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Estimation on Filling Performance of Thixotropic Grout for Increasing Front-Water

Depth of Gravity-Type Quay Wall
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Abstract: Recently, as the size of transportation vessels has increased, there is a growing need for securing the front-water depths of existing port facilities.

The method of deepening front-water depth is securing the depth of the port facility, and it is reinforced by grouting after excavating the rubble-mound

to the required depth. The purpose of this study is to investigate the reinforcing performance and filling performance of thixotropic grout as a grouting

material for reinforcing rubble-mound. Compressive strength tests were carried out for two types of thixotropic grout, and 5 specimens with a diameter
of 400 mm and a height of 530 mm were manufactured and evaluated for filling performance. The required strength of reinforced rubble-mound required
to ensure the safety of the structure is 6 MPa. All the thixotropic grouts used in this study were found to satisfy the required strength over 9 MPa at
7 days of age. As a result of visual observation of filling state of the filling performance test specimens, it was confirmed that the thixotropic grout was

well filled up to the desired fillet height.
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Fig. 1 Concept on Increasing front-water depth of gravity-type quay wall

Table 1 Mixture proportions of thixotropic grout

Unit weight(kg/m®)
Mixture W/B(%) Cement mixture(900 L) Thixotropic liquid mixture(100 L)
Water OPC* HSC** AD*** Plasticizer Water
Mix-1 55.3 570 950 - 80 6 94
Mix-2 55.9 570 - 960 60 6 94

* Ordinary portland cement
** High early strength cement
*** CSA(Calcium sulfoaluminate) expansive admixture
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(a) Gypsum capping (b) Test

Fig. 3 The top surface capping and compressive strength test

Table 2 Results of compressive strength test-cube specimen

Compressive strength Average
Age  Specimen (MPa) (MPa)
Mix-1 Mix-2 Mix-1 Mix-2

#1 5.6 8.9

3 #2 6.6 5.4 6.3 7.7
#3 6.7 8.8
#1 12.5 12.1

7 #2 12.9 10.9 13.2 12.0
#3 14.2 12.9
#1 18.5 16.4

15 #2 18.8 16.6 19.0 15.7
#3 19.5 14.2
#1 20.3 26.7

(c) Compaction (d) Manufacture completion 28 #2 206 254 204 26.9
#3 20.5 28.8

Fig. 2 Manufacture process of rubble mound specimen

Table 3 Results of compressive strength test-rubble mound specimen
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(a) Air compressor (b) Injection equipment

Fig. 4 Grouting apparatus for preliminary injection test

(a) Fill with aggregate

(b) Grouting

Fig. 5 Fill a mold with aggregate and grouting
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Table 4 Results of preliminary injection test

. Filling  Filling
. . Porosity ~ Pressure . .
Mixture Specimen %) (kPa) time velocity
° (sec)  (L/min)
#1 52.8 240 22.7 7.4
#2 52.8 180 252 6.7
#3 52.8 180 23.1 7.3
Mix-1
#4 52.8 180 22.7 7.4
#5 52.8 180 19.2 8.8
#6 52.8 190 19.5 8.6
#1 52.8 200 88.8 1.9
#2 52.8 210 81.9 2.1
. #3 52.8 200 823 2.0
Mix-2
#4 50.9 200 80.6 2.0
#5 50.9 200 63.0 2.6
#6 52.8 200 70.2 24

Table 5 Results of compressive strength test

Compressive strength Average
Age  Specimen (MPa) (MPa)
Mix-1 Mix-2 Mix-1 Mix-2

#1 10.2 8.7

7 #2 9.6 9.5 9.3 9.1
#3 8.9 9.0
#1 15.0 18.7

28 #2 16.4 16.0 16.2 17.4
#3 17.2 17.6
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Fig. 6 Dimension and shape of filling performance specimens
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Table 6 Experiment variable

. Variable
Specimen -
Pump speed Aggregate size
VL-Al 170 rpm
VM-Al 190 rpm 27 mm~ 32 mm : 100%
VH-A1
less than 27 mm : 50%
VH-A2 27 mm ~ 32 mm : 50%
220 rpm
less than 27 mm : 30%
VH-A3 27 mm ~ 32 mm : 40%

greater than 32 mm : 30%
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Table 7 Results of filling performance test

Filling  Filling
time  velocity

Volume of

Specimen filled water Porosity - Pressure

0,
L) ) kPa)  ec)  (Lmin)
VL-A1 28.8 43.2 47.0 83.7 20.6
VM-A1 28.3 42.5 104.8 55.6 30.5
VH-A1 28.8 43.2 83.5 35.0 494
VH-A2 27.8 41.7 82.3 34.8 479
VH-A3 27.6 414 95.3 359 46.1
150 -
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Fig. 9 Relationship between the pressure and the filling velocity
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