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Abstract: To tackle the challenge of dislocation damage
when tunnels traverse active fault zones, this study intro-
duces the concept of using brittle buffer materials for anti-
dislocation. Building on this concept, we propose a novel
concrete buffer material utilizing large-sized spherical super
absorbent polymers (SAP) as a porogen, aimed at ensuring
the safety of tunnel structures during active fault disloca-
tions. To investigate the feasibility and superiority of SAP
concrete as a buffer material compared to other similar
materials, we prepared samples with three different SAP con-
crete proportions and conducted a series of physical and
mechanical tests. The results show that SAP pre-hydrated
with 0.2 mol'L™* sodium carbonate solution exhibits a slower
rate of moisture loss in the cement slurry, aiding the hydra-
tion reaction of concrete. The permeability coefficient of SAP
concrete is approximately 10~ cm-s™, slightly lower than
foam concrete of the same density level. SAP concrete buffer
material demonstrates significant brittleness, in contrast to
the mostly ductile nature of other buffers such as foam con-
crete and rubberized concrete. Utilizing the brittle nature of
SAP concrete materials, when applied to tunnels affected by
stick-slip active fault dislocations, its instantaneous loss of
compressive capacity provides excellent yield performance,
thus protecting the tunnel lining from damage. However,
under certain circumferential pressure conditions, both the
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peak and residual strength of SAP concrete significantly
increase. High peak and residual strengths do not favor
the effective buffering effect of SAP concrete; therefore, an
approach involving the intermittent arrangement of precast
buffer blocks has been proposed for application.

Keywords: SAP concrete, buffer material, anti-dislocation,
tunnel

Nomenclature

SAP super absorbent polymer

EPS expandable polystyrene

K permeability coefficient

Q measured flow

L height of soil sample passing through seepage

A fractal dimension

H measured head loss

T shear strength

o normal compressive stress on shear damage
surface

c cohesion

(0] angle of internal friction

1 Introduction

When constructing a tunnel in a fault zone area, it is inevi-
table to cross the active fault zone. When the active fault is
misaligned, especially after adhesive slip fracture, it often
causes severe compression, tension, and shear damage to
the lining, seriously affecting the tunnel function and
threatening the safety of the tunnel [1-8]. The Kobe earth-
quake in 1995 [1], the Turkiye earthquake in 1999 [2-4], the
Chi-Chi earthquake in 1999 [5-7], the Wenchuan earth-
quake in 2008 [8], and the Menyuan earthquake in 2021
[9] have proved this point. The dislocation and fracture
damage that occurred in the Daliang Tunnel during the
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Figure 1: Damages caused by faults in the Daliang Tunnel.

Menyuan earthquake was especially typical, as shown in
Figure 1. Therefore, how to reduce tunnel structural damage
caused by fault displacement has become a key issue that
needs to be overcome urgently.

The utilization of flexible connections is a commonly
employed strategy for resisting tunnel dislocations, cap-
able of significantly reducing the strain on the lining struc-
ture [10-12]. However, vertical displacements occurring
between hinge joints can induce abrupt changes in the
elevation of the tunnel surface, leading to a serrated
morphology of the lining. Such alterations may result in
structural damage to the original pavement, thereby com-
plicating post-event maintenance. Additionally, numerous
scholars have discussed the implementation of a buffer
layer, which serves to absorb energy and relieve pressure,
as depicted in Figure 2. Nevertheless, the buffer materials
predominantly in use today are ductile, such as foam
[13-18] and flexible damping materials [19-21]. These mate-
rials exhibit several limitations in application: (1) during
the preparation process, if the slurry consistency of foam

Second lining
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Figure 2: Sketch map of buffer layer yielding support in tunnel.
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concrete is too low, it may fail to encapsulate the gases
produced by the foaming agent, leading to gas escape
and subsequent foam collapse [22-24]; expandable poly-
styrene (EPS) concrete tends to rise and segregate signifi-
cantly during preparation due to the low density of EPS
[25,26]. (2) Most existing buffer materials, being ductile,
continue to transmit fault dislocation loads to the tunnel’s
secondary lining upon entering the plastic state, thereby
increasing the likelihood of damage to the secondary
lining.

In consideration of the aforementioned issues, a method
utilizing brittle buffer materials for resisting fault dislocation
is proposed, and the properties of this brittle material are
defined as follows: (1) the material should have a uniform
distribution of internal cavities; (2) the material should
possess an appropriate compressive strength. Based on
preliminary calculations and engineering experience, the com-
pressive strength is determined to be 1-6 MPa [16]; and (3)
when subjected to fault dislocation loads, the buffer material
should exhibit brittle failure characteristics after reaching its
peak strength, thus rapidly creating space and ensuring that
the load imposed on the secondary lining is minimized as
much as possible. Consequently, this article primarily aims to
introduce a novel type of honeycomb concrete buffer material,
utilizing super absorbent polymers (SAP) as pyrogens, in accor-
dance with the aforementioned specifications.

The proposed concept of using brittle buffer materials
to resist fault dislocation, as illustrated in Figure 3, involves
excavating and filling with brittle buffer materials near the
fault zone. The excavation depth is determined by the max-
imum fault displacement and is typically not less than half
of this displacement. The fracturing of the brittle materials
provides deformation space for the surrounding rock, thereby
mitigating and dispersing the localized shear damage to the
lining at the fault location.

SAP is a quintessential type of functional polymer
material. They are capable of absorbing and retaining sev-
eral hundred to even thousands of times their own weight
in water, leading to significant volume expansion [27,28],
and they exhibit a certain degree of water retention capa-
city. Based on the volumetric expansion and water-reten-
tion characteristics of hydrated SAP, current research in
the concrete sector is divided into two main categories: (1)
studies on the “internal curing” of concrete utilizing SAP’s
water-holding properties [29-30] and (2) research on the
fabrication of honeycomb concrete. Given the volumetric
expansion upon hydration, using water-saturated SAP as an
aggregate in concrete allows for the creation of internal
cavities when the SAP dehydrates and contracts, thereby
yielding honeycomb concrete with controllable pore shapes
and sizes [31]. The hydrated SAP has substantial support
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Figure 3: Diagram of brittle cushioning concept to resist misfiring.

capacity and increased density, which can prevent issues
such as collapse or layering encountered with materials like
foam concrete and EPS concrete. Additionally, by controlling
the diameter, gradation of different SAP aggregates, and the
grade of cement, brittle buffer materials with varying strengths
and mechanical properties can be manufactured.

Until now, there have been limited studies on the fab-
rication of honeycomb concrete using large-diameter SAP
as a pore-forming agent. Deng et al. [32] investigated the
compression behavior of millimeter-scale SAP honeycomb
concrete and established the relationships between porosity,
strain rate, and mechanical properties such as compressive
strength, splitting tensile strength, flexural strength, and
elastic modulus. Ren [33] conducted Split Hopkinson Pres-
sure Bar tests on SAP concrete based on ABAQUS, revealing
the variation in lateral confinement effects with strain rate
or porosity. Based on research into the internal pore struc-
ture of functional concrete using SAP as a porogen, Wang et al.
[34] found that the addition of spherical SAP could delay the
reduction of internal relative humidity in concrete and signifi-
cantly reduce its mechanical properties. Furthermore, through
analysis, they obtained the water absorption and release rates
of SAP in solutions of different concentrations.

fracture zone

Building on prior studies, this article endeavors to
produce honeycomb concrete (hereafter referred to as
SAP concrete) utilizing large-diameter spherical SAP as a
pore-forming agent, aimed at functioning as a brittle buffer
material for tunnel anti-dislocation. Initially, the prepara-
tion method of SAP concrete is meticulously described, fol-
lowed by a discussion of its physical and mechanical proper-
ties. Subsequently, the viability of this material as an ideal
buffer for tunnel anti-dislocation is validated.

2 Water absorption and water loss
characteristics of large-diameter
SAP aggregate

2.1 Water absorption of SAP aggregate

The SAP utilized had a pre-soaking particle size of approxi-
mately 2-3 mm. The SAP was pre-hydrated using both dis-
tilled water and a 0.2 mol-L ™ sodium carbonate solution, as
shown in Figure 4. At different times during the soaking

(@)

Figure 4: Comparison of SAP aggregates before and after absorbing water: (a) before absorbing water and (b) after absorbing water.
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Figure 5: Water absorption process of SAP aggregates in different
solutions.

process, the SAP was retrieved to measure its dimensions,
and the trend of its size change over time was plotted, as
illustrated in Figure 5. It is evident that the SAP can reach a
saturated state after 8 h of soaking in either distilled water
or a 0.2 mol'L ™" sodium carbonate solution. The diameter upon
saturation in distilled water is 15 mm, while it is approximately
10mm when saturated in a 02molL™" sodium carbonate
solution.

2.2 Water loss characteristics of saturated
SAP aggregates in cement slurry

SAP saturated in different solutions was incorporated into
a cement slurry with a water-to-cement ratio of 0.3. The SAP
was extracted at various intervals to measure its dimensions
and track the trend of moisture loss, as depicted in Figures 6
and 7. The moisture loss curve of SAP in the cement slurry was
plotted, as shown in Figure 8. It is evident that the moisture
loss of SAP pre-treated with distilled water primarily occurs
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within the first 2 h. Observing the cavities in the specimens cut
at different times, it is clear that significant moisture accumu-
lation is present within the cavities for the first 60 min, with
SAP extensively contacting the cavity walls. After 60 min, the
amount of moisture in the cavities noticeably reduces, and the
SAP separates from the cavity walls. The moisture loss process
of SAP pre-treated with distilled water in the cement slurry
can be divided into the following two stages: (1) moisture loss
due to the osmotic pressure difference between the SAP and
the solution in the cement slurry and (2) dehydration of SAP in
the cavities due to the humidity difference within the cavity
post-formation. The first stage primarily occurs within the first
60 min after pouring, while the second stage predominantly
takes place after 60 min. It was discovered that due to the
significant difference in ion concentration, SAP soaked in
distilled water rapidly loses a substantial amount of water,
leading to an increase in the water-to-cement ratio. This
phenomenon can easily cause segregation in SAP concrete,
diminish the strength of SAP concrete, and exacerbate the
degree of stratification. Compared to SAP soaked in distilled
water (Figure 5), SAP immersed in an alkaline solution exhi-
bits almost no size change initially, with slow moisture loss
starting after 4h, and subsequent moisture loss occurring
very gradually. This is because the SAP pre-treated with an
alkaline solution can achieve osmotic pressure equilibrium
with the cement slurry. In the early stages, it does not only
lose water due to osmotic pressure but only experiences
moisture loss later on due to humidity differences. This
avoids the segregation and stratification issues caused by
the rapid water loss of SAP leading to an increased water-
to-cement ratio.

Although SAP pre-treated with an alkaline solution has
a smaller size after soaking, its dehydration process in the
cement slurry is slow, effectively preventing the occur-
rence of segregation and bleeding in the cement slurry.
Therefore, subsequent work will adopt the approach of
soaking SAP aggregates in an alkaline solution to reduce
the rate of water loss of SAP in cementitious materials. The

(© (d)

Figure 6: Dewatering process in specimens of SAP aggregates saturated in clear water: (a) 30 min, (b) 1 h, (c) 16 h, and (d) 1 day.
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Figure 7: Dewatering process in specimens of SAP aggregates saturated in sodium carbonate solution. (a) 1 h, (b) 16 h, (c) 1 day, and (d) 3 days.
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Figure 8: Dewatering process in cement slurry of saturated SAP aggre-
gates with different pretreatments.

final method for pre-treating the SAP aggregates has been
determined to be soaking in a 0.2mol-L™" sodium carbo-
nate solution for over 10 h.

3 Preparation of buffer material
made of SAP aggregates

3.1 Raw materials

In the preparation of SAP concrete, the raw materials uti-
lized include P.0. 42.5 cement and sand with a particle size
of less than 1mm. The chosen SAP, as described in the
previous section, was pre-hydrated using a 0.2mol-L™"
sodium carbonate solution. The composition of the compo-
site admixture includes polycarboxylate superplasticizer
and hydroxypropyl methylcellulose (HPMC) with a visc-
osity of 200,000.

3.2 Mixing proportion

Materials with low density and strength typically exhibit
relatively good buffering effects [35]. The higher the strength
of the buffer layer, the greater the corresponding stress
exerted on the secondary lining. Therefore, under the con-
dition of ensuring the normal load-bearing capacity of the
tunnel, buffer materials with lower strength should be
selected as much as possible. To meet the basic performance
requirements of buffer materials, this study selected three
different mix proportion schemes for research. These pro-
portions have moderate strength and cover a certain range
of strength levels. The experimental grouping is shown in
Table 1.

The dosages of polycarboxylate superplasticizer and
HPMC were determined to be 0.3% and 0.2% of the cement,
respectively, to adjust the consistency of the cement mortar,
with a water-to-cement ratio of 0.3. Standard cubic speci-
mens of 150 mm x 150 mm x 150 mm and standard cylind-
rical specimens of 50 mm x 100 mm were prepared.

3.3 Preparation procedures
Initially, spherical SAP is pre-soaked as described in Section

2.1 to achieve a saturated state. SAP concrete is then pre-
pared according to the designed proportions. All dry

Table 1: Test group

Group no. Sand-cement Volume fraction Diameter of
ratio of saturated SAP  saturated
aggregate (%) SAP (mm)
S 0.5 40 9
S2 0.3 50 9
S3 0.5 50 9
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Figure 9: Preparation process of SAP concrete.

materials are mixed first, followed by the addition of the
required amount of water and SAP, ensuring even blending.
The well-mixed slurry is poured into molds and vibrated for
30s. After the slurry solidifies for 24 h, the specimens are
demolded and then placed in a standard curing box for 28
days of curing. The preparation process is shown in Figure 9.

4 Physical properties of SAP
concrete buffering material

4.1 Analysis of cavitation segregation

As a buffer material for tunnel anti-dislocation, SAP concrete
should possess good characteristics of uniform spatial distri-
bution of cavities. To this end, the cavity distribution of the
prepared SAP concrete was investigated. Figure 10 shows a
test section to visualize the cavity distribution pattern in SAP
concrete. To further study the uniformity of internal cavity
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distribution in SAP concrete buffer material, Figure 11 displays
a computed tomography (CT) scan image showing the cavity
distribution of SAP concrete buffer material using industrial
CT scanning. It is evident that SAP is randomly distributed
within the concrete, with no apparent settling or floating.

To investigate whether the large-size components still
meet the required requirements for uniformity, large-size spe-
cimens with dimensions of 500 mm x 500 mm x 500 mm were
prepared and sampled, as shown in Figure 12 and mechanical
properties at the different positions were analyzed to verify
their uniformity. Figure 13 shows the distribution of density
and strength of SAP concrete components in different posi-
tions. As the difference in density and strength between
different positions is small, so it can be considered that the
uniformity of SAP concrete components is good.

4.2 Microscopic properties

After curing for 28 days, the specimens were dried and
then observed using a scanning electron microscope

(b)

Figure 10: Cut sections of SAP concrete specimens. (a) Volume fraction of 40% SAP. (b) Volume fraction of 50% SAP.
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Figure 11: CT scanning image of SAP concrete specimens. (a) Longitudinal section of cylindrical specimen. (b) Transverse section of cylindrical

specimen 1. (c) Transverse section of cylindrical specimen 2.

Figure 12: Sampling locations in large components.

(SEM) to examine the cavities and their surrounding micro-
features. Photographs were taken of the wall surfaces and
the extreme transition zones of the cavities. The results, as
shown in Figure 14, indicate that the moisture release from
SAP had a certain impact on the interfacial transition zone,
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generating a large number of needle-like crystalline sub-
stances (ettringite) on the surface of the cavity walls. The ettrin-
gite forms elongated, branch-like crystal structures, interlacing
like fibers, which to some extent inhibits cracking in the
cementitious matrix.

4.3 Permeability resistance

Given that SAP concrete is porous, it may exhibit a certain
degree of permeability. A permeability test was designed to
investigate the permeability of SAP concrete. The test was con-
ducted using a flexible wall permeameter, as shown in Figures 15
and 16, applying a confining pressure of 0.08 MPa and a permea-
tion pressure of 0.06 MPa to measure the quantity of permeated
water for calculating the permeability coefficient.

The permeability coefficient is calculated according to
Darcy’s law using the following formula:

-

K= 3
AH

()

where Q is the measured flow rate (m3s™), A is the cross-
sectional area of the specimen (m?), L is the height of the
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Figure 13: Distribution of density and strength of SAP concrete in large-size specimens. (a) Density distribution of SAP concrete component. (b)

Compressive strength distribution of SAP concrete components.
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Figure 14: Microscopic morphology of SAP concrete (SEM). (a) Cavitation transition zone formed in SAP (200:1). (b) Cavitation surface of SAP (2,000:1).

specimen (m), and H is the measured hydraulic head loss
(m). The calculated results are shown in Table 2.

The permeability coefficients of the above propor-
tioned SAP concrete materials were measured to be of
the order of 10~ cm's ™, while the permeability coefficient
of foam concrete is generally between the order of 10° and
107 cm's™), indicating that the permeability resistance of
SAP concrete is slightly better than that of foam concrete.

5 Mechanical properties of SAP
concrete buffer materials

5.1 Uniaxial mechanical properties

To investigate the mechanical properties of SAP concrete,
uniaxial compression tests were conducted on each group
of SAP concrete listed in Table 1, with results presented in

Surrounding
pressure
chamber

Figure 15: Soft wall permeameter.

Table 3. Figure 17 displays the uniaxial stress-strain curves
and the test results of the mechanical parameters of
the SAP concrete. Under uniaxial stress, SAP concrete
exhibited a brittle failure mode with distinct splitting
cracks. The stress—strain curve rapidly declined after
reaching the peak strength, and the specimens collapsed
under pressure. After collapse, due to the friction
between the fragments, a certain stable residual strength
was maintained.

Figure 16: Saturated specimens.

Table 2: Permeability coefficients of SAP concrete materials

No. Dry Saturated Permeability
density density (g-cm ) coefficient
(g'em™) (107 ems™)

S1-1 134 171 1.69

S1-2 1.28 1.67 2.36

$1-3 137 1.64 213

S2-1 1.23 1.58 1.23

S2-2 1.25 1.61 1.58

S2-3 127 172 1.19

S3-1 114 1.52 291

S3-2 1.1 1.49 5.54

S3-3 117 1.48 2.73




DE GRUYTER

Table 3: Mechanical properties of SAP concrete materials

Group no. Compressive Elasticity
strength (MPa) modulus (MPa)

S1 3.8 399

S2 5.8 922

S3 21 179

5.2 Triaxial mechanical properties

Considering that buffer materials may be applied in envir-
onments with certain confining pressures, it is necessary
to study the mechanical properties of SAP concrete
under specific confining pressures and calculate the shear
strength parameters (c, ¢) of SAP concrete. In the triaxial
tests, three confining pressures of 0.5, 1, and 1.5 MPa were
selected. Note that before testing, it is necessary to fill all
apparent pits on the specimen surface with silicone rubber

Research on buffer layer materials for anti-dislocation of tunnel
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Figure 17: Stress-strain curves of SAP concrete materials under uniaxial
conditions.

to prevent the confining pressure from damaging the heat-
shrink tubing.
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Figure 18 shows the typical stress—strain curves of SAP
concrete under different confining pressures, with shear
failure predominating in the triaxial stress state. After
experiencing the initial linear elastic segment, the stress
rises linearly with strain until reaching the peak strength
and then falls rapidly, after which the curve tends to be
smooth.

Residual strength refers to the frictional stress on the
shear surface after failure. Figure 19 displays the trends of
peak strength and residual strength with changing con-
fining pressure. It was found that both peak stress and
residual strength are positively correlated with confining
pressure. As the confining pressure increases, the peak
stress and residual strength of SAP concrete significantly
increase. This may be attributed to the confining pressure
constraining the internal crack propagation and lateral
expansion of the SAP concrete.

The shear strength parameters of SAP concrete can
also be calculated based on the triaxial tests, as shown in
Table 4. According to Coulomb’s law, they can be calculated
as follows:

T=c + otan @. 2)

The calculations indicate that the friction angle of SAP
concrete ranges between 40 and 50°, with cohesion values
of 0.6-1.7 MPa. According to multiaxial mechanical tests on
foam concrete [13,35-37], the friction angle of foam concrete
is typically less than 30°. As measured by Liu et al. [36], foam
concrete with a density of 600-800 kg'm™ and a uniaxial
strength of 0.5-2.5MPa has a friction angle between 15
and 24° [35], which is considerably lower than that of SAP
concrete with comparable strength (S3). Generally, materials
with a smaller friction angle have higher tensile strength
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Table 4: Shear strength index

Group no. Friction angle ¢ (°) Cohesive ¢ (MPa)
S1 44.0 1.30
S2 49.8 1.66
S3 433 0.65

and ductility, while those with a larger friction angle exhibit
greater brittleness [38]. This also substantiates the higher
brittleness of SAP concrete.

6 Characteristics of SAP concrete as
a buffer material

Previously, some scholars [16,35] used foam concrete as an
anti-seismic buffer material for tunnels and conducted
triaxial compression tests on it. The stress—strain curves
of foam concrete and SAP concrete under triaxial stress
conditions are summarized in Figure 20, where dashed lines
represent typical stress—strain curves and solid lines denote
summary curves. Under triaxial conditions, SAP concrete
still exhibits distinct brittle characteristics, rapidly declining
after reaching peak strength due to fragmentation and
losing most of its load-bearing capacity, while foam concrete
demonstrates noticeable ductile characteristics, undergoing
strain hardening after the elastic phase.

The brittleness index D is defined as the ratio of resi-
dual strength to peak strength and is used to quantify
the brittleness of a material. A smaller brittleness index
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Figure 19: Peak and residual strength of SAP concrete at different surrounding pressures. (a) Peak strength and (b) residual strength.
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Figure 20: Generalized graph of stress-strain curves of SAP concrete and
foam concrete.

indicates greater brittleness of the material. For SAP con-
crete under uniaxial conditions or confining pressures
lower than 1.5 MPa, the calculated brittleness index D typi-
cally ranges between 0.2 and 0.5. A review of related lit-
erature reveals that for foam concrete’s stress—strain curves,
the brittleness index D usually exceeds 0.5 and can even
surpass 1 under confining pressures up to 1.5 MPa. This
implies the occurrence of strain hardening, characterized
by significant ductility.

The typical failure modes of foam concrete and SAP
concrete are illustrated in Figure 21. Compared to foam
concrete, SAP concrete fractures into smaller fragments
after damage, while foam concrete demonstrates compac-
tion of pores.

As a material with good ductility, foam concrete is
often used in the soft surrounding rock areas of tunnels, offering
yield support with its large deformation or serving as a seismic
buffering material with excellent energy absorption capabilities
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in earthquake-prone areas. However, in fault zones, when
severe stick-slip dislocations occur, the stress in foam concrete
reaches yield strength, and the material undergoes strain hard-
ening and pore compaction, increasing its strength. This makes it
difficult for foam concrete to continue protecting the secondary
lining. In contrast, SAP concrete buffer material exhibits distinct
brittle characteristics. It rapidly fractures post-yield, creating
large deformations to absorb the displacements caused by
stick-slip dislocations. Moreover, it does not transfer large loads
to the secondary lining, thereby offering better protection to the
secondary lining.

Through the aforementioned experiments, the phy-
sical and mechanical properties of SAP concrete were stu-
died, and the advantages of SAP concrete compared to
other buffer materials were analyzed. Furthermore, it
was found that under certain confining pressures, both
the peak strength and residual strength of SAP concrete
significantly increased, which is not conducive to the buf-
fering effect of SAP concrete. Therefore, in design and
construction, it is necessary to minimize the confining
pressure on SAP concrete as much as possible, for instance,
by installing the buffer material in a precast sectional
manner at intervals.

To verify the feasibility of the intermittent arrange-
ment of brittle buffer profiles for anti-dislocation, model
tests were conducted. In these tests, foam gypsum was
used to simulate the brittle buffer material, as shown in
Figures 22 and 23. The tunnel structure remained intact
without suffering severe damage, confirming the viability
of brittle buffer materials for anti-dislocation. Additionally,
larger cubic buffer profiles were prepared, measuring
500 mm x 500 mm x 500 mm, to confirm the feasibility
of fabricating large-volume profiles. They simulated the
destruction state of the original profiles during faulting, as
depicted in Figure 24. Upon compressive failure, they rapidly lost
load-bearing capacity, providing ample deformation space for the

(b)

Figure 21: Comparison of typical failure patterns of foam concrete and SAP concrete. (a) Failure state of foam concrete and (b) failure state of sap

concrete.
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Compression crushing

Figure 22: Model test results.

surrounding rock, confirming the feasibility of this material as a
brittle buffer.

7 Discussion

This study introduces a method for anti-dislocation using
brittle buffer materials and develops corresponding brittle
buffers, empirically demonstrating their feasibility and
pioneering the application of SAP concrete materials in
the field of tunnel engineering. The research systematically
explored the physical and mechanical properties of SAP
concrete, showcasing its potential to effectively mitigate
the impact of fault dislocation on tunnel structures. A
key discovery is the material’s ability to rapidly fracture
post-yield, providing substantial deformation space and
thus alleviating the pressure on the secondary lining.
This characteristic, along with the observed increase in
strength under confining pressures, underscores the need
for careful design considerations to fully exploit the mate-
rial’s benefits while reducing potential drawbacks. The
comparison with foam concrete accentuates the superior

hanging wall footwall

EEE\S

compressive failure

1111114444004 001

Figure 23: Schematic diagram of SAP concrete cushioning block to resist
mis-fracture.
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(b)
Figure 24: SAP concrete damage state. (a) Initial form and (b) after
destruction.

brittleness of SAP concrete, advantageous for rapid stress
relief. Finally, combining the strengths and weaknesses of
SAP concrete, a method involving the intermittent arrange-
ment of precast brittle buffer blocks for anti-dislocation is
proposed, offering a novel direction for tunnel displace-
ment prevention designs.

8 Conclusions

a) We developed a method for the pre-treatment of SAP
aggregate using an alkaline solution. The pre-treated
SAP aggregate exhibited a slow rate of water loss in the
cement slurry, effectively preventing segregation bleeding
and enhancing the strength of the cement slurry through
slow dehydration during the later stages of solidification
due to humidity differences.

b) The uniformity of SAP concrete was assessed through
section cutting, CT scanning, and sampling. The perme-
ability coefficient of SAP concrete was determined to be
in the order of 10”7 cm's™ through a soft wall perme-
ability test, indicating slightly lower permeability com-
pared to foam concrete of the same density.

c) The prepared SAP concrete exhibited a strength range
of 1-6 MPa. Compared to foam concrete, which showed
noticeable strain hardening, SAP concrete demonstrated
clear strain softening, indicating its brittle nature as
opposed to the ductile behavior of foam concrete. The
peak and residual strengths of SAP concrete were found
to be significantly and positively correlated with the
confining pressure, increasing notably as the confining
pressure increased. This is likely due to the confining
pressure limiting the expansion of microcracks and lat-
eral displacement within the SAP concrete, thereby
enhancing the material’s overall load-bearing capacity.

d) Utilizing the brittle characteristics of SAP concrete
material, we applied it to tunnels affected by stick-slip
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dislocation. Its rapid loss of compressive capacity under
stress provides substantial yielding capability, effec-
tively buffering and protecting the lining from damage.

e) Our study of the physical and mechanical properties
of SAP concrete demonstrates its feasibility and char-
acteristics as an anti-dislocation buffer layer for tun-
nels. As a novel type of anti-dislocation buffer material,
SAP concrete has not yet been validated in actual tunnel
engineering. Future research should focus on the mechan-
ical properties of large-sized SAP concrete components,
tunnel model tests of the SAP concrete buffer layer, and
related numerical simulations to further understand and
optimize its application.
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