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Weight training kinetics and kinematics

SET DATA:

* Repetition-Length
* Repetition-Rating
* Repetition-Power

SESSION DATA:
* Total Work (J)
*  Work Rate (W)

* Fatigue (decay in length,
rating or power)

* Rating Perceived Exertion
(RPE)
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What if we make training the measure?

Stop creating tests, and...

e Start refining weight training
metrics (data) to reduce
measurement error so that
you can:

— Define overload

— Determine change
(progress)

— Compare strategies
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Linear encoders

 Measure range of motion (m), thus
actual work (J) performed

* Quantify repetition power (W) and
velocity (m/s)

* Thus, provide ‘insight’ into ‘effort’ or
‘intent’, in real-time against known
maximums or past training efforts
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Measurement variations (‘real’ change)

Large differences in repetition:
* Power—-20-25%

* Decay-rate (‘pacing’) — 50%
* Ratings (reps each minute)

Smaller differences (set) average:

e  Work (J) —<10%
 Length (cm)-<10%
 Power (W)-<12%

e RM Load (kg)—1.7%

Lawton et. al (2006), JSCR 20(1), p172.
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1. Feedback: Technique

‘Repetition-length’



1. Feedback... ‘repetition-length’

1.0

Strategy: create feedback
e Data: Repetition ‘DIP’ on iPad
084 o] o (%] O [] N ‘-
ard  ® e o Instruction: ‘increase that number
06- . " (dip)’
05- — Blueline—set4
044
" Process: Let the rower do the
0.2+ . .
learning (reflection over 9 sets)
0.1
" : ; : 5
Fero Numbor No feedback from S&C coach (unless

Squat action changed e.g. forward
lean)
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Outcomes...

ol Dip (m: 0.66
e Set average
0
300 Watts
1000 Setaverage
Squat (Back)
Set 4:65.0 ka
750
g
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Dip (m): 0.7
Setaverage

790 Watts
Set average

Set 7:65.0 kg

+11cm I in average dip (+17%)

<> same average speed (0.56
m/s)

10 Watt |, in average power (-
1.2%)

™ physiological work (+13%)

i.e. concentric contraction
duration P from 8.06s to 9.08s
total
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2. Volume : Intent

‘Pacing’ and ‘Repetition-rating’



2. ‘Pacing’ and ‘repetition-rating’

(4x15, @70% 6RM)

Squat (Back) 1545 kg Total Mass  (inclucing 100% of $2.0 kg Body Mass from 0210412018 13:29)
Velocity Zone: Accelerative Strength
SensoriD: 649

Mean Velocity

et Set 53 Setd

13:29:50 13:34:45 13:40:45 13:47:25
08 Accelerative Strength

0.5
0.5
04 Hibsoilee Sirength
2
35 7 9 1013 05 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57§

Athlete A: 63kg, 90kg 6RM
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Squat(Back) 167.0 kg Total Mass. (including 100% of 87.0 kg Body Mass from 0310412018 1:06)
Velocity Zone: Accelerative Strength
SensoriD: 649

Mean Velocity

Strength Spedét | Set 2 Set 3 Set4
11:08:13 11:1331 11:19:10 11:24:52

Bucelerig: Sirength

mys

Absoilte Slreng

57 9 1 131507 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 95 57 59

Athlete B: 80kg, 115kg 6RM




Strategy... Clustering
(21, 15 and 9, @70% 6RM)

Stuat (Back) 122.0 kg Total Mass (including 100% of 72.0 kg Body Mass from 03104/2018 14:51) Squat (Back) 127.7 kg Total Mass  (including 100% of 77.7 kg Body Mass from 18/04/2016 10:57)
Velocity Zone: Accelerative Strength Velocity Zone: Accelerative Strength
SensorlD: 642 SensorlD: 642
Mean Velocity Mean Velocity
08
Set 1 et 2 et 3 Strength Speed St Set2 Set3

14:47:28 145219 145546 14:45:15 14:49:47 145416
Accelerative Strengin h

Accelerative Strength

A ol 2 St

m s

Al ol 2 Strrig

m s
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Athlete C: 50kg, 75kg 6RM Athlete D: 50kg, 75kg 6RM
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Outcome... more power, more length

0 et Back) (50,0 kg) o
Dip (m): 0.645
{ {
1000 1000 (o)
Squat (Back o Squat (Back +16%
+19%
L0 !
2 3
E 500 E W
: 0 : 0
0 U
W] Wl 3 1 it L
500k 500k 04kg 500k 0.0k 500k
Athlete C: 640W, 0.64m Athlete D] 750W (+17%)) 0.66m
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3. Prescription: Adaptation

‘Repetition-power: refining load assignment’



Increase weight... or do more repetitions?

Squat (Back) 167.0 kg Total Mass (including 100% of 87.0 kg Body Mass from 03/04/2018 11:06)

Velocity Zone: Accelerative Strength

SensoriD: 649 6RM — 115kg

15 reps @80kg Mean Velocity 8 reps @103kg
! Strength Speed Set 1 Set 2 Set 3 Set 4
11:08:28 11:16:42 11:21:49 11:28:46

[ ——

Accelerative Strength
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3a. Reducing load... power endurance (45kg)

Bench Pull 45.0 kg Total Mass
Velocity Zone: Strength Speed

SensorlD: 642 45kg, 6RM = 60kg
Mean Velocity
: 3 x12, @45kg 6x @50kg, 55kg, 57kg 3x 12, @45kg
Set 1 Set 2 ,/’—S;t-i“\ Set 4 Set 5 Set 6 Set 7 Set 8 Set 9
14:45:29 14:48:29 ,’ 14:51:13 M5422914257217]5200216 15:03:19 15:06:17 15:09:19

Stiength Speed " \l
).8 \
o \ ,’

\\ ,/
\~ ’/

0.6 Ecdelerative Strengih

m/s
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Outcome...

compared to
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3b. Increasing load... Max Strength Zones

Bench Pull 40.0 kg Total Mass

Velocity Zone: Strength Speed 55kg’ 6RM = 60kg

SensoriD: 679

Mean Velocity
6x @45kg, 50kg, 55kg

Set 1 Set 2 Set 3 Set 4 Set 5 Set b Set 7 Set 8 Set 9
Spe‘eﬁ%ﬁ@ﬁgth 14:50:53 14:53:58 14:57:1615:00:0115:03:04 15:06:10 15:09:01 15:11:57
1
sirength Speed o
0.8 1 ,/ \\
/A \
/| \
1 1
1 /]
“ 06 Afcelzrative Strenath \ /]
= \ /
A\ U4
\\ ,/

Ebsciute SErengn

1 4 7 ) 13 16 19 22 25 28 31 4 37 40 43 46 49 52 55 58 61 4 67 70 73 76 9 82 85 88
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Outcome... compared to
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Outcome... Closer to the ‘grind’ or RM

Bench Pull 45.0 kg Total Mass

\s-':lno:;ﬁrnz:osr:‘ez: Strength Speed 575kg, 6RM = 60kg

Mean Velocity

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 Set 7 Set 8 Set 9
14:45:29 14:48:29 14:51:13 14:54:2914:57:1715:00:16 15:03:19 15:06:17 15:09:19
Stiength Speed
.8
0.6 Ecdelerative Strengih
. Aol uie BLikggih GRIND ZONE

™
g\ﬂg‘gﬂlsn PERFORMANCE
SPORT NEW ZEALAND




Strategy 3c... Blended ‘repetition failure’

Reference: Turner (2017)
https://www.strengthofscience.com/articles/velocity-based-training-maximal-strength/
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Polarising training methods...

e When to switch load?
e  @60% 1RM : - Bench Press

5to 10 reps o—T5% of 1RM
— After 10 reps, —a— 70% of 1RM
(above red line)...

=
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G G5% of TRM
—a—G0% of 1RM

=
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— Last 6 reps at same speed i.e.
6RM!

)
=
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 POLARISING: Avoid fast-speed training
turning into slow-speed exercise
through excessive volume.

Average bench press velocity
{m-s '

=
b

0 —r r r 111777711711
1234567803 10111213141516171815

a Number of repetitions

Izquierdo, M et. al (2006), 1JSM 27, pp718-724
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What if repetition-speed is used to
assign training loads?

i.e. weights and repetitions?

‘Velocity-Based Training (VBT)’



Linear relationships (>60% to 1RM)...

y=-13 [
R?=0.99
1
08 e
y=-1.2154x + 14452
0.6

0.4
0.2
11 1.289
50% 60% 70% 80% 20% 100% 110%
&  Bench Pul Bench Press Squat Chin Ups Linear (Bench Pull) Linear (Bench Press) Linear (Squat) Linear (Chin Ups)
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Two-speed model for load selection

6RM 1RM Reps
+2.0% | +2.0% | (range) &

FAST \ pe
>0.5m/s 70%  60% 7, (10-5) '

.....

SLOW
<0.4m/s >6RM >85% 2, (1-3)

Model: Bench Press
NB: Each P 0.05 m/s = ~“4% P 1RM
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Take home messages... Linear Encoders

1. Feedback: Technique

Athlete attention on key metrics e.g.
repetition-length

2. Volume: Intent

Change repetition-rating strategies to
increase average power (W) by ‘clustering
reps differently

U

3. Prescription: Adaptations

Assign overload to ensure polarised
strength-training, such as

*  Faster velocity (e.g. >1.0 m/s)*

*  Greater load (e.g. <0.7 m/s)

. More repetitions...

*Prone Bench Pulls (Rows)
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THANK YOU

Programming ideas...



