1 : 4.5m, stage 2 @ 9.5m, stage 3 : 14.5m, stage 4  19.3m, stage 5 @ 23.7m)
219l 11, Fiberglass face slab 88 =4 A3 (Model 2)

3.3.3 9| A0 WE WA Fs Y =
A A, @ AR E AFH o2 0.3-0.9mme At #HHAew, WAR slab FA o] 7}

45 s 3A SAstE Aew Ydebgtl oled #Ale] disiMe FF AEdE mFEoe] F st
EE, 35 AMHelE AW 0.3mm H3F AZFEA oY, AR swelling AT A¢-(Model 2% At}

O£7| (g+3, 70g)
@ Stage 1
08 [ Stage 2 I
€ O Stage 3
£E os wStage 4 -
g mStage 5
£
3
& 04
[-9
)
[a]
0.2
[}

Ls2 LvDT 3 LvDT 4
Location

I 12, 7Y el wE | AA 2 EFAE 8 (Model 3, LS ¢ AAR, LVDT : 3HFAHE)

A WE 2REP 7 0 HA WS S EP 8 HA Ui FADAM EghS -
WS st dAd EQAEP 7)o A
el gAY e <]

BAZE AT FF WA R EGS FAHY A, By Awd e AEsAu AR JIHe A48

ok Aojct,

[l
o -
.
<
®L
o
ne
N
N
)
A _94 —lO
o
lo
=
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T FESAATAIWHR) 2 N YARIANG /S o] &3l9] face slab Aol vh& 3709 CFRD
2o diste] AHAEIAANGE FAsAT AFo] AAHE 5 FHE SHAR Yol Ao,
T A5 2 Aste B AEE A8 52838 ng® AAE ol gsta] ojFolA. MY =ol HA
2 A% 2 UAEY] YA reservoir 792 LY membraned o83t} L AA, A
£ FASHEA 9 W3] wE 350 face slabol JIEIAEE sH9v By B
F2A gy AEEHE AR, Hu 44 271 A" 8719 FE& 51eske 60mm

=

=
2 ZAeAn. 293, 5mm old vEe AR F4 HHol WaA WEE ddae FUFES 44

P

i

l

i

A2 Rockfill AAE 9} transitiondol] AME-€ AR Z%E 54L& AH5ADE §4& Az =3 7

TR B S w | = [s) e} il (o]

4ol th& 3714 concrete face slab® AAME &8l zH7] & F7E 7MAE fiberglass plate®
RA}3oi et

CFRD UARIAFE S Bal 2o gt AR AFNA] @72k Yol JE83 & de 3o A=A

47 @5 A&t dutd oz AHRFA

dA el Aol glolA ANkl CFRD A% B4 X3

AQAHE £ANY L DY AZA Muse woh AELE FAS G dRolt,
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