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Intact rock strength (N-type Schmidt Hammer ‘R’)

Magnitude 60-100 50-60 40-50 3540 10-35

Rating 20 18 14 10 5
Weathering

Description Unweathered Slightly Moderately Highly Completely

Rating 10 9 7 5 3
Spacing of fissures

Magnitude >3 m 1 m-3 0.3 m-1 50 mm-300 <50 mm

Rating 30 28 21 15 8
Fissure orientations and groundwater flow

Description Very favorable Favorable Fair Unfavorable Very unfavorable

Rating 20 18 14 9 2
Width of fissures

Magnitude <0.lmm Imm-0.1 Smm-1 20 mm-5 >20 mm

Rating 7 6 5 4 2
Continuity of fissures

Description None continuous Few continuous Continuous, no infill Continuous, thin infill Continuous, thick infill

Rating 7 6 5 4 1
Outflow of groundwater in spring

Description None Trace Slight Moderate Great

Rating 6 5 4 3 1
Total rating and classification

Class 1 2 3 4 5

Description Very strong Strong Moderate Weak Very weak
Rating 91-100 71-90 51-70 26-50 <26
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Intact rock strength (N-type Schmidt Hammer ‘R’)
Rating 20 18 14 10 5
Tunnel
H1-H2-H3-H4-H5- | H8-H9-H10-HI11-
Hydrogeologic
H6-H7-H15-H16 HI12-H13-H14
zone
Weathering
Rating 10 9 7 5 3
Tunnel
HI1-H3-H5-H15- H2-H4-H6-HS-
Hydrogeologic H7-H9-H11-H13
HI16 H10-H12-H14
zone
Spacing of fissures
Rating 30 28 21 15 8
Tunnel
H1-H3-H4-HS-H6-
Hydrogeologic H9-H11-H13
H7-H15-H16
zone
Fissure orientations
Rating 20 18 14 9 2
Tunnel
H1-H3-H5-H9- H2-H4-H6-HS-
Hydrogeologic Hl16 H7-H15
HI11-H13- H10-H12-H14
zone
Width of fissures
Rating 7 6 5 4 2
Tunnel
HI1-H3-H5- H2-H4-H6-H7-HS8-
Hydrogeologic H10-H12-H14
H15-H16 H9-H11-H13
zone
Continuity of fissures
Rating 7 6 5 4 1
Tunnel
H1-H2-H3-H4-H5- | H8-H9-H10-H11-
Hydrogeologic
H6-H7-H15-H16 HI12-H13-H14
zone
Outflow of groundwater
Rating 6 5 4 3 1
Tunnel H2-H4-H6-H8-
H1-H3-H5-
Hydrogeologic H9-H10-H11-H12-
H7-H15- H16
zone H13-H14
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Intact rock strength (N-type Schmidt Hammer ‘R’)
Rating 20 18 14 10
Tunnel
AL, LL, BG, LT, LA, MLT,
Hydrogeologic DIO, GAB, MO LC,LCT, TULA, LT
GT, LLT, AT, CT, GLT, ALT
zone
Weathering
Rating 10 9 7 5
Tunnel DIO, GAB, AL, LL, LC,
LCT, AL, BG, LT, LA, AT, TU,
Hydrogeologic MLT, MO, LLT, CT, GLT,
GT, ALT
zone TU, ALT
Spacing of fissures
Rating 30 28 21 15
Tunnel
DIO, GAB, AL, LL, BG, LCT, LC, LA, MLT, GT, AT,
Hydrogeologic MO
LT, LA, MLT, CT, GLT TU, ALT
zone
Fissure orientations
Rating 20 18 14 9
Tunnel
DIO,LL,LA, LLT, ALT, GT,
Hydrogeologic GAB, MO AL, BG, LT, LC, MLT, AT, GL
LCT, TU
zone
Width of fissures
Rating 7 6 5 4
Tunnel DIO, GAB, AL, LL, BG, LC,
Hydrogeologic BG, LT, T LA, MLT, MO, GT, CT, GLT, LA, MLT, TU, ALT
zone ALT, AT, LCT
Continuity of fissures
Rating 7 6 5 4
Tunnel
LCT, LT, LC, MLT, GT,
Hydrogeologic AT, CT, TU, ALT, MO DIO, GAB, LL, BG, LA
LLT, GLT
zone
Outflow of groundwater
Rating 6 5 4 3
Tunnel AL, LL, BG, LT, LC, LA,
Hydrogeologic MLT, LLT, AT, CT, GLT, LCT-LA- GT
zone TU, ALT, DIO, GAB, MO
2985 7S Ji5 pen GBS (spti 5 sy 435 -F dsr
1 2 3 4 5
Description
Very strong Strong Moderate Weak Very weak
Rating 91-100 71-90 51-70 26-50 26>
Ghomroud H2-H4-H6-H8-H9-
H1-H3-H5-H7-H15 H10-H12-H14
Tunnel H11-H13-H16
DIO-MO-LCT-AL-LL-
Karaj Tunnel GAB-BG-IT-IC-MLT- LA-ALT
GT-AT-CT-GLT-TU
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ABSTRACT

Prediction of groundwater inflow into tunnels during excavation is one of the most important
problems of tunneling projects. There are many analytical and empirical methods to predict the
amount of groundwater entering the tunnels, which are generally not highly accurate. Permeability
and water head are the main affecting parameters in estimation of groundwater inflow in current
prediction methods. Due to the complexity of the geological and hydrogeological conditions of hard
rock formations, it is necessary to enter other geological factors to estimate groundwater inflow
into the tunnel. In this paper, for the first time, Geomorphological Rock Mass Strength (GRMS)
classification is used as a criterion for estimating the groundwater entering the tunnel. The obtained
data from two tunnels in different geological setting were used to study the effect of rock mass
classification parameter on estimation of groundwater entering the tunnel. The results show that for
both tunnels, GRMS have a significant correlation with the amounts of groundwater inflow into the

tunnels.
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