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INTRODUCTION

The M ning Enforcenent and Safety Administration (MESA) and the Nati onal
Institute for Occupational Safety and Health (NIOSH) jointly grant
certificates of approval for self-contained breathing apparatus (SCBA). The
certificates are granted when requirenents of Title 30, Part 11 Code of
Federal Regulations (30 CFR 11) are net.

Approval requirements for SCBA include a series of man tests during which

sel ected subjects are required to use the breathing apparatus while perfornng
a set of work tasks. The series of man tests are called Test 1 through Test

4., Test 1 familiarizes the man with the apparatus; Tests 2 and 3 are intended
to provide difficult work tasks while also evaluating the confort and fit of
apparatus; Test 4 provides the nost severe physiological test. The set of
work tasks in each test 1s dependent of the service time of the apparatus.

The physiological requirements needed to nmeet Test 1 through 4 were not

known. Therefore, a series of experiments were conducted to determ ne the
steady state metabolic demands for each specified tasks. =~ However, this

data was not useful for all the man tests. Users are able to incur a
physi ol ogi cal deficit which nay be an appreciable portion of the total cost
for short (less than 30 minutes) duration man tests. This fact pronpted
another study to evaluate short duration man tests by continuous nonitoring of
the physiological responses instead of sanpling only during rest periods. In
addition to measuring the magnitude of the deficit, continuous monitoring was
used to denobnstrate how this technique could be used in actual man testing.?

This paper summarizes the steady state respiratory responses for the
i ndi vidual work tasks used in man testing of SCBA It also summarizes
information on the short duration tests. Based on these results, a new set of
man test tables have been devel oped.

EXPERI MENTAL METHODS

Details are provided in References 1 and 2. However, a synopsis of techniques
are in order. Note that all volumes are STPD conditions.

Short Duration Tests

Ten coal mners were used in the present study. The man tests required
crawl i ng on hands and knees, wal king, and running, all of which were performed

on a level treadm!Il. A pulley device simlar to that used by MESA/NIOSH was
constructed. The pulley allowed for the repetitive lifting of a 45 1b. weight
to a height of five feet. The ladderm || (vertical treadm|l) was the sane

model as used by MESA/ NI OSH.

An overcast in underground mines is a device which allows one air current to
cross over another without interruption. During federal man tests a nman is
required to carry a 50 1b. sack over a sinulated overcast. An overcast was
not installed in the test l|aboratory. Substitution was made by wal king on the
treadm || without change in the physiological cost
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Four man tests were selected for study: (1) Test 3, 10 m nute device (T3-10);
(2) Test 3, 15 wminute device T3-15); (3) Test 4, 10 m nute device (T4-10); ana
(4) Test 4, 15 m nute device (T4-15). The schedule of activities for the four
man tests studied 1s shown in Figure L. The physiological responses measureu
were pulnonary ventilation rate (Vy), oxygen rate (V0,), and carbon

di oxide elimnation rate (vVCO,). The responses were measured on |aboratory
instruments, then conputed and recorded at 0.2 minute intervals. The data
were averaged and plotted as nean response. The 95 percentile response was
cal cul ated as the nean plus 1.65 times the standard devi ation.

Steady State Tests

A total of 32 subjects participated in this phase. Pulley and overcast tasks
were performed alternately within one session. Random assi gnments of rate and
type of pacing were made within each task. In other sessions, subjects were
randomy assigned to wal king, running, carrying, and ladaer clinmbing.

Recovery time betwe2n tasks was variable, but it was long enough to allow
heart rate to return to within 5 beats per mnute of the pretest resting val ue.

Expired air, O, and M2 concentrations for the overcast and pulley tasks
were neasured for the total of the prescribed performance period plus a
recovery period. The recovery period, defined as the tine in which 02
demand for the task was calculated as the total 02 uptake less the resting
val ue associated with recovery. For all the other tasks, performances |asted
5 mnutes to ensure steady state responses, and the respiratory measurements
were made during the last mnute.

NIOSH personnel do not specify how a test shall be conducted. Therefore, both
the overcast and the pulley were adm nistered as paced or self-paced tasks.

1n a paced task, the subject was advised to perform the task at a steaay

rate. The paced subject could watch a clock to tine himself and/or the

investigator instructed him In a self-paced task, the subject pertormed at
his own pace. Self-pacing always used less than the time allowed, so the
subject was required to remain still fromthe time he finished the task until

the end of the prescribed time so that direct conparison of metabolic
requi rements between paced and self-paced tasks could be obtained.

RESULTS AND DI SCUSSI ON

Steady State Tests

WALKING.  The data showed that the followi ng equation predicted the 0, cost
during wal ki ng:

VOp = 7.06 + 0.0lls< + 0.012 « GS (D

where VO, is in nl per kg body weight per mnute, S is walking speed in
meters per mnute, and G i1s the uphill grade in percent.
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The Man Test includes carrying the breathing apparatus, which adds to body

wei ght.  However, experiments on young adults walking with and without
external 1oading on the back have shown that the energy cost Qf carrying up to
about 30 kg is equivalent to carrying additional body weight. Hence, the

above equation could be used to standardize the V02 to the combined wei ght
of the body and apparatus.

RUNNI NG  The 0O, cost of running was:
VO, = 4.5 + 0..25+ 0.012 « &S (2)
(VW2, S and G units sane as for walking.)

CARRYI NG 20 kg: The respiratory responses obtained tor carrying 20 Kg at 3
nph are summarized in Table 1. This mode of carrying on the hands in front of
the trunk is less efficient than carrying a backpack. For each Kg carried on
the arms, the cost is 15% nore than the cost for each kg carried on the back.

PULLI NG Table 2 summarizes the Vg, VO, and RQ for paced and self-paced
pulling. Although in nost of the pulling regimens Vg and VO, were higher

for the self-paced groups than for the paced groups, analysis of covariance of
the VO, and Vg each on the nunber of pulls indicated that the differences
were not significant.

As can be seen in Table 2 for a given pulling rate, PR (pulls per mnute)
VOo in 1/min. could be predicted:

Vo, = 0.143 PR (3)

The ventilation during the self-paced performance, normalized in terms of Vp
per pull, was 3.66 I/pull (+ 0.67).

OVERCAST: The data on the self-paced performance were averaged, yielaing the
follow ng means and s.d. for VO5:

2,200 + 420 m /round
24.5 + 3.8 ml/kg*round

These values for the total 0, cost are for an average body weight of 87 kg.
The expected total 0, cost for the population could be expressed in ml per
m nute:

VO, ml/min = 2,200 R (4a)

where R is the total round divided by the time (in mnutes) allowed for the
particul ar test.



Such use ot total cost LS applicable to tests with small breathing apparatus
(less than about 15 pounds) where the added wei ght is not expected to
significantly change the total VO,. However, when neavicr breathing
apparatus are used in man testing, the use of MO2 in m/kg ¢ round is
suggested. The average values that were obtained from the pooled data can be
incorporated as follows:

VOoy m/kg ¢ win = 245 « R (4b)
where R represents the number of rounds divided by the time alloweu for the
particular test. This value of V02 per kg wei ght per m nute can be
mul tiplied by the sumof the body and apparatus weights, .n order to get a

better representative for the total 0O, cost during the overcast performance.

The ventilation during self-paced performance normalized 1n terms of Vv, per
round was 46.7 I/round (+ 6.9).

L.addermi1ll: The data yielded the followi ng:
VOp = 6.5 + 2.0 * VS (5)

where V02 is in m per kg body weight and VS is the vertical climbing speed
in meters per minute.

The nultiple regression of VO, against mass (body weight plus backpack) and
work load (kg m) was calculateti irom the pooled data and yiel ded the
equation:

VO, ml/min = 1.7 (kg-m/min) + 19.5 ¢« kg - 800 (6)
Thus, the increase in V2 due to the backpack could be predicted
Since this work is close to maxinum for many subjects, the Vi/VO, ratio
was found to be simlar to the Vg/VOy ratio for running. 1n both cases,

this ratio was 28. Thus, the Vi for climbing was about 100 1/min.

Rest: During the periods requiring no external work (sanmpling and readings,
and lying on side or back), but not at basal state, it is reasonable to use:

Vg = 10 1/win and VO, = 0.35 1/min.

Summary of Steady State Data: Table 3 summarizes the previous data in a form
useful for estimating 0, and V.- for all man tests of 30 m nutes or |onger.

Short Duration Tests

Figures 2 and 3 present the mean (50 percentile) and 95 percentile responses
to tests T4-10 and T4-15, respectively. The physiological responses shown are
pul nonary ventilation (Vg), oxygen uptake (VO,), and carbon dioxide
elimnation (Vcoy). The steady state method of analysis would show the
responses changing 1n a stepwise fashion fromone level of activity to
another. Inreality, the responses do not change stepwi se to immediately
reflect the changed demand; the responses were nore gradual or transitory.



Physi ol ogi cal Costs: Measured values for the total anount of air used for

pul monary ventilation (vVg) and the total volume of oxygen consumed (VOy)

are recorded in Table 4. In general, the volunes of gases neasured (vVg,

V) were snaller for the transient experinents than the val ues cal cul ated
using the steady state analysis. This difference is the physiological deficit,

Table 4 indicates an oxygen deficit of less than turee liters can be expected
fromthe man test. Wile this may be significant for very short term
apparatus, it accounts for less than 15% of the total cost in the ten and
fifteen mnute tests.

There are sone discrepancies in total pulnonary ventilation (vVg) between the
val ues neasured in the short termwork and the values calculated fromthe
steady state data. Part of the difference can be explained by the differences
in oxygen uptake. The remainder of the difference is accounted for by a
greater extraction of oxygen from the pul nonary ventilation during the
transitory phases studi ed here, as opposed to the steady state.

Sanpl e and Readi ng Peri ods; For this study, the physiological requirenents
were continuously nonitored. During nornal federal approval testing, however,
the test is stopped at stipulated times for a two-mnute sanple and read

peri od. During these two mnutes of inactivity, all of the neasured responses
are decreasing. The result is that what is being read at the desi gnated
sanple tine is not what is occurring during high levels of activity. It is
very difficult to predict the effect on the tenperature and gas concentrations
in the apparatus during these periods of transition. However, since the
measured pressure is approximately a squared function of the flowrate, the
resi stance to breathing can change quickly with the pulnonary ventil ation
rate. Table 5 shows the nagnitude and percentage change of the ventilation
rate decrease over the first thirty second interval during the other sanpling
peri ods of T3-10, T3-15, T4-10, and T4-15.

Pul nonary ventilation practically drops off as a first order exponenti al
function of time with a rate constant of 0.93 min™! or with a half tine of
about 45 seconds when there was a sudden drop in work rate fromone level to
another. Therefore, the tine of neasurenent is very inportant and the

nmeasur enent nust be nade as close to the end as possible in order to nmeasure
as high a value as is truly incurred by the man. The data fromall the
neasured sanple and readi ng periods indicate that changes of 30% can easily be
expected 30 seconds after term nation of work.

NEW MAN TESTS

The Man Tests 1-4, used for determning service life of breathing apparatus,
need to be re-examined for the follow ng reasons;



The tests require that neasurenents be taken at specified intervals only,
and as a result, the resistance, temperature, and O val ues are unknown
during the non-sanpling periods. S nce these non-sanpling periods take
pl ace during exercise, the nost I|ikely hazardous conditions can occur
while the apparatus is not nonitored. Continuous neasurenent also
provides a clear indication of how apparatus react during use. Such
information is extrenely val uabl e for understandi ng how t he appar at us
interacts with the user.

A study of the inplications of sanpling tinmes in man testing was di scussed
in the previous section. The Federal test schedule requires two m nutes
for sanpling. During these two mnutes of inactivity, all of the neasured
responses are decreasing. For exanple, since the measured pressure is
approxi mately a squared function of the flow rate, breathing resistance
can change quickly with the ventilation rate. Data show that within 30
seconds of conpletion of exercise, ventilation drops by 30% wth an
attendant drop in breathing resistance of about 50% Therefore, neasuring
the resistance in an apparatus is dependent on when it is neasured and a
singl e measurenent at specified sanpling tines is not the nost valid

met hod of testing. Wth the decreasing flowrate, the effect of CO,

br eakt hrough from the scrubber is m nim zed.

Conti nuous measur enent of breathing apparatus should be conducted for at
least the nost difficult nman test. This can be done by arrangi ng the
testing laboratory in a nmanner so as to place neasuring equipnent in the
center of all exercise equipnent. Such a system has already been used by
several |aboratories when devel opi ng breathi ng apparat us.

Anot her suggestion is to develop a test using the treadm |l alone, where
equi prent can be centrali zed.

There is no differentiation nade between testing of entry apparatus and
escape apparatus. Yet, users of escape apparatus have different metabolic
requi rements because of the way these apparatus will be used. The nan
test schedul e should include a test which ensures that the apparatus wll
not fail catastrophically (fire, explosion, becones bl ocked, etc.) when
used in a special "panic demand" test.

Anal ysis of the netabolic requirenents of the man-tests indicate that test
2 and 4 are of the same difficulty for tests up to tw hours (see Table
3). Thus, man-test 2 is redundant and therefore an unnecessary test.
Since Part 11.85-15 (2) states that tests are in order of gradual increase
in activity, the Bureau suggests NIOSH conbi ne nan-test 2 and 3 so that
the conbined tests are of less difficulty than nan-test 4.

Four new nan-tests (see Tables A - D could better serve the purpose of
ensuring safe apparatus than the present nan-tests 1 - 4:

A Table A is substituted for Table 1 of Part 11. This test
famliarizes the user with the apparatus, and allows for continuous
measur enent of CO,, Oy, tenperature and resistance.
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Table B is substituted for Tables 2 and 3 of Part 11. Table B
conbines Tables 2 and 3 so as to provide information on how the
apparatus perforns during a variety of tasks. The task scheduling
has been arranged so that the work rate is greater than Table A but
less than in Table C

Table C is substituted for Table 4 of Part 11. Table C provides
oxygen consunption levels about equal to Table 4. The tasks are all
performed on the treadm Il to facilitate continuous nonitoring of
COy, Oy, temperature, and resistance.

Table D is a new test designed specifically for escape apparatus.
The purpose of Table D is to evaluate the safety of an escape
appar at us under unusually hi gh demands. It would not be used to
specify service tine.

The proposed man-test schedul e provides the follow ng:
a. The work rate increases from Table A to Table D

b. Wthin each table, the work rate decreases as the service is
increased. For example, in Table Ca 5 nminute test to deternine
service life requires an average VO, of 2.5 1pmwhile a 60
mnute test requires an average VO, = 1.4 1lpm

C. Table B provides a variety of tasks to determine the useful ness
of apparatus under varying conditions.

d. The service life test (Table © allows continuous nonitoring
because it is perforned on a treadmll.

e. The test of extrene demand (Table D) is also a treadmll test
for conplete nonitoring.

f. A ladderm |l test run in the straight up position to sinulate
fire activities, rescue and escape in mnes, ships, cheni cal
plants, and nmssile silos has been added.

g. A task in confined spaces has been added to simnulate work of
firemen and mnes rescue nen in areas of simlar height.

h. The overcast has been renoved. The infornmation obtai ned using
the overcast is available in the other tasks. This also allows
the man-tests to be done in a snaller |aboratory for
conveni ence. it will also allow a nore centralized testing area
which will facilitate close supervision and observation of the
wearer, and thus provide a safer test procedure.



THE FUTURE

The current Man Tests are inadequate. The recommended tests are one suggested
met hod for inprovenent. However, before they can be implemented, a research
study nust be acconplished to determine the applicability of these suggested
tests. This is under way at the Los A amps Scientific Laboratories.

Hand-in-glove With new tests are new test criteria for rating apparatus. New
tests with new test nethods render using old CO,, and tenperature
measurenments unapplicable. In addition, resistance levels are not a specified
part of this man test evaluation and shoul d be added.
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TABLE 1

Ventilation (Vg), 02 Uptake and (02 Elimination for Carrying 20 kg at
3 mph (level).

Ve 1/min 02 Uptake 1/min
Aver age 42.6 1.75
STND Devi ation 9.0 0.28
. TABLE 2
Ventilation (V), O, Uptake (V0.) and RQ for the Pulling Tasks*
PULLS v, Voo (i
M N MODE LI TERS TOTAL PER PULL RQ
?[5 paced 504 2037 136 —
13.8 403 27
5 . 7 7 N
seit- 5.9 2524 168 1o
aced 96 320 21 .07
8 . 3 a 3
30 paced 95 3574 119
2 20.7 364 12 ==
5 7 7
self. 99.5 3690 123 1.05
paced 19.0 613 21 009
9 8 8 3
36 paced 125.6 4631 129
3 2.7 613 . 17 —_—
7 8 8
self- 137.5 5163 144 104
paced 14.5 1055 29 0.18
10 9 9 5
60 paced 230.8 8350 139 —
5 29 1342 22
5 6 6 —
self. 28.6 8366 139 0%
paced %.0 1607 27 0.11
9 9 9 4
60 paced 2100 9180 153
6 24.6 1090 18
8 8 . 8

*1ach st Of numbers in verucal order arel mcan, standard dewiauen, and number Of participants (n)

(Reprinted fromReference 1, w th perm ssion)

TABLE 3
Minimal Values in Liters for Pulmanary Ventilation (V,.) and Oxygen Consumption (VO.)*
for 95 percentile ang 50 percentile Expected Values for Man Tests One, Two, Three,
and Four**  (Reprinted fromRef. 1 with permission)

OURATION 95 PERCENTI LE 50 PERCENTI LE
(MN 30 45 60 120 18C 240 30 45 60 120 180 240
Test One
v, 1020 1360 2310 4610 6920 9220 . 720 1160 1590 3190 4780 6370
Ve ' 4 65 91 181 272 . 363 31 51 70 140 210 230
Test TWO .
v, 1200 1830 2510 4600 4690 4690 918 1434 1832 3457 3457 3457
vo, 4 76 102 194 153 194 38 59 79 150 150 150
Test Threo
Vl 1170 1850 2100 44C0  A4CG) 4400 891 1170 1570 31Q@0 3160 3160
vo, 45 50 8y 172 172 172 36 47 64 134 134 134
Test Four .
v, 1370 2020 2330 4S70 7150 9S40 1050 1550 1030 3370 5110 6700
vO, 55 ft? 106 134 236 377 43 64 81 142 221 291

N Vo, -VO,_
**¥) CFR, pPat!t
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MAN SCHEDULE OF ACTIVITIES
TEST
T i I -
"3-Q w{ R LD o] SR P30 |wW SR
1 L 1 [
o 2 a B a 10
T T T T T T
T35 SR w R P 30 LD C R SR
4 1 A 1 L H
Q 2 4 Y 8 [ie] 2 14
L T --
Ta-10 L|w P30 { w SR Rl OoOjw] SR
1 L R
Q 2 4 ] 8 0
T T !
Ta4-i5 SR wlLiw P3G WilOfW{R] O[PS SR
I L L
Q 2 4 s 8 10 12 14

TIME, minutes

Figure 1— Schedule of activities for test 3.10 mm (T3-10):test3. 15 min(T3-1 5)test
4. W mm (T4-10); and test 4. 15 mm (T4-15). Acuvities are denoted as:

C. Crawl at 1.5 mph W: Waik at 3.0 mph

L. Ladaermiii LD: L:e down

O Overcast (rreadmiil at 47 mph SR: Samoie and reading (sitting)
substituted. see Ref. 2). P1S- Puilweight 15 umes
Run at 6 0 mpn P30 Pull weight 30 umes

(Repr| nted fromRef. 2 , with permssion)

TABLE 4
Total Gas Yolumes (Pulmonary Ventilation and Oxygen
Uptake) as Measured {M) and as Caiculated lC) for
the Mean and 95 Percentile Data of Tes

Ta-10ana Ta15 (Reprinted from Ref. 2, with

Mean 95 Percentnie
VE V02 VE VO2
Man Test Procedure® . (liters) {liters)
T4-10 .M 351 153 441 19.7
C 446 176 574 224
T4.15 M 521 219 700 286
C 597 239 766 285
*M  measured (transient)
C: calculated (steady state)
TABLE 5

Magnitude and Percentage Drop in Pulmonary Ventilation During the
First Thirty (30) Seconds of Sampling and Resding Periods for Mean and

permission)

95 Percentile Rasponses in tha Four Man Tests (Repr‘lnted from REf 2 5 with

Mean 95 Parcenule
Megnitude Magnitude

Time Parnod . Change ° Percent Change Parcent
Mnn Tost {rmin) {17 min) Change (1/mun) Chsnga
T3 10 5-7 8 26 5 13
T3 10 1012 10 29 14 32
T3 15" 13 15 15 35 13 26
rs 10 5-7 14 38 14 32
T4.10 10 12! 9 31 14 36
T3 15" 13.15 7 he] 9 18

' The hesl sampie petigas 1] 15 ana T4 15 are nat ncluded 1oer ol
U hgrapa rmimgls DPutE TRE 2N AMEoE SA0 cradon] Ditrecad 1L AN [Py 3ESecy LD

permission)
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"o T 7 T T 7 T T T
. TEST 4, IOMIN
60 ~ i
R .
LS e
50 - 3 ' S =
; \ ——S0percentile
< 40k — 95 percentile ]
5
-
3 30 -

i

Recovery

Va,, 1/min

¥eo,, 1/min

TIME |, minutes

[cIw| P30 [W|sr [R]O|W]

ACTIVITIES
Figure 2— Physinlogicairespoasesto test T<-10for nme coal miners as a meanand3 . .
95 percenti'e curve (see figure 1, for work tasks) (Repr‘] nted from Ref . 2, with pPermilssio



Vo, 1mmn

-71-

Ve, ) /min

1 L)
' r
n. )
p '
]
1 -+
1

.
:h-ﬂon' o
| L
[ -

I

TEST4, ISMIN /).

™

1

——50percentile
~-~--95 percentile

Vo, I/min

Recovery

10
TIME , minutes

[SR W 1L |w| P30 |¥|01W/|RjQlPS SR |

ACTIVITIES

Fiqure 3~ Physiologicalresponsesto test T3-15for nine coalminersas J mean and a
95 percentile curve (see Frqure | for work tasks). (Repr‘n nted from Ref. 2

with

permission)



TABLE A - DURATI ON AND SEQUENCE OF SPECI FIC ACTIVITIES FOR TEST A

(0 CFR Part

IN M NUTES

Activity

Servi ce time--

3rain. 5mn. 10 mn.

45 rain. 60 m n.

Walk (level)
4.8 kmhr (3 mph) = 3 5 10

val k (5% gr ade)
4.8 knmihr (3 nph)

St
Val k (level)
4.8 kmhr (3 nph).
Sit
'\)O ilpm.. . . ... 1.3 1.3 1.3
Z

(for 87 kg person)

o

260 m n.
Use 60
nmn. test
4 tines
.
[ae]
1.0



TABLE B. - DURATI ON AND SEQUENCE OF SPECI FIC ACTIVITIES FOR TEST B, |IN M NUTES

(30 CFR Part 11, Subpart it, § 11.85 et seq.)

Service time--~

Activity
3min. 5 ran. 10 min. 15 min. 30 min. 45 min. 60min. 120 min. 180 rain, 240 mi...

TA-60 min. TA-GO min. TA-60 min.

L adder _ TB-60 min. TB-60 min. TA-GO min,

10ra/min(33 ft/min)... 3 -3 3 3 3 3 3 . . TA-60 min. TB-60 min.

TA-GO min.

Pulley 10/min

2 0ke/l.Sm (4 40h/5ft ) 2 3 5 5 5 5

Crawl thru tunnel

2/min 2 2 3 3 5

Run(level) -

7 kmhbre oo 000000 L2 2 3 3 3

Carry 20 kg (44 1b) ‘ 2

4 8 km/hr (3 roph)...................... . 3 5 5 S @

Stooped walklng: 127 cm (50")

4.1 kmlhr (2.5 mnh) . 5 5 5

Walk (level)

4 8 km/hr (3 mph). . . . . 5 5

Sit lllllllllll L N B B 3 "WEEEEREET. I I R R R R I I R N I I I R B I N B I I R B B N 5 <

craw~l (level)

1.6 ]-‘.ﬂ)"]ll’ (1 mi‘h) N T L I T T T I O O O O R 3

Lic on back, side, front coceseeessnsrsrrsorsasrosrisresnartnaissans

Walk (level)

4 8 km/hr (3 mph) .~ .« .. 5 15

S.it __________________ e .. L oot Lo . B DR N B BN B N 2

\Y pm ... 2.0 1.76 1.72 1.69 1.45 1.29 1.21 1.1 1.07 1.05

LY



TABLE C. - DURATI ON AND SEQUENCE OF SPEC FI C ACTIM TI ES FOR TEST ¢, | N MINUTES

(0 COFR Part

11, Subpart H, § 11.85, et seq.)

Service time--

_V[..

Activity
3 rain. 15 min. 30 min. 45 min. 60 min. 120 rain. 180 min. 240 min.
TA-30 min. TA-60 min

TA-30 min. TA-60 min. 1C-60 min

Walk (level) : TC-60 min. TC-60 min. TC-60 min

4.8 km/hr (3 mph). .. .. . . ... ... ... ... 2 5 5 17 TA-30 min. TA-30 min. T\-60 nun.

Run (level)

7 km/hro oo 3 10 5 5 3

Walk (level)

56 km/hr (3.5 mph) ... . ... 3 5 10 10

Walk (5% grade)

6.4 km/hr (4 mph) coaw o 10 5 5

Sit o | 5

Walk (5% grade)

5 6 km/hr (3.5 mph) ., 10 10

Walk (5% grade)

6.4 km/hr (4 mph} ... 5

Sit :

Ave. V 2.% 2.16 1.63 1.63 1.40 1.32 1.21 1.20



TABLE p. - DURATION AND SEQUENCE OF SPECIFIC ACTIVITIES FOR TEST D IN MINUTES*

(30 CFR Part 11, Subpart H. § 11.85, €t seq.)

Service time--

Activity** _ . i
3mn. 5 min. 10 min. 15 min. 30 min. A5 min. 60 min. 120 min. 180 min. 240 min.
TD-60 min.

TD-60 min. TD-60 min. TA-60 win.
TA-60 "min. TA-60 m_in. TA-60 mi_n.

HALK vnsenennnrnnnnennennenace 1 2 2 2 2 TA-60 min. TA-60" rain.

RUB cvercva | 5 ) 5 5 5 5

WALK wosomonr o oo 2 3 3 3 3

RUD e vemnnnn oo 2 2 3 3 3

WALK cuvomanc o 1 3 3 3

RUN emomnanr o e 2 2 2 2

WALK woenmonnr o 4 4 4

RUL svomompnc o o o o oo 2 2 2

WALK ovmmsonc o 5 5 5

RUD eovomenns oo EE R E 1 1

”alk CRE N B P RN R L B I ll...lc.lc.l;.licI..itl!llu.lllvu 10 :I-O

Run ------------- RN I ] LI L L LI LI N R R B ] ' 2 2

‘Ialk 1 L ] * B LI * 2 # 4 4 B § X F AL EF S LI} LI LI I I R I B B BN I ) LN N ] 2 A

RUI"I - L] LRI . LRI A B I B ] [ LIE B U U I LR R B B ] . 1 1

”ﬂlP L - * [ N Y ] L I I I RN R R B N ) [ .. - 0w - a e :I.O

RLll'l T R R R e N L R R N A I 3

Ave. V 2.8 2.8 2.38 2,724 2,01 1.90 1.84 1.42 1.28 1.21

g,
*Terminatlon and alteration is discretionary during the course of test.

**iJalk = 5.6 km'hr (3.5 mph) (level)

Run = 8.1 km'hr (5 nph) (level)

_SL_



