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� The bond rigidity linearly decreases in the middle of the anchorage length.
� Increasing the RCA substitution rate had little effect on the bond position curves.
� The bond rigidity becomes more uniform as crack widths increase.
� The bond position function between corroded rebar and RAC is suggested.
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Twelve beam tests were carried out in order to investigate the bond strength and bond position function
between corroded rebar and recycled aggregate concrete (RAC), with the electrochemical method
adopted to accelerate steel corrosion. Three recycled coarse aggregate (RCA) replacement percentages
(i.e., 0%, 50% and 100%) and 4 expected corrosion crack widths of RAC (i.e., 0 mm, 0.05 mm, 0.3 mm,
and 0.6 mm) were considered. Test data was used to calculate the bond stress along the anchorage length,
and the influence of both RCA replacement percentages and the corrosion cracking widths on the bond
strength and bond position function between the RAC and rebar. The bond position functions for different
corrosion levels of reinforced RAC were also established. The results indicated that the ultimate bond
strength of reinforced RAC beams decreased overall with an increase of the RCA replacement percentage
and corrosion crack width, but that the rate of decline reduced with an increase of RCA and corrosion
level. The bond position curve of the reinforced RAC beams was similar to that of natural aggregate con-
crete (NAC) beams subjected to bending and shear stresses before and after steel corrosion, with a sharp
increase of the relative bond stiffness at both anchorage ends, and an almost linear decrease of relative
bond stiffness in the range of 0.15–0.85 times the anchorage length. Increasing the RCA substitution rate
had little effect on the bond position curves, and the bond distribution became more uniform as the crack
widths increased.

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The Chinese Academy of Building Research [1] has reported that
since 2011 there has been 0.46 billion square meters of construc-
tion demolished annually in China, with the service life of most
of these buildings being less than 40 years. Poor quality and weak
maintenance were responsible for 19% of this construction demo-
lition, with social and economic factors such as business interests
and architectural planning problems being the primary reasons
for most of the demolition. Addressing this large amount of
construction waste has become a significant issue for the Chinese
Ministry of Construction.

The process of crushing and then using demolished waste con-
crete as recycled aggregate to replace part or all of the natural
aggregate in new concrete construction is considered internation-
ally to be an important breakthrough in the sustainable develop-
ment of the construction industry [2,3]. Unfortunately, the
current rate of construction waste reuse in China remains low,
with the use of recycled aggregates primarily limited to low-
value applications such as backfill for roadbeds, or partition walls
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in construction. Consequently, with the progress of research
related to concrete containing recycled aggregate [4–6], higher-
value outlets for construction waste are being sought by research-
ers. Experimental studies have been conducted on the possible
incorporation of recycled aggregates in beams [6–9], columns
[10–12], and other structural members [5,13–15], with the reuse
of recycled aggregates in structural applications having been found
to be technical feasible. However, adequate bond performance
between steel reinforcing bars and concrete is a basic prerequisite
for the two materials to work compositely, and therefore it is nec-
essary to study the bond properties of reinforced recycled aggre-
gate concrete before RAC can be reliably used in structural
members.

The bond behavior of reinforced RAC has been previously
investigated. Xiao and Falkner [16] undertook 36 pull out tests
using concrete blocks with no stirrups, with results demonstrat-
ing that the bond strength between RAC and deformed reinforce-
ment has no obvious relation with the RCA replacement
percentage. The same test method was adopted by Guerra et al.
[17] and by Prince and Singh [18] to investigate the effect of
RCA replacement on bond strength. Butler et al. [19] and Fathifa-
zle et al. [20] used beam-end specimens based on ASTM A944-10
[21], considering different mixture proportions of RAC. In sum-
mary, a common feature of all the aforementioned studies is that
the bond stress distribution was assumed uniform over the
anchorage length. In contrast, structural members are typically
subjected to complex stresses, such as combined bending-shear
stresses for beams, and the bond stress distribution has been
experimental proven to vary along the anchorage length [22],
such that the assumption of a uniformly distributed bond stress
is inappropriate.

Reinforcement corrosion is a common phenomenon in China
[23], with reinforcement corrosion having occurred in many build-
ings and bridges within their 40 year service period. The following
reasons are responsible for the above phenomenon [23–25]: (1)
Chlorine ion corrosion caused by a marine environment or the
use of deicing salts in frigid zones; (2) Atmospheric corrosion such
as acid rain and greenhouse effects caused by environmental pollu-
tion, coupled with complicated climate environments resulting in
freezing and thawing; and (3) Poor construction quality control
such as the use of low grade concrete and insufficient cover thick-
ness, that has resulted in accelerated reinforcement corrosion. For
those concrete structures located in an aggressive environment,
steel reinforcement has corroded because of the permeation of
CO2, SO2 and chloride ions.

It is well-known that the largest durability problem in concrete
structures is caused by steel corrosion and the expansion of corro-
sion products, not only resulting in loss of cross section, but also
causing a deterioration of bond strength due to cover splitting
[26–29]. Many studies have focused on the bond deterioration
properties between reinforcement and NAC, but few studies have
been conducted to investigate the bond behavior of reinforced
RAC including the influence of steel corrosion. Zhao et al. [30]
observed the bond degradation and bond stress distribution curves
between different corrosion levels of reinforcement and normal/
recycled concrete using pull-out tests, with the results indicating
that the middle of the specimens exhibited the highest bond rigid-
ity. However, the effect of RCA substitution and steel corrosion
level on the relative bond rigidity could not be established based
on their results.

The goal of the study reported here was to investigate the bond
strength and bond position function between corroded steel rein-
forcement and RAC using beam tests. The research was conducted
considering 3 RCA replacement percentages (i.e., 0%, 50% and 100%)
and 4 expected corrosion crack widths of RAC (i.e., 0 mm, 0.05 mm,
0.3 mm and 0.6 mm).
2. Experimental program

2.1. Raw material and mix ratios

Demolished old concrete pavement slabs in the urban area of
Nanning, China were crushed and then sieved to obtain 5–30 mm
coarse recycled aggregate, while natural coarse aggregate (NCA)
was bought from a local commercial aggregate plant. The typical
physical properties of the two coarse aggregate types used in the
study are listed in Table 1. According to the Chinese code ‘‘Recycled
Coarse Aggregate for Concrete” (GB/T 25177-2010) [31] RCA can be
classified into three levels dependent on absorption characteristics,
and because the absorption of the RCA used in this study was 5.96%
the RCA corresponded to the third level (<8%) of GB/T 25177-2010.
In addition, the RCAwas intentionally not washed in order to inves-
tigate the influence of untreated RCA on the bond strength between
RAC and steel reinforcement. Normal Portland cement type 42.5
compliant with the Chinese standard GB 175-2007 [32] was used
for the test specimens and medium-sized natural sand was utilized
as fine aggregate in the mixture. Ribbed rebar type HRB400 with a
diameter of 20 mm was used as longitudinal reinforcement in the
test beams, having a yield strength and elastic modulus of
358.3 MPa and 2.02 � 105 MPa respectively. Stirrup reinforcement
was plain steel type HPB 300 having a diameter of 8 mm.

The mix ratios of the ordinary concrete are shown in Table 2.
Three replacement percentages (R = 0%, 50%, 100%) were consid-
ered in the experimental work, and cubic specimens with sides
of 150 mm were cast to confirm the compressive strength of the
mixed concrete. The tested 28-day compressive strengths of RC1,
RC2, and RC3 were 39.7 MPa, 40.6 MPa, and 32.0 MPa respectively.
It can be observed that the concrete compressive strength with 50%
replacement rate of RCA (Mix RC2) was almost the same as that of
the NAC, but decreased by 19.4% when the replacement percentage
was 100% (Mix RC3). This observation was attributed to the actual
w/c ratio having been reduced because of the high water absorp-
tion of RCA, and the effect that a lower w/c ratio has on elevating
the compressive strength. There was significant initial micro-
cracking in the RCA, attributed to the weakness of the interface
transition zone [33], resulting in the compressive strength of the
RAC being lower than for NAC. These observations suggest that
the compressive strength when using unwashed recycled aggre-
gates is influenced by the compound effect of an increase due to
lower actual w/c ratio and a decrease due to the reduced capacity
of the interface zone of RAC, with the lower w/c ratio being the
dominant contributor to strength loss when R = 50%, whereas the
reduced capacity of the interface zone is the primary effect when
R = 100%.

2.2. Beam specimens

Four groups of beams (a total of 12 beams) with a cross sec-
tional area of 150 mm � 250 mm were designed, corresponding
to 4 expected corrosion crack widths of RAC (0 mm, 0.1 mm,
0.3 mm and 0.6 mm). As shown in Fig. 1, the test beams were com-
posed of 2 symmetrical half-beams connected by a longitudinal
rebar in the lower region of the beam and by a hinge joint at the
top made of a I10 steel section. The length of the rebar embedment
for each half-beam was 200 mm, with PVC pipes used to de-bond
the remaining bar length at both ends. Only the bonded zone
was designed to be corroded, with the two measures adopted to
avoid corrosion of the bar ends and stirrups in the subsequent elec-
tric accelerated corrosion test being: (1) All stirrups and the
debonded length of longitudinal rebar were coated with epoxy
resin; and (2) 10 mm spacing was provided between the longitudi-
nal rebar and the stirrups as an additional assurance to prevent a
short-circuit of the rebar.



Table 1
Physical properties of coarse aggregates.

Aggregate type Gradation (mm) Observed Density (kg/m3) Bulk density (kg/m3) Water Absorption (%) Crushed index (%)

RCA 5–30 2430 1260 5.96 19.5
NCA 5–30 2760 1429 1.35 13

Table 2
Mix ratios.

No. w/c R (%) Ingredients (kg/m3)

RA NA C S W

RC1 0.5 0 0 1150 420 750 210
RC2 0.5 50 575 575 420 750 210
RC3 0.5 100 1150 0 420 750 210

w/c is water/cement ratio; R is replacement percentage, C is cement, S is sand, W is mixing water.

Fig. 1. Details of beam specimen (dimensions in mm).

520 H. Yang et al. / Construction and Building Materials 127 (2016) 518–526
To obtain the actual bond distribution in the reinforced RAC
beam, the longitudinal reinforcement was processed as follows:
(1) The bars were cut in half along their longitudinal axis using a
computer controlled machine, with a slot cut into each half rebar
having a size of 5 mmwide � 2.5 mm deep, as shown in Fig. 2(a);
and (2) Strain gauges measuring 1 mm � 1 mm were pre-
attached at different locations within the slot, and 0.5 mm diame-
ter headset wires were connected to each gauge Fig. 2(b).

2.3. Steel corrosion test

The electrochemical method was adopted to accelerate rebar
corrosion and 5% NaCl solution was used to mix the RAC in
order to disseminate uniform chloride seeds in the concrete
specimens, instead of using pure water. After 28 days standard
curing all beams were first immersed in 5% NaCl solution for
3 days to ensure enough free chlorine ions and water in the
(a) Slotted rebar
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Fig. 2. Rebar p
RAC matrix for use in the subsequent corrosion test. The NaCl
solution level was designed to be lower than the rebar position
during the process of electrochemical corrosion in order to avoid
a short circuit (Fig. 3). Next, the longitudinal beam reinforce-
ment was connected in series and attached to the regulator
anode, while the copper plate was placed into the NaCl solution
and connected to the regulator cathode. Finally, a constant cur-
rent (0.12 A) controlled by a DC power source was applied
between the longitudinal bars and the copper plate. Because
the reinforcement corrosion rate could not be directly measured
due to the limited range and precision of the electronic scale,
Faraday’s law and expected crack widths [34,35] were adopted
as methods to estimate and control the corrosion rate, as shown
as Eq. (1).

g ¼ Dw
m

¼ MIt
2mNe

ð1Þ
(b) View of rebar with strain gauge

rocessing.



Fig. 3. Electrochemical process.

Fig. 4. Setup for loading.

Fig. 5. Corrosion pattern of test beams.

(a) View of beam base (b) View of beam side 

Fig. 6. Typical crack pattern of reinforced RAC beam.
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where g is corrosion rate; M is the molar mass of the rebar
(56 g/mol); I (A) is the constant current (0.12 A); t(s); N is the Avo-
gadro Constant (6.02 � 1023 mol�1); m is the mass of the anchored
rebar (un-corroded); and e is the electron charge (1.6 � 10�19 �C).
P/2 b
2.4. Loading test

Fig. 4 shows the setup for loading, with the loading jack and
reaction frame being configured to apply two concentrated loads
with simply supported boundary conditions. Loading was con-
trolled by a pressure sensor and was applied incrementally, with
each load grading lasted about 5 min. Slip between the rebar and
concrete at both ends of the each beam specimen was measured
using displacement sensors, and strain data from the longitudinal
rebar were recorded using a static strain acquisition instrument
synchronized to the applied loading.
h

L-bb

c2 O

c1 T

T

P/2

Fig. 7. Diagram for T calculation.
3. Test results and discussion

3.1. Failure pattern

The maximum crack width at the base of the beam was mea-
sured after each corrosion test, with corrosion-induced cracks
developing along the axis of the longitudinal rebar and no trans-
verse cracks being observed, indicating that the stirrups were not
corroded (see Fig. 5).
A typical failure pattern after loading is shown in Fig. 6. For RAC
beams containing non-corroded reinforcement, the first load-
induced crack appeared at the base of each beam and formed
across the longitudinal reinforcement, with cracking next develop-
ing vertically on the side of the beam (Fig. 6(a)) until these cracks
intersected the level of the longitudinal rebar. The main diagonal
crack was typically accompanied by 1–2 secondary oblique cracks
(Fig. 6(b)). Following the development of the diagonal cracks on
the side of the beam, cracking developed on the beam base ori-
ented parallel to the direction of the longitudinal rebar. At this load
level bar slip at the free end increased rapidly and the width of the
inclined cracks further increased while the load value remained
unchanged. The failure pattern of the RAC beam with corroded
reinforcement was similar to that for the RAC beam containing
non-corroded reinforcement such that there was little apparent
effect due to the corrosion and RCA substitution. Significantly,
although the test beam was composed of two symmetrical half-
beams, because of material dispersion and fabrication error one
of the half-beams developed damage before the other.
3.2. Characteristic values of bond-slip

As shown in Fig. 7, the magnitude of T can be calculated accord-
ing to Eq. (2):



Table 3
Bond-slip characteristic values.

No. g (%) C (mm) P (kN) P0 (kN) s (MPa) S (mm)

RC1-0 0 0 120.0 87.6 8.99 2.50
RC1-1 4.2 0.10 112.6 90.1 8.44 2.10
RC1-2 6.0 0.35 95.1 77.9 7.13 1.03
RC1-3 17.3 0.60 90.0 79.3 6.74 0.93
RC2-0 0 0 106.0 88.0 7.94 1.54
RC2-1 4.2 0.15 101.0 85.5 7.57 0.75
RC2-2 6.0 0.35 88.2 82.1 6.60 0.19
RC2-3 17.3 0.55 86.0 75.5 6.44 1.75
RC3-0 0 0 101.0 70.9 7.56 1.25
RC3-1 4.2 0.15 94.9 75.1 7.11 0.50
RC3-2 6.0 0.35 94.1 76.6 7.05 1.07
RC3-3 17.3 0.60 85.6 69.7 6.41 0.23

Where g is the theoretical corrosion rate, C is the maximum corrosion-induced crack width, P is the ultimate bearing capacity, P0 is the load value when slip occurred at the
free end of rebar, and S is slip at the free end.
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Fig. 9. s-C relationship.
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T � ðh� c1 � c2Þ ¼ P
2
� ðL� 2bÞ ð2Þ

where P is the applied load value; b is the distance between
support and edge of beam (b = 20 mm); T is the tension force
on the longitudinal rebar; c1 is the distance from rebar center
to the base of beam (c1 = 45 mm); and c2 is the distance
between steel web center and top of beam (c2 = 35 mm). Substi-
tuting b = 20 mm, c1 = 45 mm, c2 = 35 mm, h = 250 mm and
L = 360 mm into Eq. (2) produces: T ¼ 16P=17. T is then used
to calculate the ultimate average bond strength (s) of reinforced
RAC as follows:

s ¼ T=ðpdl0Þ ð3Þ
where d is the diameter of rebar (d = 20 mm); l0 is the

embedment length of rebar (l0 = 200 mm). Bond-slip characteris-
tic values obtained from the beam tests are summarized in
Table 3.

3.3. Influence of rebar corrosion and RCA replacement on bond-slip

The bond-slip curve for the right half-beam of RC1-1 is shown
in Fig. 8, with the bond-slip curves for other tests being similar
to that for RC1-1. It can be seen that the slip initially grew slowly
with an increase of applied load, but increased suddenly once diag-
onal cracking had developed. The relationships for the ultimate
average bond strength versus crack widths are drawn in Fig. 9,
with Table 3 and Fig. 9 indicating that increased corrosion crack
widths resulted in a rapid decrease of the ultimate average bond
strength of RAC, and that the rate of decline reduced with an
increase of RCA replacement.
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Fig. 8. Bond-slip curve of RC1-1.
K is herein defined as s0/s to reveal the relative anti-sliding abil-
ity of a corroded reinforced RAC beam, where s0 is the average
bond strength when slip appears at a free end. Fig. 10 presents
the relationship between K and C, which shows that the K value
was in the range of 0.7–0.95 for concrete with different levels of
RCA. In addition, with the increase of corrosion crack widths or cor-
rosion rate, the K value first increased and then decreased. This
trend is possibly attributable to the bursting force generated due
to steel corrosion, resulting in an increase of the lateral restraining
force imposed on the stirrups, which enhances the relative anti-
sliding when the crack width or corrosion rate is relatively small,
but once the crack widths increase above a certain value, the rela-
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Fig. 10. K versus C.
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tive anti-sliding ability decreases because the confinement is
exhausted.

The correlations between s and replacement percentage are
drawn in Fig. 11. It can be clearly observed that the ultimate
bond strength generally decreased with an increase of
replacement percentage, although RAC with 50% recycled coarse
aggregate had a compressive strength that was equivalent to the
values obtained for NAC. This observation can probably be
explained by recognizing that there are more micro-cracks in
the internal RCA and more weak aggregate boundaries in RAC,
such that tensile cracking is most likely to occur at these weak
boundaries when the RAC beam is subjected to bending and
0 25 50 75 100 125 150 175 200
0

300

600

900

1200

1500

1800

2100

St
ra

in
 (μ

ε)

Distance (mm)

 16.4kN
 32.8kN
 49.2kN
 65.6kN
 82.0kN
 101kN 

(a) RC3-0 

0 25 50 75 100 125 150 175 200
0

300

600

900

1200

1500

1800

2100

St
ai

n 
(μ

ε)

Distance (mm)

16.4kN
 32.8kN
 49.2kN
 65.6kN
 82kN
 94.1kN

(c) RC3-2 

Fig. 12. Representative rebar strain distr
shearing stresses. Once a crack had initiated, it rapidly grew in
both length and width until it had developed into a main diag-
onal crack which induced the observed decrease in ultimate
bond strength.

3.4. Bond stress distribution of corroded reinforced RAC

The representative rebar strain distribution curves obtained
from the tests are shown in Fig. 12. All curves show the character-
istic that the strain value and the tangent slope gradually increase
from the free end to the load end. Assuming that the bond stress
distribution between adjacent strain gauges is uniform, one can
calculate sj according to Eq. (4):

sj ¼ dT
A

¼ Asðriþ1 � riÞ
pdhi

¼ EsAsðeiþ1 � eiÞ
pdhi

ð4Þ

where sj is the uniform bond stress between adjacent gauges; dT is
the difference between the tension forces at the two ends of each
micro segment; ri, riþ1 and ei, ei+1 are the tension stresses and
the measured rebar strains at the (i) and (i+1) gauge points sepa-
rately; hi is the distance between adjacent gauges; and Es, As and
d are the elastic modulus, the sectional area and the rebar diameter
respectively.

By numerically integrating the bond stress distribution along
the anchorage length according to Eq. (5), the theoretical tension
force P should equal the tension force T calculated by Eq. (2). If
the two values are found to be unequal then the difference
between these values should be deducted from each micro
segment according to the proportion of hi to make a fine modifica-
tion. At the conclusion of this process a series of smooth bond
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ibution along the anchorage length.



(a)RC3-0 (b)RC3-1

(c)RC3-2 (d)RC3-3

0

2

4

6

8

10

12

14

16

(M
Pa

)

X (mm)

16.4kN
32.8kN
49.2kN
65.6kN
82kN
101kN

0

2

4

6

8

10

12

14

16

X (mm)

16.4kN
32.8kN
49.2kN
65.6kN
82kN
94.9kN

0

2

4

6

8

10

12

14

16

X (mm)

16.4kN
32.8kN
49.2kN
65.6kN
82kN
94.1kN

0

2

4

6

8

10

12

14

16

X (mm)

16.4kN
32.8kN
49.2kN
65.6kN
85.6kN

(M
Pa

)

(M
Pa

)
(M

Pa
)

Fig. 13. Representative bond stress distribution curves.
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stress distribution curves for various loading conditions were
drawn as shown in Fig. 13.

P ¼
Xn

j¼1

ðsj � pdhiÞ ð5Þ

From Fig. 13 it can be seen that the bond stress distribution
curves of the reinforced concrete beams with different levels of
RCA substitution and different crack widths were similar. For low
levels of applied loading the bond stress near the load end
increased rapidly, with the bond stress then being gradually trans-
ferred to the free end with increasing load increments. It was found
that only the ultimate bond strength decreased with an increase of
RAC crack widths, whereas the regularity of the bond stress distri-
bution remained unchanged due to the stirrup confinement. Addi-
tionally, Fig. 13 reveals that the bond stress value in the vicinity of
the load end (X = 12.5 mm) was always greater than the corre-
sponding stress near the free end (X = 187.5 mm), which was unaf-
fected by the crack widths and RCA substitution. This result is
similar to that reported by Kankam and Zhang [22,35], but differs
from the test results obtained by Zhao [30], who found that the
middle of the RAC specimens exhibited the highest bond rigidity
when using a pull-out test.

3.5. Bond position function

To analyze the bond position function of RAC beams, the bond
stress distribution curves were normalized by plotting the relative
location X/l0 as the X-axis and plotting the relative bond stress
(w ¼ sj=s) as the Y-axis. The relationship of w and X/l0 reflects
the bond rigidity distribution at different locations. Fig. 14 shows
the comparison of bond rigidity distribution curves of RAC beams
with different crack widths and different RCA replacement per-
centages for data obtained at ultimate loading. It was found that
the bond rigidity increased sharply at both ends and almost linear
decreased in the range of 0.15–0.85 times the anchorage length. In
addition, the bond rigidity became more uniform as the crack
widths increased, whilst increasing RCA substitution had little
effect on the bond rigidity curves.

It was observed that the bond rigidity curves exhibited charac-
teristics that approached straight lines at both ends whilst linearly
decreasing in the middle segment (Fig. 14). Therefore, for practical
engineering application a trilinear model was established for the
bond position function as shown in Fig. 15(a), where four control
points define this model: 1 (0, 0), 2 (0.15, A1), 3 (0.85, A2), and 4
(1, 0). A1 and A2 can be determined by numerical fitting:

(1) C = 0 mm: A1 = 1.49, A2 = 0.67.
(2) C � 0.15 mm: A1 = 1.42, A2 = 0.71.
(3) C � 0.35 mm: A1 = 1.3, A2 = 0.82.
(4) C � 0.6 mm: A1 = 1.21, A2 = 0.9.

The results demonstrate that the value of A1 decreases whereas
the value of A2 increases with crack width increment which can be
also obviously observed from Fig. 15(b). This observation demon-
strates that the corrosion or crack width affects the bond position,
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Fig. 14. Bond rigidity curves for different crack widths.
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and the bond rigidity distribution became more uniform as the
crack widths increased. Once C > 0.6 mm, it can be inferred that
A1 = A2 = 1.0, id est, the bond stress distribution is uniform over
the anchorage length.
4. Conclusions

Twelve beam tests were conducted to determine the influence
of RCA substitution and crack widths on bond strength and to
establish bond rigidity curves for reinforced RAC. The main conclu-
sions from this study were as following:

(1) The ultimate average bond strength (s) of reinforced RAC
beams decreases overall with an increase of RCA replace-
ment percentage and corrosion crack widths. With an
increase of RCA substitution for RC1-2, RC2-2 and RC3-2
the ultimate average bond stress s declined at rates of
20.7%, 16.8% and 6.8%, which demonstrates that the rate of
decline reduced with an increase of RCA substitutuion.
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(2) As corrosion rate increases, the relative anti-sliding ability
(K) of reinforced RAC beams first increases and then
deceases, and the maximum K value appears as
C = 0.35 mm for different levels of RCA substitution.

(3) The bond rigidity curves for reinforced RAC beams are simi-
lar to that of NAC beams, with a sharp increase of bond rigid-
ity at both anchorage ends, and a linear decrease of bond
rigidity in the range of 0.15–0.85 times the anchorage
length. This observation supplements Zhao’s finding, which
only indicate the middle of the specimens exhibited the
highest bond rigidity. In addition, RCA substitution has little
effect on bond rigidity.

(4) A trilinear model is suggested to establish the bond position
function of RAC beams containing corroded reinforcement.
With an increase of corrosion rate or crack width, the value
of parameter A1 in this model decreases whereas the value of
parameter A2 increases. Bond strength can be deemed as
uniform over the anchorage length when the crack width
greater than 0.6 mm.
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