NHESSD
Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess2018-270-RC2, 2018 © Author(s) 2018. This work is distributed under the
Creative Commons Attribution 4.0 License.

Interactive comment

Discussion paper

C1

NHESSD

Interactive comment on “Influence of shearing rate
on the residual strength characteristic of three
landslides soils in loess area” by Baoqin Lian et al.
Anonymous Referee #2
Received and published: 18 October 2018

Review of manuscript nhess-2018-270 Title: "Influence of shearing rate on the residual strength
characteristic of three landslides soils in loess area" by Baoqin et al.
Dear editor,
The paper presents the results of shear experiments conducted on 24 loess samples collected
from three landslides. Samples were sheared in a rotary apparatus under two imposed velocities
and four different normal stresses. The authors summarized the results and briefly discuss them.
This manuscript should be better organized and written. Language mistakes make it sometimes
impossible to read or understand. In addition, the authors should clarify what is innovative in
this paper or how their results
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support or differ from previous studies. I recommend the authors to significantly revise the
manuscript before resubmission. Hope this helps
Discussion paper

C2

NHESSD
We thank for your constructive comments. The manuscript has been significantly
improved by incorporating your suggestions. The following are our point-to-point
responses to your comments.
Major comments
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1. I found it hard to understand the connection between the definition of the residualstrength
of a landslide and what is actually measured in the lab experiments. Some of my
misunderstanding may cause by the fact that I’m not a soil mechanics expert. Saying that, I
think that the authors should carefully define the basic terms and explain how they connect to
their experiments. For example, the first sentence of the introduction says “Residual strength
of soil is of great significance for evaluating the reactivating potential of the slope, in which
consists of pre-existing sliding surface”. I’m not sure how the current experiments deals with
the “reactivating potential” as they suggest only one continuous sliding event in their
experiments. In addition, how about the sliding surfaces? Did they form during the
experiments?

Interactive
comment

Reply: Implemented. Residual shear strength can be used to evaluate the reactivate
potential of the slope, in which consists of pre-existing sliding surface. Furthermore, it
is also important for assessing stability for the slip surface of first-time natural or
excavated slope failures (Mesri et al. 2005). We have check three landslides’ history
and found they are all original, so the sentence “residual shear strength can be used to
evaluate the reactivate potential of slope….” is not appropriate to be used here.
We have revised this sentence as “residual shear strength of soil is of great significance
for evaluating the stability for the slip surface of first-time natural or excavated slope
failures” in revised manuscript. See details on lines 45-47 of revised manuscript.
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2. It seems that one important point of the experiments is the imposed shear velocity. The
authors should clearly define in the introduction what are low and high velocities. I would
rather use m/s as the velocity units, but in any case they should be consistent along the paper
(see lines 52 and 57 as an example).

Reply: It is a nice suggestion. With regards to define in the introduction what are low
and high velocities: Following the previous study conducted by Tika et al. (1996),
shearing rate higher than 10 mm/min is defined as high shearing rate, whereas, shearing
rate lower than 10 mm/min is defined as low shearing rate. See detail on lines 65-66 of
revised manuscript.
With regards to the velocity units: Following previous research (Bhat, 2013; Lupini et
al., 1981; Sassa et al., 2004; Tiwari and Marui, 2005), we used mm/min as shearing
rate unit in this study. We have replaced “m/s” with “mm/min” in line 57 in order to
keep shearing rate unit consistent along the paper. See line 80 for detail.
3. The motivation for this study is not clear to me. In lines 68-69 the authors suggest that not
enough studies conducted on the issue that they just summarized in details in the two
paragraphs above it. They should clarify what is the gap and how their new study contributes
to the understanding of the problem.

Reply: Implemented. With regards to the gap: On general, the effect of the shearing
rate on the residual strength of the soil has not been sufficiently studied in high and
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slow shearing rate range. Many studies above have been conducted on the residual
shear strength of soils, and some inconsistent or even opposite results have been
reported in the literature, which implied that there is still a lack of experimental data
on this topic. Furthermore, research on the impact of the shearing rate on the residual
strength of loess soil in relatively lower shearing rate range from 0.1 mm/min to 1
mm/min is scarce. See details on lines 96-102.
With regards to how the new studies contributed to the understanding of the problem:
it should be noted that the residual strength parameters obtained from using different
shearing rate may be adopted to provide a guide for designing some precision
engineering which require high accuracy of the design parameters, thus, the effect of
the shearing rate on the residual strength of soils should be fully understood to
determine the parameters with high reliability. Accurate determination of the residual
strength parameters and their dependence on the shearing rate may affect the stability
evaluation of landslides. Thus, it is necessary to study the residual strength variation of
loess in rate of shearing in order to have a good understanding of the suitable approach
for the residual strength measurement. See details on lines 102-112 of the revised
manuscript.
4. In the “Results and discussion” chapter many of the results are not discussed. For example,
in sub-section 4.1 no discussion is following the observed difference between samples.
Moreover, there are a lot of details with almost no discussion!
Discussion paper

C6

NHESSD
Reply: Implemented. We have added “Discussion” chapter in the revised manuscript,
see details on lines 434-471 of the revised manuscript. Contents of Discussion are
shown as follows:
Examination of the ring shear test results provides a basis for some general comments
on the use of tests results with different shear rates, partially deepening some aspects
deriving from previous studies.
From the experimental results on the three selected landslides, it was found that
there is a negative relationship between residual friction coefficients and shear rates for
all samples (Figs. 7, 8 and 9). Such a negative effect of shear rate (higher residual
friction coefficients at lower rates) has been reported in the literature for fine-grained
soils (Gratchev and Sassa, 2015; Tika et al., 1996a). This effect may be closely
associated with ability of clay particles in specimen to restore broken bonds at different
shear rates. Previous studies (Osipov et al., 1984; Perret et al., 1996). concluded that
with higher shear rates, the breakdown of the bonds between clay particles or flocs
exceeds the restoration bond, leading to reduction in residual friction coefficients. In
contrast, the bonds between particles are rebuilt quickly and the recovery rate can catch
up the breakdown rate at lower shear rates. Therefore, the weaker bonding between
particles could explain the strength drop when the shear rate increases in this study.
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The difference between the friction coefficients, τr/σn (1)-τr/σn (0.1), at each normal
stress level varies in different locations. τr/σn (1)-τr/σn (0.1) in Ydg specimen are greater
compared with that in Djg and in Dbz specimen (Table 2). As for Ydg and Dbz
specimen, it is found that the shearing rate effect on the friction coefficient can be seen
to decrease with increasing of normal stress (Figs. 7 and 8). However, the influence of
shear rate on the friction coefficient increase with normal stress in Djg specimen (Fig.
6). Gibo et al. (1987) reported that the residual friction angle of soils was controlled by
the effective normal stress as well as by the CF. Interestingly, Ydg (with CF 9%) and
Dbz (with CF 9.1%) specimens with almost the same fraction of clay showed similar
shear rate effect on the residual friction coefficient with normal stress increasing,
however, Djg (with 24% CF) showed the contrast tendency of shearing rate effect on
residual friction coefficient with normal stress, indicating that such effect is closely
associated with CF. Therefore, as for Ydg and Dbz with relatively low fraction of CF,
there is an increase effect of shear rate on residual friction coefficient with decreasing
of normal stress. Thus, for the application of measured residual friction coefficient for
stability analysis of shallow landslides with lower overburden pressure, it is significant
for us to use a low shear rate in ring shear tests to measure residual shear strength
parameters. On other hand, for Djg with high CF, it is more reliable to use a low shear
rate in ring shear tests to determine residual friction coefficient for stability analysis of
deep landslides with high overburden pressure.
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5. I really recommend the authors to send the manuscript to English proofreading before
resubmitting the manuscript.

Reply: Implemented. We have revised our manuscript with help of a native English
speaker.
Moderate and minor comments
1. Figure 1 - Please increase line width of the arrows that point on “locations of study”. I
think it is better to add a small symbol for the location of each site. What are the red dashed
lines in the photos? It should be described in the figure caption.

Reply: Implemented. With regards to line width: We have increased line width of the
arrows that point on “Locations of study”.
With regards to symbols for the locations of sites: we have added a small symbol
(Jingyang) for the location of Dbz , and have added a symbol (Shaanbei) for the location
of (Djg and Ydg).
With regards to red dashed lines in the photos: Red dashed lines in the photos means
landslide boundary. See line 170 of the revised manuscript for detail.
Interactive
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2. Line 127 – Why did you crush the material? Is it because the fragments are too bigfor
the cell? Please explain in the text.

comment

Reply: Implemented. We have explained the reason in the text as follows: After soil
samples were air-dried, small lumps may exist in samples which may be too big for
the cell, so we crush lumps in order to make the soil uniform. This should be done
with care so as not to destroy silty-dominated loess. See details on lines 182-186 of
the revised manuscript.
3.

Line 128 - What is the desired content? Please refer to a table and/or give the numbers here.

Reply: Implemented. We have replaced “desired content” with “saturated water
content”. See details on line 187 of the revised manuscript.
4. Line 131 - When during the procedure you sieved the material? Before or after adding
the distilled water? Before or after crushing?

Reply: After crushing, we sieved the material. Then we added distilled water to the
sieved soils. See lines 182-186 of the revised manuscript for detail.
5. Line 132 – “physical indexes”. Do you mean the physical parameters that are listed in
the line above?

Reply: Yes, with regards to “physical indexes”, we mean the physical parameters listed in
Table 1
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6.

Table 1 – Check units! Replace m with mm.

Reply: Implemented. See details on Table 1.
7. Lines 147-148 - It is not sounds to me like the most important thing about ring shear
test apparatus, as direct shear is better in that sense. I would say that unlimited displacement
is the most important advantage of the rotary shear for this specific application.

Reply: It is a nice suggestion. The most important advantage of ring shear apparatus
is its ability to shear unlimited displacement. As suggested by the reviewer, we have
modified this sentence as follows: The great advantage of a ring shear apparatus to
measure residual shear strength is its ability to allow unlimited shear displacement.
See details on lines 53-56 of the revised manuscript.
8. Line 155 – “single direction”, what do you mean? It is a rotary shear and not direct
shear apparatus!

Reply: We conducted ring shear tests in single direction in this study since the
residual state was attained in single direction. As for ring shear apparatus, we will
modify this sentence as follows: The apparatus is capable of shearing the specimen
for large displacement. See details on lines 221-223 of the revised manuscript.
9. Lines 155-157 and 178 – The annular porous plates, explain why they are needed!
I recommend including an image that shows them.
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Reply: Implemented. With regards to the reason why the annular porous plates are
needed: Two annual porous plates were used to provide drainage condition in the
test following previous research (Stark and Vettel, 1992). See details on lines 227228 of revised manuscript.
With regards to an image that shows porous plates: We have added an image. See
Figure 2 in the revised manuscript as follows:
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10. Line 158 – What is the sampling rate of the rheology data?

Reply: Implemented. We have added the sampling rate as follows: shear strength of
loess specimen was recorded at intervals of 1s before the peak shear strength, after the
peak, the sampling rate was increased to 1min. See details on lines 255-256 of revised
manuscript.
11. Figure 2 - Please change the font color and add a background to improve visibility.
I would highly recommend adding a sub-figure here that shows a cross section of the
shear box and clarify where the actual soil sample is, and which part is rotating and which is
stationary.

Reply: With regards to the font color: We have tried to use white font, green font and
blue font etc., unfortunately we found it is not clear compared with using red font, thus
we keep font color here.
With regards to a sub-figure here: We have added a sub-figure here to show cross
section of the shear box. Figure 2 was shown as follows in revised manuscript.
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12. Line 172 – What is the required consolidation? How do you know if you get it or not?

Reply: Implemented. Consolidation was completed when the consolidation
deformation was smaller than 0.01 mm within 24 hr (Kramer et al., 1999; Shinohara
and Golman, 2002). Please see details on lines 250-251 of the revised manuscript.
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13. I would combine sections 3.1 and 3.3 or better separate the text.

comment

Reply: Thanks for your suggestion, but we decided to separate testing sample and testing
procedure after consideration.
14. Line 195 – The authors suggest they ran the samples for large displacements. Did they run at
least one experiment beyond the maximum displacement given in the figures to ensure that they
really get to a steady state friction.

Reply: Yes, we have conducted experiments beyond the maximum displacement given in
the figures and we found it is appropriate to shear samples until the magnitude of
displacements attaining values shown in the manuscript. Furthermore, we following the
(Bromhead, 1992), the residual stage is attained if a constant shear stress is measured for
more than half an hour. See details on lines 289-290 of the revised manuscript.
15. Lines 222-224 - You should better explain what actually this reorientation is and why do you
think it should be different specifically for Djg samples?

Reply: Skempton (1985) reported that the strength of soils falls to the residual value in ring
shear tests, owing to reorientation of platy clay minerals parallel to the direction of shearing.
Based on the conclusion that the post-peak drop in strength of normally consolidated soil is
only due to particle reorientation after the peak strength (Mesri and Shahien, 2003;
Skepmton, 1964), the results in this study demonstrated that Djg samples show the greatest
strength drop in comparison with Ydg samples and Dbz samples (Figs. 3-5), thus, we think
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Djg samples show greatest particle reorientation. See details on lines 322-328 of the revised
manuscript.
16. Line 296 - I’m not sure what the connection between these soil properties is. Please define them
and better connect to the measurements.

Reply: Implemented. With regards to the connection between residual shear strength and
soil properties: It has been recognized that residual shear strength of soils closely related
with soil properties, such as particle size distribution, liquid limit, plasticity index and clay
fraction (Terzaghi et al., 1996). See details on lines 417-419 of the revised manuscript.
17. The current Conclusions chapter is mostly a summary of the results, instead of a short
description of what we have studied and can take from this experimental study.

Reply: We have added “Discussion” chapter in the revised manuscript, see response to
Comment # 4 of this reviewer.
Interactive comment on Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess2018-270, 2018.
Printer-friendly version

Discussion paper

C16

