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Abstract. Perlite lightweight concrete has been extensively utilized in building 

structures. However, during its usage, the long-term loading on the building 

structure leads to a deterioration of the mechanical properties of perlite light-

weight concrete and significantly impacts the durability of the building. There-

fore, in order to investigate the creep properties and acoustic emission character-

istics of perlite lightweight concrete under different stress levels, a real-time 

monitoring test was conducted on stepwise loaded perlite modified concrete to 

analyze the pattern of axial deformation changes. The evolution characteristics 

of creep damage were examined based on acoustic emission parameters, and the 

AE b-value characteristics during different creep stages were investigated. The 

test results demonstrate that before reaching five levels of creep loading curve, 

perlite lightweight concrete mainly exhibits decelerated creep and isotonic creep; 

however, in the last stage of creep damage after experiencing decelerated creep 

directly transitions into accelerated creep. The instantaneous strain exponentially 

increases with each loading level, while the rate of decelerated creep is positively 

correlated with stress level. The counts and amplitude of acoustic emission ring-

ing are more active during the decelerated creep and accelerated creep stages. In 

the first three stages of isokinetic creep, there is a sparse number of acoustic 

emissions, while in the last two stages, there is a significant increase. The b value 

of acoustic emission shows an upward trend in the first three levels of creep load-

ing process, followed by small fluctuations in the b value during the deceleration 

stage of creep loading. At 80% compressive strength during isokinetic creep late 

stage, there is a sudden reduction in b value indicating non-stable state develop-

ment for the sample. During the final loading damage stage, there are intensive 

fluctuations and variations in b-value suggesting impending specimen destabili-

zation and damage. Acoustic emission b-value can effectively reflect the expan-

sion process of cracks in perlite lightweight concrete under creep conditions and 

provide precursor warning information for its destruction. 
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1 Introduction 

The expanded perlite possesses the advantages of being lightweight, providing good 
thermal insulation, having a high storage capacity, and being cost-effective, thus exhib-
iting significant utility value. Lightweight concrete incorporating expanded perlite as 
an admixture has gained extensive utilization in building structures due to its excep-
tional performance [1-2]. The material exhibits not only exceptional load-bearing ca-
pacity, but also possesses remarkable strength. In the case of buildings, their design 
service life typically exceeds 50 years; however, prolonged exposure to heavy loads 
can lead to structural deformation and a deterioration in mechanical properties [3-4]. 
The objective of this study is to investigate the creep characteristics and acoustic emis-
sion behavior of perlite lightweight concrete under various stress levels. Graded loading 
creep tests with real-time acoustic emission monitoring were conducted on perlite-mod-
ified concrete. By examining the creep mechanism and damage process of perlite light-
weight concrete, effective measures can be implemented to enhance the service life of 
concrete structures and ensure their safety. Therefore, it is crucial to explore the dura-
bility and long-term deformation of perlite lightweight concrete for practical engineer-
ing applications. 

Currently, Research on creep characteristics and durability of perlite lightweight 
concrete is very scarce, mainly focusing on conventional mechanical tests. Gaoyuan et 
al [5] investigated the effect of perlite mineral sand and expanded perlite on the me-
chanical properties of concrete; Liu Wei et al [6] established a mathematical model for 
the compressive strength of concrete by using expanded perlite as an internal curing 
material; Wang Bashun et al [7] found that the higher the dosage of expanded perlite 
admixture, the lower the split tensile strength of concrete ; Ozkan Sengul et al [8] 
showed that compressive strength and modulus of elasticity decreased with the increase 
of perlite admixture, while thermal conductivity increased significantly; Wang, W.J.,et 
al[9] Expanded perlite-based phase change concrete columns were tested for axial com-
pressive performance, and the effects of load-strain curves and axial compressive bear-
ing capacity were investigated; Ahmet Tandiroglu [10] studied the effects of water-
cement ratio, perlite aggregate admixture and temperature on the properties of high 
strength lightweight perlite concrete; Bulut H. Alperen.[11] used natural perlite to pro-
duce lightweight aggregate concrete composites and investigated their mechanical, per-
meability and durability properties. Existing studies have thoroughly analyzed the me-
chanical properties of perlite concrete. Existing studies have comprehensively analyzed 
the mechanical and thermal conductivity properties of perlite concrete, while there is a 
lack of research on creep damage characteristics, especially for perlite lightweight con-
crete structures exposed to long-term loading, it is particularly important to study the 
creep and long-term durability of compression members. 

The acoustic emission technique, being a non-destructive testing method, has been 
extensively employed for the long-term health monitoring of concrete structures and 
has exhibited commendable monitoring efficacy [12-13]. Acoustic emission not only 
facilitates real-time monitoring but also provides insights into the internal damage con-
ditions of concrete through its acoustic emission parameters [14-15]. Consequently, 
utilizing acoustic emission for monitoring the long-term deformation of concrete can 
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further elucidate the creep damage characteristics and precursor indicators of perlite 
concrete. In summary, alongside the investigation of mechanical properties such as 
strength, greater emphasis should be placed on the creep damage characteristics of per-
lite lightweight concrete. Over time, creep may lead to a reduction in the durability of 
structural components and result in various operational issues. However, there is lim-
ited research available regarding the creep behavior of expanded perlite lightweight 
concrete. This study focuses on expanded perlite lightweight concrete and conducts 
graded loading creep tests with real-time acoustic emission detection to analyze the 
deformation and damage characteristics of specimens, thereby providing an experi-
mental foundation for engineering applications. 

2 Test Program 

2.1 Test Materials 

Expanded perlite offers several advantages, including lightweight properties, excellent 
thermal insulation, high storage capacity, and cost-effectiveness. Its utility value is sig-
nificantly high. The expanded perlite utilized in this study is derived from perlite ore 
that undergoes preheating and roasting processes, resulting in a rapid volume expansion 
of 4 to 30 times under elevated temperatures ranging from 1,000 to 1,300 °C, as illus-
trated in Figure 1. Additional test materials include Conch brand ordinary silicate ce-
ment of grade 42.5, secondary fly ash, powdered polycarboxylate high-performance 
water-reducing agent, and domestic tap water. 

 
Fig. 1. Expanded perlite physical picture 

In accordance with JGJ51-2002 'Lightweight Aggregate Concrete Technical Speci-
fication' for mix design, a series of proportioning tests were conducted to ultimately 
determine the optimal comprehensive performance of perlite lightweight concrete mix 
design, as presented in Table 1. 

Table 1. Proportioning design of perlite lightweight concrete 

matching cement coal ash perlite Water water reduc-
ing agent 

Quality /kg 250 380 95 380 0.7
Note：The above is the amount of 1m3 perlite lightweight concrete material. 
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2.2 Test Method 

Standard cylindrical specimens with dimensions of 50 mm in diameter and 100 mm in 
height were prepared according to the mixing ratio outlined in Table 1. Following 
demolding, the specimens were cured under standard conditions for a duration of 28 
days. Subsequently, uniaxial compression tests were conducted using a TAW-1000 mi-
crocomputer-controlled mechanical testing machine to measure the compressive 
strength (fc) of perlite lightweight concrete, employing a displacement-controlled load-
ing mode at a rate of 0.06 mm/min. Graded loading creep tests were then performed to 
investigate the strain behavior of concrete subjected to constant stress over extended 
periods and to evaluate the long-term performance of perlite concrete materials. Con-
currently, an acoustic emission system was utilized for real-time monitoring; this al-
lowed for the detection of subtle changes during the creep process through sound sig-
nals, facilitating further understanding and analysis of internal damage and crack for-
mation as well as their development processes, thereby enabling an in-depth study into 
the mechanisms governing creep and its influencing factors. The acoustic emission pa-
rameters were configured with a threshold of 35 dB and a sampling frequency of 2 
MHz. An acoustic emission probe was affixed to the specimen surface, with a coupling 
agent applied between them to enhance the fitting effect. The initial loading stress was 
set at 40% of the compressive strength, corresponding to a loading ratio (k) of 0.4; 
subsequent stress increments were made by 10% at each level (k = 0.5, 0.6, 0.7, 0.8, 
and 0.9), maintaining a loading duration of 12 hours for each level until specimen fail-
ure occurred, as illustrated in Figure 2(a). The creep loading method employed was 
stress-controlled with a loading rate of 0.1 MPa/s. The mechanical testing machine and 
acoustic emission system are depicted in Figure 2(b). 

 
(a) Load Level Schematic           (b) Mechanical testing machine and   

                                     acoustic emission system 

Fig. 2. Loading schematic and test system 



8             Q. Li et al.

3 Test Results and Analysis 

3.1 Creep Curve Analysis 

Figure 3(a) illustrates the creep curve of perlite lightweight concrete under graded load-
ing conditions. As depicted in the figure, with increasing stress levels and time, the 
creep curve exhibits a stepwise increase. At each application of grade stress, the internal 
structure of the specimen is instantaneously compacted, resulting in abrupt axial defor-
mation over a short duration; once the target stress value is reached and maintained 
without change while continuing to load, the curve remains relatively horizontal as ax-
ial deformation stabilizes, leading to creep deformation. When k ≤ 0.5, axial defor-
mation is primarily governed by transient strain; for 0.6 ≤ k ≤ 0.8, after load application, 
the slope of the curve initially increases before decreasing and subsequently stabiliz-
ing—indicative of decelerating creep followed by isochronous creep. Figure 3(b) pre-
sents an enlarged view of the curve at k = 0.9; it reveals that during this stage, although 
decelerated creep occurs, no isochronous creep takes place—the slope rapidly increases 
until specimen failure manifests as two distinct stages: decelerated and accelerated 
creep. 

 
(a) Creep whole process curve        (b) Enlargement of the curve at k=0.9 

Fig. 3. Graded Loading Creep Curve of Pearl Lightweight Rock Concrete  

The relationship between creep loading stress levels and instantaneous strain of per-
lite lightweight concrete is illustrated in Figure 4. The instantaneous strain exhibited a 
nonlinear increase with rising stress levels. Further analysis revealed that the instanta-
neous strain increased as an exponential function of k, with an R² value of 0.9937, in-
dicating a strong exponential correlation. Specifically, the instantaneous strain in-
creased by 0.047 × 10⁻² at k = 0.5 compared to k = 0.4, by 0.066 × 10⁻² at k = 0.6 
relative to k = 0.5, and further increases of 0.160 × 10⁻² and 0.218 × 10⁻² were observed 
at k = 0.7 and k = 0.8 respectively. This indicates that when the stress increases by a 
constant value, the corresponding strain does not increase uniformly but rather gradu-
ally escalates; thus suggesting that as the stress level rises, the damage inflicted on the 
specimen due to applied axial stress becomes progressively greater than at previous 
levels, leading to an incremental rise in irreversible deformation. 
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Fig. 4. Relationship between loading level and instantaneous strain 

 
Fig. 5. Creep rate of perlite lightweight concrete at different stress levels

3.2 Creep Rate 

Figure 5 illustrates the creep rate of perlite lightweight concrete at various stress levels. 
As depicted in the figure, when k ≤ 0.8, there is a sudden increase in the creep rate 
during the initial stage of each stress application, and with rising stress levels, the creep 
rate also gradually increases. When k ≤ 0.6, during each load's isokinetic creep stage, 
the rate approaches zero; however, for 0.7 ≤ k ≤ 0.8, the isokinetic creep stage exhibits 
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a tendency towards very small values—specifically at k = 0.8 where it exceeds that of 
overall k = 0.7—indicating that at higher stress levels, the cumulative deformation rate 
during isokinetic creep surpasses that observed at lower stress levels. In the final load-
ing process, the specimen experiences an incomplete deceleration phase where the 
creep rate initially rises slightly before decreasing; this is followed by a sharp increase 
in creep rate indicative of accelerated creeping behavior leading to specimen destabili-
zation. 

4 Creep Acoustic Emission Characterization 

4.1 Characterization of Ringing Counts 

 
Fig. 6. The whole process of graded loading creep damage ringing counts - cumulative ringing 

counts change rule 

As illustrated in Figure 6, the acoustic emission ringing counts and cumulative ringing 
counts of perlite lightweight concrete are presented across all stress levels over time. 
Analyzing the trend of these ringing counts reveals that upon initial loading, pre-exist-
ing defects within the specimen are instantaneously compacted, resulting in a signifi-
cant generation of acoustic emission signals and a surge in ringing counts. The ringing 
counts during the deceleration creep stage exceed those observed during the isokinetic 
creep stage, with a more concentrated distribution; this indicates that internal crack de-
velopment during the deceleration creep phase releases a substantial number of elastic 
waves, suggesting more active crack propagation. Furthermore, the maximum ringing 
counts during this phase gradually increase with higher loading levels due to crack in-
itiation and expansion of existing cracks, leading to an ongoing escalation in damage 
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to the specimen. When k ≤ 0.6, only a minimal number of AE ringing counts are pro-
duced during the isokinetic creep stage; however, for 0.7 ≤ k ≤ 0.8, there is a notable 
increase in AE ringing count distribution compared to earlier loading levels. It is evi-
dent that at low stress levels, the compactness of the specimen improves, resulting in 
minimal damage during the isokinetic creep stage. Conversely, at high stress levels, 
significant creep damage occurs within the specimen during this same stage, leading to 
an increase in micro-ruptures. As the specimen transitions into the accelerated creep 
stage, crack propagation accelerates and develops into macroscopic cracks; conse-
quently, AE ringing counts surge and reach their maximum value just prior to failure. 
The cumulative ringing counts exhibit a stepwise increase: each deceleration creep 
stage results in a slight increment followed by a relatively stable curve during the iso-
kinetic creep phase. Ultimately, there is a sharp rise in cumulative ringing counts during 
the accelerated creep stage, with the curve becoming nearly vertical before failure. 

4.2 Amplitude Evolution Characteristics 

The evolution of acoustic emission amplitude over time for perlite lightweight concrete 
under various stress creep levels is illustrated in Figure 7. When k ≤ 0.8, during each 
loading creep process, the maximum amplitude observed in the deceleration creep stage 
exceeds that of the isokinetic creep stage, with a more concentrated amplitude distribu-
tion in the deceleration phase. Conversely, the amplitude distribution during the isoki-
netic creep stage becomes increasingly sparse as time progresses, indicating that inter-
nal damage during the deceleration creep process is more pronounced, resulting in a 
greater number of amplitude distribution points. In the first three loading levels, the 
scatter distribution of amplitudes during the isokinetic creep stage remains sparse, with 
almost no amplitudes recorded in later stages; however, at the last two loading levels, 
there is a significant increase in amplitude counts compared to earlier levels, reflecting 
an escalating degree of internal rupture within the specimen. In the final stage of stress-
accelerated creep, both the acoustic emission amplitude values and their density signif-
icantly increase compared to previous creep levels, indicating that internal destruction 
and damage within the specimen are more severe. As illustrated in Figure 7(f), prior to 
failure, a region of extremely high amplitude is observed, characterized by dense acous-
tic emission signals; this intense crack development suggests that the specimen is on 
the verge of destabilization. 

Furthermore, it is evident from the figure that the maximum amplitude during the 
initial loading deceleration creep stage is significantly higher than that observed in sub-
sequent stress level loading stages. This phenomenon can be attributed to the instanta-
neous fracture of the internal pore structure of the specimen under applied pressure, 
resulting in substantial deformation and a marked increase in amplitude. However, as 
loading continues, the micropores within the specimen become largely compacted, en-
hancing its structural integrity. This observation aligns with the sudden rise in ringing 
counts noted during the initial loading phase. 
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(a) k=0.4 (b) k=0.5 

(c) k=0.6 (d) k=0.7 

 
(e) k=0.8 (f) k=0.9 

Fig. 7. Amplitude evolution laws at different stress levels 

4.3 Characterization of Acoustic Emission b-value Evolution 

The acoustic emission b-value is commonly employed to characterize the scale of crack 
formation within concrete and other materials. An increase in the b-value signifies a 
higher proportion of small-scale rupture events, indicating that the development of mi-
nor cracks predominates within the specimen. Conversely, a decrease in the b-value 
suggests an increased prevalence of large-scale rupture events, with larger cracks be-
coming more dominant. A sudden drop or significant fluctuation in the b-value 
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indicates that the specimen's cracks are undergoing unstable expansion, which serves 
as a critical precursor to instability. 

The acoustic emission b-value is generally calculated using the following formula: Lg𝑁 = 𝑎 − 𝑏(஺೏ಳଶ଴ )    (1) 

Where: AdB is the amplitude of the acoustic emission event, N is the sum of acoustic 
emission data in each time window, a is an empirical constant, and b is the b-value. 

 
Figure. 8. Changing law of acoustic emission b-value in the whole process of graded loading 

creep 

In this study, the acoustic emission b-value is calculated using the least squares 
method based on the total amount of acoustic emission data obtained from testing. To 
mitigate large calculation errors arising from a limited sample size, the number of sam-
ples is set to 1,000, with calculations performed using a sliding window of 500 data 
points. Figure 8 illustrates the temporal evolution characteristics of the acoustic emis-
sion b-value for perlite lightweight concrete under graded loading creep conditions. As 
depicted in the figure, the b-values during the first three levels of loading creep exhibit 
an increasing trend, indicating that microcrack propagation within the specimen occurs 
predominantly at smaller scales during this stage. As loading continues, during the 
fourth level of the loading deceleration creep stage, the b-value exhibits fluctuations, 
indicating that internal micro-ruptures within the specimen are occurring violently; at 
this point, the microcracks are in an unstable expansion state. Upon entering the isoki-
netic creep stage, there is a gradual upward trend in the overall acoustic emission b-
value, suggesting that internal ruptures develop slowly and predominantly consist of 
small-scale cracks. Notably, during the fifth level of loading process, while the b-value 
fluctuates in the deceleration creep stage, it initially increases in early isokinetic creep 
but then experiences a sudden decline—signifying a transition from small-scale crack 
development to large-scale crack propagation. In the final loading phase, intense fluc-
tuations characterize the b-value as it continues to vary significantly; at this time, more 
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large-scale ruptures occur within the specimen as internal cracks rapidly develop and 
coalesce through its structure. This behavior predicts imminent macro-destruction of 
the specimen; upon failure, the b-value drops to its minimum. 

It is evident that during the later stages of the fifth level of loading in the isokinetic 
creep phase, the acoustic emission b-value experiences a sudden drop, indicating a dras-
tic change in the specimen's cracks and predicting an internal transition to an unstable 
state. This necessitates vigilance regarding potential destabilization and destruction of 
the specimen. When the b-value exhibits intense fluctuations with significant up-and-
down variations, it suggests that damage to the specimen will occur within a relatively 
short timeframe. The acoustic emission b-value effectively characterizes the rupture 
process of perlite lightweight concrete; its fluctuation trend reflects changes in internal 
crack dynamics. Sudden drops and violent fluctuations in the b-value serve as critical 
precursors for predicting destabilization leading to rupture. 

5 Conclusion 

The following conclusions can be obtained based on the above tests and analysis. 
(1) Perlite lightweight concrete experiences decelerated creep during the final stage 

of the loading damage process, subsequently transitioning directly into the accelerated 
creep stage without undergoing a steady-state creep phase. Increases in stress levels 
result in transient strain, which escalates exponentially with rising loading ratios (k). 
The creep rate during the deceleration creep stage increases alongside elevated stress 
levels; however, changes in the creep rate during the steady-state phase are not as pro-
nounced. 

(2) The acoustic emission ringing counts and amplitude exhibit similar patterns of 
change, demonstrating a consistent trend with the creep rate. During the deceleration 
creep stage, acoustic emission activity becomes more pronounced as stress levels in-
crease. When k ≤ 0.6, the isokinetic creep stage generates only a limited number of 
acoustic emission signals; however, when 0.7 ≤ k ≤ 0.8, there is an increase in the pro-
duction of these signals during the isokinetic creep stage. Ultimately, in the loading 
damage phase, both the intensity and frequency of acoustic emission amplitudes rise 
significantly, indicating that destabilization and damage to the specimen are imminent. 

(3) Under low stress levels, the acoustic emission b-value tends to increase, indicat-
ing that small-size ruptures are predominant. In contrast, during the high-stress level 
decelerated creep stage, the b-value exhibits significant fluctuations, reflecting intense 
crack propagation. At 80% of compressive strength in the late isokinetic creep phase, a 
sudden drop in the b-value occurs as cracks transition from predominantly small sizes 
to larger expansions within an unsteady state. The abrupt decline and substantial fluc-
tuations in the b-value can serve as critical precursors for warning about destabilization 
in perlite lightweight concrete during creep. 

Due to the limitations of the testing equipment, this study was unable to conduct an 
in-depth investigation into the effects of natural factors on perlite lightweight concrete, 
such as chemical corrosion, freeze-thaw damage, and dynamic loading. Consequently, 
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it has not been possible to determine how these factors influence the growth and trends 
of damage in perlite concrete. Future research can build upon these findings. 
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