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Abstract

Shotcrete has been widely used in the excavation of caverns and tunnels as a key load-bearing element in the support system.
However, the interfacial stresses and bond strengths within the composite structures formed by the interaction of geologic bodies
and tectonic formations are not well understood, which can lead to safety accidents and excessive wastage of support materials
in engineering. To address this gap, rock-concrete composite specimens were created using six distinct types of surrounding rocks.
The strength law of composite specimens was analyzed, and the uniaxial compressive strength prediction model of composite
specimens was derived based on Mohr-Coulomb strength yield criterion. The results show that the uniaxial compressive strength
of the composite specimen changes with the change of rock type, which is between the strength of rock and concrete. The uniaxial
peak strength and elastic modulus of composite specimens are linearly positively correlated with the ratio (¥) of concrete-rock
elastic modulus, which is easily affected by concrete properties. However, the peak strain is linearly and negatively correlated with Y,
which is greatly influenced by rock. The rock-concrete interface of the composite specimen plays an important role in the failure of
the specimen, which changes the stress transfer state of the composite specimen, produces uncoordinated deformation, and finally
causes the failure of the specimen. The theoretical and test value error of the derived composite specimen uniaxial compressive
strength prediction model are -1.19%~12.20%, and the theoretical calculation model can be used to predict the uniaxial compressive
strength of rock-concrete composite specimens.
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1 Introduction

With the rapid expansion of China's transportation indus-
try, it has emerged as a transportation powerhouse.
To accommodate the growing demand for expanded high-
ways, railroads, and municipal engineering lines, tun-
nels have become integral components. In the process
of tunnel construction ground excavation makes the pri-
mary rock stress release, stress field redistribution to form
a secondary stress field caused by deformation of the tun-
nel surrounding rock, or even destabilization damage [1].
Thus, concrete lining is usually used as a support struc-
ture to control the deformation of the surrounding rock
and prevent its destruction [2]. At present, numerous
scholars have conducted varying degrees of research on

the impact of load [3, 4], structure [5—8], and materials
[9—11] on the overall stability of tunnels within the tunnel
support system, yielding abundant results. Sun et al. [12]
studied the bolt-surrounding rock interaction behavior
considering pre-reinforcement. Guan et al. [13] discussed
the influence of blasting impact on the stability and inter-
action of temporary supporting structures such as tempo-
rary intermediate walls during tunnel blasting construc-
tion. However, in these studies, scholars and designers
rarely consider the role of primary lining sprayed concrete
in second lining research and design from a safety per-
spective, resulting in conservative approaches. Primary
lining sprayed concrete serves not only to effectively
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prevent the surrounding rock's exposure to air and water
but also rapidly forms on the tunnel's surrounding rock
surface, resisting spalling adhesion and providing shear
resistance along the contact surface [14]. It can efficiently
eliminate the concentration of stress on the excavation
surface, forming a supporting counterforce. This leads
to the creation of an arch-shaped compressive stress band
in the surrounding rock, preventing loosening and inhibit-
ing significant deformation, thus serving a supportive role.
The stronger the adhesion bond between the surrounding
rock and the sprayed concrete interface, the more pro-
nounced the transfer of compressive stress to the rounding
rock through the contact surface. According to the princi-
ples of unloading rock mechanics [15—17], this contributes
to the stability of the surrounding rock. Zhao et al. [18]
believe that the key to study the interaction between sur-
rounding rock and tunnel lining, dam body and dam foun-
dation is the mechanical behavior of the contact surface
or contact part of the engineering body and the geolog-
ical body and the transfer of stress and strain. In order
to investigate the interaction between geological bodies
and tectonic bodies, a variety of rocks and concrete were
used to make two-material models, and a large number
of compression and shear tests were carried out [19-22].
Yang et al. [23] developed a three-body model consisting
of two geologic bodies and one tectonic body to study how
three different materials interact under loads, and thus to
explore the response of the ground support system to axial
loads in underground space. Zhao et al [24, 25] analyzed
the effect of contact surface constraints on the strength
and deformation characteristics of composite specimens
through triaxial compression tests of sandstone-con-
crete composite specimens, and the damage mechanism
of composite specimens. Selguk and Asma [26] carried
out uniaxial compression, point load and splitting tests of
rock-concrete composite interface at different tilt angles,
which showed that the uniaxial compression strength
of interface tilted from 0° to 90° varied with the angle of
the "U"-shape, and the splitting strength increased with
the increase of the angle of the interface. The splitting
strength increased with the increase of angle. In addi-
tion to laboratory tests, numerical simulation is also of
great significance in engineering practice and theoretical
research [27]. And scholars have gradually applied numer-
ical simulation methods to the analysis method of lin-
ing-surrounding rock interaction. A comprehensive analy-
sis of the aforementioned factors reveals that the properties
of the material, contact surface roughness, inclination of

the contact position, and mechanical variability of the
surrounding rock-primary lining sprayed concrete sig-
nificantly influence strength and damage mode of the
two-medium combination. However, there are insuffi-
cient studies on the coordinated deformation mechanism
and strength prediction model considering the interaction
between shotcrete and surrounding rock. To address this
gap, it is imperative to examine the coordinated deforma-
tion mechanism among various types of surrounding rock
in tunnels and the preliminary lining sprayed concrete.
Additionally, it is crucial to summarize the impact of dif-
ferent types of surrounding rock on the stability of tunnel
lining, especially considering variations in the stability of
the initial lining. Therefore, based on the force mechanism
of tunnel surrounding rock and primary lining concrete,
generalize the structural form of tunnel vault surrounding
rock and primary lining concrete, make a variety of sur-
rounding rock-primary lining concrete composite speci-
mens to carry out uniaxial compression test, to explore
the influence of the differences in the mechanical prop-
erties of the surrounding rock and concrete materials on
the basic mechanical parameters of the two media mate-
rials of the combination of the "geologic - engineering
body" and combine the composite specimen with the force
characteristics and destructive mechanism, and to derive
the predictive model of the uniaxial compressive strength,
with the aim of providing some useful practical references
for the study of the stability of the composite interface of
the surrounding rock-primary lining engineering.

2 Experimental overview

2.1 Experimental preparation

Rock specimen production: The rock specimens are made
of the widely distributed and representative tunnel sur-
rounding rocks in Chongqing, China. And 6 types of rock
blocks, including red sandstone, white sandstone, yel-
low sandstone, green sandstone, sandy slate, and mar-
ble, are selected from different tunnel construction sites.
According to ISRM, the blocks were drilled, cut, ground
and made into standard cylindrical specimens, and in order
to minimize the influence of specimen end surface flat-
ness on the test results, the specimen end surface flatness
was not more than +£0.03 mm, and the deviation of the two
end surfaces from the axis was not more than 0.25°. Rock-
concrete composite specimen production: primary lining
concrete and surrounding rock contact surface there is
resistance to spalling adhesion and along the contact sur-
face of the shear resistance, and in the process of tunnel



excavation with the generation of the critical surface, the
maximum principal stress direction of the arch from radial
to tangential, increasing the top arch tangential force, and
also increasing the risk of tunnelling in the process of
the risk of toppling. As we know, the interface between
arched tunnel rock and shotcrete is not only subject to
the above shear stress, but also to the normal stress of ver-
tical action [28]. Therefore, the generalization of the tun-
nel vault surrounding rock and the initial lining concrete
structure form and force mode, intercept the top arch
rock-concrete "key block" as the object of study in Fig. 1,
produced a rock — concrete composite specimens. In this
paper, only the shear force is considered in the design of
the test scheme and the production of rock-concrete com-
posite specimens.

In the preparation of rock-concrete composite spec-
imens. Firstly, six types of surrounding rock complete
cylindrical rock specimens (D 50 mm x A 100 mm) along
the diameter direction were cut into semi-cylindrical
specimens, and put into the tap water soaking to be com-
pletely saturated. Then the rock specimens were put into
the diameter of 50 mm, the height of 100 mm cylindri-
cal plastic mold. P x O42.5 ordinary silicate cement was
used as binder material. Natural river sand with maxi-
mum particle size not exceeding 2 mm was used as fine
aggregate, and granite crushed stone with good grading
of 5~10 mm was used as coarse aggregate, and it was for-
mulated into C20 concrete. Calculate the required mass of
each raw material of concrete according to the ratio, place
the weighed raw materials in the mixer and mix them dry,
then add water to mix, to be fully mixed, pour the concrete
mixture into a plastic mold with a semi-cylindrical rock
specimen, placed on the vibration table vibration and com-
pactness, after 24 h of resting, take off the specimen plas-
tic mold and put it into the temperature of 20 °C + 2 °C,
the relative humidity of more than 95% of the standard cur-
ing box maintenance for 28 d. The partial process of com-
posite sample processing is shown in Fig. 2 (a). The test
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Fig. 1 Cross-sectional resistance of surrounding rock
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concrete, rock, rock-concrete composite specimens were
produced 1 group, 6 groups, 6 groups, a total of 13 groups,
each group of 3 specimens, part of the rock-concrete com-
posite specimens shown in Fig. 2 (b).

2.2 Experimental procedure

For ease of description, the rock specimens were labeled
with letters before the start of the test as: red sandstone (4),
white sandstone (B), yellow sandstone (C), green sandstone
(D), slate sandstone (G), and marble (F). The rock-con-
crete composite specimens corresponding to the rocks

are labeled with a letter and number 1, e.g., red sand-
stone-concrete (A7), and the rest in order: Bi, CI, DI, GI,
FI. The strength characteristics and destructive behavior

“Malaxation Casting molding

@

(b)

Fig. 2 Process and finished product of rock-concrete composite sample

(a) The composite sample processing process (b) Rock-concrete
composite specimen
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tests of concrete, rock, and rock-concrete composite spec- Table 1 The mechanical parameters of specimens
imens were completed by using the uniaxial compression o, Peakstrength - Elastic modulus  Peak  Ratio of elastic
function of the RTR—1500 rock testing system, which was ’ o/ MPa E/ GPa straine/ %  modulus ¥
loaded by a microcomputer-controlled hydraulic servo H 31.49 9.58 0.44 -
press, and could be loaded up to a maximum of 1.500 kN. A 46.23 9.08 0.74 -
The test loading method was stress-controlled, with a load- B 41.84 7.02 0.88 B}
ing rate of 0.05 MPa/s, and axial strain was obtained by a c 37.66 6.60 0.93 -
LVDT transducer. Fig. 3 shows flow of the experimental D 53.67 9.86 0.75 B}
process and the organization of the paper framework. G 65.23 12.08 0.52 -
F 71.94 16.77 0.44 -
3 Results of the experiment Al 41.05 5.22 0.81 0.95
3.1 Uniaxial compressive stress-strain curve BI 38.47 4.69 0.92 0.73
The succeeding sections of this paper provide a detailed ci 35.04 4.02 0.96 0.69
discussion of the experimental results concerning DI 44.02 6.30 079 1.03
the strength characteristics and damage behavior of con- Gl 4926 8.42 0.62 1.26
crete, rock, and rock-concrete. In order to quantitatively Fl 56.12 12.30 052 175
describe the variability of mechanical properties between
the two constituent materials of the rock-concrete compos- o
ite specimens, the elastic modulus ratio between concrete Zoile— 2
and rock is introduced to be expressed as Y, i.e.,y = E,/E . —0D
The values of uniaxial compressive peak strength, elas- °r :(F}
tic modulus, and peak strain for concrete and six types of 50 F = H

rock and composite specimens are shown in Table 1, and
the stress-strain curves are shown in Fig. 4.

w
=

As can be seen from Table 1, the single specimen
strengths in order from low to high are: concrete, yel-

)
=1

low sandstone (C), white sandstone (B), red sandstone

Uniaxial compression strength o / MPa
B
=3

=

(4), green sandstone (D), slate sandstone (G), and mar- 11 11 EIVE %

ble (F). While the composite specimen strengths are o 0.2 0414 (',_]6 — 0_18 1_'0
overall smaller than the corresponding rock strengths, Strain & / %

the strengths of several types of rock composite specimens (a)

are in the same order as the corresponding rock specimen
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<

strengths, but the composite specimen strengths are all
higher than the concrete specimen strengths. The compos-
ite specimen (4~F) decreased by 11.19%, 8.05%, 6.95%,
17.98%, 24.49%, and 21.99%, respectively, compared to
the rock strength. While the strength of each composite
specimen increased by 30.37%, 22.16%, 11.28%, 39.81%,
56.43%, and 78.23%, respectively, compared to the

o
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Analyze the stress state of surrounding rock and
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Fig. 4 Stress-strain curve of uniaxial compression (a) Concrete, rock

Fig. 3 Test process and organization process specimens (b) Concrete-rock composite specimens
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concrete specimen strength. It can be seen that the peak 20
B h=Omn /O

strength of rock-concrete composite specimen is between
1B @ L. =Gl

rock strength and concrete strength. The stress-strain
01.1r\.1e of the rock specimen, as depicted in.Fig. 4, exhibits 16 1L /.,=0.6076)40.75 .12
distinct stages denoted as I to V. Stage I involves fissure R2=0.9607

compaction, where the original natural pores and fissures 14

of the rock gradually compress. Stage II is characterized 5

by elastic deformation, showcasing linear growth of axial e ks

stress and strain. A0 /., =-0.15721.0160

Stage III marks the onset of stable rupture devel- R2=0 6231
opment, indicating plastic deformation, emergence of 0.8 - ® P ®

micro-ruptures, and an increase in axial strain rate.

0.6 1 1 L L L 1 L 1 L 1 L ]

Stage IV is the unstable rupture stage, signifying the pro- 0.6 0.8 1.0 1.2 1.4 16 18
gressive development of rupture. Finally, Stage V rep- v
resents the destruction stage, depicting rupture surface @
penetration and strength drop. Composite specimens ——
in the loading process can also be divided into crack =B,/
compaction, elastic deformation, stable rupture, unstable ol ® S5 =E, ,/E,
rupture and destruction of five stages, but in the contin-
uous application of the load process, the curve appeared 10k /. =0.81187-0.150
a "jump", and with the increase of the ratio of the modulus R2=0.9811
of elasticity of the concrete-rock (Y), the more pronounced Wogl
the "jump", which indicates that the two materials due to
different mechanical properties, resistance to deformation 06 L »
of the ability to differ greatly. Under vertical load, the two i - ;{2(:(1)(;8303}:0-0552
materials begin to coordinate deformation to achieve equi- 04 '
librium. As loading continues, the growing differences
in deformation between the two materials result in appar- o2 b—— )
) . . . 06 ©08 10 W2 14 18 18 20
ent uncoordinated deformation at the interface, manifest-
ing as misalignment and causing the stress-strain curve to r
exhibit a distinct "jump." (b)
18
3.2 Relationship between Ratio of elastic modulus (y) - B b= Emn 5
and mechanical parameters 160 m £ =0.7032p+2.0317 ® JerEmn/5
Fig. 5 shows the elastic modulus ratio of concrete and rock r R2=0.9377
versus peak strength, elastic modulus, and peak strain 1.4
of composite specimens, respectively. As can be seen
in Fig. 5, the peak strength of composite specimens is N2
between rock strength and concrete strength, and closer to
concrete strength (weak material); the elastic modulus of e
composite specimens, except for G1 composite specimen, /er~0-1556y+0.9351
the rest of the composite specimen elastic modulus is less o8 R*=0.6931
than the concrete elastic modulus, and the peak strain is
larger than that of concrete specimen and rock specimen; 0'60‘6 ' ofg ‘ 170 ' 1f2 : 174 ' 1?5 ‘ 1f8
it shows that the composite specimen's ability to resist y
deformation is weakened, and deformation is increased. ©
The ratios (y) of concrete-rock elastic modulus and com- Fig. 5 Relationship between y and mechanical properties (a) Uniaxial

posite specimen-concrete specimen peak strength, elastic peak strength (b) Ratio of elastic modulus (c) Peak strain
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modulus, peak strain (f, =N, _,/N, .) show obvious cor-
relation. Among them, the uniaxial peak strength and
modulus of elasticity of the composite specimen are lin-
early positively correlated with the concrete-rock elastic
modulus ratio (y), which increases with the increase of the
peak strain decreases with the increase of the peak strain,
which is linearly negatively correlated. Therefore, the com-
posite specimen in the loading process, the peak strength,
elastic modulus and peak strain are easily affected by the
concrete properties, and the elastic modulus is affected by
the largest (R? = 0.9811), the peak strength of the second
(R?=0.9607), the peak strain of the smallest (R? = 0.9377).

3.3 Effect of elastic modulus ratio (y) on damage patterns
Fig. 6 shows the damage morphology of the composite
specimen in the uniaxial compressive test. Due to the dif-
ferences in the mechanical properties of the two materials,
different forms of damage occurred, and two main forms
of damage occurred.

1. When the modulus of elasticity ratio (y) between
the two materials is less than 1, as observed in spec-
imens 41, Bl, and C1, the composite specimen expe-
riences interface cracking. Both materials exhibit
aroughly equal number of cracks, with rock damage

@

Fig. 6 Failure diagram of composite specimen in uniaxial compression test (a) 41, (b) B1, (c) C1, (d) D1, (¢) G1, (f) F1

(®)

primarily characterized by shear damage. Vertical
cracks appear in the concrete material, accompanied
by a small number of tensile cracks.

2. Conversely, when the modulus of elasticity ratio (y)
is greater than or equal to 1, exemplified by spec-
imens D1, G1, and F1, the composite specimen's
interface undergoes noticeable damage. Due to sub-
stantial lithological differences between the two
materials, uncoordinated deformation occurs, and
additional friction constraint forces are significant.
Consequently, interfacial cracks appear extensively
throughout the specimen, eventually leading to
interface separation. The number of cracks in con-
crete exceeds those in rock, with rock predominantly
exhibiting splitting cracks and concrete primarily
sustaining shear damage.

Under continuous loading, stress concentration occurs
at both ends of the composite specimen, and secondary
cracks appear at the upper and lower ends of the specimen,
or even detachment; while the axial pressure on the center
part of the inner ring of the specimen is larger than that of
the outer ring. Due to transverse deformation, the spec-
imen experiences tension in both tangential and radial




directions, marking the onset of the destructive process.
Regardless of whether the modulus of elasticity ratio (y)
is less than or greater than 1, vertical tensile cracks form
in the rock-concrete interface, leading to the separation of
the two materials.

4 Uniaxial compressive strength prediction model for
composite specimens
According to the literature [29] and the above test results
as well as the analysis of the damage mechanism of
the concrete-rock composite specimen, it can be seen that
the composite specimen is subjected to vertical compres-
sive stresses in the vertical direction and lateral tensile
stresses in the transverse direction in the case of uniax-
ial compression, and the force analysis of its unit body is
shown in Fig. 7. Assuming that the concrete-rock inter-
face always remains tightly bonded until the composite
specimen breaks down, according to the equilibrium con-
dition [30] and generalized Hooke's law, the stress-strain
relationship of the unit cell in Fig. 7 can be expressed as
Egs. (1) and (2).

& =&, =8,

Q)]
&y =& =&y, = &5,

Oy, = =0, =03, =03,

Where: 6,,, 0,,, 03, &, &y,

in the direction of the first, second and third princi-

Oaps &> Eqp» €3, ATE the stress and strain

pal stresses of concrete, and ¢, , 0, , 0, , €

2r2 732 Tl

the stress and strain in the direction of the first, second and

€, &, are

third principal stresses of rock, respectively.

&y = I:O'lh - U, (62h +0y, )}/Eh
&, =[o, —u.(0,, +0,,) |/E,
& :[03h - U, (GU’ +0,, )}/Eh
&, =[0), — 1, (0, +0,)]/E,

Fig. 7 Force analysis of composite specimen element
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Where: g, u_ is the Poisson's ratio of rock and concrete
respectively, £,, E _is the elastic modulus of rock and con-
crete respectively. The association Egs. (1) and (2) can be
obtained, as shown in Eq. (3):

(E, w,—VyxE, p,)
E (=) +E,(1-4,)
o - (YE, m,—1-E, n,)
" OE(l-p)+E,(1-n,)

O3, = 1h

©)

1r

From the Mohr-Coulomb yield criterion [31], the shear
strength of a material is the sum of the frictional force
generated by the rock cohesion ¢ and the normal stress
o, % tang on the shear surface, see Eq. (4):

T=c+0,xtang “)

According to the force analysis of the material unit
cell in an arbitrary plane, as shown in Fig. 8, it can be
deduced that the positive and shear stresses suffered by
the unit cell in an arbitrary plane are shown in Egs. (5)
and (6), respectively.

o, Z%(G]+G3)+%(GI—G3)COSZﬁ ®)

T:%(01—63)sin2ﬂ (©)

This is further shown by the relationship between ¢ and ¢
shown in Fig. 9 (as shown in Eq. (7)) Moore's Circle and
Moore's Circle Envelope:

28 =90°+¢. (7

o

Fig. 8 Force analysis of unit body in any plane
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Envelope

e 2p

O3 O: On

Fig. 9 Mohr circle and Mohr circle envelope

According to Egs. (4)—(7), the limiting stress equilibrium
equations [32, 33] in the two-dimensional state at an arbi-
trary angle can be obtained as shown in Eq. (8).

o - 2c cosq0+1+smgo @®)

b l-singp 1l-sing

When the material is only subjected to uniaxial compres-
sion load o, = 0, then the uniaxial compression strength of
0,0 the material can be expressed in Eq. (9).

_ 2ccos@

(C)

Oucs = 1—si

—sing
Rock-concrete composite specimen due to the differences
in the mechanical properties of the two materials, there is
the emergence of unbalanced forces, so there is a mutual
constraint effect between the interfaces. So the con-
crete-rock interface can be regarded as a three-way state of
force, and then the joint Egs. (3) and (9) to obtain the com-
pressive strength of the rock and concrete in the composite
specimen, that is shown in Eq. (10).

L+sing, — (Ep,—VyxEu,)
l-sing, E (1-w,)+E,(1-u,)

O = Ousc-n 1h

o o l+sing, (VE 1, ~E,u,) p
I UsC-r 1-sing.  E, (l—yh)+Eh (l_lur) !
(10)
Let a _ltsing, - (o =1y % Byt )
h l—siHQDh’ h Er(l—/,lh)‘f'Eh(l_/'lr)’
L 1+sine, _ (E.p, —Eyu,) Where ¢
r I—Sin(Pr ’ Er(l_/lh)"’_E},(l_lLlr). "

¢, are the angle of internal friction between concrete and
rock, respectively, the uniaxial compressive strength of
the composite specimen can be obtained by simplifying

Eq. (11).

1 o
o, = — x| —YCsh

Oucs-r
+ 2 11
l1-a,b, ] (b

l-ab,
Where 6, ,, 0, are the uniaxial compressive strengths

of concrete and rock, respectively.

5 Discussions

The rock-concrete interface assumes a pivotal role in spec-
imen damage, and the force analysis and damage mecha-
nism at the composite layer cementation are intricate, often
dictated by differences in the mechanical properties of
the two materials. During compression, the material with
a higher modulus of elasticity generates a greater radial
compressive stress, whereas the material with a smaller
modulus of elasticity experiences a reduced radial com-
pressive stress. This creates an unbalanced force between
the materials, causing the material with a higher modulus
to exert an extrusion effect on the material with a lower
modulus. Consequently, there is a decrease in the lat-
eral strain of the material with a smaller modulus near
the contact interface and an increase in the lateral strain
of the material with a higher modulus. According to
Hooke's law, with the same axial strain, the change in lat-
eral strain amplifies the lateral stress of the material with
a smaller elastic modulus and diminishes the lateral stress
of the material with a larger elastic modulus.

In the compression process of composite specimens,
there is a transfer of strain and stress between the two
materials. This transfer coordinates the unbalanced force
and deformation generated by the material with a strong
elastic modulus and the weak material. Despite the reduc-
tion in unbalanced force through the transfer of stress and
strain, the material with a higher modulus of elasticity
continues to bear the main load during the loading pro-
cess, producing a substantial radial stress and resulting
in the persistence of unbalanced force. This ultimately
leads to significant uncoordinated deformation and spec-
imen damage. Hence, the radial stress of materials with
a higher modulus of elasticity significantly influences
the reduction in the strength of composite specimens.

In this paper, the test result value of literature [33] and
the calculated value of the strength prediction model of
the concrete-surrounding rock composite specimen pro-
posed were selected for verification and analysis, and
the result values of the two were compared as shown
in Fig. 10. From Fig. 10, it can be concluded that the uni-
axial compressive strength calculated by the composite
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Fig. 10 Comparison of uniaxial compressive strength test values and
theoretical calculated values

specimen strength prediction model is relatively close to
the experimental compressive strength value measured
directly, with an error value of —1.19% to 12.20%, which
is basically in line with the two, indicating that the appli-
cability of the uniaxial compressive strength prediction
model of the composite concrete-enclosed rock specimen
proposed in this paper is strong. In summary, the research
results of this paper, on the one hand, for the different geo-
logical formations of the surrounding rock and concrete
initial support of the interaction mechanism and dam-
age mechanism for a detailed analysis; on the other hand,
the composite specimen uniaxial compressive strength
prediction model can be derived to calculate the uniaxial
compressive strength of one of the two media materials,
for the design of the initial support of the sprayed concrete
ratio and the design of the weak location of the crushed sur-
rounding rock to provide theoretical support. Theoretical
support. Although the uniaxial compressive strength of
the composite specimen can be obtained according to
some basic mechanical parameters, it is not universally
applicable, and it is necessary to carry out the uniaxial
and triaxial compression tests of concrete specimens of
various lithologies and different strength grades to obtain
the complete mechanical parameters in the subsequent
research work, so as to improve the relevant theories and
enhance the accuracy of the model.

6 Conclusions

This study investigates the uncoordinated deformation and
damage mechanism of the composite interface in the "geo-
logical body-engineering body" lining structure during
tunneling construction through the uniaxial compression
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of rock-concrete composite specimens. Utilizing the gen-
eralized Hooke's law, a strength prediction model for
rock-concrete composite specimens under uniaxial com-
pression is proposed. This model unveils the force and
deformation characteristics of the "geological body-engi-
neering body" lining structure in tunneling construction,
yielding the following key conclusions:

of differ-
ent perimeter rock-concrete composite specimens

1. The uniaxial compressive strengths

are intermediate between the rock and concrete
strengths, increasing with increasing rock strength
but closer to the concrete (weak material) strength.

2. The ratio of rock-concrete elastic modulus (y) is lin-
early and positively correlated with the ratio of com-
posite specimen-concrete specimen peak strength
and elastic modulus (f, = N, _,/N, ), while it is
obviously linearly and negatively correlated with
peak strain. The uniaxial compressive strength,
modulus of elasticity and peak strain of the com-
posite specimen are strongly influenced by the
concrete properties.

3. The mechanical property disparity between the two
materials affects the composite specimen, with
the transfer of strain and stress coordinating the unbal-
anced force generated during compression between
the strong and weak materials. Despite increasing
unbalanced force under continuous loading, the coor-
dination ability is limited. Consequently, the com-
posite specimen experiences uncoordinated defor-
mation damage along the bond interface. Hence, the
bond strength of the composite interface plays a cru-
cial role in specimen destruction.

4. The compressive strength expression of the rock-con-
crete composite specimen was established, which
quantitatively expressed the stress of each material
of the composite specimen. The theoretical calcu-
lated values of the uniaxial compressive strength
prediction model of the composite specimen are
in good agreement with the experimental values,
with the errors ranging from —1.19% to 12.20%.
The expression can be used to calculate the compres-
sive strength of rock-concrete composite specimens.
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