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Abstract

After the excavation of Jinping underground cavern, a strong expansion appears along the unloading direction of the rock mass, mainly in the type of tensile rupture, accompanied by shear destruction, unloading resulted in significant deterioration of mechanical properties of rock. Based on the in-site investigation of rock mass structure, via analyzing the acoustic testing data, we identify the unloading range of the side walls and the division of rock types, and carry out with the solution of rock mechanical parameters about different unloading zone, providing geological foundation for the supporting design of the following design of the side walls, at the same time, providing reference for the selection of mechanical parameters of other underground excavation engineering with similar geological conditions.
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1 Introduction
At present, there are so many means of determining the mechanical parameters of rock mass including experience method、testing method、the positive and negative analysis. But it is very difficult to determine the parameters about the rock mass in a complex geological environment, Mainly due to the influence of lithology、unit heterogeneity、anisotropy、groundwater status、stress environment, Through in-site acoustic testing, not only avoiding unilateralism caused by reducing the parameter of rock, and then to obtain mechanical parameters of rock mass, but also taking full account of complicated influence of geological conditions, so obtaining the mechanical parameters of rock mass based on the sonic test and forecasting the rock relaxation extent of side-wall have a certain superiority and credibility.
Rock acoustic testing can evaluate the quality of the rock material and its spatial variation by determining the elastic wave velocity and other wave kinetic parameters. It is widely used in geology, water electricity, coal, transportation, petroleum, construction and other rock engineering since the late 60s. 


2 Engineering Geological Conditions
The Jinping hydropower station is currently the world's first high arch dam under construction, height of the dam is 305m, located at the sharp bend of Jinping on the middle reach of the Yalongjiang River, in Sichuan province, P.R.China. It has a double-curvature arch dam with a maximum height of 305 m, which will be the highest in the world, and a total installed capacity of 3300 MW. Relative altitude of the slope both side of the dam is more than one thousand meters, a typical deep "V"-type valley.  

The underground cavern of Jinping first stage hydropower station is located at the right side of the Yalongjiang River, composed by installation room、mainframe room and vice cavern, three-dimensional layout of underground cavern is as illustrated in Fig. 1. The vertical buried depth of the underground cavern is near to 1000 meters, the level of buried depth is more than 100m, the size of the mainframe room is 204.52m×25.90m×68.83m (length × width × height) , the cross section is as illustrated in Fig. 2.
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Fig. 1 three-dimensional layout of underground cavern  Fig. 2 the cross section of the underground cavern
3 High Geo-stress Characteristics and Deformation Phenomenon
The stability of underground cavern is greatly influenced by high geo-stress, such as splitting、bending、unloading crack and so on, resulting in irregular shape in some position, affecting the stability of surrounding rock..
When excavating in upstream side of underground cavern, the rock splitting damage is very strong, as illustrated in fig 3. Most of short cracks that the trend direction is close to the axial direction has been generally open; the concrete shotcrete between the stake 0+20~0+40 at the downstream arch has been shedding and the arch rib bending, as illustrated in fig 4. 
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Fig .3 rock fracturing at upstream side            Fig .4 concrete splitting at downstream side
In view of high geo-stress and so many other problems when excavating the underground cavern, using the mechanical parameters from laboratory testing has been unable to truthfully reflect the actual stress state of rock mass, so we must carry out the in-site testing, and acquire the mechanical parameters of the rock mass.
4 Sonic Test and the Results
To identify the structural features of rock, cumulative relaxation scope resulting from the excavation and variety characters induced by the following excavation in the lower elevation、variety characters of the rock mass structure、evaluating the quality of the rock mass accurately、evaluating the stability of the rock mass and analyze the concrete shotcrete. The author carried out the sonic test after the excavation of underground cavern.. 
Determining dynamic parameters of rock mass using acoustic testing is based on the velocity, taking homogeneous isotropic medium as the basic conditions, but after unloading, the rock will be anisotropic because the joint will be open. The research indicate the unloading joint will influence the propagation of the acoustic，mainly influence P-wave velocity, with minimal impact on the S-wave velocity[1][2][3]. In addition, when the direction of wave propagation is parallel to the trend of unloading joint, the velocity will be influenced a little[4], when vertical to the trend of unloading joint, the velocity will be influenced greatly.
There are three groups of joints in the underground cavern, the trend direction of a group of joint is parallel to the axis of underground cavern with a large angle, after excavation, this group of joint will be open under the condition that the radial loading is decreased. So the author layout acoustic testing hole perpendicular to the direction of unloading, and utilizing the velocity of the P-wave to find the unloading zone of the rock mass is reliable.

The cross-section of field-testing devices in underground cavern is as illustrated in fig 5. 
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Fig .5 monitoring section layout of underground cavern
CF1650 + C093S borehole TV images and acoustic curve of underground cavern is as illustrated in figure 8. We can obtain that open cracks in figure borehole TV image is consistent with the low-speed of acoustic curve. After the excavation of the underground cavern, almostly unload along the above-mentioned steep inclination of the crack, as 4.7~4.8m section illustrated in figure 6.
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Fig .6 The comparison chart of acoustic testing and boring TV 
5 The Analysis of Acoustic Testing and Research about Parameter of Unloading Rockmass
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Fig .7 to strike mechanics parameters of rock according to sonic test
Table 1.the data of the acoustic testing
	Elevation
(m)
	The number of boring
	Position
	The distance from free face
(m)
	Velosity（m/s）
	Elevation
(m)
	The number of boring
	Position
	The distance from free face
(m)

	1657
	CF1657-002S
	the upstream side of stake 0-002 
	0-2
	6342
	CF1657-002X
	the downstream side of stake 0-002 
	0-2
	5570

	
	
	
	2-4
	6400
	
	
	2-4
	6558

	
	
	
	4-6
	6371
	
	
	4-6
	6578

	
	
	
	6-20
	6411
	
	
	6-20
	6562

	
	CF1657+029S
	the upstream side of stake 0+029 
	0-2
	5850
	CF1657+029X
	the downstream side of stake 0+029 
	0-2
	5872

	
	
	
	2-4
	6554
	
	
	2-4
	6384

	
	
	
	4-6
	6526
	
	
	4-6
	6490

	
	
	
	6-20
	6486
	
	
	6-20
	6443

	
	CF1657+061S
	the upstream side of stake 0+061 
	0-2
	5448
	CF1657+061X
	the downstream side of stake 0+061 
	0-2
	6191

	
	
	
	2-4
	6563
	
	
	2-4
	5502

	
	
	
	4-6
	6593
	
	
	4-6
	5921

	
	
	
	6-20
	6550
	
	
	6-20
	5700

	
	CF1657+093S
	the upstream side of stake 0+093 
	0-2
	4953
	CF1657+093X
	the downstream side of stake 0+093 
	0-2
	6335

	
	
	
	2-4
	6421
	
	
	2-4
	6502

	
	
	
	4-6
	6479
	
	
	4-6
	6502

	
	
	
	6-20
	6482
	
	
	6-20
	6517


Table 2 The calculated value of the mechanical parameters of rock mass 

	Position
	The distance from free face（m）
	Compressive strength（MPa）
	Tensile strength（MPa）
	C（MPa）
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（°）

	the upstream side of underground cavern
	0~2m
	16.31105
	1.483921
	0.76
	33.58

	
	2-4m
	45.52515
	4.809463
	0.94
	42.83

	
	4~6m
	47.15199
	5.006946
	1.68
	43.50

	
	6~20m 
	47.26249
	5.020396
	1.70
	43.50

	the downstream side of underground cavern
	0~2m
	26.82284
	2.623288
	0.49
	34.72

	
	2-4m
	34.05616
	3.448617
	0.82
	42.24

	
	4~6m
	41.06974
	4.274012
	1.82
	42.65

	
	6~20m
	41.16598
	4.285492
	1.84
	42.65


Table 3 The recommended value of mechanical parameters of rock mass

	Rock Classification
	Shearing strength

	
	C’（MPa）
	f

	Ⅳ
	0.6
	0.7

	Ⅲ2
	0.9
	1.02

	Ⅲ1
	1.5
	1.07

	Ⅱ
	2.0
	1.35


As we can see the test data obtained based on acoustic parameters of rock mechanics is closer to the proposed value through the table 2 and table 3, the value of shearing strength about upstream wall is a little higher than the downstream wall, demonstrating that by acoustic means and empirical formula to acquire parameters of rock mechanics is feasible.
6 The Conclusions
(1) After unloading, joint will be open because of stress relaxation, the quality of rock-mass will be damaged, the mechanical parameter of rock-mass will be lower, thus, the velocity of acoustic testing will be obviously reduced, the more near to the free face, the more serious the extent of unloading is, the smaller the P-wave velocity is.
    (2) According to the acoustic testing data, based on Hoek-Brown empirical formula and R.coling research, we established the relationship between acoustic testing data and RMR of rock-mass, and obtained the mechanical parameter of rock-mass different distances from the free face, based on these, we can determine strong unloading zone （0～2m，Ⅳ）、weak unloading zone （2～6m，Ⅲ2）and stress adjustment zone (6～20m，Ⅲ1).
(3) According to the comparative analysis between acoustic testing data and borehole TV images, we can understand that steep drop point of the velocity is consistent with unloading joint growth, so obtaining the mechanical parameter of rock-mass by the P-wave velocity has more reliable physical basis. 
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