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ABSTRACT. Willardson, J.M., and L.N. Burkett. The effect of rest
interval length on the sustainability of squat and bench press
repetitions. J. Strength Cond. Res. 20(2):400–403. 2006.—The
purpose of this study was to compare the effect of 3 different
rest intervals on the sustainability of squat and bench press rep-
etitions over 5 consecutive sets performed with a 15 repetition
maximum (RM)–load. Fifteen college-age men with previous re-
sistance training experience were tested weekly over a period of
3 weeks. During each testing session, 5 consecutive sets of the
squat and the bench press were performed with a 30-second, 1-
minute, or 2-minute rest interval between sets. For each exer-
cise, significant declines in repetitions occurred between the first
and the fifth sets (p 5 0.000). For the squat, a significant dif-
ference in the ability to sustain repetitions occurred between the
30-second and 2-minute rest condition (p 5 0.003). However, dif-
ferences were not significant between the 30-second and 1-min-
ute rest conditions (p 5 0.986) and between the 1-minute and 2-
minute rest conditions (p 5 0.042). For the bench press, signif-
icant differences in the ability to sustain repetitions occurred
between the 30-second and 2-minute rest conditions (p 5 0.000)
and between the 1-minute and 2-minute rest conditions (p 5
0.000). However, differences were not significant between the
30-second and 1-minute rest conditions (p 5 0.019). For each
exercise, the number of repetitions completed on the first set
was not sustained over subsequent sets, irrespective of the rest
condition. These results suggest that when short rest intervals
are used to develop muscular endurance, the intensity should be
lowered over subsequent sets to sustain repetitions within the
range conducive to this training goal.
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INTRODUCTION

R
esistance training programs are commonly de-
signed to promote increases in muscular pow-
er, muscular strength, muscular hypertrophy,
or localized muscular endurance. The degree to
which any one of these characteristics is in-

creased is dependent on the manipulation of training var-
iables. These variables commonly include exercise mode,
intensity, volume, frequency, repetition velocity, and rest
between sets (1, 3).

Due to the effects of the principle of specificity, mus-
cles will adapt according to the type of training stimulus
imposed. When training for muscular endurance, lifting
a relatively low amount of resistance (i.e., 50–70% 1 rep-
etition maximum [RM]) and performing a relatively high
number of repetitions per set (i.e., 12–20 or more) has
been recommended (1–4, 11). Because of the relatively
low amount of resistance lifted, it has been theorized that

short rest intervals of 1 minute or less allow the muscles
sufficient recovery between sets (1, 3).

However, prior research using 8RM and 10RM loads
demonstrated reductions in the total repetitions complet-
ed during a workout when consecutive sets of the bench
press, leg press, and squat were performed with a 1-min-
ute rest interval between sets (6, 14). No research has
been conducted to determine the relationship between
rest interval length and the sustainability of repetitions
when training with loads designed to develop muscular
endurance. When training for muscular endurance, the
rest interval must be long enough to sustain a high num-
ber of repetitions over consecutive sets, but also short
enough to stimulate increased mitochondrial and capil-
lary density and buffering capacity, all important adap-
tations related to muscular endurance performance (2, 8,
11). Therefore, the purpose of this study was to compare
the effect of 3 different rest intervals on the sustainability
of squat and bench press repetitions over 5 consecutive
sets performed with a 15RM load.

METHODS

Experimental Approach to the Problem

Data collection occurred over a period of 4 weeks with 1
testing session each week. During the first testing ses-
sion, 15RM for the bench press and the squat were de-
termined for each subject using standardized procedures
for submaximal strength testing (7). During the next 3
testing sessions, each subject performed 5 sets of the
squat and 5 sets of the bench press with a 30-second, 1-
minute, or 2-minute rest interval between sets. A coun-
terbalanced procedure was used to determine the order
of exercises and the rest interval between sets during
each testing session.

Subjects

A group of 15 college-age men volunteered for this re-
search study (age, 24.87 6 4.07 years; body mass, 80.64
6 9.18 kg). All subjects were considered recreationally
trained lifters by having consistently performed multiple
sets of the squat and the bench press at least once per
week for the previous year. All subjects were required to
sign a consent form, in accordance with human subject
regulations. Subjects were allowed to continue with their
normal workouts throughout the duration of the study
with the following exceptions: (a) subjects were instructed
not to perform the squat or bench press in their personal
workouts, and (b) subjects were instructed not to work
out on the day of their scheduled testing sessions.
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TABLE 1. Squat and bench press post hocs sets.

Sets Squat Bench press

1 vs. 2
1 vs. 3
1 vs. 4
1 vs. 5

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000

2 vs. 3
2 vs. 4
2 vs. 5

0.000
0.000
0.000

0.000
0.000
0.000

3 vs. 4
3 vs. 5
4 vs. 5

0.000
0.000
0.447

0.423
0.000
0.050

FIGURE 1. Squat mean percentage repetitions per set.

TABLE 2. Squat and bench press post hocs rest intervals.

Rest intervals Squat Bench press

30 s vs. 1 min
30 s vs. 2 min
1 min vs. 2 min

0.986
0.003
0.042

0.019
0.000
0.000

FIGURE 2. Bench press mean percentage repetitions per set.

Procedures

Prior to testing, 2 warm-up sets were performed for each
exercise: the first set with 50% of the 15RM for 10 repe-
titions and the second set with 75% of the 15RM for 10
repetitions (9, 14). On the third set, the resistance was
raised to the 15RM, and 5 sets were performed to vol-
untary exhaustion. After the 5 sets were completed, sub-
jects were given 5 minutes of rest, prior to beginning
warm-up sets for the next exercise. If a subject was able
to exceed 15 repetitions on the first set of an exercise, the
resistance was increased 2.3 kg for the bench press and
4.5 kg for the squat.

To ensure that all subjects were moving at approxi-
mately the same velocity for each repetition, each set was
timed using a handheld stopwatch (9, 14). The spotter called
out a cadence for the eccentric and concentric portions of
each repetition. The repetition velocity consisted of a 3-sec-
ond eccentric phase, followed by a 1-second concentric
phase. However, repetitions still were counted if the ca-
dence slowed due to the effects of fatigue. For example, dur-
ing the final portion of each set, the concentric portion of
each repetition was typically performed in 1–3 seconds.

Both the squat and the bench press were performed with
an Olympic bar through the full range of motion. The squat
was performed in a power cage. The catch pins in the power
cage were adjusted to allow the subject to descend to the
point where the tops of the thighs were parallel to the floor.
If the participant was unable to complete a repetition, they
were instructed to set the weight on the catch pins. The
bench press was performed on a traditional flat bench. Sub-
jects descended to the point where the resistance touched
the chest before pressing the resistance back to the starting
point with the elbows extended. The same spotter was used
during all sets of the squat and bench press to assist in
racking the resistance and to ensure that subjects main-
tained proper technique.

Statistical Analyses

The sustainability of repetitions was evaluated separately
for the squat and the bench press. The number of repe-
titions completed on each consecutive set was divided by
the repetitions completed on the first set. The resulting
percentages then were used in a 3 3 5 repeated analysis
of variance (ANOVA) with Bonferroni post hocs to com-
pare the sustainability of repetitions between rest condi-
tions and between sets. To maintain a type I error rate
of 0.05 using the Bonferroni correction, the 0.05 signifi-
cance level was divided by 3 to determine significance
between rest conditions and by 5 to determine signifi-
cance between sets, yielding type 1 error rates of 0.0167
and 0.01, respectively.

RESULTS

The mean 15RM lifted for the squat was 88.40 6 11.13 kg.
The 3 3 5 repeated ANOVA indicated a significant intra-
subject effect for sets (p 5 0.000) and a significant inter-
subject effect for rest (p 5 0.003). Post hocs for sets indi-
cated significant differences in the percentage of repetitions
completed between the first set and each subsequent set
thereafter (see Table 1 and Figure 1). Post hocs for rest
indicated a significant difference in the ability to sustain
repetitions between the 30-second and 2-minute rest con-
ditions. However, the ability to sustain repetitions was not
significantly different between the 30-second and 1-minute

rest conditions and between the 1-minute and 2 minute rest
conditions (see Table 2 and Figure 1).

The mean 15RM lifted for the bench press was 74.80 6
9.31 kg. The 3 3 5 repeated ANOVA indicated a significant
intrasubject effect for sets (p 5 0.000) and a significant in-
tersubject effect for rest (p 5 0.000). Post hocs for sets in-
dicated significant differences in the percentage of repeti-
tions completed between the first set and each subsequent
set thereafter (see Table 1 and Figure 2). Post hocs for rest
indicated significant differences in the ability to sustain rep-
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TABLE 3. Mean (x̄) and SD values for repetitions completed.

Set 1

x̄ SD

Set 2

x̄ SD

Set 3

x̄ SD

Set 4

x̄ SD

Set 5

x̄ SD

Squat
30 s
1 min
2 min

15.60
15.53
15.47

0.99
0.99
0.83

10.13
10.67
12.53

3.66
2.87
2.30

6.80
8.40

10.60

2.65
3.27
2.26

5.93
6.27
9.47

2.52
2.46
2.48

5.47
6.33
8.60

2.33
2.69
2.92

Bench press
30 s
1 min
2 min

14.93
14.67
14.60

1.10
1.50
1.72

4.93
5.93
8.67

1.71
1.98
2.23

2.47
3.60
5.60

1.13
1.18
1.92

1.87
3.33
5.33

1.06
1.11
1.54

1.53
2.80
4.93

0.99
1.32
1.16

etitions between the 30-second and 2-minute rest conditions
and between the 1-minute and 2 minute rest conditions.
However, the ability to sustain repetitions was not signifi-
cantly different between the 30-second and 1-minute rest
conditions (see Table 2 and Figure 2).

DISCUSSION

The results of the current study demonstrated that rep-
etitions were not sustainable over 5 consecutive sets per-
formed with a 15RM load, irrespective of the rest condi-
tion (see Table 3). Other studies, which examined the ef-
fect of different rest intervals on the sustainability of
muscular performance, have demonstrated mixed results.
Weir et al. (12) and Matuszak et al. (10) demonstrated
that a maximal squat and bench press were repeatable
following a 1-, 3-, 5-, or 10-minute rest interval. However,
a limitation of these studies was the performance of only
two 1RM sets. Therefore, the results of these studies
might be applicable to strength testing, but not to actual
resistance training workouts, which involve a higher vol-
ume of training.

Willardson and Burkett (14) used a sample of recrea-
tionally trained men to determine the effect of 3 different
rest intervals on bench press and squat repetitions during
a workout. During each testing session, 4 consecutive sets
of the squat and the bench press were performed with an
8RM load and a 1-, 2-, or 5-minute rest interval between
sets. For each exercise, the 5-minute rest condition re-
sulted in the highest repetitions completed, followed by
the 2- and 1-minute rest conditions.

Kraemer et al. (6) used a sample of National Colle-
giate Athletic Association Division I football players to
determine the effect of a 3-minute rest interval vs. a 1-
minute rest interval on the repetitions completed over 3
consecutive sets of bench press and leg press with a 10RM
load. Resting 3 minutes between sets allowed each subject
to complete 10 repetitions on all 3 sets. However, resting
1 minute between sets resulted in a significant decline in
the number of repetitions completed.

Based on the results of previous research and those of
the current study, the sustainability of repetitions over
consecutive sets appear to depend on the magnitude of
the load lifted, which in turn effects energy system in-
volvement and the mechanism for fatigue. As training
load increases, the body relies increasingly upon intra-
muscular adenosine triphosphate and phosphocreatine
(PCr) stores to supply the energy necessary for muscle
contraction (13). Recovery of PCr stores has been shown
to occur relatively quickly, with half of the used PCr re-
plenished within 30 seconds of recovery (5). As demon-
strated by Weir et al. (12) and Matuszak et al. (10), when

training with maximal loads, 1-minute rest intervals be-
tween repeated attempts were sufficient to recover max-
imal force production.

However, as the load decreases, the body relies in-
creasingly upon anaerobic glycolysis to supply the energy
necessary for muscle contraction (13). Because fast-twitch
muscle fibers rely heavily on anaerobic glycolysis for en-
ergy production, these fibers accumulate high levels of
hydrogen ions during low- to moderate-intensity resis-
tance exercises performed to failure. The accumulation of
hydrogen ions has been shown to lower intracellular pH,
which results in muscle fatigue (9).

Because lactate buffers and clears hydrogen ions from
the muscles, rest intervals of 1 minute or less have been
associated with increased blood lactate levels during
high-intensity resistance exercise (8). The time needed for
peak cellular lactate and hydrogen ion efflux from con-
tracting tissue has been shown to be 4–10 minutes (9). In
the current study, the 2-minute rest condition likely af-
forded the fast-twitch muscle fibers greater buffering and
clearance of hydrogen ions, which allowed for greater sus-
tainability of repetitions.

Due to the effects of the principle of specificity, train-
ing for muscular endurance requires not only sustaining
a high number of repetitions per set, but also incorporat-
ing short rest intervals between sets (1–4, 11). This leads
to an apparent paradox in training strategies designed to
increase muscular endurance. As demonstrated in the
current study, repetitions were most sustainable when
resting 2 minutes between sets. However, other studies
have demonstrated that training with shorter rest inter-
vals may result in adaptations favoring greater muscular
endurance (2, 8, 11).

Kraemer et al. (8) compared 9 competitive bodybuild-
ers with 8 competitive power lifters on a 10-station resis-
tance exercise circuit. Three consecutive sets of each ex-
ercise were performed with a 10RM load that was pro-
gressively lowered to allow for 10 repetitions per set. Sub-
jects rested 10 seconds between sets and 30–60 seconds
between exercises. The key finding was that the body-
builders were able to sustain a significantly higher mean
percentage of their 1RM during performance of the squat
and bench press sets. The authors concluded that the
bodybuilders were able to resist fatigue due to adapta-
tions associated with the bodybuilding style of training,
which typically consists of moderate to high repetitions
with short rest intervals between sets.

A key difference between the procedures of Kraemer
et al. (8) and those of the current study was lowering the
training intensity over consecutive sets. In the current
study, the 15RM load was held constant and repetitions
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were not sustained, irrespective of the rest condition.
These results suggest that when training for muscular
endurance, the training load should be lowered over con-
secutive sets to sustain repetitions within the range con-
ducive to this training goal.

The ability to sustain repetitions may depend on the
specific muscles being trained. In the current study, rep-
etitions were more sustainable for the squat than for the
bench press. The ability to sustain repetitions for the
squat was not significantly different between the 30-sec-
ond and 1-minute rest conditions (p 5 0.986) and between
the 1- and 2-minute rest conditions (p 5 0.042), which
indicates greater endurance characteristics in the mus-
cles of the lower body vs. the upper body.

PRACTICAL APPLICATIONS

The key finding from this study was that squat and bench
press repetitions were most sustainable when resting 2
minutes between consecutive sets. For each exercise, rep-
etitions were not sustained within the range conducive to
the development of muscular endurance. Therefore, prac-
titioners might consider alternative strategies, such as
performing exercises in a circuit or lowering the intensity
over consecutive sets. However, consistent training with
short rest intervals may enhance the ability to sustain
repetitions without large reductions in exercise intensity.

It should be noted that the findings of the current
study are applicable only to the squat and bench press.
Greater sustainability of repetitions was demonstrated
for the squat vs. the bench press. Therefore, when train-
ing to increase muscular endurance, resting 30 seconds
to 1 minute might be appropriate between consecutive
sets of squats and resting 1–2 minutes might be appro-
priate between consecutive sets of bench press. Future
research should examine changes in muscular endurance
consequent to high volume training programs that incor-
porate different rest intervals between sets.
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