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Application of an Ergonomic Expert System
to Workplace Design

Eui S. Jung*

Ahstract

An expert system was developed as a framework of integrating diverse and multifactored ergonomic
knowledge to investigate its effectiveness in ergonomic workplace design and evalution. Although
numerous computer-assisted approaches have been made to overcome the lack of integrated design
prinicples, those models being used require very specific information of various design activities that
may not be available in the design stage. On the other hand, an expert system would be an effective
design aid that is capable of guiding the designer to solve a problem. However, most expert systems lack
detailed evaluation capabilities due to a qualitative nature of inference mechanisms, Furthermore, those
approaches were independently developed, focusihg mostly on a single aspect such as biomechanics,
physiology, ete.

In this paper, a design framework was developed which takes advantage of expert sysiem
metholelogies, a relational data base and existing ergonomic models. The pattern-directed, rule-based
expert system allows the designer to gradually formulate and subsequently evaluate workplace design.
A comprehensive and modularized knoledge base was built incorporating biomechanics, physiology and
psychophysics, which is, in turn, capable of accessing not only qualitiative knoledge but complex
analytic evaluation medels and massive information in the data base through an interface. A conflict
resolution strategy using multiple criteria decision-making schemes was also employed to reconcile
multiple design alternatives.
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2. A= shssht dijke] ) g 2ol
3. tdEope] A Ao] M esta =419 ofe)
wtojgte] AdEgo 8 o]-FF oo} sz Eof

AZFEFEA AA Eolbs 47 23E FFA99
53 etz she 285 AlAge ofs) 7
< 84% 9= AFAek wich AA, AzTIHH A
At A9 71271 se AR dlofet wo)
2F 73T Qlojol 3l R mElato) A7 2
#FE Knowledge Base{E3] Declarative Know-
ledge) el wolof Bpe Foi3]l HAZA) uizl 3
¢ ARG FgHoz FolFE ¢ s A4
(Procedural Knowledge)2- Ztolof g} A4,
AFAFA7} 7HAE Q= ded FEFAHR o}
el 24 Ed AA e g FE AAY FFo)
279 F AA4AEQ ARE ol Al
B4 7] 93 & ol AR ARARE
Zgg cjofg FE0] g7k ® FojF AR
e} A GAE =28 5 dE AAgY F2
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(1) Q2 g¥-2e) A7pTs 3R JuE 2

87 BN mel AdHeR iHasole}
3} (Uncertainty )

(2) 87 AE == HEA4YL dAAs
{Anthropometric Data)v} #(Table Loo-
kups)§2] @2 ¢ke] ARE 23519 wEly
Database7]5-8 FAloll @3} o} ghel,

(3) AAAZoit A A=lets 274 dE 7%
< 8% 5 de AR Y (Decision
Making Scheme)& X§sjdo} 3.

(4) A7l ARESE g I[F-THEN 9
Deduction opuja} 2g}istad ZAAsz)
25t 24%8 (Complex Analytic Model)
& olge] ds & v}

gebd 2 d7d 449 FAE ITge

v} e,

(1) AdFAsoht AE7}F Alawle] WyE s A
43t A7bFEHe] ookt ARolE: FIY
T 9 Framework® &g,

(2) WA, FQAsEs] QBT A4
S FHoENE 3o Aagda] o4
V5§ Yel(Knowledge Basedt)® =lE
o}

(3) 275 %3 EHE(Analytic Models)
3} DatabaseS §tA o]8& + A=F A
2§ Link |z}

(4) 7 eSS =44 5 e
Interface Mechanmism=} o]& AR&-a}ollA)
A9 4 9 User Interface® @3
o}

a3 ole{§r AR wet AwE Aage

AZbFEEolS A A dad oL 22
AR 2 2E X35y 7} ok 2ES Hejglet

(1) AAHHA s
{Biomechanical Factors)

Static and dynamic strength require-
ments
Lowback compressive forces

(2) Zg4=gy 22 s

{(Work Physiological Factors)
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Metabolism
Cardiovascular demands
(3) Ad4lelgn e s
(Psychophysical Factors)
Posture demands
Reach profile
A7 neg2Ee 7] WEEA JlaAEE
& 875 o] AXES Fst A4 o]
27158 882 Knowledge bases} slgon, £
A AR o] UL T Gl mjet 24 L
Z2e 7717 ¥e2 Rk 2ok
(1) A4 34 3R
{Worker-related Information)
Age
Gender
Physical fitness
Anthropometric dimension
Muscular strength/endurance
(2) 24} 9 P
(Task-related Information)
Posture demands
Reach profiles
Frequency and duration
Workspace geometry
=3 2447 99 AQRARL dASE Simu-
lationd}7] ¢l8 WA QA2 PE Adsted 2zt
o] ARFAE stz stgen, of 7l UM
nyge zhqdxte] Y, PH, AAxA F4 54
off wiel WE# sFesie 3 A7FA EFel ot
A3 R-5E AR AA, A 4 FAE@ERE R

el Aol st} QAZHE TP YA

g3 mejel, €4 29 delzs) Wlwd o
Jeia 22 223, A4 ZA{)RrE AdAjse 2
d¥3te] e Bolch FA 9 oo S
ol o2 H3H(L5/81)e] Ze)]= Compressive
Force® & %o o= 2454l 3]="4(Disc
Hernias)& hishe A X2 AH3-%}

3. Al2Hl9] #&

AFAE ATF28E HE7}F A2 Al it
kgt 7ol s gten AA WiR
E i¥z glov) A2 dAd M Ayt
d A9 72E oM HYHFA ¥ UG AE
7} Aladelgbs f-o7) Ve 2 5ol X2aje
AT Aok AXMA] B8] FF9) o}
2 & £ Atk w2ty X2 FEE QbR
o] wiet Aol s ZA FrAAE dEE
4~ ¢Jr}. Interpretation, Analysis, Diagnosis &
o] #HY AladlE TAA A3 (Detailed State)
22 ¥H 44 70d (Abstract State) & @olu
= 3238 (Abstraction) }go| A F x|~
o] ofell &) wbHo| Designe]r} Planning
# #AW A25le 34 AFeze FAA
gl AL odojuli= GenerationZ}A 224 Pro-
cess Planning5°] ¢]o] &%tc}. Udilxdo 2 Abs
traction& Rule-based Deductione]|, Generation
& Frame-based Absiractione] E&3q 2o
AT AL Aol A2 I 13]

e} AEEA AdAE ¢ F AAHE EF
el &=t AA Z7]odl& Generation®}Al¢)
Hosie] AAtete] HF71E Y84 Abstrac
tioni}Ao] g 7SHA =) wetA AAg] FE
FobA o zgBeofe] Moduledts} A]<&-zq) &4
A (Expandability)el ¢viiz & 4 slod, £ 4
242 AEg 9sle] Pattern-Directed Rule-
based Systeme] EQJE Ak ol AHEAlRA A
g2 $8g4& e (Clarity)s}4 32 (Trans-
parency)® 4 vk A3 7HAL 9ol AlAH
o AR R Bk foldhA et dbyeZ F
F7F Aladgde [29 1144 vepdes ¥8(Com-
ponent) E& Ztofef 3} Ao BE &9 A
292 o)5e] REoR o]Fo]A UrH11].
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AL AA A2 o) (Knowledge Base), 3& A
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A (Inference Mechanism), A2} ¢lgjs]o]x
(User Interface)d F&sle ziolt)h. thA] A4
glel~% =) Declarative Knowledge Base}
Procedural Knowledge Base® }¥|=H] Decla-
rative Knowledge Base:= NIOSH Guidelines2}
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£ Mot B4 AL 23 o] A i
o mie}l AAg dAYAL =28 d ¢ de A
Al R53HA fic).
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=g AAL7) A AN Frpde
24t 433 28(F2 FORTRANSo® 7]
7y Azde 2y5)ol desn o] RYEL
Module®} e -2, A4=x gt webs L
Aol o] =¥ A5 9 1Y (Input
File)& T4ge 2 dsle R8E 28 A4 <A
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Inference Mechanism

Interpreter Consistency
Scheduler Enfarcer

Knowledge Base

Procedural Rule Modules
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Declarative  Knowledge Modules
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4. AzHle) 74

Al2qge] 7oA sl ule} 7o) £ Alxg
& Procedural Knowledge® o4}l AdAizz
o e 2412 g2 Moduleghs Loading3tAl 5
dl 4 AuE 2 A aat BF, AR g
t}. wel4] FORTRANE ©]43 7|&8 2.4 7)
W, SQL-g °]83 Database, PrologZ o]&% §
Z2a3 %5o| System Interpreterg ©]-£%t Sys-
tem Interfaces} A= Qic}. AFAS iR
3 &3] C, LISP, PROLOGS¢] ol&5x ¢loi}
£ Al2gle] FEo g ddejs}e] A4 9 Modu
larity ¢] 24-& 4§l PROLOG7} <259

$E& A4 (Inference Mechanism)

£ A2de] 38 AAe BE7 A2 Shelld)
Qb3 o 2 JAkEo] ¢f& Inference Engines} <l
ZFEEA AALEL & Y Meta-know-
ledge, & Knowledge Basew 2] =42 sgis}
% Rule?] YL 7}x)22 glowt thgs} 7Ho) ®
g}

IF condition part THEN action part 1

ELSE action _part 2
condition__party AAZZ9] Patterng A3}
™ action party t}es} 2 T 8,

(1) X492 W& (Status) & vhots}r] $13 @
“=(Global Parameter)E Flagic}.

(2) 2EFAANA dojale A2 242 47
Lis= 3

(3) Databaseuf]¢] AR E Menug Esle 7]
Hete g gl

(4) EA71HE o857 A% Y (Input) &
ki N

(5) AAE A% Uyt AR AHFge)

$]¥- g o)e}se)~ (External Database)
A7+E-8A dAY3FL Psychophysical Guide

lines® ¥ AAzIES o)l277tA] Boi¥ A5
2 7122 33 glon olF AH AAvfol2d
TAFI Alndle) R4)o] Frlgd] BHE fELET
o) ash vle2le] IAF ofridte). nleba] 43
gle[el ¥o]x2] FA|H(Concurrent) o]ge] ¥
F3ole], £ A)agde PROLOGS SQL Ateld]
Interfaces AP =i olF sHAsAL. o
Interfacet= djo]e} djolxol] 8 TH= A7}A} 7|
%, & Data Definition Statement, Daia Inser
tion Statement, Data Retrieval Statement2 7}
A2 et S5 £3 2FHE 75 g9
CREATES$} SELECT 7152 o234 o) 483}
A "Ach[3].
CREATE TABLE AYOUB__79
(LIGHT CHAR(6), SEX CHAR(6), POP
SMALLINT,
MAW LB DECIMAL(S, 2) IN SQLDBA.
HF) .
SELECT MAW__LB FROM AYOUB_ 79
WHERE SEX="MALE AND PQOP=75
AND LIFTHT=F_TO_K’
A7) 718 197934 2EH Ayoub et al.[1]
o A7EHE 18 AR Ad A Fe
oA s e}

FORTEN ® CE <]4§ £47)4

x| o2 718 HETL Al2EL Akl
Hi(Guidance) E& A4 Al (Advice) S
Fo dE 228 T, AHHe 933 AA9
d9A gAE st SAHeln Al FA
04 53¢ Aoty Ao o) AFTASF A7l
FORTRAN = C54 dejRr} A4Hs¥ (Com-
putational Capability) o] f§@oj4e] 71§} 2
gt 7] SR 4G 2y AP dA
Faq qTg dgsio oy 4 /e A
7 A2 FERA ERAE 4T @
FEZ o] 4 g AEV) Aagy 2
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EXTRNE

A 2FA7E Aol WFAeIth & Ay
o] #4s17) $isted PROLOG#} FOR-TRANA}
olef Interface® 5] T8 A2 A=E 44
(Formulation) 3} ¥«ci.

MCDM(Multiple Criteria Decision Making)

AzZrgEA At 2 zAAsL sk Ak
AAAo 2 B 4 glew] Folit AANEH L 2HH
Aolqt AdAgke] 5 A¥ oF A T2
Aol wet st A Bl a7t o)
L AES} A2y $EHA4 9] Conflict Reso-
Iution#As} ofg-2] HAY A} AL A
b B A2ge o] HAEARAE F7] A5t
MCDM 714 =slstgdeh. <18 & Rule Base
2 38 A9 92 Rule{X1, X2, X8} )&
o o}F ZE¥35}17) )8k Simple Additive Weigh-
ting Method& o] g3t F84 Wl wet 2%
2] (Output Confidence Value)& thg3} Ze] <
e

D=3(XW)}/Z W,

aejxr Zhzhe} Rulee] €}& Attributegt AE
7172 AND#} OR(Conjunctive and Disjunctive
Rules)2 <2¥ A4 Min{X}¢ Max{X} ¥ d
A S YubHe tigSt o] YT o 9
o}

D=max, min{X;}

22y 24749] Ruleo] AAZZ w2t 2 F8
o] 24 F% W Yagerf4]7} A
Concentration® Dilation Operation2 £5t] $
¥rsict.

5. Q17F¢3¥" Knowledge Base

AR A3 Rel Al BAE =AY ozl
gob Terminal#glg s 59 el 9%
£2 5 22 BEe A4, 247 3

(Physical and Mental Stress)& 7#et}. o2
T Habe AR A, 4%, 29, A9 59
2}qiAPA4 (Operator Variables)s}, ol 54z, =
% So A4 (Task Variable)ol 28 7%
g, # A agle o2 AYEN wie} I2x
AAEA A w2zt 2% A4 i
£ ANEA Aok, 4E B AA 2] SA4A
AAZ} AAZZE FARERA Goke AS A=
9& ZAz7E ohRelel e ERES dubAEdl
Z%% AL £ Ao} o A A AA
244 w2l AAE 5 len] AL FiA}el
F A4 Yo vz}l HPY ATEHAT ol4s)
A =t AAA7} FAgAe] AR5 Jde) B
AAdgte]  Qitkd  A¥EE ez} ILO
(International Labor Office) 2] 712& AAlstA
o) zpqz e iyt HRF ofge 2w 9o
oldll We} o) A FEE vhedt o] AAE}

A #.

IF AGE and GENDER are known

THEN use ILO__1962

IF VERTDIST and HOR__DIST and
GENDER and
POPULATION and known

THEN use ERGONOMIC GUIDE 1970

IF HOR__DIST and POPULATION are

known and GENDER="MALE’
THEN use Snook 1970

IF HOR _DIST and FREQ and
GENDER are known

THEN use Ciriello 1983

IF HOR DIST and POPULATION and
GENDER and FRE and BOX_ SIZE
are known

THEN use Ayoub 1979

IF HOR__DIST and VERT_ DIST and

FREQ and MOV DIST are known
THEN use NIOSH 1981
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THEN ¥-£2] W4 247] 2 4728348 =
33 oleo] zt dFAntEo] B AolFe 1
ol=dl ol 7+ dF-AntEe] Qo)A P zEs
482 Aolgtol 7ol Ao gA oduk dAAE
o HAAE o|Bsfof SH=AE & 4 gleER A
2qoll A djakatqle] Ao wel g d7En

£ WASE Aol F28T. BY o] dFAs}EL
z7) g P2 AR =} glen] 4SEH 1962
ol HEH ILO7IEE 29[ 23315 2¢] |
o] &9 HejE Zi=c},

ghelel Bink(21E #Heixte] A=ietd 297
o 23 ATE P o] I Ao [29
41904 BE whs} zto] £ES} Ho ew] 2 A

AGE GENDER 2gelAe AHA YUz A=) ok w3
male female He FAZC HEs} o4 sFsaE University
14~16 14.6 98 of Michigan®] 3-dimensional Biomechanical
16~18 | 185 17 Modelelt} Garg2] Model5-¢] 247184 o8¢
18~20 226 137 2Eade AN AT A SVl DU,
20~35 245 146 61 WAL QBTH PobFolH AALE(Bio
35~50 206 12.7 mechanies), 2t¢lA)elst(Work Physiology), &
50~ 156 o8 §J41e}3H (Psychophysics)®] A Robs] AA=)4|
[33] 3] =eixie] ME, HzE BRo S o] Modules} =e] glen] AMA2€9 Flow-
(kg) chart= [28 5]} 7).
10000 ¢ A isthe physical working capecity in keal /mir,
8000 £ ¢ is the working time in min,
6000 a the aerobic capacity in keal/min.
- 4000 |
E -
= w00
[+4]
5 1ow0p RULE BASE:
¥ sl IF PWC is available for the worker
2 wol THEN read PWC
g i IF PWC is not currently available for the aperator
= THEN suggest to the user Bink62 and Passmoreb5
200 FACT BASE:
100 L Passmore55: VO;max for men=Kcal/min
80 F VO,max for wemem=10.5Kcal/min
60 | Bmk62 : determine metabolic energy expenditure rate
wl Limit=17.9—4.77*LOG(TIME )or
- Limit=20.4 —0.0688*AGE—4.75*LOG(TIME)
20
e
8F
B i AY
o N
2F (38 4] ZHAIZE & AW A2|sH
A1 2 XIAIKEF Aley
1 l!lll]llll’]lllI]Illlllllll!

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
A(Physical working capacity in keal/min.)



114 Hele EETRaE
New Case
Obtain Task Descriptions
Design
Stage
Evaluation
Stage

[3& 5] Al2E2] Flowchart
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6. H-&A

¥ A25le] 84S FHFE7) 95ty ez
A ARt Alage] Apdel #§ Karwowski et
al[9]2] =FelA AN A1 Hexles &
AadlellA Hg3lgon, o]F vlA] Kabuka et
al[8]o] NE&t HE7F Al 2o 323445} o}
# wlwsf Hsich

Kentucky 2] Louisvilleol §l= &) E7pE4}o)
e AdAES 2%k Y @Y AFES AF
&2 9led, of 2t4]& Machine-paced 2tgle =
A FEAes A 179 AFAE a3 &
A AdAEL 3009 A7} GAERA #A of
A 4EE PR A gont HZFAE Ko
2 ek webA Fapell s A g AAEE Qg
¥ 02 grpstaa} gt

Karwowslki et al.o] HE7} AlAgdA]e] £&
#HAL [29 613 zrem o] Al2glolxe 24
2] #¥=(Risk of Task)?} Mediume 2 FEF
oo, ol AatdiA #F3 )= (Excessive
Fatigue) & 7M€ 71540 3l&-8 AAsh: A
o|ch, =& o] AlelE Kebuka et al.] A]2go]
A7) FEHA) [2d 7] et glow
B ek Hog 4 AYFHE 25Hev
Rezaks 2ol AL IHFT UHAY Ade]
doj2g & + Utk

o] AHHE B Alaged ALA71R HA 24
2]&}ol] F3+ R|4l(Psychophysical Module)$ 7]
Agte) 4rPse 47hA A7 4%HE AR 2
c}.

1) Rule_11.062:
IF GENDER =male, AGE=35
THEN MAW =54 |bs

2) Rule_ EGUIDE70:
IF GENDER =male, POPULATION
=50%, VERT _DISTANCE=/{loor
~-to-knuckle,

HOR DISTANCE=27in
THEN MAW=53lbs
3) Rule _SNOOK7S;
IF GENDER =male, POPULATION
=50%, VERT _DISTANCE={loor
-to-knuckle
THEN MAW=54lhs
4) Rule AYOUB79:
[F GENDER =male, POPULATION
=50%, FREQUENCY =12,
VERT__DISTANCE = floor - to -
knuckie, BOX_ _SIZE=14in
THEN MAW =42lbs
o] AFF9 Aol 7z ATEe] 2 g
W2(Task Variables)2] Ao|gelH 7 A
o2 & 4 glor] o] F A 38 AHE A&
o] gleHeR Adsr|¥ct o TE dikE:
(23 8] el Z7l BAHEA A2 (Biome
chanical Module)® =dAge]etd A)4](Physio-
logical Module) & o}4, 7o 25 AHgA}e]A
A GAEs 1 Askg: AXEA g ol
A7}A 9] Aol qlxb-geha] AR e gk
(Gt 1 & 2

CE 1) izagt ZIF012| dAiet Wot

W AGAARA B ARz W) A AIFA 57
1 54lbs 12721bs 4.00keal/min
) 53lbs 1257lbs 4.04keal/min
3 54lbs 12721bs 4,00keal/min
4 42ibs 10911bs 4.42keal/min
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This expert system Is designed to aid in the analysls of manual material handling tasks. The program
can deduce TASK_RISK and OPERATOR_RISK. The TASK_RISK analyzes only the characteristics of
the 1ask and outputs the risk for an imaginary young healthy male. The result will be the EXPECTED
RISK OF LOW BACK DISABILITY OR INJURY DUE TO OVEREXERTION FOR A PARTICULAR
WORKER.

WHAT LOWER CONFIDENCE LIMIT DO YOU WANT? 0
WHAT PARAMETER VALUE DO YOU WANT TO DEDUCE? QPERATOR_RISK

FOR LOAD SIZE PLEASE CHOOSE FROM THE FOLLOWING SET: (LIGHT MEDIUM HEAVY}
LOAD SIZE? medium
INPUT CERTQAINTY OF MEDIUM? 0.9

FOR HEIGHT OF LIFT PLEASE CHOQSE FROM THE FOLLOWING SET:

- LOOR-TO-REACH/KNUCKLE-TO-REACH/SHOULDER-TO-REACH)
HEIGHT OF LIFT? floor-to-knuckia
INPUT CERTAINTY OF FLOOR-TO-KNUCKLE? 0.9

FOR FREQUENCY PLEASE CHOOSE FROM THE FOLLOWING SET: (LOW MEDIUM HIGH)
FREQUENCY OF LIFT? high
INPUT CERTAINTY OF HIGH? 1

FOR HORIZONTAL DISTANCE PLEASE CHOOSE FROM THE FOLLOWING SET: {CLOSE FAR)
HORIZONTAL DISTANCE FROM THE BOGY? far
INPUT CERTAINTY OF FAR? 0.9

FOR OPERATOR STRENGTH PLEASE CHOOSE FROM THE FOLLOWING SET: {EXCELLENT
AYERAGE LOW)

OPERATOR STRENGTH? excellent

INPUT CERTAINTY OF EXCELLENT? 0.7

FOR OPERATOR AGE PLEASE CHCOSE FROM THE SET: (YOUNG MIDDLE-AGED QLD)
OPERATOR AGE? MIDDLE-AGED
INPUT CERTAINTY OF MIDDLE-AGED? 0.8

THERE 15 A 0.77 CONFIDENCE THAT OPERATOR RISK IS MODERATE.

EXPLANATION REQUIRED (YES OR NO): yes

since, LOAD SIZE IS MEDIUM

and since, FREQUENCY OF LIFT IS HIGH

and since, HORIZONTAL DISTANCE FROM THE BODY IS FAR
THERE IS A 0.92 CONFIDENCE THAT TASK RISK IS MEDIUM,

Although this object is only of medium weight, this task can still pase a potential risk to the operator.
The frequency fo lift, horizontal and vertical distances are especially stressful to the worker. Efforts
should be made to alleviate at least one of these stressors.

Since, TASK RISK IS MEDIUM
and since, OPERATOR STRENGTH IS AVERAGE

THERE IS A 0.77 CINFIDENCE THAT OPERATOR RISK IS MODERATE.

The physical capacities of the worker provide a good match between the task and the human operator.

[32! 6] Karwowski et al.0f 2|3t ME7AIAHL| HZ20M (&)
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This expert system is designed to provide recommendations on the maximum
weight to be handled for new and existing manual materials handfing jobs,

What s the type of manual materials handling task?
LIFTING / LOWERING «<---
CARRYING
PUSHING / PULLING

Would you care to analyze this for a lifting task?
YES <—
NO

Is this a new job or existing job?
NEW
EXISTING <—

What is the trequency of lift in times/minute?
1

12 <

What is the height of lift?
FLOOR-KNUCKLE <—
FLOOR-REACH
SHOULDER-REACH

What is the box with in cm? Box width is defined as the dimension of the box between the hands.
31
38 <---
66

What is the box length in cm? Box length is defined as the dimension of the box away from the body.

<y
36 «—
456

What is the gender of the worker?
MALE <
FEMALE

What is the percentage of the worker population?
5% <~
95%

My recommendation is as follows:
The weight handled on the job Is greater than the weight that can be safely handled with
the existing job conditions. These are four possible solutions to this problem. These are:
{1) to reduce the weight handied
{2) to change other job conditions such as reducing the frequency of lift
{3) to provide adequate rest pariods to alleviate the effect of fatigue
{4) to provide mecharical aids such as a mechanical lifter,

{22! 7] Kabuka et al.0of| 2|8t METIA[AHS| SEDHE (&H2F)
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=»>BIOMECEANTCAL ANALYSIS OF THREE DIMENSIONAL.STRENGTH<=
UNIVERSITY OF MICHIGAN (REVISED JAN. 198%)
RIGHT HAND LEFT BAND BACK NIOSE MALE/FEMALE
T$ TASK POST. H FOR LOCATION SEPARATION COMP MPL % LIMITING
v L, E VL E M F{LBS) MUSCLE GROUP
* 1] LIFT STOOP 2 54 46 9 27 0-18 0 1272. 1166. 43.4 60 ANKL EXTN R
6 ANKL EXTN R
* 2 LIFT STOOP 2 53 46 9 27 0-13 -0 1257. 1151, 43.4 62 ANKL EXTN R
: € ANEL EXTHN R
* 3 LIFT STOOF 2 54 46 9 27 0-18 0 1272. 1186. 43.4 60 ANKL EXTN R
6§ ANKL EXTN R
» 4 LIFT STOOP 2 42 46 ¢ 27 0-18 O 109l. 986, 43,4 77 ENEE FLEX R
20 HUM. ABD. L
METABOLIC ANALYSIS OF JOBS BY PEYSICAL WORK ELEMENTS
WEIGHT: 166.0LBS SEX:MALE
EL DESCRIPTION P(LB) POS 1 POS 2 T(MIN) V(MPH) 3SLOPE FREQ E({KCAL)
1 STOOP LOWER 54.0 32.0 4.0 8.0 0.0 0.0 z. 0.438
FROM 32 IN
2 STOOP LOWER 54.0 32.0 12.0 0.0 0.0 0.0 2. 0.35
FROM 32 IN
3 5TO0P LOWER S4.0 32.0 20.0. 0.0 ¢.0 .0.0. 2. 0.21
FROM 32 IK
4 STOOP LOWER 54.0 32.0 28.0 ¢.0 0.0 0.0 2. 0.07
FROM 32 IN
5 ARM LIFT 54.0 32.0 38.0 0.9 0.0 0.0 2. 0.10
FROM 32 IN
6 ARM LIFT 54.0 32.0 44.0 0.0 0.0 0.0 2. 0.30
FROM 32 IN
7 sPOOP LIFT 0.0 4.0 32.0 0.0 0.0 0.9 1. 0.28
0-32 IN
8 STOOP LIFT 8.0 12,0 32.0° 0.0 0.0 0.9 2, 9.20
0-32 IN
9 STOOP LIFT 0.0 20.0 32.0 0.0 0.0 0.0 z. 0.12
0-32 IN
10 STOQP LIFT 0.8 28.0 32.0 6.0 0.0 8.0 2. 0.04
0-32 IN
11 ARM LOWER 0.0 36.0 32.0 ¢.0 0.0 0.0 2. 0.01
FROM 32 IN
12 ARM LOWER 0.0 44.0 32.0 0.0 6.0 0.0 2, 0.03
FROM 32 IN
BASAL METAB, STQOPING 0.00 0.00
BASAL META3, STANDING 1.00 1.81
BASAL METAB, SITTING 0.04 0.00
TASK DURATION = 1.00 MIN
ENERGY EXPENDITURE RATE = 4.00 RKCAL/MIN
ENERGY EXPENDITURE RATE = 4.04 RCAL/MIN
ENERGY BEXPENDITURE RATE = 4.00 RCAL/MIN
ENERGY EXPENDITURE RATE = 4.42 RCAL/MIN

(328 8] Xdalz|ats tHet| WA|HE 8 XUME|Ee| BI}
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