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Abstract Seepage in the foundation and abutments of a

dam can lead to wasting of the stored water in the reservoir,

erosion of the foundation materials and increasing the

uplift pressure. It can endanger the long term stability of

the dam. Cement grouting is one of the seepage control

methods which is generally implemented according to the

Lugeon test results. In this study, the grout volume has

been examined against Q-value, Lugeon number, SPI

(Secondary permeability index) value and joint apertures in

the Bakhtiari dam site. In Bakhtiari dam site, the left and

the right abutment trial grouting boreholes were drilled up

to the final depth of 60 and 100 m, respectively. Limestone

of the Sarvak Formation is the dominant rock type in the

site. The Q-system parameters have been evaluated by eye-

examination of rock cores, the Lugeon numbers and SPI

values have been deduced from the water pressure tests and

the joint apertures have been calculated based on the per-

meability of rock mass and the joints spacing. The Q-value,

the Lugeon number, the SPI value and the joint aperture

have been compared with measured cement take and grout

take in the trial grouting boreholes. A general correlation

exists, especially when the mentioned parameters have

been compared with normalized grout take. Against these

general agreements the coefficients of determination for the

fitted relations are low or moderate, and it seems that more

research has been needed to assessing a reliable predictive

relation for the grout and cement takes.

Keywords Trial grouting � Permeability � Q-value � Joint
aperture � Grout volume

Introduction

Cement grouting is a method through which the grout

material is injected into the joints and cracks or voids of

rock and soil formations, so that the engineering properties

of these materials are improved by the decreased perme-

ability, enhanced strength, and reduced deformability of

the rock and soil formations. Ground condition and rock

and soil properties are the most important factors in

grouting process. In the case of the grouting in rocks, the

joint conditions (aperture, roughness, spacing, continuity,

etc.) are the most important properties which affect the

grout penetration and total grout take.

Currently, a considerable share of budget allocated to

dam construction processes is spent in cement grouting

processes. Cement grouting is carried out for consolidation

and improving strength of foundation of the dam and the

related structures and water tightening of the foundation

and abutment. When we are not certain about the efficiency

of grout process in a given site, it is required to perform

trial grouting before construction of the dam and applying

the grout curtain. In this way, it is possible to measure the

permeability, control and adjust the grout mix, assess of the

grout penetration and the grout take and finalize the proper

spacing of the grouting boreholes.

Due to the anisotropy of the hydraulic paths and various

flow properties of water and grout, one cannot always ex-

pect a direct relationship between the values of water

pressure test (WPT) results and the grout take. In this re-

gard, Ewert (1997) believes that this difference can be

explained by the fact that within joints in which water can
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easily flow grout cannot move, so that the hydraulic failure

induced by the grouting pressure results in washout of

particles inside the joint. Sadeghiyeh et al. (2013) com-

pared the cement take values with the Lugeon numbers in

Ostur dam site and find a general consistency; however

they also observed somewhat opposing trends especially

where more pressure used for grouting compared to the

water pressure test. Generally the crack system and crack

apertures are relatively unknown (Fransson 2001) and

considering such uncertainties, it is difficult to predict the

grouting result and attempts to do this are seldom per-

formed with a more theoretical approach. Some theoretical

models have been developed for predicting the take of

cement grout in jointed rocks and enable one to estimate

the grout penetration length in a single joint. Hässler et al.

(1992) presented a theoretical based relationship for de-

termination of maximum grout penetration length in a

joint, which is controlled by factors such as pressure, grout

properties and the joint aperture. Hässler et al. (1992),

Gustafson and Stille (1996) and Funehag and Fransson

(2006) assessed the penetration of grout in well charac-

terized fractures and concluded that the hydraulic aperture

is a reasonable predictor for penetration length. Recently

the critical aperture for field penetrability was investigated

and verified by data from some grouting projects (Stille

et al. 2012).

In this study relationship between the grout take and

some rock mass properties including the Q-values, the

Lugeon numbers, the secondary permeability index (SPI)

and the joint aperture have been investigated in trial

grouting boreholes of Bakhtiari dam site. In this way, rock

mass properties and joints parameters as well as the hydro-

geological condition, the Lugeon values and the secondary

permeability index (SPI) have been evaluated for each 5 m

intervals of the trial grouting boreholes. Then the rela-

tionships between the grout take and theses parameters

have been examined by regression analyses.

Bakhtiari dam site and trial grouting boreholes

The Bakhtiari dam and hydroelectric power plant project

includes the design and construction of a 315 m high,

double curvature, concrete dam and an underground pow-

erhouse, with nominal capacity of 1500 MW, in the Zagros

mountains in southwest of Iran. Figure 1 shows the

Bakhtiari dam site location and Fig. 2 shows the geology

map of the dam site. Limestone layers of Sarvak Forma-

tion, which are Mid-Cretaceous marine sediments, form the

foundation of the dam, powerhouse and other appurtenant

structures. These layers are generally tightly folded and an

anticline (Siah Kuh anticline) with a sharp axial plane

Fig. 1 Location map of the Bakhtiary dam site (after IWPRDC 2009)
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exists in the location of the planned dam axis. The Sarvak

Formation is divided into seven geological units, namely

Sv1–Sv7, which Sv1 being the oldest unit with no outcrop

at the dam site, and Sv7 is the youngest unit.

The instruction for trial grouting at Bakhtiari dam site

was prepared in a manner to investigate the effect of

grouting on the strength of rock mass on the dam foun-

dation site especially in a weak zone as called the King

Fig. 2 Geological map of the Bakhtiary dam site (after IWPRDC 2009)
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Fig. 3 Pattern of the trial grouting boreholes in the left (TGL) and the right (TGR) abutments

Fig. 4 Lugeon tests and

different interpretations
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Band Zone. This zone consists of Sv2 and Sv3 unites,

described as an intercalation of marly limestones of black-

gray color if fresh and of gray color if moderately weath-

ered and of siliceous limestones. The zone contains fre-

quent cracks, joints, anticline–decline and beddings

because of high compression tectonic forces. The trial

grouting tests have been performed in the left (TGL panel)

and the right (TGR panel) abutments of the planned dam

site.

Figure 3 shows the pattern of the trial grouting bore-

holes panels. In the first stage of the trial grouting test

(primary holes), a triangle shape was selected with a

borehole distance of 2 m (TGR1 to TGR3 in the TGR

panel and TGL1 to TGL3 in the TGL panel). Depth of the

boreholes was 100 m in the TGR panel and 60 m in the

TGL panel. Distance of the primary boreholes was selected

based on the permeability test results of nearby exploratory

boreholes. Exploratory boreholes in the site show the

medium to low permeability for rock mass, and the dis-

tance of the primary boreholes was selected in order that

the spacing of the boreholes in the final stage of the trial

grouting test will be one meter. The result of primary stage

grouted boreholes was controlled by centrally located

cored check-holes, which named as CHTGR-A for the

TGR panel and CHTGL-A for the TGL panel. Boreholes of

the second stage of panels (secondary holes) were

originally foreseen with three additional boreholes between

the primary holes at one meter spacing. Later, this pattern

was modified to two boreholes with a distance of 1 m from

the TGR1 in the TGR panel and the TGL1 in the TGL

panel, simulating a split spacing method. So the boreholes,

TGR4 and TGR5 in the TGR panel as well as TGL4 and

TGL5 in the TGL panel were drilled between apexes of the

triangle down to the depth of 100 m in the TGR panel and

60 m in the TGL panel and then were grouted after per-

meability tests. The result of secondary stage grouted

boreholes of each panel was controlled by the cored check-

holes (CHTGR-B for the TGR panel and CHTGL-B for the

TGL panel) by measuring the permeability in 5 m inter-

vals. All boreholes were drilled with 86 mm diameter

double core barrel to obtain the core sample continuously

and also water pressure test were performed in 5 m

intervals.

Materials and methods

Q-system parameters

This system, which is currently used in various applica-

tions, was initially presented by (Barton et al. 1974) for

selecting a suitable pattern of shotcrete and anchor for

Table 1 Rock mass classification based on the SPI (Foyo et al. 2005)

Rock mass SPI value

10-14 (L/s m2)

Classification Ground treatment

Class A \2.16 Excellent Needless

Class B 2.16–17.2 Good–fair Local

Class C 17.2–172 Poor Required

Class D [172 Very poor Extensive

Fig. 5 Sample cores of the trial grouting boreholes in a the left and b the right abutments
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ground improvement in the rock mass. Q is calculated

using the following equation (Barton et al. 1974):

Q ¼ RQD

Jn
� Jr

Ja
� Jw

SRF ð1Þ

where RQD is the ratio of healthy cores with length greater

than 10 cm in each drilling step (Deere 1989), Jn is the

relevant ratings for the number of joint sets, Jr is the ratings

for the joint surface roughness, Ja is the ratings for the joint

alteration, Jw is the rating for the water condition of the

joint and SRF is the stress reduction factor.

Permeability

Water pressure test (WPT) or Lugeon test is the most

common method applied for determination of rock mass

permeability and grout take. In the Lugeon test the steady

state rate of flow from the borehole is measured under

constant pressure. Generally the tests were carried out with

a double packer system. The borehole was drilled to the

final depth and the sections were tested from bottom to top.

The packers were removed in stages from each position to

the next upper position. Double packer systems allow a

single test to examine the relationship between pressure,

Fig. 6 Lugeon number

distribution in the right and the

left abutments

Fig. 7 Hydro-mechanical

behavior distribution of the rock

mass during Lugeon tests
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length of borehole and flow over several short sections of

the hole, however generally the test section length are

constant and considered to be 5 m. The WPT is typically

performed in five steps, occasionally with more or less

pressure steps. Pressures are increased stepwise up to the

maximum pressure and then reduced down to the initial

pressure. The Lugeon number for each step can be com-

puted using the following equation (Nonveiller 1989):

Fig. 8 Examples of the pressure–flow rate graphs in Bakhtiari dam site
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Lu ¼ 10 Q

Pe L
ð2Þ

where Lu is the Lugeon number, Q is the flow rate (L/min);

L is the length of the studied segment (m); and Pe is the

effective pressure in the tested segment (bar). The pres-

sure–flow rate relationship shown in Fig. 4 provides useful

guidance on the properties of the rock mass. In the figure,

P is the pressure and Q is the water flow rate. Using the

obtained Lugeon values for different pressure steps and

comparing them together, it is possible to classify flow

behavior in the joints and indicate the representative per-

meability for the studied segment (Ewert 1985).

The Lugeon number is very useful in assessment of

permeability of rock sites, however in the more cases it

fails in assessments of the groutability of the site. This is

because the results of the Lugeon test are strongly related

to the geometric characteristics and weathering degree of

the water paths (Ewert 1997), While the groutability of a

site not only related to the joint-openings through which

water flows, but also related to the rock quality and degree

of jointing. Foyo et al. (2005) introduced the secondary

permeability index (SPI) as follows:

SPI ¼ C �
Ln 2le

r
þ 1

� �

2ple
� Q

Ht
ð3Þ

where the SPI is the secondary permeability index

(L/s m2), C is a constant coefficient controlled by fluid

viscosity in a rock which is equals to 1.49 9 10-10 in

temperature of 10 �C (Snow, 1968), r is the borehole radius

(m), Q is the absorbed water (L), H is the total hydraulic

head of water column (m), t is the time taken for each

pressure step (s) and le is the length of the studied segment

(m). The SPI, as a base for the rock mass classification,

indicates rock mass permeability and hydraulic conduc-

tivity. The SPI express the absorbed water per time,

through the surface of the injection camber and the index

allows for defining the rock mass quality of the test section.

Foyo et al. (2005) classified rock masses based on the SPI

values and proposed ground treatment considerations.

Table 1 present the rock mass classification based on the

SPI values. They also proposed more details of grout

Table 2 Variations of SPI

classes versus depth at the

Bakhtiari dam site

Depth interval (m) TGR1 TGR2 TGR3 TGR4 TGR5 TGL1 TGL2 TGL3 TGL4 TGL5

00–05 C C B C B C C C C C

05–10 C C C B C D B C C C

10–15 C C C C C D B C C C

15–20 C C C C C C B C C C

20–25 C B C B C C A C C C

25–30 C C B B C D B C B B

30–35 A A B B C C C C C C

35–40 C B C C B B C C C C

40–45 C B C C C C C C C C

45–50 C C C C C C C B B B

50–55 C B B C C C C C C B

55–60 C C C C B C C C C C

60–65 C C B B B

65–70 C C C B B

70–75 B C B B B

75–80 B C B B B

80–85 B B B B B

85–90 C B B C B

90–95 B B B B B

95–100 B B B A A

Fig. 9 Correlation between Lugeon number and Q-value in Bakhtiari

dam site

432 A. Sohrabi-Bidar et al.

123



characteristics and required actuation based on the SPI tests

data. In these details, the jointing degree of the rock mass

has been considered rather than hydraulic conductivity and

water-absorption.

Joint aperture

The joint aperture is defined as the perpendicular distance

between the adjacent rocks walls of a joint which the in-

tervening space is air or water filled (ISRM 1978). For a set

of parallel unfilled discontinuities, by modeling the dis-

continuity as an equivalent parallel plate conductor, the

permeability coefficient parallel to the discontinuities can

be determined for the laminar flow by (Louis 1974; Zhang

2013):

K ¼ g e3

12 lC b
ð4Þ

whereK is the hydraulic conductivity of the rockmass (cm/s)

which could be calculated based on the Lugeon value; g is

the acceleration due to gravity (981 cm/s); e is the average

joint aperture (cm); l is the kinematic viscosity of the fluid

(for water equal to 0.0109 cm2/s); b is the average joint

spacing (cm) and C is a correction factor representing the

discrepancy between the actual physical aperture of the

discontinuity and its equivalent hydraulic aperture. This

parameter is depended on the joint roughness by following

expression:

C ¼ 1þ m
y

2e

h i1:5
ð5Þ

where m is a constant coefficient and has been reported

from 8.8 to 20.5 by different researchers (Barton and

Quadros 1997; Zhang 2013) and y is the magnitude of the

discontinuity surface roughness. For a smooth parallel

joint, y becomes zero and thus C becomes one. By

Table 3 Part of the data bank for TGR1 borehole

Depth

interval

(m)

RQD Joint

spacing

(cm)

Q-

value

Lugeon

number

SPI 9 10-13

(L/s m2)

SPI

class

Measured

grout take (L)

Cement

take (kg)

Permeability 9 10-3

(cm/s)

Joint

aperture

(mm)

00–05 72 15.8 3.9 97 122.86 C 735 525 1.26 0.14

05–10 78 18.5 11.3 33 73.03 C 105 100 0.43 0.10

10–15 55 7.7 5.7 40 86.55 C 385 367 0.52 0.08

15–20 71 15.8 20.8 5 25.13 C 65 28 0.07 0.05

20–25 75 21.1 23.3 19 42.06 C 67 28 0.25 0.09

25–30 65 13.4 6.4 72 157.61 C 479 425 0.94 0.12

30–35 60 22.2 1.9 1 2.02 A 15 25 0.01 0.03

35–40 60 14.9 2.6 33 72.39 C 951 500 0.43 0.09

40–45 30 8.6 0.5 17 37.56 C 71 45 0.22 0.06

45–50 50 18.1 3.2 60 130.20 C 3050 3815 0.78 0.12

50–55 55 9.5 1.1 34 55.75 C 87 55 0.44 0.08

55–60 56 10.9 7.0 69 40.99 C 648 645 0.90 0.11

60–65 62 12.5 11.6 44 96.29 C 963 1015 0.57 0.10

65–70 10 19.6 6.7 12 25.79 C 252 160 0.16 0.07

70–75 50 20.7 2.3 3 7.84 B 301 115 0.04 0.05

75–80 74 16.2 4.1 7 14.31 B 565 360 0.09 0.06

80–85 76 19.0 7.2 3 5.42 B 346 220 0.04 0.05

85–90 10 9.3 0.4 10 20.55 C 150 95 0.13 0.05

90–95 72 17.4 8.1 3 7.06 B 135 85 0.04 0.04

95–100 50 19.8 17.3 2 5.02 B 358 295 0.03 0.04

Fig. 10 The average grout and cement take in the left and the right

abutments
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rearrangement of Eq. 3 the average joint apertures could be

evaluated as follows (El-Naqa 2001):

e ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
12K lC b=g3

p
ð6Þ

Substituting values for the smooth parallel joints result in a

simple following relation:

e ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:133Kb3

p

10
ð7Þ

where e is the average joint aperture (cm); b is the average

joint spacing (cm) and K is the hydraulic conductivity of

the rock mass (cm/s).

Data processing

In this study the data sets of two trial grouting panels have

been analyzed. Each panel consists of five grouting bore-

holes and two check-holes and all data belongs to the 5 m

intervals.

The Q-system parameters have been evaluated by use of

Q-logging for drilled boreholes (Barton 2002). Eye-ex-

amination of rock cores and standard tables of the Q-sys-

tem is used for evaluation of parameters and rating.

Figure 5 shows samples of cores for the drilled trial

grouting boreholes. Joint set number is one of the difficult

parameters for evaluation which needs considering incli-

nation angle of joint surface. The joint set number for cores

of a box has been determined by measuring the surface

inclination angle with respect to the drilling axis, as the

joints with equal inclination angle make one joint set

(Clarck and Budavari 1981). Finally the Q-value has been

evaluated for each 5 m interval by use of the Eq. 1.

Permeability in the trial grouting boreholes has been

evaluated using water pressure tests. Before performing the

test, each interval had been washed by the clear water so

that the back water was clear and free of cuttings. After

washing, each interval was saturated with water without

pressure. Saturation time was between 5 and 10 min. After

saturation, The Lugeon tests have been performed in five

steps. Pressures have been selected based on the depth of

the intervals. At the right abutment the maximum effective

water pressures of about 30 bars has been used in the

deepest interval of 95–100 m and at the left abutment the

maximum effective water pressure of about 12 bars has

been used in the depth of 55–60 m interval. Figure 6 shows

the categorized Lugeon values based on the Ewert (1985)

classification scheme. As can be seen, the Lugeon values

Fig. 11 Relationship between the cement take and the rock mass properties
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within the range of 3–10 and 10–30 are the most frequent

for the right and the left abutments, respectively. Figure 7

illustrates a comparison among various types of the joints

hydro-mechanical behaviors for the left and the right

abutments. The ‘‘Laminar’’ and the ‘‘dilation’’ flow are the

most frequent behavior for the left and the right abutments,

respectively. Figure 8 shows examples of the pressure–

flow rate graphs for the dominant flow types (laminar and

dilation) in the abutments of the Bakhtiari dam site. The

dilation behavior indicates the elastic state of the rock mass

against the applied water pressure. Through this behavior,

by increasing the pressure, the joints become wider, flow

rate increases and vice versa. Presence of the laminar flow

indicates the slow water movement among the joints and

cracks (Ewert 1985; Houlsby 1990), in parallel layers, with

no disruption between the layers. The ‘‘washout’’ and the

‘‘void filling’’ flows have very low frequency in the

Bakhtiari dam site and there is no the ‘‘turbulent’’ flow,

indicating absence of the wide joints as well as the lack of

the quick flows. Figure 9 represent the plotted Lugeon

values against the Q-values in the Bakhtiari dam site. The

best fitted regression line from the exponential type has

been plotted as well. As expected there is an inverse cor-

relation, where the Lugeon values decreases by increasing

the Q-value, however relation is poor and the plotted data

are very scattered.

The SPI values have been calculated by use of the Eq. 3 for

each 5 m intervals of the trial grouting boreholes and the rock

mass classification based on this criterion have been performed

based on the Foyo et al. (2005) proposed scheme. In this re-

gards, absorbed water values during water pressure tests have

been used for the calculation of the SPI. It should be noted that

the results for first boreholes of each trial grouting panels,

(TGL1 in the left abutment and TGR1 in the right abutment)

and their relevant SPI values, present the natural condition of

the dam site. Table 2 represents the SPI classes for the trial

grouting boreholes in each 5 m intervals. The SPI classes for

the first drilled borehole of the trial grouting panels indicate that

there are no intervals with the SPI class of A and all intervals

need to be grouted. Also as can be seen, improvement of the

permeability condition after grouting is evident. At the first

drilled boreholes (TGL1 and TGR1), the SPI class of C is the

most frequent and some SPI class of D even can be seen in the

left abutment. While in the last drilled boreholes (TGL5 and

TGR5), the number of SPI class of C has been reduced and the

number of SPI class of B has been increased.

Average joints apertures for each 5 m intervals of the

trial grouting boreholes have been calculated based on the

Fig. 12 Relationship between the grout take and the rock mass properties
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permeability and the average joint spacing values in the

interval. The permeability values have been evaluated upon

the water pressure tests and the average joint spacing de-

duced from the RQD values and its general relation to the

joint spacing (Priest and Hudson 1976). One Lugeon ap-

proximately considered being equivalent to the hydraulic

conductivity of 1.3 9 10-7 m/s (Nonveiller 1989 and Fell

et al. 2005). Smooth joints are the most frequent joint type

in the dam site from the joint roughness point of view and

in the most cases the joint roughness rating (Jr) for Q-

system evaluated to be less than 2. Considering this con-

dition of the joint roughness, the C parameter of Eq. 5

assumed to be 1 and the Eq. 7 has been used for calculation

of the average joints aperture. All of the above mentioned

data collaborated in a spread sheet data bank which is

simple to be handled. Table 3 shows a part of the data bank

belongs to the first borehole of the trial grouting panel in

the left abutment (TGL1).

Takes and discussion

The grout takes and the cement takes during the trial grout

tests had been measured for each 5 m interval of the

boreholes and have been cited in the data bank. Figure 10

represent the average grout and cement takes for all of the

trial grouting boreholes. As can be seen, both the grout

takes and the cement takes generally have been decreased

while the test progresses to the last borehole. Also it shows

that the both grout takes and cement takes in the left

abutment are generally less than the right abutment. Also it

shows that generally the lover W:C ratios have been used

Table 4 Coefficients of

determination for the fitted

relations

Function variable Cement take Grout take Normalized grout take

Q-value 0.2136 0.1308 0.1345

Lugeon values 0.1196 0.2306 0.3379

SPI values 0.0626 0.1768 0.3043

Joint aperture 0.1219 0.2338 0.3181

Fig. 13 Relationship between the normalized grout take and the rock mass properties
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in the right abutments compared to the left abutment,

which is compatible with the higher Lugeon values in the

left abutment.

Measured cement and grout takes have been examined

by the rock mass parameters including the Q-value, the

Lugeon values, the SPI values and the joints aperture. Also

the measured grout takes have been normalized by the

grouting pressure and then examined by the rock mass

parameters including the Q-value, the Lugeon values, the

SPI values and the joints aperture.

Figure 11 represents the correlation between the cement

take and the Q-value, the Lugeon value, the SPI value and

the joint aperture. As can be seen there is a general inverse

correlation between the cement takes and the Q-value,

where the cement take decreases with increasing the Q-

value. This means that less treatment is required when high

quality of rock mass exists. Also there is a direct correla-

tion between the cement take and the Lugeon value, the

SPI value and the joint aperture, where the cement take

increases with increasing the Lugeon value, the SPI value

and the joint aperture. The best fitted relations between the

cement take and the Q-value, the Lugeon value, the SPI

value and the joint aperture have been shown in the figure,

too; however plotted data are very high scattered and there

is a generally poor relations. Against the generally good

correlations, the coefficients of determination are very low,

which could be explained that other influencing parameters

exist rather than only one parameter and the interaction

among all the parameters together influences the results.

Figure 12 represents the relationship between the grout

take and the Q-value, the Lugeon value, the SPI value and

the joint aperture. As can be seen there are same correlation

relationships when compared to the Fig. 11. Against the

general agreements, there are poor relations between grout

take and the Q-value, the Lugeon value, the SPI value and

the joint aperture, too. Considering these poor relations, the

grout take values have been normalized by use of the

maximum grout pressures in each 5 m intervals. The

maximum grout pressure values are provided based on the

engineering geological reports (IWPRDC 2009). Figure 13

represents the relationships between the normalized grout

take and the Q-value, the Lugeon value, the SPI value and

the joint aperture. As can be seen the same correlation

relationships exist when compared to the Figs. 11 and 12

while now a little improvement in coefficients of deter-

mination is evident.

Table 4 represents the coefficients of determination for

the best fitted relations between the take and the Q-value,

the Lugeon value, the SPI value and the joint aperture.

As can be seen very low coefficients of determination for

cement take exist which are increased in grout take and

normalized grout take. Only the coefficients of determi-

nation for the relation between cement take and Q-value

are decreased, which could be explained by different

nature of the Q-value in comparison with the Lugeon

value, the SPI value and the joint aperture. The Q-value

is an engineering property while the Lugeon value, the

SPI value and the joint aperture are hydro-geological

rock mass properties. The maximum coefficients of de-

termination belong to the normalized grout take, however

the relations are poor yet, and it seems that there are

other unknown influencing parameters exist rather than

only the hydro-geological rock mass properties and the

interaction among all the parameters together influences

the results.

Conclusions

Grouting as a method for consolidation and water tight-

ening of rock and soil is widely used. The jointed rock

mass characteristics are of utmost important to predict the

groutability of the rock masses. The left abutment of the

Bakhtiari dam site generally showed more groutability than

the right abutment in the trial grouting tests. This general

condition could be anticipated based on the Lugeon values

of the trial grouting boreholes of the left and the right

abutments, while there is not precise predictive relation.

The measured cement and grout take values have been

examined by the Q-value, the Lugeon value, the SPI value

and the joint aperture. It has been shown that there is a

general correlation between take values and the above

mentioned parameters; however the coefficients of deter-

mination for the best fitted relations are low. The grout take

values were normalized by use of the maximum grout

pressures and then examined against the Q-value, the Lu-

geon value, the SPI value and the joint aperture. The co-

efficients of determination for the fitted relations have been

a little improved, but it seems that more research has been

needed to assessing a reliable predictive relation for the

grout and cement take.
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