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Abstract
Numerous studies have been conducted to identify moisture sensitive mixes during mix design by simulating various 
mechanisms of moisture damage. These methods involve the determination of changes in strength or stiffness of asphalt 
mixes due to moisture conditioning. The objective of this study is to understand the coupled problem of moisture induced 
material loss and change in strength/stiffness of the mix. Moisture Induced Stress Tester was used for conditioning samples 
of a poor and a good performing mixes. This test applies cyclic pressures in the asphalt mix samples through repeated 
pulses of water. The effluent containing aggregates and binder that were dislodged from the samples during the moisture 
conditioning process were collected for testing. Both coated and uncoated/fractured aggregates were found in the efflu-
ent. The results indicated that the samples with a higher loss of asphalt binder compared to other samples in the investiga-
tion during conditioning may exhibit higher tensile strengths, and those with a loss of finer materials, which is indicative 
of aggregate breakdown, show a lower tensile strength. Both seismic modulus and indirect tensile strength tests were 
found to be able to differentiate the poor and good performing mixes. For the mixes used in this study, the rate of change 
in indirect tensile strength during moisture conditioning was found to be strongly correlated to the pre-conditioning 
modulus of the mix, and a method is suggested for using the threshold values of properties of pre-conditioning mixes for 
different durations of moisture conditioning during mix design to screen poor mixes in a fast and nondestructive manner.

Keywords HMA · Seismic modulus · Indirect tensile strength · Dissolved organic carbon · Moisture induced stress 
tester · Moisture damage · Loss of aggregates · Loss of asphalt binder

1 Introduction

Most of the common tests that are conducted for the eval-
uation of moisture susceptibility of hot mix asphalt (HMA) 
consist of a conditioning process and a mechanical test [1]. 
These tests predict the moisture susceptibility in terms of 
loss in mechanical properties, or retained strength. How-
ever, moisture induced damage may also include loss of 
material—dislodgement of aggregates and loss of binder 
compounds, which could have an influence on the loss 

of mechanical properties or performance of the mixes. 
Though there was no comprehensive study reported in 
this regard, a previous study had identified the physical 
and chemical changes of asphalt binder from moisture 
conditioning [2]. The present study is conducted to evalu-
ate the use of Moisture Induced Stress Tester (MIST), assess 
the loss of materials and change in mechanical proper-
ties as a potential approach for identifying moisture sus-
ceptible HMA during mix design. A combination of two 
approaches including using the effluent water from water 
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conditioning process that was collected and using a non-
destructive testing equipment was adopted in this study.

1.1  Background

MIST is a relatively new device that was developed to 
simulate moisture induced damage in the laboratory [3]. 
The equipment consists of a chamber with an air pressur-
ized bladder and inlet from a water tank as shown in Fig. 1. 
The HMA sample is placed inside the enclosed chamber 
which is filled with water. When the machine is started, 
the bladder at the bottom of the chamber inflates and 
deflates repeatedly, and the sample is subjected to cycles 
of pressurized water. This process simulates the repeated 
action of traffic loading under moisture conditions in the 
wheel-path [4]. The MIST conditioning simulates the mois-
ture induced damage in the field, and such conditioned 
samples are tested for their mechanical properties.

Various studies have reported the efficiency of MIST to 
characterize moisture susceptible mixes similar to or even 
better than the currently practiced method of AASHTO T 
283 [5, 6]. The intensity of moisture induced damage simu-
lated by MIST was found to be a function of the number of 
cycles and the duration of pre-MIST dwell. The intensity of 
moisture induced damage simulated by MIST was found 
to be a function of the number of cycles and the dura-
tion of pre-MIST dwell time (dwell time is the time when 
samples are immersed in water prior to the conditioning 

cycles). Tarefder et al. [7] found significant damage when 
doubling the cycles from 3500 to 7000. Varveri et al. [8] 
reported a greater reduction of strength of the mix with 
longer pre-MIST dwell period. Indirect tensile strength test 
(ITS), superpave simple performance tests (SPT), super-
pave indirect tensile test (IDT), dynamic modulus test, 
Ultrasonic pulse velocity test are some of the mechanical 
tests which have the potential to be combined with the 
MIST conditioning process for the identification of mois-
ture susceptible mixes [5, 9, 10]. Tarefder and Ahmad [9] 
have studied the effect of pore structure on moisture dam-
age using the MIST and found that permeable pore had a 
good correlation with permeability of asphalt samples but 
did not contribute much to the moisture damage. Using 
the MIST, Shu et al. [10] have found a similar performance 
of HMA and WMA, and high resistance of mixes with RAP 
against moisture induced damage [11]. Recently, an ASTM 
standard D7870-13 [12] has been developed for the MIST 
conditioning process.

A few studies have reported the observation of loss 
of materials during moisture conditioning in the labora-
tory. Varveri et al. [8] reported fine aggregates and Zofka 
et al. [11] reported traces of asphalt binder in the water 
that has been collected from the conditioning process. 
Studies have also reported the leaching of Poly Aromatic 
Hydrocarbons (PAH) from asphalt mixes [13, 14] under the 
impact of water conditioning, though the amounts are 
very low. Song et al. [15] conducted a study to determine 

(a)

(b)

Bladder 
that 
pressurizes 
water
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Fig. 1  A typical picture of Moisture Induced Stress Tester (MIST): a MIST machine, b MIST chamber, c MIST bladder
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the chemical composition of water-soluble compounds in 
asphalt and have listed various organic compounds and 
their respective proportions that varied with the asphalt 
source and mix aging methods that were used.

A number of studies have been conducted with the 
use of nondestructive tests (NDT) on HMA. As early as in 
1960s, Stephenson [16] have used the compression wave 
velocity technique to study the change in dynamic prop-
erties of HMA in the transitional temperature regime; it 
was later taken up by the researchers in the 20th century 
and after which it was considered as one of the useful 
non destructive techniques to determine the properties 
of HMA mixes. Celaya and Nazarian [17] and Rojas et al. 
[18] have developed quality control guidelines for the 
construction of HMA layers with the use of NDT. Rojas 
et al. [18] evaluated HMA mixes in the laboratory using 
ultrasonic pulse velocity (UPV) test and concluded that the 
seismic modulus increases with a decrease in the voids in 
the total mix (VTM) and decreases with a decrease in the 
binder viscosity; however, the impact of the viscosity was 
found to become less pronounced as the VTM increased. 
Norambuena-Contreras et al. [19] have examined two 
types of mixes—dense and porous using the ultrasonic 
direct test to determine dynamic modulus. The authors 
identified the difference in transmission time between 
two types of mixes due to the difference in porosity, which 
resulted in longer propagation times for the porous mix. 
Birgisson et al. [20] evaluated the ultrasonic pulse wave 
velocity test for monitoring moisture damage effects in 
asphalt mixtures and also studied the effects of saturation 
levels, aggregate structure and aggregate type on mix-
ture conditioning. The results demonstrated the sensitivity 
of seismic modulus to effects of moisture damage and a 
decrease in modulus was observed with an increase in the 
level of saturation. A visual investigation of failed speci-
mens indicated a cohesive and adhesive failure, and break-
age of aggregate failures for conditioned dense graded, 
granite aggregate mixes. Arabani et al. [21] evaluated the 
effect of various HMA mix parameters with the UPV, which 
was found to be sensitive to changes in the asphalt con-
tent, filler content, percent of fractured particles, grada-
tion type and compaction method of the HMA. Though 
various researchers have studied the effect of moisture on 
asphalt mixes, a comprehensive study to understand the 
moisture susceptibility of hot mix asphalt (HMA) in relation 
to strength, stiffness and material loss was not carried out.

1.2  Objective

The objective of this study was to understand the impact 
of moisture susceptibility of hot mix asphalt (HMA) mixes 
on strength, stiffness and material loss, and thereby 

deduce a method to utilize these properties to detect 
moisture susceptible HMA mixes.

2  Materials and methods

2.1  Materials and mixes

Two different types of aggregates and one asphalt binder, 
procured from the Maine Department of Transportation 
(DOT) were used to prepare samples. All samples were 
compacted to 7 ± 1% voids in total mix (VTM), with a 
Superpave gyratory compactor, using gradation and 
asphalt binder content that is used by Maine DOT for 
producing regular mixes. One mix, prepared with the 
“PI” aggregate has been identified as a poor performing 
mix (evidence of moisture-induced loss of materials and 
deterioration of layer), on the basis of field observation 
and tests with Hamburg rut tester [22], whereas the other 
“SM” mix has been identified as a good performing mix. 
Table 1 shows the relevant mix design information for the 
two mixes.

Apart from testing for bulk specific gravity and theoreti-
cal maximum gravity (for mixes) to calculate voids in total 
mix (VTM, %), the testing of mixes consisted of pre-MIST and 
post-MIST determination of Seismic Modulus  (Es, MPa) and 
indirect tensile strength (ITS, kPa), and post-MIST testing of 
loss of materials (LOM, gram). Samples of the effluent water 
were subjected to dissolved organic carbon (DOC, ppm) 

Table 1  Details of mix design

Design parameter/mix 
type

PI SM

Nominal maximum 
aggregate size (NMAS) 
(mm)

12.5 (Coarse-graded) 12.5 (Fine-graded)

Number of gyrations 
 (Ndesign)

50 75

Asphalt binder grade PG 64-28 PG 64-28
Asphalt content (%) 5.9 5.4
Gradation
Sieve size (mm) % Passing
19 100 100
12.5 90–100 90–100
9.5 78–90 74–88
4.75 64–78 43–57
2.36 38–46 31–39
1.18 23–31 20–28
0.6 14–20 13–19
0.3 8–12 8–12
0.15 5–9 5–9
0.075 3.9–6.0 3.5–7.0
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analysis to detect traces of asphalt binder in the effluent 
and determine their content. The testing utilized a Shimadzu 
TOC-5000A analyzer, which uses combustion of carbon to 
 CO2 and analysis with a non-dispersive infrared (NDIR) gas 
detector to quantify total carbon.

2.2  Moisture conditioning

In the MIST conditioning process, first the cylindrical sam-
ples compacted with a gyratory compactor are placed in 
a conditioning chamber in the MIST and the chamber is 
filled with water. The water can be maintained at a specific 
temperature, and the sample can be kept in the water for 
a specific period of “dwell” time. The moisture conditioning 
process used in this study consisted of 20 h of dwell time 
at 60 °C and 10,000 cycles at 207 kPa and 60 °C. Every 1000 
cycles take approximately 1 h. At the end of the conditioning 
process, the samples are taken out and subjected to post-
MIST condition testing such as Es, ITS, LOM and DOC. Note 
that since this is a simulative test, the number of cycles used 
in the MIST was selected so as to cause significant (detect-
able) damage in poor performing mixes, as found from other 
studies [7, 8, 22].

2.3  Tests

The Seismic Modulus testing was conducted using an ultra-
sonic pulse velocity (UPV, V-meter) tester with 150 kHz trans-
ducers (ASTM C597-16 [23]). The time for travel of the wave 
was noted from testing and then utilized in the following 
formulae to calculate  Es.

(1)Vp =
H

tv
.

(2)MV = � × V2
p
.

where,  Vp = velocity of wave;  tv = time of travel; ρ = density; 
µ = Poisson’s ratio, considered to be 0.35.

Indirect tensile strength tests were carried out with a 
compressn testing machine using a loading rate of 50 mm 
per minute, and the following formula was used for the 
calculation.

where, P = failure load in N; t = thickness, mm; d = diameter, 
mm.

The effluent from the MIST conditioning process was 
collected at the completion of the 10,000 cycles. The 
aggregate particles found in the effluent were collected 
and checked for gradation by sieve analyses, from which 
the fineness modulus (ASTM C125-16, [24]) was estimated. 
Samples of the effluent water were subjected to dissolved 
organic carbon (DOC) analysis to detect traces of asphalt 
binder in the effluent and determine their content. The 
testing utilized a Shimadzu TOC-5000A analyzer, which 
uses combustion of carbon to  CO2 and analysis with a 
non-dispersive infrared (NDIR) gas detector to quantify 
total carbon.

3  Results and analysis

Table 2 shows the results of volumetric and mechanical 
properties, and loss of material from MIST condition-
ing. It can be seen from the VTM results that there was 
a slight increase in air voids due to moisture condition-
ing for both mixes PI and SM. DOC is observed to have 
a positive correlation with post-MIST ITS based on the PI 
and SM mix pooled data (Fig. 2). The correlation in Fig. 2 
can be explained by the fact that a higher DOC indicates a 

(3)Es = MV ×
(1 + �) × (1 − 2�)

1 − �
.

(4)Indirect tensile strength (ITS), kPa =
2P

� × t × d
.

Table 2  MIST conditioning results–volumetric and mechanical properties, and loss of material

Mix ID Volumetric and mechanical properties loss of material

Before MIST conditioning After MIST conditioning Fineness 
modulus 
(FM)

Dissolved Organic 
Carbon (DOC), ppm

Voids in total 
mix, VTM (%)

Seismic 
modulus,  Es 
(MPa)

Indirect tensile 
strength, ITS 
(kPa)

Voids in total 
mix, VTM (%)

Seismic 
modulus,  Es 
(MPa)

Indirect tensile 
strength, ITS 
(kPa)

PI 6.9 12,803 717 7.5 12,419 456 1.56 0.944
PI 6.5 13,437 720 7.6 12,545 528 0.97 1.090
PI 6.4 13,551 681 6.8 12,895 566 1.96 2.186
SM 7.6 13,222 644 9.5 13,126 478 3.73 0.856
SM 7.2 14,427 615 7.2 13,392 597 2.51 1.553
SM 6.7 14,522 601 6.9 13,909 616 2.86 2.927
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higher loss of asphalt binder from the mix, and mixes with 
reduced asphalt content are expected to be at a higher 
tensile strength. This observation is important since in 
many cases designers rely on the retained strength or the 
post conditioning strengths only, to evaluate the mix’s 
resistance against moisture damage. While this is a rea-
sonable approach, it should be used with caution since, 
a loss of the binder, which is a precursor to more severe 

damage of loss of aggregates and gradual loosening of 
the mix in the field, may falsely indicate a high resistance 
against moisture damage after the laboratory condition-
ing process.

The fineness modulus (FM) of the aggregate material 
lost during the MIST conditioning shows a negative cor-
relation with change in indirect tensile strength as a result 
of MIST conditioning (Fig. 3). This is because, a lower FM 
indicates a finer gradation, and a finer gradation indicates 
more breakdown of larger aggregates, which would have 
a higher weakening effect on the strength of the mix. It is 
noted that a gradation that is finer than the original gra-
dation means that fine aggregates have been generated 
during the MiST conditioning process. Since there was 

no other source of fine aggregates, these additional fine 
aggregates must have come from the breakdown of larger 
aggregates in the mix. A higher FM most likely means that 
larger size aggregates are displaced by moisture, as whole 
particles, and there is a relatively less aggregate break-
down in the mix. This is evident from a higher FM for the 
materials lost by the SM mix, as compared to that of the PI 
mix. Note that an outlier was removed from the dataset, 
which improved the correlation significantly.

The rate of change in ITS was seen to have a good cor-
relation with the pre-MIST  Es (Fig. 4). It is noted that the 
rate of change in ITS per hour was determined as a ratio 
of loss in ITS due to MIST conditioning and the time taken 
for MIST conditioning cycles. For example, a loss in ITS of 
261 kPa for a conditioning time of 10 h (1000 cycles per 
hour and a total of 10,000 cycles) results in a rate of change 
in ITS of 26.1 kPa/h. This can be explained by the fact that 
mixes with higher stiffness experience lower strain under 
the applied stress in the MIST and are hence less suscep-
tible to deterioration of the mix. Equation 5 shows the 
relation, developed from the pooled data from SM and 
PI mixes.

R2 = 0.95; were  Es = pre-MIST Seismic Modulus, MPa
This equation can be utilized to estimate the loss of ITS 

throughout the design life of the pavement, if the number 
of hours the pavement is subjected to moisture is known. 
The data can then be utilized to estimate the minimum 
initial  Es that is required to ensure a minimum ITS of the 
mix throughout the design life. For example, determining 
the estimated loss during the design life, one can choose 
a mix with the required amount of ITS during construc-
tion, such that even after loss due to moisture damage, the 
mix remains sufficiently strong for adequate performance. 
The relationship presented in Eq. 5 can be explained as 
follows. The change in tensile strength in mixes during 
the conditioning process is due to the growth of cracks 
formed by the repeated cycles of loading of the sample 

(5)Rate of Change in ITS, kPa, per hour = 219.21 − 0.0151 × (pre −MISTEs)

y = 68.384x + 420.72
R² = 0.69

RMSE = 35.85
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in water. The dependence of the crack growth rate (at a 
specific temperature) on the material is exhibited by the 
relationship between the rate of change in the indirect 
tensile strength and the pre-conditioning Seismic Modu-
lus value. The equation can also be utilized to estimate 
the expected change in ITS due to an expected variation 
in the pre-MIST Seismic Modulus. For the data used in this 
study, a mean and a standard deviation of 13,660 MPa and 
681 MPa were observed for the pre-MIST Seismic Modulus.

Since in general, the variability of  Es, due to variabili-
ties in materials and construction, values can be expected 
in the field, it will be beneficial to evaluate the impact of 
the variability on the rate of change in ITS. The results will 
be more practical than a single point value since a confi-
dence interval regarding the resistance of the mix against 
moisture damage can be determined. To obtain such an 
estimate of confidence interval, a probabilistic method 
is generally used. In this case, Monte Carlo analysis was 
selected as a tool for such a probabilistic analysis. This 
technique generates a value of the dependent variable, 
based on a random selection of data from the input vari-
ables. The method continues for the specific number of 
simulations and finally reports the expected distribution of 
the dependent variable. Utilizing the average and stand-
ard deviation values obtained in this study, a Monte Carlo 
simulation of the change in ITS, was conducted and the 
results are shown in Fig. 5. The 90% confidence interval 
for loss of ITS (per hour of moisture conditioning) is −4 to 
30 kPa, with a mean of 13 kPa per hour.

Based on the information regarding the relatively poor 
performance of one of the aggregates (PI) and the better 
performance of the other (SM), the data were then sepa-
rated to determine if there was any statistically significant 
difference between the test results of the two mixes. From 
the statistical analysis, it was found that there was a sig-
nificant difference between pre-MIST and post-MIST ITS 
for the mixes with PI aggregates (poor performing) and 

no significant difference was found in the case of mixes 
with SM aggregates (better performing). This showed that 
mixes with SM aggregates were more resistant to damage 
caused by moisture conditioning. Similar results were also 
found for the Seismic Modulus (Table 3). Therefore, the 
seismic modulus can be suggested as a potential method 
of screening mixes for their moisture susceptibility—the 
advantage is that the method is fast and nondestructive. 
Changes in both ITS and the Seismic Modulus during the 
conditioning process in moisture susceptible mixes are 
due to the loss of integrity of the mix, as a result of loss 
in cohesion or adhesion or breakdown of material. Note 
that Seismic Modulus has been found to be sensitive to 
moisture effects [20, 25].

One more point is that the variability of the seismic 
modulus is much lower than that of the ITS, as evident 
from its lower COV specifically in the post-MIST condition 
which is 1.95 (PI mix) and 2.95 (SM mix) compared to 10.8 
(PI mix) and 13.3 (SM mix) for ITS.

3.1  Estimation of pre‑MIST threshold values

Equation 5 can be utilized to estimate minimum (thresh-
old) values of pre-MIST ITS and seismic modulus  (Es) in 
order to ensure adequate performance throughout the 
pavement design life. In order to accomplish this, test and 
field performance (with respect to moisture damage) data 
from twenty-one mixes were collected from Maine DOT. 
It was found that the only two poor performing mixes 
have post-MIST ITS values at or below 500 kPa whereas 
the good performing ones have > 500 kPa post-MIST ITS 
values [22]. Hence 500 kPa can be taken as a minimum 
desirable ITS after the expected number of hours of mois-
ture damage for adequate performance of a mix in the 
field. Therefore, knowing the number of hours of expected 
moisture damage conditioning (or exposure to moisture 
in the field), and taking the minimum value of 500 kPa, it 
is possible to estimate a threshold value of pre-MIST  Es for 
different values of Pre-MIST ITS, as shown in Fig. 6.

Fig. 5  Results of Monte Carlo analyses

Table 3  Results of statistical analyses of seismic modulus and indi-
rect tensile strength data (see Table 2 for the data)

Hypothesis test Inference @ 5% 
significance 
level

Mix: PI
 Paired sample: (pre-MIST  Es–post-MIST  Es) Different
 ANOVA: (pre-MIST ITS vs post-MIST ITS) Different

Mix: SM
 Paired sample: (pre-MIST  Es–post-MIST  Es) Not different
 ANOVA: (pre-MIST ITS vs post-MIST ITS) Not different
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The utility of the plots presented in Fig. 6 is as follows. 
It would be desirable for a mix designer to identify mixes 
which do not meet the required criteria even before the 
tests of moisture conditioned mixes are performed. Both 
MIST conditioning and Indirect Tensile Strength tests are 
time-consuming, and a desirable option will be to find 
out that the mix does not meet the minimum retained 
strength even before the MIST conditioning. Instead of 
using ITS and MIST first, the mix designer can assume a 
pre-MIST ITS on the basis of his/her experience with simi-
lar mixes, check the seismic modulus of the designed mix 
(which will take a very short period of time and is nonde-
structive) and then utilize the chart to determine whether 
the Seismic Modulus meets the minimum value for the 
specific time of conditioning. Then the same samples 

could be utilized for pre-MIST indirect tensile strength 
tests or post-MIST Seismic Modulus tests, if the Indirect 
Tensile Strength test is avoided altogether. If after testing, 
the strengths are higher than what was assumed, the mix 
can be assumed to be adequately resistant as the mini-
mum required seismic modulus value decreases with an 
increase in the pre-MIST ITS, for a specific duration of mois-
ture conditioning. If, however, the strength is found to be 
lower than the assumed value, the designer can improve 
the mix design. This will help the agency to reduce the 
chance of ending up with mixes that fail to meet the mini-
mum post-conditioning ITS requirement, and reduce the 
time of actual MIST conditioning (Fig. 6).

3.2  Conclusions and recommendations

The study reported in this paper demonstrated the use 
of MIST, and the seismic modulus and indirect tensile 
strength tests as effective moisture conditioning and test-
ing methods, respectively. The methods can be utilized 
for detecting moisture susceptible HMA mixes during the 
mix design process. To minimize the use of samples, the 
designer can also make predictions regarding the mois-
ture susceptibility on the basis of seismic modulus results 
alone, since the seismic modulus values were found to be 
sensitive to moisture induced damage. Furthermore, for 
the expected number of moisture exposure hours, the 
designer can also estimate the desirable seismic modulus 
for a range of dry tensile strengths of the mixes. This pro-
cess can also help avoid the use of MIST in the preliminary 

Fig. 6  Plots of threshold values of pre-MIST seismic modulus versus 
duration of moisture conditioning for different pre-MIST ITS

Fig. 7  Suggested flowchart 
for using MIST and seismic 
modulus (Es)

1. Select aggregates and asphalt
2. Compact samples
3. Determine volumetric properties
4. Estimate optimum asphalt content (OAC)
5. Compact six samples at OAC
6. Test six samples for Es

7. Test three samples for dry ITS 
8. For estimated hours of exposure to moisture and dry ITS, if Es is OK (adequate), 

then go to next step; if not OK, consider adding antistripping agent and/or 
different aggregate/asphalt, and repeat from step 5; and if OK, proceed to next 
step

9. Condition three samples in the MIST
10. Test three samples for Es; if there is no significant difference (at significance level 

of 5%) between Es of pre and post conditioned samples, then accept the mix and 
stop; if there is significant difference then proceed to next step

11. Test three samples for ITS
12. If there is no significant difference between ITS of pre and post conditioned 

samples, then accept the mix and stop; if not, consider using antistripping agent 
and/or different aggregate/asphalt, and repeat from step 5
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mix selection process, and select a few mixes for more 
rigorous testing. Figure 7 presents a proposed flowchart 
for screening moisture susceptible mixes. The following 
specific conclusions and recommendations are made on 
the basis of this study.

1. Samples undergoing a higher loss of asphalt binder 
compared to other samples, during moisture condi-
tioning may exhibit higher tensile strengths.

2. Samples with aggregate particles breakdown will 
exhibit lower tensile strengths compared to other 
samples with less/no aggregate particle breakdown.

3. The rate of change in indirect tensile strength dur-
ing moisture conditioning is strongly correlated to 
the pre-conditioning modulus of the mix, and a pro-
posed equation can be utilized to estimate the loss of 
strength for a given mix.

4. Based on pre and post-conditioning tests, both seismic 
modulus and indirect tensile strength tests were able 
to differentiate between good and poor mixes.

5. Threshold values of seismic modulus of pre-condi-
tioning mixes for different durations of moisture con-
ditioning can be utilized during mix design to screen 
poor mixes in a fast and nondestructive manner.
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