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Abstract 

With a mountain tunnel construction, predicting state of ground ahead of the tunnel face 

rapidly and accurately is critical in order to carry out the construction safely and 

economically. In this paper, I summarize research results on the development of 

investigation method for a rational and accurate estimation of compressive strength and 

elastic wave velocity distribution in the ground ahead of tunnel face using a hydraulic rock 

drill. 

In the Chapter 1, current situations and problems with investigation methods of ground 

ahead of tunnel face are summarized before explaining necessity and purpose of the 

research and development of practical investigation method, which can be carried out by a 

constructor with little impact to the construction, and with which status and physical 

properties of ground around a tunnel such as compressive strength and seismic wave 

velocity can be predicted quantitatively and accurately.  

In the Chapter 2, previous studies on investigation of tunnel geological conditions using 

a hydraulic rock drill are summarized. As one method to investigate the geological 

conditions of ground from a tunnel face, drill logging method taking only several hours for 

the investigation has a small impact on the construction while reliability of the result is 

comparatively high. Challenges with qualitative investigation of ground conditions with the 

drill logging due to the change of drilling speed by configured percussive pressure and/or 

rotational pressure even for the same ground are mentioned. Extending the method to the 

investigation of ground physical properties such as compressive strength and seismic wave 

velocity to use the results for support timbering design is then explained.  

In the Chapter 3, operating principles of hydraulic rock drills used in the drill logging 

method, overview of drilling and damper mechanisms, relationship between drilling speed 

and ground properties, and overview of specific energy which is an existing ground 

evaluation index are summarized. Regarding the operating principles of hydraulic drifters, 

it is pointed out that percussion of hydraulic drifter or collision between a piston and a 

shank rod is generated by coordinated movement of two valves controlling the flow of 
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hydraulic fluid with movement of pistons when hydraulic fluid flows into the hydraulic 

drifter from hydraulic pump, and pulsation of percussive pressure and/or impulsive 

vibration are/is generated by surge pressure developed by the valve control. As for the 

results of applying specific energy, which is one of the indices of ground evaluation with a 

hydraulic rock drill, to ground ahead of the face, I confirmed that there is a correlation 

between specific energy and rock mass quality. 

In the Chapter 4, development of investigation method to predict compressive strength of 

ground using pulsation amplitude of damping pressure generated by percussion of a 

hydraulic rock drill is summarized. Focusing on the fact that repulsive force of ground is 

absorbed by hydraulic pressure of damper in a hydraulic drifter, I carried out a drilling 

experiment using a specimen with known compressive strength to show that there is a 

correlation between pulsation amplitude of damping pressure and compressive strength. 

When drilling with larger percussive pressure using a hydraulic rock drill, percussive 

energy transmitted from the drill bit to the ground increases proportionally with the 

percussive pressure, and repulsive energy from the ground to the drill bit also increases 

causing a larger pulsation amplitude of damping pressure. I then propose "normalized 

damping pressure pulsation amplitude" where pulsation amplitude of damping pressure is 

divided by percussive pressure as an index for ground evaluation. I confirmed that the 

"normalized damping pressure pulsation amplitude" has better correlation with compressive 

strength compared with the existing ground evaluation index of specific energy and is 

rather insusceptible to percussive pressure and feed pressure, and showed that the index is 

effective for predicting the compressive strength of ground. 

In the Chapter 5, development of investigation method to obtain seismic wave velocity 

and velocity layer structure of ground ahead of the face using percussive vibration of drill 

bit during drilling of the ground by a hydraulic rock drill is summarized. First, I showed 

that percussion timing of ground by drill bit can be obtained with vibration of pilot sensor 

(accelerometer) installed to the hydraulic drifter with an advance percussion experiment. I 

then confirmed that there are two vibration waveforms with the pilot sensor vibration 

generated by surge pressure which is developed by switching of valves, and waveform of 
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percussion of shank rod by piston is ahead of the first vibration waveform, which was 

assured when comparing with percussion process of the hydraulic drifter, and is 

comparatively smaller than the amplitude of vibration by surge pressure. Readout accuracy 

with travel time has been improved by enhancing S/N ratio of received waveform by 

stacking arranged waveforms after obtaining time lag of the received waveforms generated 

by cross-correlation of the waves received by a receiver which was installed at the face of 

tunnel construction site. Tomographic analysis was carried out with initial travel time at 

vibration point near the drilling position using travel time curve toward drilling depth to 

obtain seismic wave velocity distribution of ground ahead of the face, which was confirmed 

to be consistent with specific energy distribution obtained by drill logging and seismic 

wave velocity distribution of side walls obtained by elastic wave exploration in tunnel so 

that it is effective for prediction of seismic wave velocity distribution of ground.  

In the Chapter 6, the summary of research result of each chapter, and applicability and 

future issues of each investigation method are also described. 
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