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Table 1

soil suit for the impervious material of the dam

Characteristics list of the coarse-grained

b7
4% oie3 FIPE U

gy PERE  WIRRWA REEA TRk

Bkt RWEE R S EAR
GM EEA—F&EK B JLFRAE B 4%
GC REK . N Y R
SM EBEK—IEK R N qJ 5%
¢ AEk BT N R 24

2.1 2HFFHRIEHERR
2.1.1 RAMEAHFXE AT B BT Z
Bt T AR, TR 61.5 m I, 302 m® BT
R, 2N ZEREH#RTT 77 AYBH%FRE
(FRILEK?2, BLEAEALE 1), UK 8 MEFLE
H#HETT 27 A A% AR (BHLRET L&
BRLREE, KFPRA). B2 KB 1R

1) BRABRKRY: APBETHRGEEL I
TE#R (GC), AR N 1225.0, R RH

EHFM (1966-), B, WIRMBHA, FPE—-REMRSHTERN, BRENAARBHMRITHARKEHBEHRITEF



57T

EFR: BRBUKRENRA LB H RS N8 89

R2 KEARAIMWENFHERLCER

Table 2 The physics and mechanics characteristics list of the crushed stones and earth in Kari

- R BB K /NA R/ %
FkE BEE TEE
" AE >150mm 150~5mm 5~0.075 mm 0.075~0.005 mm <0.005 mm >5 mm <0.075 mm

/% /grem™? /geem™3
ek - - - - 0 24.5 39.5 15.0 21.0 24.5 36.0
EHL 9.76  2.06 1.88 2.73 1.4 52.75 27.44 9.37 9.22 53.97 18.59
TaL - - — 2.7 8.0 77.50 13.00 2.50 1.00 83.5 3.50

- Gk BAELE E4 HY
BATHEE HBRIAX BERE HERE EHERE EEEER BRA HNEERA
He i ~ s 57 45 [ _

/g:cm /% /em*s™! /% /MPa”! /MPa /MPa /E
itk - - - - - = - - =
L 2.09 9.5 3.15%x1077 6.53 11.83 0.102 13.42 0.02 24.5
TRk 2.09 8.5 2.33x10°3 0.85 3.77 0.052 25.06 0.03 27.4
2 30.60, B, UMEFERAHS N5,

2) BKRRAREH: RAESKERANI KA
AKTFBRREKEI~-SPMERESIN, HASERS
KEBHIE,

3) h¥RABRA: EEANHR0.02 MPa, EEHE
4R 24.5°; 0.1 ~0.2 MPa EN TEREAE N
0.101 MPa™', FE4E &N 13.42 MPa; BERH
H3.15X107 " em/s, W F MR 6.53, WK &
H11.83, WHBANA L,

4) AT R HEEHSEKHR 2.91~3.05,
FEFTYRSUBRMERE, SELEFEHA, H
WK 34.8%, YFRN 18.8%, BWHIEE N 16,
BEFUBREZEEHEAZSEN IR TREKE L,
HEFERAKE.
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Fig.1 The impervious material gradation curve

GL, WERA L RELEBBRRETITH,
WEENTHEERHERAEER (AK1), |
2RSS TaLARERE, ENMTEHTRERA

2.1.2 tHAEAZHEXE BHREIXNIHE
Ps (BRESE) FRMNKMESHKBHLRK, &H
AR Ps 5 pgmex (BRKTHEE) M 0, (BRAEK
) WXREETHE, URESHaSELER. %
BRBHEAKEENE 123 m, I THEEEHE
R, LEACHFAIETR, ML 4R#T TR
B, FRAE3. K4, ARIATUFH:

1) BATHEHNBRTEE ot AREX
FHE 0'gn BERK b THBKTF 5 mm #BRL
SRP BERBRMELR,

2) p'y—Ps BILRF ky—Ps BIRFE Ps~20% ~
30%BT BRI : p'g B/NBEE K. kybll Ps 38
BB /ANEREK, X—HERASEAP &
N AR 4T, PRHBEA LB KRR H®
+, fIESHREE. ATHERINER, 2XEN
HaR, IEBRAIETRAT20%. '

3) pamax—Ps BIZRTE Ps~70% B, HIAHB K
(Pamax X BIBKME), WEASEIFE _HEHE
P?, BEMAEE Ps M. 0w XTI FME, BEF
HABARUZLFIHEBFARBILERITE. Ps=70%
HBBERB ky=4.12X107°, H Ps=25%HF ky
(4.5x107%) WAT3INHERE, EXWHE (BE
R+ AMBIHME) (SL274 -2001) B3R, K,
SEENIER, HIEHRATEER<S0%,

2.1.3 5RBRENRSASRE THIML
BERBERRPTIIE. AEERSESEFHREL
e (RE2), #ATIHAKRBLENESRER
BRAHBRAR (BRES5), URIELENS B
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Table 3 Results list of the large-scale compacted test
for fine-grained and fully-graded material
E i <5 mm #ik}
RRHAS  >SmmAE/% BILATKE BRTEE BERY FTEREYBRRE  PHURRE
@/ % Odmax/gcm ”? kayy/cmes”! pa/grem™ /% /%
1 0’ 14.5 1.85 1.02x1077 1.850 0 0
2 10 13.0 1.92 8.2x10°8 1.847 "1.05 10.45
3 20 11.0 1.99 4.12%x10°8 1.845 2.45 12.05
4 30 10.0 2.03 4.12%x10°8 1.840 3.77 12.56
5 40 9.3 2.06 1.6x1077 1.785 5.68 14.19
6 50 8.6 2.08 1.02x10°°¢ 1.734 6.80 13.68
7 60 8.0 2.11 9.05%x10°° 1.670 9.65 16.08
8 70 7.5 2.12 4.12%x10°° 1.610 = =
9 80 7.0 2.11 - - - -
10 90 6.5 2.01 = = - =
11 100 5.9 1.9 - - - -
Fa4 ARHRBWARFE
Table 4 Results list of experiments for the fine-grained material
AE SBURL K /N R/ % ke B/ % BRATHEE BHEEKE
G.  5~0.075mm 0.075~0.005mm <0.005 mm w, wp I, iaclarem?  wig/%
2.73 59.61 20.36 20.03 CL 34.8 18.8 16.0 2.09 9.50

REWRER (RIEBHEITRELRR)
HREY. DENERBERPT, BERK
byl 3X 10 T E~9I X107, K REM i\ H
6.53 WKZE 50.7~55.7, MK 7.7~8.5 %, WH
R B8 ORI R B8 R RIS LB BE 18 DL KR
E#RE,
x5 LENERBEARPTEELERRBAR
Table 5 Results list of the seepage deformation of

the core material protected by the filter material

¥ M XBRERME YRARE BRARIE
BER ky/10 ¥ cmes™! 9.03 8.93 8.92
It 3 R 7 55.7 55.0 50.7

2.2 HRHGITREIESRE

W R R R (PR E A Mt
MIE) (SL274 -2001) B3R, HSEXEENIER
B2 O HEBE B - RHE IR ERN

1) &AL EARBRKREZEMNAKTF 150 mm;
BAEKXT 5 mm KB EEN20% ~50%; /MT
0.075 mm KFRL & &R 15%; 0.005 mm KKk

HBNS5%~20%

2) BALOHEHHBERBEM /T 1x107°
em/s, MIBBELXEHIGFBEEN KT 4.0, HB S
BRI it BB 720,

3) AL LMK EKENRMKEEKEN
2% ~3% .

4) BA T OHRE 2 R RSN KT 98%,
YR SEBERLK T 99% o

B TF#EA LTERR Ps B pgma @A RE, FFLL
BALHMELTHEERAL -HEHEBRREAGH
M, NRA “BEEELRE, FHTHEE” ke
THE, UMRIEARFE Ps B 4 3 + BEA A R 49 3R
THEE, XAEHRMEL R,

A LSS AR UE 2 2R SE R BUE ) S5 40
HMELREEH. ARG LB ERHSB8RE
HEERE TR M R MAR T %, AR
MEBBEARES, URAMANELRZEESN
H, NEFARM TSGR RMiEsRE,
ZREANMARBEETAR P 2N TEES
HAMTHEEOSN LR (LE6),

2.3 HHBERR
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Table 6 Control standards list of the compacted dry density for fine-grained and fully-graded material

i EIhEE E 862.5/k]'m™?
HEEEP/% 0 10 20 30 40 50 60
BAFEE poma’/grcm > 1.850 1.905 1.952 1.993 2.031 ° 2.068 2.104
X o NE
R THE o a/gcm™> 1.850 1.846 1.843 1.840 1.833 1.814 1.792
R TEERFE mpym./g cm™? 1.832 1.886 1.933 1.973 2.011 2.047 2.083
406} T % B #8 H1{8 fmp’ /g cm ? 1.832 1.828 1.825 1.822 1.815 1.796 1.774
BITHBREIKE 0, /% 14.20 13.40 12.30 11.40 10.50 9.70 8.90

ABatE L aNoHEGEEHERARE
W, ZFHEHREEER., H598E, ERAKEME
PARBRE PR AVA R TR, TEIRGRE
B, PUEIEREE KK BRE K DR H AR
HETE YRTHE TP T Z &M T R fRHE,

2.3.1 XBF7E BREKXBRFHHEMR 36 mx22
m, ZORBR/EFLHOHE ARG LREIRE,
PR EEHES cm LR, KRFHHSH 124
RESHEN, B MRS HETHER K 40

m’,

BEVLR R AR MR, AHEERER0~4
km/h, HR#EHMERT,
7 BIORBEARERR
Table 7 Technical indices list of

the pad foot vibration roller

BE WK RIEE MEH MRS

A5
| /kN  /m /Hz /kN /BE

ng M

FE ZX-205 AfTR 204 2.00 45 356 1.745

REZANRXERREAGREZXLER, ®F
RARBRHEN 3 IRRAFHEE LR 6° Yk
REfmd s ERRR 8, BRERAZE LA
X, RE4m, BETENEIREE, A
T81S HERFEH. HEIEH4 5.

) E—. S RFHEINERAFAHLE
B (30, 40, 50 cm) FIAFIBRERE (6, 8, 10,
12) THEEZHE, RAZHEBNE, EERAL
K BN GE 1 R BB AR R SR B

2) BEHMAFH LR ERKE L EEMNR
RELRBT, BHEKE (0,13%, wepr wop
-2%). TERE. NTAWELBR.

3) FUBZHAIFH LN ERRSHBES, %
BERSBEALE, #TEAKRAR, FEELLE
EHTEMAKR ., AR, K. BETERAR, ¥F
BA#TERZHERRER.

4) BGRARFEFERURANEBAEH#TAE.
. KRR, BUNKRENE, HERE.
2.3.2 XEBARESH DULEWFHRAK, EX
+H74 3000 m®, ERIAGYHERRE 2374, §K
RRW 216 A, HELRAK 16 A, AHAKBMFEAIRK
B244l, HRoZENPENEEXR 124, FRRAEK
8. %9, HRERXREN:

1) BIRELZSE N WLEF 40 cm, #HE2
W, RESH, HATKEEHE w,+2% ~ we
2% EEANE, BREEEE,

2) EABGRERRRIE, RELTRABRHE
RELIRELEF S LR, % Ps=20% ~50% A,
LV ¥MEE 100%, THEEAEEIXT 96% LU
b, EATEERRITTTEER 0.04 g/cm’ £4,

£8 HGNAFERN R

Table 8 Test results list of the filling quality on site

HIERZTR/% BIER O R R 3L /%
£ >5 <5 <0.075 B®E/% FHE/grom™? HKE/% TR ¥ o
3 31.80 62.20 21.33  11.25 2.060~2.139, ¥i§2.083 8.47~12.85, ¥#10.80 = 103.4 105
6 37.78 62.22  17.98 0.27 1.965~2.110, F#1.993 12.72~17.3, ¥ 16.35 98.6 101
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FoH

3 2AERAGEARREREN, BBER
BOUHTE 10 7°~107 em/s; RS HHRBRBEE B
BERK (841) BBREBHE 10°~10"° cmss,
SIE B R LB B B R ER

4) RHELHANBETHAREREY, 2
MR BIAR R N R, BIRBEN 8.42~
10.13, BB EB B EK,

S) A ZEHEREAHT, 3% RS & Ak 4

BIE, N¥HREREER, ZWHEEMW, 6" +
BHEAE KRR, B4 aEs, Wl “HR
EKBHBERE o, +3.0%UAR" KWEREGHE,

3 Z#

1) BRMELSEN: WLEE 40 cm, #HE2
W, JROE8H, HAFTKREHE o, +2% ~ w,y
“2% BN NE, BE%EHE,

79 HHBRAEAR

Table 9 Test results list on site

L T N

T#E

% HKE/%
>150 mm 150~5 mm 5~0.075mm  0.075~0.005mm  <0.005mm >5mm <0.075 mm /g'cm ’
3 0 31.80 45.86 12.55 9.79 31.80 21.34 2.08 10.80
6 0 37.78 44.24 10.02 7.96 37.78 17.98 1.99 16.35
% 5 E EHESH E2 R EN ) A% BEEL AGHBERE /em-s
/% BE/MPa  BERS/MPaNEBEMA/ ) BRFE  BFEE BRI it 2 5 18] EHFH
3 105 10.98~15.96  0.025 23.4 ®£H 8.42 it 1.56x107%  3.64x107*
6 101 6.74~12.66 0.035 18.0 £H 10.13 i+ 4.38x10°%  1.97x10°*
2) RELLHEBEERAF S um FHERY 48

62.2% ~68.2% , Z0¥IF] LAEBHEBIRFLER, WA
HEAEREHRE, /MTF0.075 mm BRFHSEN
17.98% ~21.33% , AIAEIBFBER, HARES
—%H GC, HEEHBEHNNRMLENR, &It
HltEn a2,

3) KL B LHZEABBRR 5 REMLS
BREBEEALA -, BEREHN 10°~1077
cm/s, LA BRI B EK; BEZEHBARRK R
Wt, BAERERRES, IREBREAEERHEED
R EHF, BT HEHRIER by <1X107° cm/s
A,

4) KILLEERT S £ 6 ELHRESF, *F B BF
WEBMENELRABRBKRTEEN 2.07 g/cm’®,
wep X 9.7% ; MHALKES 1.78 kN/cm HHR 3
g, Hit 40 cm, FE 8 iR, THERK 1.98~
2.08 g/em’; ELEFH 100%, THEAER
96% LA b, it Kl 18 b Yk ESEE >99%

5) 3F LR SRR . MR RE N
e RH 8.49 MPa, EN KR IX 10.98 (X
L Ps=20%) ~15.98 MPa (X% Ps=50%), #]
EME B, W BRERE, &8RN c=
0.025 MPa, WEEIEM ¢=23.4°, SBAMAMNH+
BHELLBEBF BB R E 21T,

%% X
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The Engineering Characteristics and Design of the
Crushed Stones and Earth as Impervious Material for
the Dam in Qiaoqi Hydropower Station

Wang Shougen
( Chengdu Hydroelectric Investgation & Design Institute of State Power
Corporation , Chengdu 610072, China)

[Abstract] The dam of Qiaoqi Hydropower Project is 123m high, in which it is the first time for the spreading
gradation crushed stone-earth to be adopted as the impervious material for so high an earth — rock dam in China.
Study about the engineering application is conducted. First, a lot of experiments about the engineering
characteristics are done indoors to analyze the feasibility fo this kind of material in whole material storage, based
on which, the control standards of design and construction are recommended. Second, the representative earth
sample is selected to verify if the control standard is reasonable by rolling experiments on site. Finally, the three
— dimension stress and strain and seepage about the dam body and foundation are calculated to analyze the
rationality of the control standard for these materials and the safety factor of the dam under all the actions
together. This article states the methods, process and results of the study on the impervious materials and
proposes the design and construction control standards for the impervious material used as the core wall.

[Key words] Qiaogi Hydropower Project; spreading gradation crushed stones and earth; impervious material;

engineering characteristics; rolling experiment ; design for earth gradation

(cont. from p.80)

Interaction Effects Between Wave and Two Connected Floating Bodies

Gou Ying, Teng Bin, Ning Dezhi
(State Key Laboratory of Costal and Offshore Engineering ,
Dalian University of Technology, Dalian, Liaoning 116024, China)

[Abstract] In this paper, boundary integral equation method is used to study the hydrodynamic interaction
effects between wave and two connected floating structures. The hydrodynamic interaction between the two
bodies is considered. The amplitudes of the body motions are determined according to the motion equations of
the two bodies and the continuous conditions at the connection between the bodies. In order to verify this
method, the heave amplitude at the hinged joint and the relative angular deflection of two floating barges, which
connected by a hinge, are calculated and compared with the results from Newman. The comparison shows that
the present calculation agrees well with Newman’s result except at the nearby of the resonant frequency of the
system. At the resonant frequency of the hinged system the present result changes quickly, but Nevs}man did not
mention the phenomenon.

[Key words] boundary integral method; hydrodynamic interaction effects; motion responses
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