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Abstract: The quality classification indicators of dam foundation rock mass include the rock
quality designation (RQD, Q) , the velocity of the longitudinal wave (V) , the permeability (w),
and so on. They have a certain relationship with each other and change with the depth (k). Based
on the measured data of 6 boreholes on the riverbed dam foundation of Ma’erdang hydropower

station in Maqin area of Qinghai, the variation of the above indices with depth and the
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relationships among them were studied. The results show that the RQD at the same depth is

quite different, but increases in linear ribbon with the increase of depth as a whole, and the linear

relationship for the upper and lower limits can be expressed by formulas Q=0. 488h+67. 886 and

Q=0.309h+2. 319, respectively; the permeability and depth have a good correlation, and the

permeability decreases as a power function curve with the increase of depth, which is w =

1329.192h7 """ ; the degree of fitting among RQD, permeability and depth is higher; the velocity

of the longitudinal wave increases in linear ribbon with the increase of RQD, and the linear
relationships for the upper and lower limits are V=40, 493Q+3 612. 9 and V=132. 458Q+ 1 822. 6,
while the geometric mean of permeability tends to decrease and has a good correlation with the

arithmetic mean of RQD, which is w=6.378—3. 708 X 10 "Q*%2,

Key words: dam foundation rock mass; quality classification; rock quality designation; permeability;

hydropower station; wave velocity; depth
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Fig. 1 Engineering Geological Profile of Ma’erdang

Hydropower Station in Maqin Area of Qinghai
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Fig. 2 Permeability and Multiple RQDs at the Same Depth

FRAE & 2, 5K A — IR B B A B B8 A
Q= ZO:QI'(XI‘H*XI‘)/(Xﬁl*Xl) (D)

K. Q WAAT R :Q N X, 8 X, ZHMHE
AR, i=1,2,3; X, AWE.i=1,2.3,4,

TE [ — R BE B Y L 4 20 cm W75 — 2\ isk I 34
FE AT b 5T 53 B B N 2% S5 o o M SR S BUIZ
TR 5 B A1 B R ST 38 (8 AR S X 7 P A 4 2 AT 43
Bk 5% .

3 EAREEREAERMEENXER

EFRAREHERMRENXR

SR A 0] A B 8T R T4 6T 7 2% 1] 9K £ - 2
HAOPURIEAR . AT HBE TR B AR . A 3 R
[ — R L 4 2 A oA A6 A 25 S O (HBE R BB TR
JEE A S SR 2 R A IR G K. ORI R R AR
PESEZR 235k

3.1

BEARBIE %
0 20 40 60 80 100
.I .. T . T T 1
. n ,'. yt
50 ] - .: J..“-‘ .: L]
. .a. l-
g l00p miz "
13’1(
% 1sof b,
™ a
n -
" u
200 wm sEUfE e
— R .
250 L - [ ]

3 ERRERENHERENTW
Fig.3 Variation of RQD with Depth



% 6

MR, MA BN E B MER/AT R EKEH X R 825

Q = 0.488h + 67. 886 (2)
Q = 0.309h + 2. 319 (3)
A h HEGFLR B .

BT 90 R 300366 R 42 01, A IR AL T — 2 B IR
LI 5 R Bl A R LU ) 6908 2B A 2 9F ik #)
e TR T S NI IR R S N N |
Tl o 5 9] R 25 A & 2B ) o [ 00 AR X — ek R e,
I 25 THT 2% 38 5 7 1 7 B i CFE Y T 45 I 2 T B O
AWM T — bk J) s FECGRI A RIE D
EEEAR (SN TE AT Q6155 A ) I R o - M iz | R TR VB UER
JEE 38, 2B far AR U855 L OB A= Y B BE 22 s b, A L
A BT AR R AR RS R X T E IR P4 K R T R
WKL, T8 P E 2 o UBER KA A i
. Jm R A A A A R AR BB L T LA
A2, A AEN R W R, Sk
g7 K AR AR TR B I Re T B e K o0 R Y D R
AICEeT o) S S R S Sl o X R A B 0 A RR T B X
B FE A2 Ay B RS o R M 0 B 5 b R B A
B SRR EW Y,

3.2 BAKREMREMNXER

o JR B4 7K R 3k VAT DR 4 A VR BE B Y 8 K R
Ce) X0 32 1R R BRI BE & 26 5 {8 % 6 4>
BliAL A5 K R TR EE AT LG 15 3 35 K R B TR B
AR 1k (I 1)

0

50
P 100
E:2S
% 150
n SEE
200 | — AL

250 -
B4 BREERENETL
Fig. 4 Variation of Permeability with Depth
125 7K AR B BAT B R S | B A TR 38
BN S T 7 K R BE TR FE Y AR Ak T R
PR 2ok e, R BOC R A
w = 410.7h """ R? = 0.553 (4)
AR HE R
PLELFL ZK165 F1 ZK166 A 1] 53 Hr B4~ 4l L 1)
BKARFEE Z MR SCF (K 5.6) . Hi& 5.6 AL
A AR LA A K AORITTR B IR B B B R
BRIEIORH S

#EIKZE/Lu
0 2 4 6 8 10
30+
E
- .
S [ ]
60 - - s SEJE
. — WAL
[]
L]
"
90*-

B 5 $hl ZK165 EREMRENTN
Fig. 5 Variation of Permeability of Borehole
7ZK165 with Depth

#EKFE/Lu
0 2 4 6 8 10
20 T T T T 1
[]
40+
8
i
3 .
60} [ = LA
('] _Mﬁ&
80- =

6§57l ZK166 BARERERERTK
Fig. 6 Variation of Permeability of Borehole
7ZK166 with Depth

Bl ZK165 1 ZK166 754 15 7K 2 R0 IR B (1) pRi
R 5Hh
w=851.1h %" R? = 0.704 (5)
w = 62 529h %" R’ = 0.895 (6)
B 6 AN Bl L [R] — VR B 19 5 14 35 K R LA °F- 3
{8, I8 AN S HAA IS 15 307 38 K R R 1)
AWML ME 7 Fixs.

B IKE/Lu
0 1 2 3 4 5 6
40+
&
o
%
801 * S
- — e
| ]
120~

7T EHBEBKERRENTHE
Fig.7 Variation of Average Permeability with Depth



826 ok H F

_I::,

BN - Y 2018

6 A~ AL [A] — PR JBE 1 25 7K A LA F- 25 (B 5 TR 2

5 AR A PR ROC AR Rkl
w=1329.192h "> R*=0. 881 (7

52 N T B2 IR S R LB Y P S B A IR
Z IR AR AR S, DT 5 | 3 K 5 R IR B 22 ] A
TEARGHE . B8 B OB A 3, e R 2B 5 45 ke W
HOP7E QR (N CIN i D o = ¢ NN T N TR
PRI PR A A ) o 5 BURAE T RARIRE T
o U BTN ) R AT A e R SRR B P S A
JE e A A Al L BV A BE AR AR . DRI B R Y
TN MR R 3 K R BRI

L5 LTI, 3 IR B K R S R R I S R 0 K R
5B BA B ARG, R BE TR B 5 K, B K R 5
e PRVROHH 2R R

4 ERREERDBRE EKER
HEX#

EARERERMNERENXR

X A5l L ST 000 K5 B 2 A7 0k PR AL B S L A SR
.20 BT 25 A 5 48 br 090 0 R (VD o6 R
(L 8) 1B 8 RN, 2 o et 4 s R S8 10 %o o 1
W, HEZHWMEN . —F 24555 A s
FR A, ANBE 58 42 R B A TR T i R BR R B I OL  t
AN T B W 25 4 THT ) 5 T B 5 D — R B R A 5
THT 552 W) BEE P 5 A 485 4 R 7 L B USR8 R A Sl
A O AR AR I (S AR D A L v A A
Jo f 4 b 5 Ok O N R 2

4.1

6000
o
m4an &
~ 5000f
;E/ [ ]}
=
% 4000}
-
" LE
— WRX L F
n ]
3000 1 1 1 J
20 40 60 80 100
HARRBR%

B8 ERREBHEEMEENXR
Fig. 8 Relationship Between RQD and Wave Velocity
SN L B A A B R AR A L P B A
A REAEARIE R A, AR DK R R
2R C R 0k
V =40.493Q+ 3 612.9
V = 32.458Q+ 1 822.6

(8
9

4.2 FAREERMBEKENXR

R A SC 25 B Bl b BE O % SR AN B K
RO B MBS 3 55 A1 B 46 4R . 15 B 0A A
FEPRFIE ACR ISR (B 9, A9 AT 0L, P& 1Y
BRI AE BE A & A0 B 8 AR R L B K R A
AN A R bR AR DL KB K R
DREEARA ARG A S T LU I S A o B 48 AR 2
(BN K R B {8 22 18] A5 AR G 0 AR S A

50
[ ]
40+
|
3 30F
§\§, =
% n
% 20
]
10+ ., . -
] LI
g L ] ... - .l L] F ) ol
0 20 40 60 80 100
EARBER%

B9 ZARERFMEKRHXR
Fig. 9 Relationship Between RQD and Permeability
K10 2510 T 6 AR AL YA 0 B B 48 bR 2 (A
B ARREE A L il 42 b A B A AR BURR
A R AR BOLATF 2. i 10 nl L &K
ARG JUART 1 B (B A A0 AR A6 s 9 B3 R 32 A 67
MRRKER, BRI, W RRA
©w=6.378—3.708X1077Q** R*=0.635 (10)

6._
5._
=
2 4t
2k = SEE
—?ﬂé‘é)% [ ]
1+ [ ]
0 1 1 J
20 40 60 80
HAERERT%
B10 EAREERERFEHER
BARENLMEHENXER
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RQD and Geometric Mean of Permeability

5 %

=

(1) B 25 TR A B8 0, 75 768 35 0 3 X 3 JR 4 7K H,
Ul PRI S A A R AR AR AR R e, B
PR, H k3205 Q=0. 488h+67. 886 Fl1 Q=



% 6

MR, MA BN E B MER/AT R EKEH X R 827

0.309h+2. 319,

(2) Bl 2 TR B 385 T, 35 2R 24 7K R, sl V] PR 300 4R
75 7K 2 2 T RSN 2 /] L [] — TR B 3 K L
P E SR 2 A RAFA AR, B w=
1329, 192k~ 7%, |y T~ 35 JR P4 7K H 0 Y0 R 30136 K
22 @ WA A T DA AT A5 R ARG KR LA - 3
1B 5 TR B 2 ) ELAT R 1 AH DG

(3) 7 A A8 b 5 Uk o R M IE A DG R LR
BB R, BRI RS V=10.493Q+
3612, 9M1 V=232.458Q+1 822.6,

() %5 A 0T 48 A 1 SRR 3 {H 5 33 KR 19 L
] - 35 (B R AP 1 A D E R B w = 6. 378 —
3.708X1077Q" %2,

2% Tk

References :

(1] BRBE.E5R. & KA KB IFM I 3 0 A0 R
W a A 2E 5 TR “E i, 2002, 21 (12) ¢ 1894-
1900.

CHEN Chang-yan. WANG Gui-rong. Discussion on
the Interrelation of Various Rock Mass Quality Classi-
fication Systems at Home and Abroad [ J]. Chinese
Journal of Rock Mechanics and Engineering,2002,21
(12):1894-1900.

XAGDMG | %% AW I, A SR T AS B A (B K TR A
& RQD F 5 #:[J 1. 4 £ 1%, 2015,36 (11) : 3329-
3336.

LIU Yang-peng, HE Shao-hui, WANG Da-hai, et al.
RQD Prediction Method of Engineering Rock Mass
Based on Spatial Interpolation[]J]. Rock and Soil Me-
chanics,2015,36(11) :3329-3336.

(3] B A.x80.2 &% —Fhdk T B s br i
BiE ikl R B BRI, & £ J1 %, 2016, 37
(6):1706-1714.

CHEN Jun, LIU Ming-ming. LI Xing.et al. A Geologi-
cal Indexes-based Empirical Model for Estimation of
Permeability Coefficient in Fractured Rock Mass[ ] ].
Rock and Soil Mechanics,2016,37(6):1706-1714.
¥AMELOT O L, BT SR RQD A5 A RN TR
HENFHEERBEAFYBIEERT] AL %,
2009,30(10):3163-3167.

JIANG Xiao-wei, WAN Li, WANG Xu-sheng, et al.

[4]

Estimation of Depth-dependent Hydraulic Conductivity
and Deformation Modulus Using RQD[J . Rock and Soil
Mechanics,2009,30(10) :3163-3167.

QURESHI M U,AL-MAWALI K,KHAN K M.

Using RQD to Estimate the In-situ Permeability of

[5]

[6]

L8]

Lo]

[10]

[11]

[12]

Discontinuous Sedimentary Rocks[M] // CUI Y ],
EMERIAULT F.GHABEZLOO S.et al. Proceedings
of the 5th International Young Geotechnical Engi-
neers Conference, Volume 2: Advances in Soil Me-
chanics and Geotechnical Engineering. Paris: 10S
Press,2013:447-450.

PISCOPO V,BAIOCCHI A,LOTTI F,et al. Estima-
tion of Rock Mass Permeability Using Variation in
Hydraulic Conductivity with Depth:Experiences in
Hard Rocks of Western Turkey[ ]]. Bulletin of Engineer-
ing Geology and the Environment, 2017, 77 (4):1663-
1671.

OB Y B A S R T 3 S 5 K R R
MU A J12 5 TR 24, 2005, 24(JE1) - 4905-
4911.

WANG Xu, YAN E-chuan. Connectivity Research of
Discontinuities and Application in Jointed Rock Mass
[J]. Chinese Journal of Rock Mechanics and Engi-
neering,2005,24(S1) :4905-4911.

EEW LB E EOE L A RLBR 2 B AL A
KOS L) ] K SCH B T R ML 2013, 40(2)
30-35.

WANG Jin-li, CHEN Xi, HUANG Yuan-yang, et al.
A Study of Stochastic Generation and Connectivity of
Fracture Network in Rock Mass[ J]. Hydrogeology and
Engineering Geology,2013,40(2) :30-35.

o BLREEIN M AR IRE KR S
R BQ M R WRT] TR %, 2012(1D) .
35-38.

YANG Yong, JIANG Gui-chun, SUN Wei. Preliminary
Discussion on the Relationship of Permeability Rate
of Fractured Rock and Its Intactness Index and BQ
Value[ ]J]. Geotechnical Investigation and Surveying,
2012(1):35-38.

BARTON N. Some New Q-value Correlations to Assist
in Site Characterisation and Tunnel Design[]J]. Inter-
national Journal of Rock Mechanics and Mining Sci-
ences,2002,39(2) :185-216.

KEIEINEREL R L E T RS S R R
B s B v b R K I R g LT . s AR BN AR
2015,34(4) :189-193.

ZHANG Man-fei, SUN Rong-lin, LIANG Xing. Effect
of Decay Exponential in Hydraulic Conductivity with
Depth on Groundwater Flow System Based on Flux
Upper Boundary[ ] ]. Geological Science and Techno-
logy Information,2015,34(4) :189-193.

ASSARI A, MOHAMMADI Z. Analysis of Rock Quality

Designation(RQD) and Lugeon Values in a Karstic



828 o M F 5 K R OF R 2018 4
Formation Using the Sequential Indicator Simulation K& RK,2011.
Approach, Karun IV Dam Site, Iran[ ] ]. Bulletin of SUN Miao. A Program Design and Application on
Engineering Geology and the Environment, 2017, 76 Rock Mass Quality[ D]. Xi’an: Chang’an University,
(2):771-782. 2011.
(130 /6.7 1. tmese. Bh e 2 B TR IR LS v (200 o F . M 5T 25 (6] iy 10 266 K = 4 A 7 1k RO
X5 1B M 5w 43 L) 1. K B2 3k L 2008, 19 (4) [DI. 22 22N R, 2012,
574-580. ZHANG Chun-feng. Discussion on 3D Modeling
JIANG Xiao-wei, WAN Li, HU Xiao-nong. Variation Method and the Geological Spatial Surface Recon-
of Permeability with Depth and Lithology in a Forma- struction[ D]. Lanzhou: Lanzhou University,2012.
tion of Fractured Sandstone-mudstone Media[ ] ]. Ad- [21] KL B, ek R, 25, 303 5 R IF 52 8 i 5 40
vances in Water Science,2008,19(4) :574-580. WS DU/ K Bl WU S R R BT A A
[14] KU C Y,HSU S M,CHIOU L B, et al. An Empirical 2 5 TR, 2009, 28(6) :1091-1098.
Model for Estimating Hydraulic Conductivity of Highly WU Fa-quan,LIU Tong , TANG Xian-liang, et al. Research
Disturbed Clastic Sedimentary Rocks in Taiwan[]]. on Unloading and Zonation of Rock Mass Dam Foun-
Engineering Geology,2009,109(3/4) :213-223. dation Excavation: A Case Study of Xiaowan Hydro-
[15] CHEN X,XU Z Y. The Ultrasonic P-wave Velocity- power Station[ ] ]. Chinese Journal of Rock Mechanics
stress Relationship of Rocks and Its Application[ ] ]. and Engineering,2009,28(6):1091-1098.
Bulletin of Engineering Geology and the Environ- [22] s, T 5, THE, S, 9055 K58 % m
ment,2016,76(2) :661-669. DR 2R B o3 b i [ ], 7K B K LB AR L 2017, 48 (10)
[16] Rttt a2 WL S Rk e ki e R S 87-92.
R AT HEMEFIT )] N R IT. 2018, 49(H81) . 241- XU Jian-min. WANG Hao, WANG Zu-guo, et al. In-
244, fluence Factors and Classification Standards for Rock
WU Shi-bin, HUANG Ji-cun, LUO Gang. Study on Mass Quality Classification of Dam Foundation[ ] ].
Wave Velocity and Irrigability of Surrounding Rock of Water Resources and Hydropower Engineering,2017,
Spillway Tunnel of Baihetan Hydropower Station[]]. 48(10) :87-92.
Yangtze River,2018,49(S1):241-244, (23] ZEX % BRIELL, B SCRL, 45, N [6] S ff R T RELA
(177 #h W= L5k R AR SR B TR K R LR A WOk M S HLERF S [T ], 5 = T AR %40, 2017,
Db g LT ] R 28 A 2 4 MU BR B 24 L 2003, 25 39(9):1565-1574.
(4):76-79. LI Xi-bing, CHEN Zheng-hong, CAO Wen-zhuo, et al.
SUN Yuan, WU Di,ZHANG Liang,et al. Application Time-effect Properties and Mechanisms of Marble
of Elastic Wave Method in Exploring the Groundwork Failure Under Different Unloading Rates[ J]. Chinese
of Reservoir Dam[ ] ]. Journal of Chang’an University: Journal of Geotechnical Engineering, 2017,39(9):1565-
Earth Science Edition,2003,25(4):76-79. 1574.
(18] sl WAt [, I IBC IR, 45 25 M P D o JE 5 38 UK % [24] &A% WAL, A, . W LB AE R X
KFAIHTLI ] BB VLAK L 24,2002, 29(2) : 22-23. A T2 H A I 2R s AR L . & £ 4%, 2018, 39
LI Jing-shan,ZHAO Shan-guo, SUN Dian-min, et al. (10) :1-12.
Analysis on the Relation Between Rock Sonic Wave PEI Shu-feng, FENG Xia-ting, ZHANG Jian-cong, et al.
Speed and Water Permeability Rate[ ] ]. Journal of Loosing Characteristics of Columnar Jointed Basalts
Heilongjiang Hydraulic Engineering College, 2002, 29 in High-slope Dam Foundation During Excavation and
(2):22-23. Time-dependent[ J . Rock and Soil Mechanics, 2018,
(197 b . AT 40 Jny A8 7 e it Ko D], 74 22 39(10) :1-12.

[ 40 5%



