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Abstract 
In order to detect the grouting defects of the assembled building joints, this study uses ultrasonic testing 
methods to detect the grouting sleeves in six different defect conditions in the laboratory and the two-sided 
grouting and unfilled shear wall joints. The main ultrasonic sound velocity value detection index, research 
shows that: through the grouting sleeve ultrasonic detection sound velocity value analysis, ultrasonic testing 
can effectively detect the position of the grouting defect in the sleeve, there is a clear boundary line between 
the defect and the non-defect; And the eccentricity has an influence on the sound velocity value of the 
unfilled part, and the influence on the sound velocity value of the grouting part is not obvious; the ultrasonic 
sound velocity value and the amplitude detection result of the grouting sleeve of the field assembled shear 
wall joint are analyzed, and the unfilled sleeve shear wall test component is analyzed. The acoustic wave test 
results are around 1.0km/s-1.3km/s, and the acoustic wave test results of the grouting sleeve shear wall test 
members are around 2.0km/s-2.3km/s. The ultrasonic test wave of the ungrouted sleeve shear wall test 
component is tested. The amplitude result is about 24.3 dB - 30.0 dB, and the ultrasonic test wave amplitude 
value of the grouting sleeve shear wall test component is 40.3 dB - 44.5 dB. Around dB, the position of the 
grouting sleeve and the unfilled sleeve can be effectively discriminated by ultrasonically detecting the sound 
velocity value and the amplitude value. 
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INTRODUCTION 
The connection of steel grouting sleeves is a 

concealed project. It is difficult to make a correct 
judgment on the quality of the connection of the steel 
grouting sleeve by visual inspection. It is necessary to 
assist the judgment of the quality and safety of the 
connection by means of relevant detection methods. 
The main factors affecting the formation of sleeve 
grouting defects include leakage (considering the 
direction of grouting, location of defects, etc.), 
eccentricity of steel bars, fluidity of grouting, 
disturbance of subsequent construction and influence 
of inferior grouting (Zheng et al. 2017b). The grouting 
defects have an effect on the bearing capacity, 
deformation performance and seismic performance of 

the assembled members of the steel sleeve grouting 
specimen (Zheng et al. 2017a, 2018). 

Ultrasonic testing technology is widely used in civil 
engineering. Li et al. (2001) used ultrasonic single-sided 
flat test to detect the depth of concrete structure cracks, 
and evaluated the influence range of concrete cracks by 
crack depth test results. An et al. (2010) studied the 
correlation between the corrosion degree of steel bars 
and the ultrasonic wave velocity, and used the ultrasonic 
wave velocity detected at a certain moment to estimate 
the corrosion damage degree of reinforced concrete. 
Zhang et al. (2007) used the spectrum analysis method 
to obtain the spectral characteristics of the ultrasonic 
wave. By comparing the spectral difference between the 
intact concrete and the defective concrete acoustic wave 
test, the internal defects of the concrete were 
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comprehensively judged. Petro and Kim (2011) used 
the ultrasonic pulse velocity (UPV) method to 
experimentally study the delamination of concrete, and 
evaluated the location and size of the layer on the plate. 
Shokouhi et al. (2017) applied dynamic acoustic 
elasticity testing (DAET) techniques to monitor damage 
inside materials. Moradi-Marani et al. (2014) explored 
the feasibility and sensitivity of ultrasonic testing for 
mechanical damage of reinforced concrete slabs in 
reinforced concrete slab bending tests, and analyzed the 
effects of alkali-silicon reactions in concrete or concrete. 
Pahlavan et al. (2018) studied the interaction of 
ultrasonic waves with locally closed surface cracks in 
concrete structures. Sabbağ and Uyanık (2017) revealed 
the strength of reinforced concrete by ultrasonic P and 
S wave velocities. Benaicha et al. (2015) used the 
ultrasonic velocity method to evaluate the non-
segregation filling ability of self-compacting concrete, 
and compared the uniformity and quality of concrete. 
Xu et al. (2013) discussed the correctness and feasibility 
of ultrasonic testing technology for testing small 
diameter concrete filled steel tubular specimens. Huang 
Huang and Xu (2010) showed that the ultrasonic pulse 
wave has strong penetrating ability and is suitable for 
detecting concrete. The ultrasonic testing equipment is 
simple and easy to operate, and is widely used in 
concrete structure defect detection. In this study, 
ultrasonic testing methods were used to detect 
construction quality problems such as incomplete 
filling of the sleeve or leakage irrigation. 

ULTRASONIC TESTING OF GROUTING 
DEFECTS IN STEEL SLEEVE 

Ultrasonic Steel Sleeve Grouting Detection 
Principle 

When there is a gap between the steel sleeve and the 
grout, since the wave velocity of the ultrasonic wave in 
the air is much lower than the wave velocity in the steel 
and the grout, the energy released by the ultrasonic 
wave in the air is much greater than that in the steel and 
grouting. The attenuation in the material causes the 
propagation time to increase and the amplitude of the 
amplitude to increase, and when the ultrasonic wave is 
transmitted from the steel material into the air, the 
phase of the acoustic wave changes due to the change of 
the propagation medium from the original solid state to 
the current gaseous state, thereby testing the waveform. 
There will be distortion. In the case of no gaps and gaps, 
the time difference, phase change and amplitude 
attenuation of the ultrasonic wave can be used to infer 
the presence or absence of the gap, the position and its 

state, and finally the grout in the steel sleeve. The 
material density is judged. 

When the ultrasonic first wave method is used to 
detect the compactness of the grout in the steel sleeve, 
the first wave of the received signal is the ultrasonic 
longitudinal wave transmitted along the radial direction 
of the steel sleeve, and the propagation time around the 
half circumference of the steel sleeve wall is longer. 
Because the ultrasonic wave is transmitted between two 
points, the principle of path propagation with the least 
time is automatically selected. That is, the sound of the 
ultrasonic wave propagating radially through the 
grouting material must be smaller than the acoustic 
time value directly passed through the rebar sleeve. 
Otherwise, the ultrasonic first wave will not propagate 
radially along the grouting material and directly pass 
through the reinforcing steel sleeve to the receiving 
probe. This makes it impossible to determine the 
internal defects of the steel sleeve. Through the 
summary of people’s experience in the past, the first 
wave acoustic time method is the most suitable method 
in actual detection. 

(1) Ultrasonic propagation path in the steel sleeve 

 𝐿𝐿 =
𝜋𝜋
2

(𝐷𝐷 − 2𝛿𝛿) + 2𝛿𝛿 (1) 

L is the length of the propagation path of the 
ultrasonic wave in the sleeve; D is the diameter of the 
outer wall of the steel sleeve; δ is the wall thickness of 
the steel sleeve. 

(2) Propagation path of ultrasonic in the dense area 
of the grout in the steel sleeve 

 
Fig. 1. Schematic diagram of ultrasonic propagation in 
an empty sleeve 
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There are two kinds of propagation paths for 
ultrasonic waves in the dense area of the steel sleeve, one 
is radial propagation, and the other is to propagate 
around the wall of the steel sleeve. When the steel sleeve 
grout has good compactness, the acoustic wave emitted 
by the ultrasonic wave propagates along the radial 
direction of the grouting material less than the acoustic 
time value directly radiated through the reinforcing 
steel sleeve. The time during which the ultrasonic wave 
propagates radially along the reinforcing bar sleeve is 
determined by the following equation. 

 𝑡𝑡1 =
2𝛿𝛿 + 𝑑𝑑
𝑉𝑉1

+
𝐷𝐷 − 2𝛿𝛿 − 𝑑𝑑

𝑉𝑉2
 (2) 

Where: t1 is the radial propagation sound of 
ultrasonic wave in concrete; D is the outer diameter of 
the steel sleeve; d is the diameter of the steel bar; δ is the 
wall of the steel sleeve; V1 is the propagation speed of 
ultrasonic wave in the steel sleeve and steel ;V2 is the 
propagation speed of ultrasonic waves in the grout. 

(3) The time when the ultrasonic wave is directly 
traversed through the steel sleeve along the steel sleeve 
is determined by the following formula 

 𝑡𝑡2 =
2𝛿𝛿 + 0.5(𝐷𝐷 − 2𝛿𝛿)𝜋𝜋

𝑉𝑉1
 (3) 

Where: t2 is the sound when the ultrasonic wave 
directly passes through the steel sleeve; D is the outer 
diameter of the steel sleeve; δ is the wall thickness of the 
steel sleeve; V1 is the propagation speed of the ultrasonic 
wave in the steel sleeve and the steel. 

Ultrasonic Testing and Signal Analysis of Sleeve 
Grouting 

Fig. 3 shows the actual sleeve required for the test. 
In order to compare the difference between the 
ultrasonic inspection of the sleeve grouting part and the 
unfilled part, a total of six working conditions were 
designed for this test, as shown in Fig. 4 and Table 1. 
Take 5 measuring points along the height. 

 
Fig. 2. Schematic diagram of the propagation path of the ultrasonic wave after grouting 

 
Fig. 3. Sleeve physical map 

Table 1. Classification of test conditions 
Working condition 

classification Working condition 

a Unfilled sleeve 
b Reinforced full grout 
c Unreinforced semi-grouting 
d Center steel full grouting 
e Center steel semi-grouting 
f Eccentric steel bar grouting 
g Eccentric steel bar semi-grouting 
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Comparative Analysis of Ultrasonic Sound 
Velocity Values under Different Working 

Conditions 

Comparison of sound velocity values between a working 
condition and b working condition 

A comparison of the sound velocity values of the 
unfilled sleeve working condition and the b-free full 
grouting condition test (Table 2, Fig. 5), the sound 
velocity value of the unfilled sleeve is about 0.9 km/s, 
and the sound velocity of the full grouting sleeve is at 
Around 9.0km/s, the sound velocity value of the 
unfilled sleeve differs greatly from the sound velocity 
value of the full grouting sleeve. The ultrasonic method 
can effectively detect the hole in the grouting sleeve. 

Comparison of sound velocity values between b working 
condition and c working condition 

The working condition and the c-condition test 
sound velocity value results (Table 3, Fig. 6). The 
sound velocity values of some grouting specimens are 
significantly different on the two sides of the grouting 
boundary. The sound velocity value of the grouting part 
and the sound velocity value of the full grouting 
specimen Basically consistent, it shows that the 

 
Fig. 4. Various working condition sleeve test pieces 

Table 2. Sound velocity detection table for grouting 
and no grouting sleeve (km/s) 

Measuring point a conditional speed 
of sound 

b conditional speed 
of sound 

1 0.862 9.091 
2 0.934 8.576 
3 0.926 9.090 
4 0.844 8.333 
5 0.985 8.573 

 

 

 
Fig. 5. Comparison of sound velocity values between 
grouting and non-grouting sleeves 
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ultrasonic method can effectively detect the filling of 
the grouting sleeve is not full. 

Comparison of sound velocity values between d working 
condition and e working condition 

Comparing the working condition d with the 
working condition e test sound velocity value results 
(Table 4, Fig. 7), the central steel bar has an effect on 
the sound velocity value of the unfilled portion, and the 

effect on the sound velocity value of the grouting 
portion is not obvious. 

Comparison of sound velocity values between f working 
condition and g working condition 

Comparing the working condition f and the 
working condition g test sound velocity value results 
(Table 5, Fig. 8), the eccentric steel bar has an 
influence on the sound velocity value of the unfilled 
part, and the influence on the sound velocity value of 
the grouting portion is not obvious, which is basically 
consistent with the central steel bar test result. 

ASSEMBLY SHEAR WALL ON-SITE 
INSPECTION 

Basic Situation of Field Test 
The test specimens were provided by Beijing 

Yantong Building Component Co., Ltd. The test 
components were two-side grouted and ungrouted 
shear wall members. The wall size of the members was 
2.7 m, the wall length was 3.5 m, and the wall thickness 
was 0.35 m. The test layout grid spacing is 5cm, and the 
unfilled shear wall members are arranged in a total of 24 

Table 3. Sound velocity table of full grouting and semi-grouting sleeve (km/s) 
Measuring point 1 2 3 4 5 

b conditional speed of sound 9.091 8.576 9.090 8.333 8.573 
c conditional speed of sound 0.915 0.884 1.610 8.692 9.073 

 

Table 4. Sound Velocity Value Table (km/s) of Partial Grouting Sleeve of Steel Bars 
Measuring point 1 2 3 4 5 

d conditional speed of sound 9.090 9.120 9.090 8.763 8.333 
e conditional speed of sound 1.786 1.754 9.075 9.092 9.031 

 

Table 5. Sound Velocity Value Table (km/s) of Partial Grouting Sleeve of Steel Bars 
Measuring point 1 2 3 4 5 

f conditional speed of sound 9.091 9.091 9.091 9.091 9.091 
g conditional speed of sound 1.784 1.772 9.063 8.333 9.090 

 

 
Fig. 6. Comparison of sound velocity values of full 
grouting and semi-grouting sleeves 

 

 
Fig. 7. Comparison of the sound velocity values of the 
grouting sleeves of the steel bars in the positive and 
oblique insertion 

 
Fig. 8. Comparison of the sound velocity values of the 
grouting sleeves of the steel bars in the positive and 
oblique insertion 
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columns to remove the position of the non-grouting 
sleeve. The effective measuring points are 5 rows and 18 
columns, for a total of 90 measuring points. Grouting 
shear wall members have 5 rows and 9 columns, and 45 
measuring points are shown in Figs. 9 and 10. 

Ultrasonic Test Results 
Sound velocity analysis 

The test adopts the horizontal measurement 
method. Each measurement point is averaged 5 times. 
The results of the sound speed value data are shown in 
Table 6 and Table 7. The sound speed average 
comparison curve is shown in Fig. 11. 

From the ultrasonic sound velocity parameter value 
as shown in Fig. 11, the ultrasonic test sound velocity 

value of the unfilled sleeve shear wall test component is 
about 1.0 km/s-1.3 km/s, and the ultrasonic test sound 
velocity value of the grouting sleeve shear wall test 
component results in From 2.0 km/s to 2.3 km/s, the 
sound velocity value of the hollow area and the compact 
area is significantly reduced. The position of the 
grouting sleeve and the unfilled sleeve can be effectively 
determined by ultrasonically detecting the sound 
velocity value. 

 

  
Fig. 9. Schematic diagram of measuring points 

 

  
Fig. 10. Test site map 
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Wave amplitude analysis 
From the comparison of the ultrasonic amplitude 

parameters of Table 8, Table 9 and Fig. 12, the 
ultrasonic test wave amplitude of the unfilled sleeve 
shear wall test component is about 24.3dB - 30.0dB, and 
the ultrasonic test amplitude of the grouting sleeve 
shear wall test component The value of the result is 
about 40.3 dB - 44.5 dB. The amplitude of the detection 
wave is obviously reduced due to the cavity of the 
unfilled sleeve shear wall. The amplitude of the 
ultrasonic wave can be used to distinguish the grouting 
sleeve from the unfilled sleeve. 

CONCLUSION 
Through the ultrasonic testing of the grouting sleeve 

of various working conditions and the grouting sleeve 
of the field-assembled shear wall joint, the following 
conclusions can be drawn: 

(1) Ultrasonic testing can effectively detect the 
position of grouting defects in the sleeve by ultrasonic 
testing of the sound velocity value of the grouting 
sleeve, and there is a clear boundary between the defect 
and the non-defective. 

(2) Comparing the ultrasonic sound velocity value 
of the steel bar in the condition of the steel bar, the 
center steel bar has an influence on the sound velocity 
value of the unfilled part, and the effect on the sound 

Table 6. Shear wall sleeve unfilled sound velocity table 
Measuring point 1 2 3 4 5 6 7 8 9 

A row of sound speed 1.324 1.245 1.043 1.312 1.078 1.412 1.189 1.520 1.333 
B row of sound speed 1.112 1.084 1.348 1.218 1.113 1.085 1.389 1.034 1.325 
C row of sound speed 1.097 1.325 1.256 0.987 1.385 1.236 1.223 1.118 1.425 
D row of sound speed 1.076 1.331 1.453 1.012 1.368 1.089 1.348 1.331 1.238 
E row of sound speed 1.348 1.221 1.113 1.078 1.043 1.412 1.256 1.231 1.031 

average value 1.191 1.241 1.243 1.121 1.197 1.247 1.281 1.247 1.270 
Measuring point 10 11 12 13 14 15 16 17 18 

A row of sound speed 1.215 1.378 1.300 1.243 1.171 1.243 1.253 1.227 1.361 
B row of sound speed 1.222 1.184 1.138 1.222 1.213 1.182 1.311 1.145 1.375 
C row of sound speed 1.201 1.362 1.278 1.146 1.182 1.336 1.345 1.108 1.221 
D row of sound speed 1.003 1.035 1.353 1.212 1.368 1.289 1.211 1.336 1.263 
E row of sound speed 1.168 1.256 1.003 1.173 1.243 1.353 1.156 1.145 1.175 

average value 1.162 1.243 1.214 1.199 1.235 1.281 1.255 1.192 1.279 
 

Table 7. Sound velocity table of measuring point after shear wall sleeve grouting 
Measuring point 1 2 3 4 5 6 7 8 9 

A row of sound speed 1.954 2.045 2.043 2.312 2.078 2.112 2.189 2.120 2.333 
B row of sound speed 2.029 2.084 2.148 2.218 2.113 2.085 2.089 2.034 2.025 
C row of sound speed 2.209 2.125 2.156 1.987 2.085 2.236 2.223 2.118 2.111 
D row of sound speed 2.125 2.131 2.253 2.012 2.368 2.089 2.111 2.231 2.200 
E row of sound speed 2.065 2.021 2.113 2.078 2.043 2.112 2.221 2.231 2.020 

average value 2.076 2.081 2.143 2.121 2.137 2.127 2.167 2.147 2.138 
 

 
Fig. 11. Comparison of the average sound velocity of 
shear wall grouting and ungrouting 

 
Fig. 12. Comparison of average values of grouting and 
unfilling amplitude of shear wall 
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velocity value of the grouting portion is not obvious. 
The eccentric steel bar has an effect on the sound 
velocity value of the unfilled part, and the effect on the 
sound velocity value of the grouting part is not obvious, 
which is basically consistent with the central steel bar 
test result. 

 

(3) Analysis of the ultrasonic sound velocity value 
and amplitude detection results of the grouting sleeve 
of the on-site assembled shear wall joint. The acoustic 
wave test results of the unfilled sleeve shear wall test 
member are around 1.0km/s-1.3km/s, grouting sleeve. 
The acoustic wave test results of the shear wall test 
component are about 2.0km/s-2.3km/s, and the 
ultrasonic test wave amplitude of the unfilled sleeve 
shear wall test component is about 24.3dB-30.0dB. The 
grouting sleeve shear wall test. The ultrasonic wave test 

amplitude value of the component is about 40.3 dB - 
44.5 dB. The position of the grouting sleeve and the 
unfilled sleeve can be effectively determined by 
ultrasonically detecting the sound velocity value and the 
amplitude value. 
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