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ABSTRACT 
The aim of the paper is to demonstrate the application of the jet-grouting technique as a multifunctional 
approach for improving structural and soil behaviour by presenting examples of its application in Bulgarian 
geotechnical engineering practice and local soil conditions. The jet-grouting process is recognized as a 
cement soil stabilization approach in which, with the aid of high-pressure cutting jets of water or cement 
suspension, eventually air-shrouded soil around the borehole is eroded. The eroded soil is rearranged and 
mixed with the cement suspension. Mechanical properties of the formed medium highly depend on local soil 
conditions as well as on technical parameters of the applied jet-grouting system (such as: number of nozzles, 
treatment duration, pressure and fluid among others). By the exception of EN 12716:2003, current Bulgarian 
design practice does not give specific requirements and recommendations regarding the execution and control 
of the method. Therefore, the aim of the paper is to introduce good practice of the adoption of the jet-grouting 
method in Bulgaria as well as to demonstrate what mechanical properties one may expect in various local soil 
conditions.
Key words: jet-grouting, soil improvement, foundation strengthening, gravity quay wall, soil-mix wall, tailing 
dam, quality control, monitoring, risk management 
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 1  „ - “  – 

 JG-
 (

-
)

,     
q u , u,z

-      

,       
E d

[-] [-] [m] [MPa] [%] [MPa] [-]
S20 1.50 ÷ 1.85 5.88 0.370 1589
S21 2.40 ÷ 2.80 12.00 0.460 2609
S22 10.00 ÷ 10.15 25.30 0.285 8860
S23 10.60 ÷ 10.95 61.40 0.225 27320
S24 12.00 ÷ 12.40 5.22 0.400 1305
S25 0.60 ÷ 0.80 13.96 0.790 1767
S26 1.60 ÷ 1.80 16.13 0.460 3507
S27 2.20 ÷ 2.47 5.24 0.420 1248
S28 2.70 ÷ 3.00 9.99 0.590 1693
S29 7.60 ÷ 7.90 52.10 0.220 23640
S30 9.10 ÷ 9.35 50.10 0.224 22390
S31 10.56 ÷ 10.80 37.30 0.270 13820
S19 2.90 ÷ 3.12 6.90 0.190 3632
S1 1.86 ÷ 2.00 32.00 0.253 12640
S2 4.95 ÷ 5.30 5.38 0.750 717
S3 5.40 ÷ 5.70 19.00 0.240 7930
S4 7.45 ÷ 7.70 25.50 0.247 10320
S5 7.93 ÷ 8.10 4.60 0.310 1484
S6 8.95 ÷ 9.11 10.53 0.680 1549
S7 10.10 ÷ 10.30 9.46 0.580 1631
S8 11.33 ÷ 11.75 7.13 0.440 1620
S9 5.48 ÷ 5.80 1.67 0.330 506

S10 6.05 ÷ 6.35 52.70 0.287 18360
S11 7.85 ÷ 8.10 7.68 0.540 1422
S12 8.60 ÷ 8.80 8.53 0.230 3709
S13 9.60 ÷ 9.80 79.20 0.200 39540
S14 10.40 ÷ 10.65 28.50 0.352 8100
S15 11.80 ÷ 12.00 6.95 0.290 2397
S16 13.30 ÷ 13.60 1.54 0.120 1283
S17 13.95 ÷ 14.20 5.66 0.420 1348
S18 14.50 ÷ 14.80 6.84 0.310 2206

 ( )

 ( )

 ( )

 ( )

 2: 
 „ - “

-  (“soil-mix wall”)  – . 5. 
 2021 .

 32 m  47 m,  11.50 m. 
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 2  „ - “  – „ -
“

 JG-
 (

-
)

,     
q u , u,z

-      

,       
E d

[-] [-] [m] [MPa] [%] [MPa] [-]
. 32 1.70 ÷ 2.10 5.24 0.41 1278
. 33 3.35 ÷ 3.60 9.48 0.58 1634
. 34 5.60 ÷ 6.00 4.51 0.67 673
. 35 6.50 ÷ 6.80 1.99 0.33 603
.36 7.50 ÷ 7.70 1.84 0.29 634 . .

. 37 10.30 ÷ 10.50 11.21 0.82 1367

. 38 11.10 ÷ 11.30 4.04 0.54 748

. 39 12.40 ÷ 12.60 5.09 0.66 771

. 40 14.30 ÷ 14.45 8.52 0.63 1352

. 41 16.30 ÷ 16.55 6.46 0.98 659

. 42 1.35 ÷ 1.55 4.74 0.64 741

. 43 2.95 ÷ 3.25 4.43 0.63 703

. 44 3.80 ÷ 4.10 4.07 0.69 590

. 45 4.80 ÷ 5.00 7.47 0.47 1589

. 46 6.40 ÷ 6.60 2.77 1.02 272

. 47 7.40 ÷ 7.60 2.53 0.88 288 . .

. 48 8.85 ÷ 9.15 8.23 0.51 1614

. 49 12.60 ÷ 12.80 2.78 0.94 296

. 50 13.20 ÷ 13.40 5.94 0.65 914

. 51 16.15 ÷ 16.40 13.63 0.71 2920

. 52 1.40 ÷ 1.70 8.72 0.79 1104

. 53 3.30 ÷ 3.70 4.52 0.74 611

. 54 4.90 ÷ 5.10 5.35 0.68 787

. 55 6.00 ÷ 6.35 5.61 0.59 951

. 56 7.55 ÷ 7.75 4.07 0.41 993 . .

. 57 11.10 ÷ 11.30 10.71 0.55 1945

. 58 2.40 ÷ 2.75 5.38 0.67 803

. 59 3.50 ÷ 3.70 3.65 0.63 579

. 60 4.60 ÷ 5.00 7.98 0.77 1036

. 61 5.70 ÷ 6.00 9.83 0.79 1244 . .

. 62 6.80 ÷ 7.00 10.49 0.61 1720

. 63 8.45 ÷ 8.70 11.49 0.58 1981

. 64 9.45 ÷ 9.70 6.89 0.43 1602

. 65 11.25 ÷ 11.50 6.27 0.84 746

. 66 14.40 ÷ 14.55 4.14 1.04 398

. 67 2.55 ÷ 2.90 5.60 0.94 596

. 68 4.40 ÷ 4.80 9.77 0.48 2035

. 69 6.10 ÷ 6.40 13.23 0.50 2646 . .

. 70 7.00 ÷ 7.35 12.90 0.74 1743

. 71 11.60 ÷ 11.90 11.06 0.52 2127

. 72 13.75 ÷ 14.00 16.51 0.48 3440

. 73 15.30 ÷ 15.50 2.05 0.69 297

 3: 
 „  –  – “

 “  – ”.
 ( . 8)  ( ,

)  2007 .
,  14  5 .  2008 

.  2010 .  2 .
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. 10 
 „ - “ – 

 3  „ - “  – 

 JG-

        (

. )
,         

q u
,

u,z

-      

,     E o

[-] [-] [m] [MPa] [%] [MPa] [-]
S1 0.80 ÷ 1.00 3.272 ± 0.164 0.37 ± 0.04 885
S2 0.84 ÷ 1.00 4.992 ± 0.250 0.95 ± 0.09 525
S3 2.76 ÷ 2.90 4.577 ± 0.229 0.37 ± 0.04 508
S4 4.80 ÷ 4.94 8.093 ± 0.405 0.47 ± 0.05 1722
S5 6.00 ÷ 6.23 7.332 ± 0.367 0.49 ± 0.05 1496
S6 6.23 ÷ 6.40 4.665 ± 0.233 0.96 ± 0.10 486
S7 6.40 ÷ 6.53 6.038 ± 0.302 0.48 ± 0.05 1258
S8 6.53 ÷ 6.71 6.100 ± 0.305 0.62 ± 0.06 984
S9 2.60 ÷ 2.88 4.985 ± 0.249 0.76 ± 0.08 656
S10 4.50 ÷ 4.63 6.259 ± 0.313 0.94 ± 0.09 665
S11 5.20 ÷ 5.36 5.837 ± 0.294 0.73 ± 0.07 800
S12 5.60 ÷ 5.76 6.874 ± 0.344 0.86 ± 0.09 799
S13 5.86 ÷ 6.00 5.790 ± 0.290 0.77 ± 0.08 752

,
N2

 4: 

 „ - “
. -

 2013 .  „ . . “
,  1907 .

, .  2016 .
,

. :
,

 ( ),
,  „ -
“ – .
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 – 
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 3  „ - “  – 

 (
-

)
,     

q u

 (
-

)
,     

q u

 (
-

)
,     

q u

[-] [-] [m] [MPa] [-] [-] [m] [MPa] [-] [-] [m] [MPa]
48 3.00 ÷ 3.23 52.6 8 3.10 ÷ 3.44 53.3
49 5.00 ÷ 5.40 54.9 9 5.12 ÷ 5.50 27.9
50 7.00 ÷ 7.32 45.6 10 7.17 ÷ 7.53 50.6
51 9.00 ÷ 9.38 50.7 11 9.00 ÷ 9.42 48.6
52 10.00 ÷ 10.38 56.5
53 11.07 ÷ 11.37 57.5 12 11.00 ÷ 11.36 57.1
54 12.00 ÷ 12.37 53.1
55 13.09 ÷ 13.43 47.2 13 13.00 ÷ 13.47 45.3
56 14.13 ÷ 14.50 56.5
57 15.00 ÷ 15.35 56.0 14 15.21 ÷ 15.52 48.5
58 16.08 ÷ 16.38 41.5
59 17.00 ÷ 17.38 45.8 15 17.16 ÷ 17.53 51.2 70 17.14 ÷ 17.45 70.7
60 18.06 ÷ 18.30 56.5
61 19.00 ÷ 19.24 43.7 16 19.00 ÷ 19.40 48.7 71 19.16 ÷ 19.44 54.0
62 20.00 ÷ 20.41 59.4 17 20.05 ÷ 20.52 47.6 72 20.11 ÷ 20.37 53.3
63 21.00 ÷ 21.23 61.8 18 21.00 ÷ 21.47 43.8 73 21.16 ÷ 21.39 37.0
64 22.00 ÷ 22.37 51.6 19 22.00 ÷ 22.43 37.0 74 22.16 ÷ 22.50 62.7
65 23.00 ÷ 23.36 40.0 20 23.10 ÷ 23.47 30.5 75 23.00 ÷ 23.38 41.8
66 24.00 ÷ 24.23 33.4 21 24.00 ÷ 24.36 33.8 76 24.16 ÷ 24.54 32.5
67 25.00 ÷ 25.38 46.3 22 25.00 ÷ 25.47 34.9 77 25.00 ÷ 25.41 35.8
68 26.00 ÷ 26.32 30.7 23 26.08 ÷ 26.50 41.5 78 26.00 ÷ 26.36 64.7
69 27.00 ÷ 27.31 37.5 24 27.09 ÷ 27.36 39.6 79 27.00 ÷ 27.36 66.5

25 28.00 ÷ 28.45 25.7 80 28.00 ÷ 26.30 30.2
26 29.15 ÷ 29.28 8.9 81 29.00 ÷ 29.26 47.1

-

-
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