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Real-time evaluation method of compaction degree for roller-compacted concrete based on GA-BP neural
network//TIAN Zhenghong' , SU Weihao' , ZHENG Xiang, JIAO Xinchen' ( 1. College of Water Conservancy and
Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. Branch No. 1 of Sinohydro T Co. ,Ltd. ,Pengshan
620860, China)

Abstract: Aiming at the requirements of the real-time process evaluation for the on-site compaction degree of roller-
compacted concrete (RCC) , prediction parameters such as the moisture content, the shear wave velocity on the surface of
compacted fresh concrete, aggregate gradation, the ratio of cementitious material and sand are selected to construct a
prediction model based on GA-BP neural network. The effectiveness of the proposed real-time evaluation method was
validated by an on-site application case. The results show that compared with BP neural network models, GA-BP model has
a higher prediction accuracy with a smaller range of deviation fluctuation and it can predict the real-time compaction degree
of RCC accurately and effectively with higher stability. GA-BP model is more sensitive to the lower limit value of the
compaction degree. For samples with the compaction degree ranging from 93% to 96% , the average error of the GA-BP
model is only 0.08% and the maximum one is only 0. 17% , revealing very high prediction accuracy.

Key words: roller compacted concrete; compaction degree; real-time detection; GA-BP neural network; prediction model

i YR 5 - Bt T X R 4 2 4 2 5
B BRI T )= T S B R T A B A% L
FabR' DR, S A DN PP A o T A R S
A RE R W P S TR LA R A B T 22 R A Y
WA, FET, i TSR A T B A LR
RUREIBR FEJ2 RS RE Y, SRy B ORI, HLoR
SN TSR R AENEATAE — R I 22 , 7 0 [ )=
FESE R AN B0 2 LML S v v, e oh, Bl — Lt
RO AR TR RCRAE L B2 )7 152 T e AR & 1
it B B SR R RO B IR ) 5 TS

BT H . o E i AR A RHATHT 5 H (DJ-ZDXM-2016-09)

FESCHF PP H AR DG T2 S 50T
FEPEAEE I R R AR R A (4 iR O s
B TR 28 e A AR T U ME LAY R
X R SHOT N B TH A AR 4, S e S i) e s
WILME LSRR . ST, AR SO T AT R A
O T BE TIN50 L P O R R R R S 3R
TET %7 3 520 8 R 7 B P TR B = PR R L RPAIE 2 5
A R 3 T ok a8 A FEER Y GA-BP i 28 I 4%
( genetic algorithm-backpapagation artificial neutral

network ) F4J e Fs 552 B2 T 4SS TR | SIS T € TG 4% A

EH A . HIEZ: (1966—) 5 ##% ,T@i s T TN AR KR TR T8 A BB H AR 58, E-mail ; zh-tian@ hhu. edu. cn
KA R A ,2019,39(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 81 -



A 5 P R R S B
1 SERREE SR TS Bk R 5 5

1.1 KEHREES ERNSHIERE

oA S5 R BA L7 e 1Rt T S PR T,
P RERY SRR T S A T, R A
B A B CAT SCRR IR R I, S0 B R R
JiSE ik Y SR BN RO R S A RS2 iR
B RAEE, (HJR e SEBR TARR R, B3 0 AL
SHCE RTETIRE R AR Z A" SR
SR MR MM L P A RO 3 TR s 0
AR e I T 56 2 1T 90 DA B S AL A 2
R, [ B S et T B PR ALK S M GRLE R <AE
HINERIN 2T B T R 5 P 2R B R IR, 5 41, [l — %
SR B TR GE - 2 R A AR HL B
PRl /N, i AN [ S 2% A 2 i R 5 ok AR A A
MBI R TOUAPE T, S IO RRERD LA okt
PESHOCRA R TR IR EE 1 (19 7T B, B0 AL R 5
FE PRI AR SCHRE T 0 IR T2 R AR AE 4
SEARIUPE B AL B3 (R Y05, PR % I | 2L
FC A7 ANHCHD L 4 A2 R 3R, # i GA-BP #4122 ¥
ERTIUMRRAL , 455 3k — 2 1y B S £ B AL 12
B ARG, S BUR R Tk TR 52 B S AT
REUEAL TP 3 Xt T B R P DX 3, 38 o 45
R TS S BB TR B RS AR g ]

L1.1 #HeHgmsf

P 8 T R PR R AR S PR R AR T,
R RAR, A KA R FOE P
FHALER, B IR e LUK SE2 K5 R 2, AR 538 % Al
ARSI A 2 % A AUK BRI BERERR M AE T
LB AR TR 3t P R OB 32 30 A8 A7 00 ) s
D AT BB A RS, P AP — A R B
RUGIEIR A RS ACR . BT R &R AR
AN U S AR PR R R —

B T AL R VC A (4L )
FORFEERI AT IR, (LB T R, i TR
HVC EIE TAERK IR B IREZ VR AR
FUMAEER AT N 55 T A PR o 2 5
ZW AW, CARRIRY, RIRIRSE LR Ve
(L5 S M Z PR R DI AP EAE BR
KHFEARHE R VC ERAERE AR AT 1 2
AT
1.1.2 BREMIZ R )k ik

FE TCRANE 2] 5k Al o, BB S
IEAE P R R T AR AR 28 TR T, AT 2 A4 2 T 1
T3 o RN AT R WA R i, AR R

SR PR R IR — MR BTSN, I
1T He TR 56 1Y) % 52 B2 e AR AR AR, 3% T8 N T AR
PN A A A il o 2 Wil 2 AR AR A s R ) 9% S 45
TR AR N U i AR e HLUE B LN R TR
I 9B B R it T2 VR B e S R R M R AT
YT I, AR OB I 0 3 — B8 R 128 58 U i A
JEFRE N1 HAE R ) — A EESEATN R R
SRS R HEAR
1.1.3 #H4oHameicmk

Wi R IR EE + A BB R SRS A EE
e, He v e 32 B0 R R R ML E R 5 b L, B
FEIREE TS RER S AL 5, B RHBURE 78 5 ) AN
PR 1A E T 101 T iz 3 HES A B — MR e
B R Rk B ZRBCCIR DL R R K R U X
RS BR RN AT B, 3 B SCRBE R A A
AR .
rg + rm
)\:rm;l-r1+rz (1>
A, EBRARE RS ~20 mm YR EGr, R
HRPRLARTE 20 ~ 40 mm 9 & 5088 r, B BERLAR
7E 40 ~ 80 mm MY JiT 5t 73 85 r, N B BRI AR TE 80 ~
150 mm (5340, 8T = SR LA S A LR}
ANIFIC LU i B % 2 B, R B BB R 5 B
L B B R AR AR OCHE (BT 1)
400 — y=0.164 8A*1+34.18, R*=0.89
301 o I
381
37+
361
35+F
34F
33

Bl BHAEEFSERETENXR

M T Al LU A R A 9= s RE B A, &
FHEIE R TR, PRS2 B AR B 2 3R, o B
AR B TR 5 BN 75 ) e 52 s RC TR 8 IR S22
B3N | U222 TC 1) W T TR B - S S TR S, B
A BEA 2 BCAT ) T4 B R e S

i T TR R - O I AR T 45 L Hh B A R 35
o YR IR ARET IR SR A AR SR AR A D TR
e L N 2 BN RERCR RIS, R BOCIE RS R
5, HARRRR LR KR . G e R
I PE5 1 B LR P A AR 2 1 R i g SR A
Z Bt T T AR PEREAR DR R e 2 A D 2R ik
B s TR - BERHRR P 9 R PR B, B 08 1 1 42 Tl B

- 82 - KA R A ,2019,39(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



JRIREE+ 0 SR
1.2 SCHTARE ESE B S $3K B
1.2.1 H&HEEEaE

M08 IR EE RS R E S f  HVRE  HE R
B PEA YK RS R R S B
BHEIRRIEAR, I, A G T AR B8 i
P R PRGBS ) 4k
T O I/ NTRARASTS , S 4 v i 2 2803 A o
K EE AR & 5 oR 3200 & 19 5 1 2R
ASCEEZI o 2SR AR F U0 7R R PR VR B = rh
AL W3R R R A 22 () s Y 2 A X A H
B AR

€1,

2 2 2
e=x,"& +x,8, +2x,7€; +4xx,
e +e&,

5253 838

: (2)

&, + &, &, + &,

e WIRIEIREE - BLHEEG e, o, 01 2R
A HL R ORI TR 885 2, v, 23 HUNED A KR
BERIA B BRI 8 2y xy 535K A
HL ORI R 288

PR SRR A AF XS A H 3 85 7K AR 4
By KAl B RE TR IBORE I ) TR A, T
SR R BE SR AR IR . 2 At
FEURWL A VC AT 0 ~ 10 s B, AR KT
10 mm JCERH R MR R AR R RS R
RIS PR 0 37 4 D 7 R 42 K T 10 mm
NTRERE, LS B B A7 7E R AR 25 R A4
YERE o 4 0 7 2o 1 4 A TR BE T 53 3 IRIMANAR
11.0cm 524 10. 5 em WFEIR B IFGL E R mZ
I PR AR AT B A A S A9 PR SR b AT 03K
(E12), A, 766 i T8 i S B e, ik
FtiekE AR 22 AN 2 H B0 R s 18] AR 4 5
Ao P75 o) S 0 YR 5 A a7, O T 5 A S5 ke A
B I 47 PR L TR P R R MEAR S

BT

42,2, + 4xyx,

EH2 aERNXHT

B JE B RO A7 8% ik 3R B
TEETCBRAR Y &) st Ay B v, e i S i B
e EARICPE , il R A e 2 T K TR LN

KA R A ,2019,39(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 83 -

1.2.2

BT BRASHG B L JEE SR 1R i E A
N0 R AN R SR AT B T 2 3 1V 7 I8 10 3
(F3) o By 1k R = 5¢ TR Ta] Bk A ad 2 5 2
RIS S AR A R A ) S MR RE S RO A B
R ARSI 3k A AR BB R AR A 3 TR ) J 56 2
O S P, A T A B T 451 AR Sl R R 4 RS
JRRSE R, DK, 1 e A T g Y
ANER R T v i M T FE 7 M AR R B — E
A G IR A IR R T, WO AN 2 R AU A
RS nec ST e ST VPR A R Bk LAY
ARk S Sl A DA R, 28 5 BB, XEIER
S B2 TN g e e ik R A TR A SR
B UE DAL 2E Ag , R IMCAT 2B e 2 2 i 1 g
PAE % SRS I R R L

vzzwug (3)

P A P i s O RE RS Sy T ORAIEN ) i
TS, Ax N 2 -

%<Ax<A (4)

Ll I\
%??{{Jffﬁﬂtfﬂ‘ifﬁ '%’r‘)i

.....

B3 EEAiR G
2 GA-BP #HZ WK ia B iE

WAL B R — R A 2R R AR
H A N R AR 3228 [E B RBR . BP #irZe M
KAV BUE 5 A REHL ™ A, W 5 B A R AR AEL,
PRI ISR FH 8 A B 6 B 4t 28 X 265 114 47) s AU A1EL T 4
HIHATIAL , 52 R 25 [ 24~ N, TR AR A
SO A
2.1 BP #EMEZIEE

e I M2 B m JZHE TN S, B BP
2R AL — AU w,, , SEE b, Hrh
w,, . A m B2 [ IO SRR RS
i MEITCHIRUE 0, 5 m B i DML
B ;m=1,2,- M;i=1,2,-,8 3j=1,2,-,8 .

m—



2.1.1 fZ88Emtkid
X DR Y2, (B B AR LA, SR 1A
AN RAUE S A, LU 7 22 Fe /. Hid4lE LMS
Bk Z R ZETT DU LR R R
F=1t(k) —a(k)1"[t(k) —a(k)]  (5)
Kt (h) Ak RGERE B BV 28 5 M a (k)
Rk YGRS i AR AR
2.1.2 #ENRGERE
2 E [ £ 75 A 45 SRS RE T RS R, I
WIE R G iR 2, iRz FgfEm T, BUE
& I H
Wm,i,,-(k +1)= wm!i'j(k) + ‘y[wmyiqj(k) -
w,, (k=1)] —a(l =y)s,a,,;,  (6)
A HE RIS
b, (k+1)=b, (k) +y[b, (k) -
b, (k=1)] —a(l =y)s,, (7)
Lfres, HH m B0 i DT BUREE ;v
PEHT, Ho<sy<l;a H2rdHE,
2.2 GA-BP M EEE
2.2.1 ndsAeArEE
W5 D 28 v T A (ARSI R B0 {1 4R FH S B sy
BT IE s — AP IE R B ( 5 ) X =
(0,55, , F=P EH A% BEh
S, =S5, + MZI S(S.. +1)+1  (8)
2.2.2 EFERHK
T A A & B b TR 2T Fld
NERUE S BIE, RS @ oo/ X, 1S
I JE PRBICR 1 251 5 A5

AX,) = !

(9)

_21 (t; = ay.,)
A cay, 5 AR B e 2 AOSR A a th Y
SRR e, SN LAY H AR
2.2.3 FEHA

HR A3 1 3 R OB 1A A3 I AE i K3 /N
A R AU RRIHE P iz 5 15 3] E—10A>
BT —RAHES, S5 AR 1 ARRIEE bl
PLEEREA A X, X, R AR S U AT
FERAE S, 7= Al U E

Xpjo=rX, + (1 =r)X,;
’ ’ 7 (10)
Xm,_,‘ =(1 - r)X/,i + rX/,j
KX, X, KA SR r 400, 1] 2 ]
A REHLER
SRIG R SEE G S T AR 2 A8 Sk fE T
P BENLSE R AR 5 o5 ke, 2578 5, A0 T DR L
[ Ly oLy ] DS 2 O3

3

% + (Ly e — %) [r(l —%) ] r'=0

3

xk_(xk_Lk,min)[r(l_%)] r'=1

(11)

I _
X, =

AP IUE Y 0 501 BBEHLEL,
R, B BP SE R AL Tk AL BUE W 5
BI(E b BEATAG IR, TR AR M R D0 irp sl M fme DAL

3 SLBIIRIE

3.1 TITIE#ER

13,55 J K LS S TR Y T b T B T R 1
TERKHLNE S AR (2) BUKCR) TR £ER IR
PRI EE £ I, DISE 1.2.3.4.5 S HIE,
5510 A R EIIEA I 12 60 T R P TR 5 e
FHP - MH42. 57K I8 A 11 R IR 5 5 Bk R RS A1
TRGAT N TR, RS IR QBB I
NT R BRERD AN AR A 3. 08, 1 45 25 & (Ui 4y
) M 20.9% , Hod/hF 0.08 mm R E K
6. 8% A B BHZ T 00 A1 i 43 2R B8 K i 43 5 A7)
K ZB-1Rccl5, ZB-1A 2% %t B = 5% 0 7K 57 Al
GK9A I 550 #EA KR A E K, TR R IR %+
FIBCA EL AN 1 s,
3.2 EXERNERSEHIKE

BRI R FH 5 1 20 3 A 42 D0 6 T e L
BRI HTHE AR B 2 s AE AR S PR 1 R0 19 i B
7. IV FH D8 3o S S 2 A0 % T o7 7 I D TR 4B
SR 2880 B3 T ARG T AR 7 A7 Ak %) BP0 PR SIZ B 3
1ot I R AN TR B 2 AN ) A7 B P T R 0 5 o 5
JE 2565 EL 0 A0 X 7 2 R RRE RE S RD L, EE ST 1 A
500 HAEA B BRI 2R 4 . &8 70 il 50 B s an 3k 2
B .

F1 KUEEERLIBESL

" , - FR L/ PR
L iy 4124 4 DAY YT iy y B SHBE % 5 H » R
WHRETE W MBI kKRR sruisie ke 0050 RTRER
Cop15WAFS0 = 60 0.70 0. 080 0.55 2490 30 : 40 : 30

= 60 0.70 0. 080 0.55 2478 35:35:30
Cgy20W8F100 - 55 0.70 0. 080 0.45 2450 50:50 :0

- &4 - KA R A ,2019,39(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



x2 WMoXBBIE

m am I ym g mx
[E= EV2 (m-s) FFAr /% %
1 22.7 288.93 2.00 25.24 98.85
2 23.0 318.72 2.00 25.24 99. 03
3 22.3 274.77 1.00 18. 61 98.42
4 21.4 290. 82 1.08 18. 61 98.73
5 21.6 263.15 2.00 25.24 97.89
6 21.7 268. 16 2.00 25.24 98. 85
7 23.2 282.37 1. 00 18. 61 97.89
8 21.8 314.88 1.08 18. 61 98. 63
9 22.0 297.23 1.00 18. 61 99. 40
10 21.6 288.93 2.00 25.24 99. 42

PL 500 ZHAEA SRR I VN GRAEAS 2R T GA-
BP 2 28 AT U2, ARIEIIZRIG /Y 1 2%, Tt B
PLEEIAY 50 A BRI IN i 5 92 BEAH, LU BP i 48
WE8 B 5 GA-BP Pt 25 [ 28 A5 A T 00 1 552 B 1) oA
v SR E N,

U TR IR BE Y TR 52 5 I S BRR TERHY
FRAR R IRJZE R M A SRR b A B
SZRMARZRIESC AR | UL T )22 s 592 38 3 52 Wi T AL
IR R A AR PR 2R 5 0 R T 767 B 1) 2% 45 )
ATy WERR N T 52 B, HLARE PR 22 . (HIM 28 254ty
i T2 PR i ik 1] B 55 1 3 $5 4R
IR AT Eo AR 2 EREE 1 Bz, 1
1-2-1 MEREER (181 4) o 2 JZES R M ET8Ur i
9 FH 4, HXF 1 4 12 356 PR AL 53 71 A logsig Al purelin,
R 2 272 > 5 0. 01,

ClEAR

v 27 e/ \\\
i AL N\
— RS “ DA
N PRI
RIS C AR
LR XN IO
) NG

%\‘\\% ® ﬁlfl‘*\\.
N7/

B4 GA-BP #ZEMKLEH
3.3 RBITNGR RN AR
GA-BP P& W28 B0y 2 PR
55120, R BHUEE L XS BP B4 45 119 1R
BUEFEE AT, 5 B R REEH S 50, Fpif i
RRECH 100, fESEfL TR | 52 22 57 O FiL 5 AR

e R RE i 3t A AR R AR A S DL 5 18T 6 BITR
2532y 40 fURRIG , BR2EFI7 Fik B i/ B TF
oo SEPRAYIE N BEAEAE 2 60 FUHEAL 5 ik 2 ok H.
BT,

140

— BAERZET
200 RET A
HE 100
% i
=
40
20
0 20 40 60 80 100
B
B 5 REFEHFMFL L
0.12¢
0.10}
0.08}
Z .06}
=l — BEEE
0.04(} e BT S
0.02f

0 Zb 4l0 Gb 8‘0 10‘0
S
E6 iR

552 4, R FH BP 12 I 4% B3k ot ASU{E A 1 A1
KSR, AE BP Mg M4 Bk rh iR 2205 FITE
AR 600 RZEAT I # TARE , 3% 4K 1471 IREHE Ik,
B, AR GA-BP #2245 15 BP it 28 [ 4% %
e R TR R S B EA T T, 25 SR R 7 TR

=SS -GA-BPTIMY ~ BPTRIY

100
99 .
98 |-
97}
96 |
95
94 |
93t
)

0

521 /%

1‘0 2IO 3I0 4|0 SIO
P 5.4

B7 ETF BP5 GA-BP WEZM&HEL TN

TE 50 AR A, GA-BP i 28 X 48 455 750 (1) He 52
JEWEIR 2 /N T 0.3% 0. 6% 1 1% B FEA L4
I35 R 68% 83% K 100% , BP i 25 [0 £ A5 71 i) 4
WA 590 A 32% 58% M 82% 3 GA-BP 1 25 W 2%
RERIFIMAE 7 1%22 8 0. 137 , e KiR % 9 0. 98%
BP 11 25 [0 28 A5 70 T 34 7 1R 25 1 0. 499, e K iR
2R 1.67% ., GA-BP 125 W) 45 A5 R0 AS S F 0 K J
AN E R P35 ) e S A N L R R R Sy @ LA R BE/

KA R A ,2019,39(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn -85 -



Y R )2 TR R sk

GA-BP 122 [0 245 455 700 %o} B R YR o6 + R S R
R BE 0K . TR S AL T 93% ~96% FIREA 25, GA-
BP A7 T A () F- 241 2% 4 0. 08% |, fe KR %K
0. 17% ,RZEAR/N T HSE BE KT 96% I, GA-BP 15
RUZS A FIUAE S 2R 2278 0. 3% Aoy, e KR 25
A2 0.9% , HiRZE A A E e, s8R Bl
MRS GA-BP A5 A &, FELEMT
96% FBIE I 55, 7 w5 4 23 ] B0 2 e AR X g/
P TR A A ELA 0 1) R B Rl S — Bk
AP BE R FRORG B e, X ARE s T B it T
o DL TR S (0 96% ) VA% B TR TR E
AR PEAN FEBR , I LA J 7 S 3k SR 1 o i
T H . GA-BP 570 BT B 1 A F1 7 N A s oS8R
B FEEZ N R R 55 SRR

Zi b, 3T GA-BP #2445 1 B 37 52 Bsf e 52 3
TN AL R 25 /N PERERRUE , o] 0 IR e 32
s S S e S PR R4 R 3o e T LA 8 S A s
B i FANMA

4 & g

a. 5 BP M WM 45 AY HL S GA-BP #lt 42 [ 2%
FERIFFR 2 /N T 0. 3% 0. 6% F1 1% HIEEAS FL 4]
I3 H1h 68% 83% K 100% , ANAY TFINKE BE w5, i
w2205 sl Bl /N 2o ey, RE B Al A R b T
DN B 0 e J2 TR P S

b. GA-BP 125 [ 25 455 50 5of i e Y 258 1 s 2 B
T BR A B RURR, RS AL T 93% ~ 96% RYREA 1,
RS FOME P 24158 22 AR 0. 08% , Fix KR 2= H
0.17% , WMKE FEAR & o X Al RE S 6 T B3t 1 rh
DI — 5 B SEBE (A1 96% ) VE A A B e TR BE £
M EARPEMHE AR , I LA 4] 07 e S 280 SR 1) o aff v
R

SE

[ 1] Pralifd, 2 m & o, 45, S il g IR e -+ 50
H[J]. K15 HL,1996 (10) :26-30. ( FANG Chungang,
JIANG Futian, LU Ying, et al. Real-time control of the
RCC compaction quality[ J]. Water Power,1996( 10) ;26-
30. (in Chinese) )

[ 2] bhak. 0 R EE 0 T 925 i U AL RS [ D]
T RHER,2012.

[ 3] XA, 247, A1 e R TR BB - 0L R AR R B0
MR (T]. B E TR, 2011,13(12) :74-79. (LIU
Donghai, LI Bingyang, CUI Bo. Intelligent compaction
theory of high roller compacted concrete dam [ J].
Engineering Sciences, 2011, 13 (12 ): 74-79. ( in

Chinese) )

[ 4] k. by R T8 S 0 I o e S i W 4 5 T 52 93
MARRITFE[ D], KHE RHECR#,2012.

[ 5] WANG Q W, ZHONG D H, BIN-PING W U, et al.
Construction simulation approach of roller-compacted
concrete dam based on real-time monitoring[ J |. Journal of
Zhejiang University: Science A ( Applied Physics &
Engineering) ,2018,19(5) :367-383.

[ 6 ] XA, IR, ZEF . A WSO LA IR
AL RG] KB BENERLE,2015(10) :68-71.
(LIU Donghai, LIAN Zhenhong, LI Zilong. Real-time
roller exciting behaviors monitoring system of earth-rock
dam compaction [ J ]. Water Resources and Power, 2015
(10) :68-71. (in Chinese) )

[ 7 ] LUDWIG D, NANNI A. Application of roller-compacted
concrete ( RCC ) technology to roadway paving [ R ].
Washingten D. C.
Experiment Station,1994.

[ 8] Fesw AUHE AT 55 S AR IR BE - HE3IUR 4= 7T S 14 4
Br[a]. ARk s B4 i Jig , 2016, 36 (1) :90-94. (PEI
Liang, DAI Ping, HE Kun, et al. Reliability analysis of
temperature control of high RCC arch dam[ J]. Advances

: US Army Engineer Waterways

in Science and Technology of Water Resources,2016,36
(1) :90-94. (in Chinese) )

[ 9] W&, B, FEL. 3T OCRE MY TR IR % 1+ it
TR AT AR GELT ] KA KR #2013,
33(4) :4145. (ZHAO Chunju,HU Chao,ZHOU Yihong.
Visual simulation system of RCC dam construction process
based on OGRE[ J]. Advances in Science and Technology
of Water Resources,2013,33(4) :41-45. (in Chinese) )

(107 SR, 25, 00 AR . s 92 BE A 7Kk xR 4 %%
PO R PR SR [ D] KRR R 2 2014 ,34
(2) :4-6. (HU Liping,LIU Xin,ZENG Guodong. Effect of
compaction and moisture content on macro-micro
mechanical properties of high liquid limit soil [ J].
Advances in Science and Technology of Water Resources,
2014,34(2) :4-6. (in Chinese) )

(1] X0 FEASH: , XG0, 5. B FE IR E 1 50 s DR A i)
B SR L], KA AL T, 2015 (6) : 80-83.
(LIU Ying, TANG Jiewei, LIU Jianbo, et al. New method
and application of rapid detection of moisture content of
RCC [ J ]. Construction of Water Resources and
Hydropower,2015(6) :80-83. (in Chinese) )

(12 X . B TR 5 w2 ) 45 5 Jo 4G I A0F 50
[D]. & iR, 2017,

[13] Z=5 1l TRAR IS, 2R o, j o T S92 32 1) 5 25 i o IR A
P[] AL Tl K22 2412, 2003,32(5) :27-30. (LI
Qingshan,ZHANG Xianmin, LI Hongying. The method of
transient reyleigh wave applied in roadbed compaction
degree test [ J ]. Journal of Hebei University of
Technology ,2003,32(5) :27-30. (in Chinese) )

(KR 912018 - 10 -25 Sk HB250)

- 86 - KA R A ,2019,39(3)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



