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Abstract. The effects of cementation gel among particles of soil by permeating
grouting on the unconfined compressive strength of soft clay soil have been
studied in this work. The soil sample obtained from Al-Jadriah district in
Baghdad city which can be classified as soft clayey soil of low plasticity (CL).
The soil samples were improved by grouting gel of cement/water with three
weight percentages. The percentages of grouting gel are measured in terms of
cement to water as; 0.1 C:0.9 W, 0.2 C:0.8 W and 0.3 C:0.7 W. In addition to
the grouting get, the soil samples improved with silica fume, where silica fume
added in two percentages of 2 and 4%. The improved soil samples were
dehydrated after grouting for three periods of time 1, 3, and 7 days. The results
of tests indicated increasing the unconfined compression strength and decreasing
the axial strain with increasing the percentage of grouting gel. The addition of
silica fume to the soft clayey soil improved by cementing agent resulted in
significant increase in the unconfined compression strength and significant
decrease in axial strain.
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1 Introduction

Portland cement is used as a grout to fill the voids of the soil media and improve the
strength and elastic properties of soil [1–3]. Most grouts with Portland cement required
to add small amounts of additives, that is used for specific purposes such as increasing
fluidity, retarding sedimentation, and controlling on the set times [4–8]. In the present
study, three percentages of grouting gel of cement-water and two percentages of silica
fume are used to improve the undrained shear strength of soft soil. Also, the effects of
curing period on the growing of undrained shear strength have been studied.

2 Soil and Used Materials

The physical properties of soil sample used in the present work are given in Table 1,
measured according to ASTM [9]. The specifications of Portland cement used in
the present work are: the specific surface is 2250 cm2/g and the initial and final
hardening times are 1 and 10 h respectively. The compressive strength of cement

© Springer Nature Switzerland AG 2018
W. Wu and H.-S. Yu (Eds.): Proceedings of China-Europe Conference
on Geotechnical Engineering, SSGG, pp. 546–550, 2018.
https://doi.org/10.1007/978-3-319-97112-4_122

http://orcid.org/0000-0003-1304-0303
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97112-4_122&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97112-4_122&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97112-4_122&amp;domain=pdf


mortar is150 kg/cm2 after 3 days and 240 kg/cm2 after 7 days. In addition, the tensile
strength of cement is 21 kg/cm2. The used silica fume (Sika Fume-HR) contains
extremely fines of (0.1 lm) reactive dioxide of silicon. The soil mixture becomes
extremely soft and workable when using silica fume, also, the reactions of silica fume
generates a chemical bond with the free calcium components present in the clayey soil.
The color of used silica fume is a light gray powder of density 0.65 kg/l.

3 Stabilization with Grouting Cement Gel and Silica Fume

Grouting gel mixtures are used to improve the unconfined shear strength of soil. The
grouting gel is mixture of water/cement, added in three ratios of soil mass (0.9:0.1,
0.8:0.2, and 0.7:0.3)%. The natural soil sample was dried in the oven at 110 °C, then
mixed with the optimum moisture content, then placed in layers in the compaction
mold. Each layer was compacted with 25 blows distributed uniformly on the surface of
a soil sample to achieve the required maximum dry density. From the mold of com-
paction, a soil sample of dimensions 38.5 mm diameter and 76.8 mm height was
extracted. The treatment method can be summarized by injection 1 cm3 of the grouting
gel by needle into the soil sample at different locations and reach to the middle height
of sample. Then, the mold covered with a polyethylene layer to control the moisture
content of soil sample and left for rehydration. The suggested curing periods were 1, 3,
and 7 days to measure the effects of curing period on the acquired undrained shear
strength. Also, two soil samples are mixed with 2 and 4% of silica fume before
injection the grouting gel and curried for 1 day.

4 Results and Discussion

Generally, there was an increase in the undrained shear strength of soil stabilized with
grouting gel of cement until the maximum strength reached, and then there was a slight
reduction in the strength of the soil as shown in Figs. 1 and 2. The increase in mag-
nitude of unconfined compressive strength ranged from 7 to 82% for the three per-
centages of grouting mixture and three periods of curing. Increasing the ratio of cement
in the grouting mixture causes increasing the undrained strength, but the significant
effect is related to the period of curing. Also, there was no change in the axial strain at
failure for soil samples treated with grouting gel only. In addition, the unconfined
compressive strength increases with increasing the relative compaction and curing time
[10]. The delay in mixing and compaction causes decreasing the undrained shear
strength of soil. The mixing of soft soil with silica fume before injection the grouting
gel causes increasing the undrained shear strength by 32 to 72% after one day of

Table 1. Physical properties of soil sample.

Property Gs Coarse (%) Fines (%) LL (%) PL (%) cdry,max (kN/m
3) xopt (%)

Value 2.7 31.78 68.22 34 23 15.5 22
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curing. Increasing the cement ratio in the grouting gel causes significant increase in the
undrained shear strength. Also, the mixing of soil with silica fume causes a significant
decrease in the axial strain ranged 35 to 44%. The low ratios of silica fume alone make
the mixture of soil unstable chemically and give negative effects through increasing the
moisture content required to produce a homogenous mixture, which causes a decrease
in the unconfined compressive strength [11]. The summary of undrained shear strength
and axial strains are given in Tables 2 and 3.

Fig. 1. Stress-strain curves of soil samples treated with grouting gel.

Fig. 2. Stress-strain curve of soil sample treated with cement grouting and silica fume after 1
day of treatment.

Table 2. Results of unconfined compressive strength tests for soil treated with grouting gel.

Soil
sample

Untreated 1 day treatment 3 days treatment 7 days treatment
Natural 0.9 W

0.1 C
0.8 W
0.2 C

0.7 W
0.3 C

0.9 W
0.1 C

0.8 W
0.2 C

0.7 W
0.3 C

0.9 W
0.1 C

0.8 W
0.2 C

0.7 W
0.3 C

cu, kPa 107.95 116 122 127.5 123.35 127.69 131.39 136 146.5 196.5
ea, % 18 9.6 8 9.6 18 18 23 20 25 18
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5 Conclusions

The undrained shear strength of soft clayey soil increased with increasing the ratio of
cement in the grouting gel and the more significant increase was noticed with
increasing the curing period from 1 to 7 days. There was slight change in the axial
strain when the soil samples treated with grouting gel of cement and water. The mixing
of soil with silica fume then grouted with cement gel causes significant increase in the
undrained shear strength and significant decrease in the axial strain. Silica fume
accelerate the chemical reactions between soil and grouting gel which gives the
hardening to soft soil.
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