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In order to analyze the influence of damage caused by corrosion on anchoring performance of a rock mass with different joints, the
anchored rock mass specimens with different joints distribution were prepared. An electrochemical accelerated corrosion test of
specimens was carried out, and the mechanical test of them under different corrosion time was also investigated. The results
showed that the pitting corrosion is the main form of the anchor bar corrosion of an anchoring rock mass with different joints, and
the shape of the etch pit is reverse semi-ellipse. With the increase of pitting ratio, the ultimate bond strength and the corre-
sponding slide distance decrease gradually. The effects of pitting ratio on the slide distance of the anchor bar in an anchored joint
rock mass are insignificant, but these on the bond strength of it are significant. The bond-slide model of the anchored joint rock
mass with different pitting ratios was established. The research results of this paper can provide reference for analyzing the
corrosion damage of a complex anchored joint rock mass in practical engineering and a theoretical basis for the design op-
timization of anchoring support in the complex jointed rock mass.

1. Introduction

Anchorage system, as the key element of underground
engineering structure, has gradually become the preferred
method for the engineering reinforcement of rock slopes,
tunnels, as well as in deep foundation pit and other projects
[1-4]. Because of the complexity of the anchorage system
itself, the difficulty of quality control, and its concealment
during construction, corrosion becomes the key problem
affecting the safety of the anchorage system [5]. At present,
corrosion of the anchorage system is mainly caused by
carbonization of grouting protective layer, erosion of acid
medium, and induction of stray current [6-8]. Among them,
the acidic media like chloride ion is the main reason for the
deterioration of the durability of the anchorage system.
Especially in submarine tunnels, the seepage of seawater
provides sufficient oxygen and appropriate relative humidity
for the corrosion. It can also accelerate the corrosion of the

anchorage system, weaken the strength of jointed rock mass,
and ultimately lead to premature failure of the anchorage
system [9]. Thus, it is critical to investigate the corrosion
effect of the anchorage system.

Recently, there are few studies on the durability of the
anchorage system, but a large number of theoretical models
[10], numerical simulations [11], and laboratory tests [12]
have been carried out on the corrosion of steel bar in
reinforced concrete structure. The effect of corrosion on the
bond properties of reinforced concrete is the hot topic.
Kemp et al. [13] studied the effect of different natural
corrosion conditions on bond properties. It was found that
the larger the diameter of steel bar is, the greater the pro-
motion of corrosion on bonding properties is. However, the
natural corrosion ratio is low, so the test results are not
representative. Therefore, in order to accelerate the corro-
sion ratio of the steel bar, researchers began to use the
electrochemical acceleration method to get the steel bar
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specimens with a high corrosion ratio [14-16], although the
geological environment of the anchorage system is more
complicated than the concrete structure. Under the influ-
ence of ground stress, the stress state of the anchorage
system is often affected by many uncertain factors. But with
the high similarity between the anchorage system and
reinforced concrete structure in composition material (steel
bar and cement mortar) and corrosion mechanism, the
research ideas and methods can be used for reference.
Extending the research region away from anchor system
corrosion, there is some basic studies on the durability and
safety of the anchorage system. Assisted with numerical
methods, Ding et al. [17, 18] analyzed the effect of corrosion
on the performance deterioration of the anchorage system. It
can be found that the deformation of the bolting zone and
the plastic zone of the surrounding rock increases gradually
with the rise of the corrosion degree of rock bolt. Using the
system reliability theory and the limit equilibrium analysis
method, a direct method for the failure probability of the
anchorage system of rock slope with double sliding blocks
was proposed by Chen and Cheng [19]. In addition, the
durability and safety of the anchorage system are also in-
vestigated through model tests, laboratory tests, and field
tests. For instance, Qiu et al. [20] analyzed the mechanical
characteristics of lining during the deterioration of initial
support of deep-buried rocky tunnel by model test. It is
concluded that the deterioration of bolt has more obvious
influence on secondary lining than that of shotcrete.
Gamboa and Atrens [6, 21] carried out the effect of corrosion
on the anchorage system performance from two aspects of
environment and materials through the stress corrosion
cracking (SCC) test. Through laboratory tests, Zhao et al.
[22] concluded that the chloride ion content in groundwater
is the most important factor affecting the service life of bolts.
Anchorage performance of the jointed rock mass in
geotechnical engineering is the key problem to be analyzed
by numerous researchers. Griffith [23] first proposed the
famous “Griffith fracture theory,” which was later applied by
Hoek [24] to study the strength characteristics of the jointed
rock mass under biaxial pressure. Subsequently, the model
test using gypsum as a similar material for the jointed rock
mass has been gradually developed. The fracture failure
shape of a single-jointed rock mass can be well described by
uniaxial [25], biaxial [26], and triaxial compression tests
[27], but it can only simulate the jointed rock mass under dry
conditions. Making the cracked mortar specimens to sim-
ulate the semi-penetrating jointed rock mass, Ding et al. [28]
obtained the calculation model of the corrosion amount
under different loading time and proposed the formula of
pitting ratio based on the concept of mass loss rate. In order
to more accurately simulate the situation at the scene, Wu
etal. [29] analyzed the SCC of full-scale anchor bars. In some
studies, it has been found that the force exerted by the bolt is
proportional to the interface of the bolt [30], and the shear
strength of the joint surface is increased greatly. The di-
ameter and inclination of bolt have a great influence on the
shear displacement of the anchorage body [31, 32]. The
larger the inclination of the bolt, the smaller the shear stress
can be provided, and the optimum bolt mounting angle is
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present [33]. The prefabricated joints have a weakening
effect on the strength, elastic modulus, and peak axial strain
of the rock mass. The more joints there are, the more obvious
the weakening effect will be [34].

In summary, some achievements have been made in the
research on the degradation of bond properties caused by
corrosion of the steel bar and the durability of anchor
system, but there are relatively few studies on the corrosion
damage of different anchored joints rock mass. And, many
researchers investigate the anchored joint rock mass based
on uniform corrosion, which is inconsistent with the actual
situation. Based on the accelerated corrosion test of the
anchored joint rock mass, the effect of pitting ratio under
different joints distribution on the mechanical properties of
anchorage system was studied. Corresponding to different
pitting ratios, the relationships between slide ratio, ultimate
bond strength, slide distance, and bond stress of anchorage
system are studied, respectively. A bond-slide model of
anchored rock mass specimens for different joints distri-
bution was also established. These results can be used as a
basis and reference for predicting the degradation of me-
chanical properties of different anchored joints rock mass.

2. Experimental Design

2.1. Preparation of Anchored Joint Rock Mass Specimens.
In order to analyze the effect of corrosion degree under
different joints distribution on the bond properties of the
anchor system, six kinds of anchored rock mass specimens
with different joints distribution are designed, which are
semi-penetrating single-jointed rock mass specimens (group
A), penetrating single-jointed rock mass specimens (group
B), penetrating double-jointed rock mass specimens (group
C), cross-semi-penetrating jointed rock mass specimens
(group D), cross-penetrating jointed rock mass specimens
(group E), and semi-penetrating double-jointed rock mass
specimens (group F). At first, the original rock was used as
the specimen, but after reducing the specimen in equal
proportion, the scaled anchoring jointed rock mass speci-
mens are difficult to operate, the anchor bar would cause
great damage to the specimen, and the anchoring perfor-
mance is not good. So, we use similar materials to simulate
the original rock mass. According to previous research, we
have chosen resin, concrete, and cement mortar as similar
materials, but the permeability of resin and concrete is poor,
and the permeability of cement mortar is consistent with the
seabed surrounding rock. Therefore, by making mortar
specimens with different mix ratios for cubic compressive
strength test, the best mix ratio of cement mortar is selected,
which has similar strength with the original rock mass.
Compressive strength tests are carried out on each group of
rock mass specimen with different joints distribution to
ensure that their strength meets the test requirements.
The size of the specimen is 75mm X 75 mm x 150 mm,
and an HRB335 rebar with a diameter of 12 mm and a length
of 170 mm is embedded in the center. The length of the rebar
embedded in the mortar specimen is 120 mm, while the
length of the rebar exposed outside is 50 mm. There is a
30mm mortar protective layer at the bottom of the
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specimen. The size and joint distribution of specimens are
shown in Figure 1. Semi-penetrating joints and penetrating
joints are simulated by thin iron sheets in the mold (Fig-
ure 2). The joint is at 45° to the horizontal, and the corre-
sponding  sizes are 75mmx375mmxlmm and
75mm X 7.5 mm x 1 mm, respectively.

The cement used in the experiment is ordinary Portland
cement, grade 42.5, produced by Sunnsy Group. The sand is
produced in Jiyang, Jinan. Purified water and the retarding
efficient water reducing agent, UNF-3A, are also used in the
preparation of specimens, and the corresponding mix
proportion of mortar quality is shown in Table 1. After
pouring the specimens into the standard curing room for 28
days, the average measured compressive strength of the
standard  cube  specimen, with  the size of
150 mm x 150 mm x 150 mm is 60.87 MPa as shown in
Figure 3, which meets the strength requirements of the
experiment.

2.2. Corrosion of Anchored Joint Rock Mass Specimens. In
practical engineering, though the anchor bar of the an-
chored joint rock mass directly connects with the seawater
because of joints, corrosion of the anchor bar may still
need an extremely long time. Based on the choice of the
test cycle, more researchers will adopt an accelerated
corrosion test. At present, there are two kinds of
accelerated corrosion tests, one is to create a more easily
corroded environment to accelerate corrosion (such as
regular spraying of saltwater), and the other is to directly
electrify the anchor bar to accelerate corrosion. Although
the corrosion of anchor bar simulated by the first method
is more realistic and the test conditions are simpler and
easier to operate, the corrosion time is much longer than
that of the second method, and the quantitative control of
corrosion can not be carried out in the operation process.
The second method is more accepted and adopted by
researchers. The wet-electrification method (in the pro-
cess of accelerated corrosion by electrification, the sample
is immersed in seawater to form an electrolytic cell, and
chloride ions will accelerate the corrosion of sample) is
widely used because of its fast corrosion speed, short test
period, and the quantitative calculation of the quality of
corrosion products (theoretical mass value) by Faraday’s
law. Therefore, DC-regulated power supply, PS-6005D-1I,
is used to accelerate corrosion in this experiment. The
two-electrode system was applied in the experiment, i.e.,
exposed anchor bars are used as anodes to connect DC
power supply, and copper sheets are used as cathodes to
connect DC power supply. The accelerating corrosion
device is shown in Figure 4. In order to simulate the
natural corrosion environment of seawater, the electrolyte
was taken from the Yellow Sea of Qingdao. The results of
seawater composition test are shown in Table 2. The
specimens are immersed in the electrolyte with the cur-
rent of 50 mA. The electrolyte should be added contin-
uously during the acceleration process of corrosion to
ensure that the specimens can fully contact with the
electrolyte. In this experiment, 10 different accelerated

corrosion times were designed for each group of speci-
mens to control pitting ratio, which were 0h (no corro-
sion), 24h, 36h, 48h, 60h, 72h, 84h, 96h, 108 h, and
120 h, respectively.

2.3. Experimental Design of Bond Properties. According to
the requirements of Standard for Test Method of Concrete
Structures (GB/T 50152-2012), there are four common
methods to analyze the bond properties: central tension
test (the test operation is difficult), beam test (large
specimen size and high production cost), column test
(specimen fabrication, data acquisition, and analysis are
complicated.), and central pull-out test. The central pull-
out test specimens are usually prisms or cubes, which are
easy to fabricate. When pouring specimens, the anchor
bars are buried in the center of the specimens. The bare
anchor bar on one side is easy to clamp when loading the
specimen, but the other side needs the help of the reaction
frame. The reaction frame is composed of two iron plates
and four pillars. The top iron plate connects with the
chuck, and the bottom of the chuck is a spherical hinge,
which can ensure that the specimen will not be subject to
eccentric force during the experiment. This method is
characterized by simple specimen preparation, easy op-
eration, and lower cost. In addition, this method can
simulate the load slip of the anchor bar and the bond-slip
relationship between the anchor bar and mortar. The
theory is clear, and it is sensitive to the change of the
appearance characteristics of the anchor bar. It is a
benchmark method for evaluating the bond performance
of the anchored rock mass.

The hydraulic universal testing machine, WDW-IOOE
IIL, is used in the loading test. The maximum tensile force
exerted by the testing machine is 100kN, as shown in
Figure 5. In order to analyse the “whole process” failure
condition of specimens, the displacement of the chuck on
the test machine was controlled at a speed of 1 mm/min by
the continuous monotone loading method until the speci-
men was destroyed.

3. Analysis of Test Results

3.1. Corrosion Shape Analysis of Anchored Joint Rock Mass.
In the laboratory test, the anchored joint rock mass speci-
mens are directly immersed in the electrolyte, which is
seawater. The corrosion of anchor bar develops radially and
axially, as shown in Figure 6.

The etch pit shape of the anchor bar opens upward,
which is contrary to the semi-elliptic model proposed by Liu
[35]. Therefore, the distribution model of corrosion amount
is established based on ellipsoid shape, which is similar to the
shape of the anchor bar after corrosion. The maximum depth
of the corrosion pit is d,, the maximum thickness of the
corrosion products after expansion is d,, and the approx-
imate model is shown in Figure 7.

It can be seen from Figure 7 that the mass of the cor-
rosion products consist of two parts. One part is M,, which is
the mass of the corrosion products filled in the range of the
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FIGURE 1: Size and joint distribution of specimens.

10mm

FIGURE 2: Experimental mold.

etch pit. The other part is M), which is the mass of the
corrosion products expanded outside of the etch pit. The
total corrosion amount, M,, can be expressed as follows:

M, = M, + M,. (1)

Taking the cross-section of the corroded anchor bar of
unit length for analysis, the mass of corrosion products in
each part can be expressed as follows:

2
M, =p,- [R? (n—26)—2(R—da)Rcose], (2)

M, = px[g.R- (R+d,) —ng] - %Rdm, 3)

where p, is the density of corrosion products, g/mm?; R is the
radius of anchor, mm; and 0 is the polar angle.

As can be seen from the literature [36], the mass of
corrosion products is obtained as follows:

Px

M, =« MZ?, (4)

Tust
where a,, is the mass ratio between anchor bar and its
corrosion products, which generally takes the values be-
tween 0.523 and 0.622 and p' is the density of the anchor bar,
g/mm”.
From equations (2) and (4), we obtain the equation for
d, as
_ Mg R(m—20)
® 4Rpcos®  4cosb

(5)

From equations (2), (3), and (4), we obtain the equation

for d:
— 2Mz _ 2Mzocrus'r (6)
nRp,  mRp

m

The shape of the etch pit would not be so regular in the
actual engineering, there is a certain error in the approxi-
mate semicircular model of the etch pit area. In addition,
when calculating the M,, the uncorroded anchor bar is re-
duced to a triangle, which is different from the actual tri-
angular shape with a circular arc. Therefore, the distribution
model of corrosion amount proposed in this paper can be
used as a simplified computing model.

Pitting corrosion is the primary form of the anchor bar
corrosion in this test. With the rapid development and ex-
pansion of anchor bar corrosion under the influence of con-
stant current, most of the corrosion products will overflow
from the position of joint, and a concave etch pit will be finally
formed. Moreover, corrosion will diminish the bond properties
of the anchor bar and the overall anchoring performance. Since
the length of the anchor section is longer, the corrosion ratio is
smaller under the same amount of corrosion. It is not accurate
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TaBLE 1: Mix proportion of mortar quality.
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TaBLE 2: Factor loading matrix.

Ton Concentration (mg/L)
Calcium ion (Ca**) 431

Magnesium ion (Mg”") 1348
Sodium ion (Na*) 11458
Potassium ion (K*) 421
Chloride ion (CI") 17345
Sulfate ion (8054) 2539
Bicarbonate ion (HCO3) 160
Nitrate ion (NO3) 4

to calculate the corrosion ratio based on the total mass loss of
the anchor section. Therefore, we use the concept of pitting
ratio [37], which can be calculated as follows:

(7)

(8)

my = pR’b,

where # is the pitting ratio, m, is the original mass of the
anchor bar before pitting corrosion, m, is the mass of the



FIGURE 6: Shape of the etch pit.
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FIGURE 7: The reverse semi-elliptic model.

anchor bar after pickling, and b is the corrosion length along
the direction of the anchor bar.

3.2. Analysis of the Relationship between Slide Distance and
Bond Stress. In the test, the universal testing machine au-
tomatically records the drawing force and the total slide
distance of the anchor bar during the central pull-out test. It
is assumed that the bond stress, 7, is uniformly distributed
along the cross-section of the anchor bar, and the tensile
deformation of the anchor bar meets the Hooke’s law. The
bond stress, 7, and the slide distance, S, of the anchor bar can
be calculated by the equations (9) and (10). The area diagram
of the subtracted part is shown in Figure 8.

p

T dl —(2ndly ©)
F
S= Sa - aLAB’ (10)
h
0= = (11)
sin ¢

where P is the loading of the central pull-out test, kN; d is the
diameter of anchor bar, mm; [, is the length of anchor bar,
mm; Iy is the length of anchor bar which directly contacts
with seawater, mm; S, is the total distance of the slide, mmy;
Lap is the original length of the anchor bar, mm; A is the
theoretical area of cross-section of the anchor bar, mm?; E is
the elastic modulus, MPa; F is the maximum loading of the
central pull-out test, kNj; A is the width of joints, mm; and ¢
is the dip angle of the joints.
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FIGURE 8: Schematic diagram of the calculating area.

Based on the six kinds of anchored rock mass specimens
with different joints distribution, the relationship between
slide distance and bond stress is analyzed. Due to space
limitation, the experimental results of group A are shown in
Figure 9.

Figure 9 shows that the first stage is at the beginning of
the test, and the bond stress is 65%-73% of the ultimate
bond stress, at which the slope of the curve is large. When
the bond stress is further increased to the ultimate bond
stress, the slope of the curve decreases gradually, which is
the second stage. This indicates that the shear stiffness of
the anchoring section of the first stage is greater than that
of the second stage. Because the volume of the anchor bar
after corrosion is larger than the original volume, which
will cause compressive stress on the surrounding rock. The
friction between the anchor bar and the specimen will
increase. Furthermore, the anchoring capacity of the an-
chor bar will also raise. With the continuation of the test,
the chemical gumming force between the anchor bar and
the surrounding rock is gradually destroyed. At this time,
the bonding force mainly depends on the friction force and
mechanical biting force between them. Subsequently, the
compressive stress of the anchor bar on the surrounding
rock increases gradually, and the influence of corrosion
degree of the anchor bar on bonding force becomes more
and more obvious with the development of surrounding
rock joints. Before the failure of specimens, the slide
distance increases slowly with the increase of bond stress,
and there is a linear relationship between them. Moreover,
the slope of the first stage slows down gradually with in-
creasing pitting ratio. This is because the chemical gum-
ming force between the anchor bar and surrounding rock
is destroyed along the longitudinal direction with in-
creasing pitting ratio, which reduces the bond strength on
the first stage.

3.3. Analysis of the Relationship between Pitting Ratio and
Ultimate Bond Strength. By comparing the ultimate bond
strength of each group, the relationship between the pitting
ratio and the ultimate bond strength is shown in Figure 10.
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FiGUure 9: The relationship between bond stress and slide distance
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FiGure 10: The relationship between pitting ratio and ultimate
bond strength.

From Figure 10, it can be seen that the pitting ratio has a
negative linear correlation with the ultimate bond strength.
At the initial stage of corrosion, the bond strength did not
increase because of the volume expansion of corrosion
products. However, as the volume of corrosion products
expands continuously, cracks may appear in the specimens,
which reduce the anchoring capacity and ultimate bond
strength.

In group A, the ultimate bond strength is about
9.695 MPa without corrosion. When pitting ratio reaches
4.62%, the value is 6.735MPa, and the ultimate bond

strength is decreased by 30.53%. The ultimate bond strength
of groups B, C, D, E, and F decreased by 28.76%, 32.63%,
35.02%, 31.99%, and 33.56%, respectively. It can be seen that
the overall change trend of each group is the same, but there
are differences in the test results of different groups. By
comparing group A (single joint) with group F (double
joint), it can be seen that the effect of pitting corrosion on
bond strength is more obvious with the increase of joints,
that is, the more joints there are, the more serious the
corrosion is, and the deterioration of bond mechanical
properties of anchorage system is obvious. This can be
verified by group B (single joint) and group C (double joint).
Moreover, comparing the test data of the anchored joint
rock mass specimens with semi-penetrating joints with that
of penetrating joints, notice that the bond strength decreases
gradually with the increase of contact area between the
seawater and anchored bar for the specimens of groups A, B,
C, and F under the same pitting ratio, and the joints in the
specimens of groups A, B, C, and F are on the same side; the
effect on the bond strength is insignificant with increasing
the contact areas for the specimens of groups D and E under
the same pitting ratio, and the joints in the specimens of
groups D and E intersect with each other.

The reduction factor of ultimate bond strength, §, can be
defined as the ratio of the ultimate bond strength between
the anchor bar of different pitting ratios and uncorroded
anchor bar in the same group of tests.

o=, (12)
o
where 7; is the ultimate bond strength at different pitting
ratios, MPa, and 7, is the ultimate bond strength without
corrosion, MPa.

Equation (12) shows that the ultimate bond strength at
any pitting ratio can be obtained from the ultimate bond
stress strength without corrosion. The relationship between
the ultimate bond strength reduction factor and the pitting
ratio is shown in Figure 11.

Fitting the experimental data in Figure 11, the equation
between § and # can be obtained. The coefficient of de-
termination values, R?, are all close to 1, showing a good fit.

0.998 — 6.574n, (R* = 0.996),
1.006 - 6.419%, (R* =0.991),
1.000 — 6.9451, (R* =0.994),
6 =1 (13)
0.999 - 6.764n, (R* = 0.976),
1.007 — 6.5361, (R* =0.984),
| 1.020 - 7.330%, (R* =0.984).

3.4. Analysis of Relationship between Pitting Ratio and Slide
Distance. The slide distance corresponding to the ultimate
bond strength in each group of tests is analyzed. The re-
lationship between the slide distance and pitting ratio is
shown in Figure 12.

Figure 12 shows that the slide distance gradually de-
creases as the pitting ratio increases. In group A, the slide
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distance of the anchor bar without corrosion is 6.808 mm.
When pitting ratio reaches 4.62%, the value is 5.084 mm,
which decreases by 25.32%. The slide distance of groups B, C,
D, E, and F decreased by 25.27%, 24.86%, 24.55%, 26.93%,
and 25.61%, respectively. It can be seen that the change of
slide distance with the pitting ratio is similar in each group,
that is, the total relationship of anchor bar corrosion with
different joints distribution tends to be consistent. However,
the slide distance of the groups A, D, and F is slightly in-
creased when the pitting ratio is 1.4% to 2.8%. This is be-
cause, for the semi-penetrating jointed rock mass specimens,
the rock mass connecting with the anchored bar at the effect
range of joints plays a role of protecting the anchored bar.
With the increase of the number of semi-penetrating joints,
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the protective effect caused by the rock mass connecting with
the anchored bar will occur in the low pitting ratio.

The slide ratio can be defined as the ratio of the slide
distance corresponding to the ultimate bond strength be-
tween the anchor bar of different pitting ratios and
uncorroded anchor bar in the same group of tests.

£=—, (14)

where ¢ is the slide ratio; S; is the slide distance corre-
sponding to the ultimate bond strength at different pitting
ratios, mm; and S, is the slide distance corresponding to
ultimate bond strength without corrosion, mm.

The relationship between the slide ratio and pitting ratio
is shown in Figure 13.

Fitting the experimental data according to the first-order
exponential decay curve, we can obtain equation (15), which
also shows a good fit.

[ e7>915n =0.933),
e 600 ( =0.971),
e 77t =0.962),
£= (15)
e >34 ( =0.945),
e 6089 =0.978),
e 8281 ( = 0.947).

4. Bond-Slide Model of Anchored Joint
Rock Mass

In this test, the specimen was not arranged with stirrups, and
the transverse rib of the anchor bar acts on the specimens to
generate the hoop tensile stress, which eventually led to
longitudinal splitting cracks. After reaching the peak stress,
the specimen is split into several pieces, and the anchor bar is
pulled out immediately because of the loss of clamping.
Therefore, there is no descending stage and residual stage in
the test [38]. It can be seen from Figure 4 that the distinction
between microslide section and slide section is not obvious
with increasing pitting ratio. However, the development of
splitting section is more obvious with the increase of stress.
Therefore, the experimental data can be linearly fitted in two
stages. Taking group A as an example, the points on the
bond-slide curve of the uncorroded specimen are fitted,
which is shown in Figure 14.

By fitting the data for each group, the equation between
T and Sy can be obtained as shown in equations (16) to (21):

1.906S,,
Ty = (16)
4.091 + 0.856S,,
1.961S,,
0= (17)
3.941 + 0.880S,,
1.944S,,
0= (18)
3.584 + 0.890S,,
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FIGURE 13: The relationship between the pitting ratio and slide ratio.
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FiGure 14: The bond-slide fitting curve of the uncorroded specimen in group A.

(1.902 - 12.5307) - S, - €211,

2.134S,,
0 = (19) Ti =

3.894 +0.8895,, 4,083 — 26.8947 + (0.854 — 5.6271) - S, - €151,

{ 1.9258,, (22)
O =

(20)
3.814 + 0.802S,, ) { (1.973 — 12.588) - S, - €501,

T. =
2.006S,, " 3.965 - 25.2975 + (0.885 — 5.6497)) - S; - €001,
0= (21)
4.042 + 0.8358,. (23)
In.troducing the.equations (14) an.d (15) to thg aboye (1.944 - 13.5017) - S, - 771,
equation, the equation of the bond-slide curves with dif- T, = 571
3.584 — 24.8917 + (0.890 — 6.1817) - S; - €771,

ferent pitting ratios of each group can be obtained as shown
in equations (22) to (27): (24)
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FiGure 15: Comparisons between calculated results and test results of the bond-slide curve.
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(2.132 - 14.4347) - S, - >34,
"] 3.890 - 26.3397 + (0.888 — 6.0137)) - S, - €353,
(25)

(1.938 — 12.5827) - S, - €5981,
3.841 — 249287 + (0.808 — 5.2427) - S, - 50891,
(26)

(2.046 — 14.7047) - S, - 38281,
4.123 —29.6287 + (0.852 — 6.1217) - S, - 58281,
(27)

Some test data were used to verify the equation of bond-
slide curves with different pitting ratios. The calculated
results were in good agreement with the test results, as
shown in Figure 15.

5. Conclusion

In this paper, the anchorage performance tests of the an-
chored joint rock mass under different pitting ratios are
carried out. The conclusions are as follows:

(1) Because the anchored joint rock mass specimens are
directly immersed in the seawater, the corrosion
firstly occurs at the position of the joints connecting
with the anchored bar and then develops radially and
axially. The etch pit opening is upward, and the shape
of which is reverse semi-ellipse.

(2) With the increase of the number of joints, the in-
fluence of pitting ratio on bond strength becomes
significant, that is, the more the number of joints
under the same pitting ratio, the greater the decrease
of the bond strength. Moreover, under the same
pitting ratio, the bond strength decreases with the
expansion of the joint range on the same side. For
cross joints, the range of joints under the same
pitting ratio has little effect on bond strength.

(3) For the semi-penetrating joint rock mass specimens,
the rock mass connecting with the anchored bar at
the effect range of joints plays a role of protecting the
anchored bar. With the increase of the number of
semi-penetrating joints, the protective effect caused
by the rock mass connecting with the anchored bar
will occur in the low pitting ratio.

(4) Compared with the slide distance before corrosion,
the slide distance after corrosion of each group of the
anchor bar is reduced about 25%. It can be seen that
the changing trend of slide distance with pitting ratio
is similar in each group, and there is no significant
difference with the different distribution of joints.

(5) Based on the bond-slide model of the uncorroded
anchored joint rock mass, the model is established by
introducing the slide ratio and the reduction factor of
ultimate bond strength of the corresponding models
under different pitting ratios, which can reflect the
deterioration rules of the anchoring mechanical
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properties of the anchored joint rock mass under
different pitting ratios.
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