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Abstract

The maximum endurance time is a key parameter for the estimation of relaxation allowance and rest time. Recently, researchers have
started to investigate and integrate particularly economic aspects of sustainability as well as environmental sustainability dimensions
in intralogistics systems, and only a few contributions studied the social aspect of sustainability. Therefore, the aim of the paper is
the extension and development of a new cost model based on relaxation allowance and endurance time. The effects of endurance
time and relaxation allowance on the total cost of logistics operation were investigated. The developed new model considered the
maximum endurance time for calculation of rest time necessary for different quantities of handled items and item weights. The results
of comparison with the total cost of maximum lifting and carrying (25 kg) limit for two-handed lifting show that the percentage savings

achieved with the implementation of our new model from using ergonomic rest time and maximum endurance time was equal to

43.2% in the total cost of production line supply process.
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1 Introduction

Many researchers have investigated economic and
environmental sustainability of intralogistics systems
(Cunhaetal., 2018; Ghare and Schrader, 1963; Goyal, 1985;
Hadley and Whitin, 1963; Rezaei, 2014; Safacian et al.,
2019; Salameh and Jaber, 2000; Tiwari et al., 2018;
Wangsa and Wee, 2018; Zhao et al., 2004) and only a few
contributions have been made for social sustainability
(Ciccullo et al., 2018). The work-related musculoskel-
etal disorders and work-related back disorders are the
most common occupational disorders that cause lost or
restricted work time. It is crucial to prevent WRMDs to
promote economic and social sustainability. According to
the last report of the EU-OSHA (2017), work-related mus-
culoskeletal disorders are one of the most crucial reasons
for death in the EU-28 proportion (14.66%) and the World
proportion (14.96%). The maximum endurance time was a
key parameter for estimating recovery times and quantify-
ing muscular fatigue to prevent work-related musculoskel-
etal disorders. The endurance time of muscle force is the

maximum time of holding force until the pain or fatigue
occurs (Eksioglu, 2011). Several researchers have inves-
tigated that the relaxation allowance or rest time allow-
ing the recovery from muscular fatigue can be estimated
from the endurance time of a muscular force (Corlett and
Manenica, 1980; Rohmert, 1960; 1973; Rohmert et al.,
1986; Rose et al., 2001). The constituted rest time and time
standards were provided with an opportunity to increase
the productivity of the workforce and lower the cost of a
company. Consequently, the correct establishment of rest
time, safe work design, and precise rest allowance for
muscular fatigue must be considered in cycle times. In
the literature, there can be found a significant number of
general and specific muscle group endurance time stud-
ies. Rohmert (1960) developed an exponential model for
endurance time, and the endurance limit was 15% fMVC
which means that forces till 15% fMVC can be held with-
out tiring. It was a general model and valid for all muscle
groups and not dependent on a worker or task parameters.
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Rohmert et al. (1986) developed endurance time models
for specific muscle groups (shoulder, elbow, back, and
hand). Corlett and Manenica (1980) have investigated the
relationship between endurance time and relative force for
the static pull and static torque. Rose et al. (2001) investi-
gated endurance time, pain, and resumption time for fully
flexed postures. They found that endurance times in fully
flexed postures differ little from those in more common
postures. Therefore, the results showed that fully flexed
postures might be assessed by more general prediction
models for endurance. Garg et al. (2002) studied endur-
ance times for different shoulder postures, and their model
does not have the endurance limit.

In the literature, there is a few number of studies found
that consider both ergonomics and inventory management
(Korkulu and Béna, 2019). Battini et al. (2011) investigated
and analyzed the relationship between ergonomics and
assembly system design techniques. Battini et al. (2015b)
have developed a new measurement technique with con-
sideration of energy expenditure equations (Garg et al.,
1978) and rest allowance formulation (Rohmert, 1973) to
simplify the ergonomics assessment of each assembly task.
Battini et al. (2015a) have developed functions that are
considered warchouse picking activities with the human
availability and the rest allowance. Battini et al. (2017a)
have developed a new multi-objective model for assem-
bly line balancing, including energy expenditure rate
based on Predetermined Motion Energy System (PMES).
Battini et al. (2016) have developed a mixed-integer model
which integrates assembly line balancing and parts feeding
with the incorporation of ergonomic aspects based on rest
allowances formulas of Garg et al. (1978) and Price (1990).
Andriolo et al. (2016) have developed a lot-sizing model
that considers multi-objective optimization of ergonomic
aspects based on the lifting index (LI). Battini et al. (2017b)
developed a mathematical model that investigates ergo-
nomic lot size, which integrates Price's (1990) rest allow-
ance formulation into the lot-sizing model. They have
investigated picking and storing motions with the energy
expenditure rate for rest time assessment and did not con-
sider the pushing motion and the maximum endurance
time, which has been a key parameter for better ergo-
nomic assessment and calculation of rest time. Botti et al.
(2017) have developed a mathematical model to design
lean processes with ergonomics for hybrid assembly lines
and did not consider the lot size. Three heuristic methods
have been developed by Finco et al. (2018), which consid-
ers energy expenditure and rest allowance for assembly

balancing problems. Finco et al. (2021) have developed
a bi-objective model that considers vibration exposure to
eliminate ergonomic risks in assembly line design and did
not consider the optimal lot size. Al-Araidah et al. (2021)
have developed a Monte Carlo simulation model that esti-
mates fatigue allowance (Price, 1990) with the integration
of energy expenditure formulas of Garg et al. (1978) for
female order pickers. Finco et al. (2020) developed a math-
ematical model that integrates human energy expenditures
in assembly line balancing problems with the smoothness
index. The multi-objective mathematical model developed
by Zhang et al. (2020) integrates the OCRA method to
eliminate the ergonomic risks for U-shaped assembly lines.
Their model did not consider finding optimal lot size.

Our investigation of the literature has shown a significant
gap regarding maximum endurance time as an ergonomic
measure and motions such as pushing, pulling, and so on.
Therefore, the aim of the paper at hand is to extend the exist-
ing studies and develop a new lot-sizing model for produc-
tion line supply that covers rest allowance, pushing motion
and maximum endurance time for preventing work-related
back disorders, and ergonomic risks and supports economic
and social sustainability. The objectives of this study are:

1. Extension and development of a new cost model
based on relaxation allowance and endurance time
formulation, which has been developed by Rohmert
(1960; 1973).

2. To investigate the effects of endurance time and
relaxation allowance with different parameter sets
on the total cost of logistics operation.

The model developed in this paper helps to determine
the optimal ergonomic total cost of production line supply,
to help to reduce ergonomic risks associated with job cycle
under study, and to help to increase the overall productivity.

2 Problem description

2.1 Framework of the handling activities and symbols
The problem and framework studied in this paper is a sin-
gle material-single operator model, a case of production
line supply process, which covers transportation of fixed
amount of raw materials from storage plant to produc-
tion plant by manual material handling with a simple cart.
To promote manual handling, transport raw materials and
protect the worker from work-related back disorders risks
during transportation, the new model investigated spe-
cific motions such as lifting, lowering, and pushing during
which ergonomic risks may increase. As given in Fig. 1, the



job cycle consisted of lifting and lowering products to the
cart in the raw material storage, transporting raw materials
to the supermarket by pushing, loading the raw materials to
the supermarket, and moving back with the cart to the raw
material storage. Table 1 shows the summarization of sym-
bols and their definition used in the mathematical model.

The following assumptions will be made for developing

the new model:

1. The model considered a single worker,

2. A simple cart is used for the transport of the raw
materials from the storage to the supermarket for
investigation of pushing motion,

3. The model considered a single type of raw material.

2.2 The AIM methodology

The AIM tables were invented in the middle of the 1960s by
Hungarian researchers. AIM tables are used for calculating
the time necessity of periodically operating material han-
dling systems. The AIM aims to define the time necessity
of a weight forwarding process, the definition of how many
machines, tools, workers the system needs, planning the
schedule for tasks, and analyzing the working efficiency
of existing systems (Barta and Bona, 2010). The method
allowed the planning of systems of material handling by
hand without any tools, material handling by hand with
tools and forklift trucks. Therefore, we applied the AIM
method for defining the material handling time necessities.
The applied time estimation procedure in the AIM method
is very similar to the well-known MTM (Methods Time
Measurement) method, but the AIM method is specialized
to logistics activities. The AIM method calculation param-
eters for production line supply were given in Fig. 2. The &
parameters are the levels of the lifting and lowering logis-
tics units from and into the logistics equipment, and the d
parameters are the estimated length of the realized moves.
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Additionally, we also need to give the weight of the han-
dled logistics units. Based on these parameters, we can cal-
culate the time necessities of the moves.

3 Mathematical model

3.1 Rest allowance and maximum endurance time

We used the Rohmert (1973) rest time model where the
rest time formulation includes endurance time which is the
maximum time of load that can be maintained. Based on
the formulation developed by Rohmert (1973), the relax-
ation allowance can be defined as

TR=18OOX(L
T

E

j' < (MVC—-0.15)", (1)

where, T, is a rest allowance (% of total contraction time);
¢t is a contraction duration (working period of lifting,

. . . ro. .
lowering, or pushing) in a second; 7 s the relative

E
];aad

contraction duration; 7’ . istheendurancetime; fMVC = ite

is the relative force. As given in Fig. 3, the force load on

the spine can be determined for lifting, lowering F1, and
pushing F3.

Endurance time formulation, which was developed by
Rohmert (1960), can be defined as

2.1 0.6 0.1
+ - -+ -
mMyvc  mve: fmMrce

T,=-15 )

According to relaxation formulation, rest time is
necessary if fMVC is higher than 0.15, which leads to
JMVC —0.15 = 0. With this constraint, T, can be expressed

by the linear function of the tangent plane approximation
(Korkulu, et al., 2021):

Ty=A,xt+(B, x fMVC)-C,, ©)

STORAGE
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<

Fig. 1 Job cycle (Single material-single operator model)



208 | Korkulu and Béna
Period. Polytech. Transp. Eng., 50(2), pp. 205-215, 2022

Table 1 Definition and list of symbols

Symbols Definition
T.(@) Rest time fo(r) :zsrlf:llg fergor;onjlic risks' and disorders
g from fatigue (min)
3 Availability time of the stock on the production line (min)
w, Weight of the cart (kg)
w, Weight of one unit (kg)
T,(q) Endurance time for handling the lot ¢ (min)
mvc Relative force (%)
C(g) Total cost function ($)
C, (@) The total cost function of picking ($)
C.(9) The total cost function of storing ($)
C,u(@ The total cost function of pushing ($)
Cpushb(q) The total cost function of pushing back ($)
Cop(@) The total cost of operations ($)
C(@) The total cost of inventory (q)
Crk (‘] ) The total cost function of rest time ($)
. Unit picking time from the s.torage equipment to the cart
picking (min)
Unit storing time from the cart to the supermarket of the
storing production line (min)
Lysh Cart pushing time to the supermarket (min)
Lo Cart pushing back time to storage(min)
r Coefficient of pushing motion
q Lot size (pcs)
c, Inventory holding cost ($/pcs/h)
c Unit worker wage (cost) ($/h)

0 Number of cycles needed for handling total (Q) amount of
q items (rounded up to the nearest integer)

TR," (9) Rest time needed for picking (min)
T, () Rest time needed for storing (min)
TRIM (9) Rest time needed for pushing (min)
T, (q) Rest time needed for pushing back (min)

where A4 is the coefficient of contraction time, B, is the
coefficient of relative force and C _ is the coefficient of the
rest time. The linear function of rest time and endurance
time can be defined as

T, (q)=3.64x1xq+(32.22x fMVC)—5.32. @

storing
d,

pushing

We calculated MVC equals F,_related to the investi-
gated activities, which can be defined in the case of pick-
ing and storing as

Jinas,, X &*D
B =, ®)

pi—st a
and in the case of pushing the F_can be defined as

xoxuxd
F :fmaxm, gxu , ©

max,,, B
where based on Fig. 3, @ is the length of the load on
the spine; b is the distance from the body axis; ¢ is the
height of the load on the spine and load axis; d is the dis-
tance between shoulder and waist; g is the gravitational
acceleration and u is the coefficient of rolling friction.
The parameter £, is a maximum load value for pick-
ing and storing mo'clibns calculated according to the stan-
dard "ISO 11228-1:2003(en) Ergonomics — Manual han-
dling — Part 1: Lifting and carrying" (ISO, 2003) limit
for two-handed lifting, which is 25 kg. The parameter
Jinax, 18 the maximum load value for pushing calculated
as s&ggested by Resnick and Chaffin (1995), which is the
load limit of 225 kg for four-wheeled carts. To calculate
MV,
which can be defined as

we applied force load of picking and storing,

i—st?

XW Xgxb
and = q o g > (7)

i—st
r a

where w_is the unit weight of material and g is the lot size,
which is equal to a box of materials. To calculate fM e,
we applied force load of pushing, which can be defined as:

((33.75—wj j
< |xgxw, +w, |[xgxuxd

Foo= 3.75 , @®)

load,, c

where w_ is the weight of the cart. 7, > 0 if

and/“ﬂ, > 9
ﬂV[VC,J,-_s,(Q)ZF—_O.IS, ©)

max ;g

picking

d> d;

{Fpmp hle g %hpmp

Fig. 2 AIM calculation parameters for the investigated job cycle
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Fig. 3 The load on the spine

and

load

F
—2>0.15. (10)

max

MvC,, (q)=

According to Eq. (9), %2}”"20.15 and therefore
g *x w, = 375 kg According to Eq. (10), and
_3B75-w,

coefficient,
3.75

if we introduce the
(rxgxw,, +w. )xgxuxd

225x gxuxd

then >0.15, and therefore

%20.15. Therefore, if we consider the

maximum limit values for the handled weights, then

rxqxw, >3375—w_ mustbe also met.

3.2 The extended new model

In the literature, there can be found few lot sizing and
inventory models with ergonomics such as Andriolo et al.
(2016); Battini et al. (2014; 2015b; 2016; 2017b).
Battini et al. (2017b) have developed a mathematical
model which investigates ergonomic lot size for pick-
ing and storing motions. We developed and extended the
studies in literature (Andriolo et al., 2016; Battini et al.,
2016; 2017a) with lifting, lowering, pushing, pushing
back, endurance time and rest allowance and inventory
cost functions as follows:

0
Cp(q)zzxrxtpickingqucwxlrrxq s (11)
Cs(q)zzxrxtstoringqucwxlr Q —‘; (12)

rxq
_ 0
Cpllsh(q)_rtiushqucwxirrxq s (13)

Cpu:hb (q) = tpushb X Cw X ’V rgq —‘ ’ (14)
2 XrX q x TR, x tpicking + TR,‘_ X tstaring
CTR (q) = ( ' ) x C,

Ty XE g TTXGX TR:,,,,sh xt

pushb
X Q ,
rxgq

t,xrxq (0] t,xrxq | T
Cor(q)= 5 xhxq—‘xch =" xL——lxch. (16)

push (1 5)

a

The definition of the total cost function, which includes
relaxation allowance cost as follows (Eq. (17)):

C(q) =Cpy (6])+ Cor (q)+ CTR (q)
=Cpy (0)+C,(0)+C,(0)+Cpn (9)+ Cpu (@) + Cr, (),
(17)

where C(q) is the total cost of the production line supply,
C,y () is the total cost of inventory, C,.(q) is the total
cost of logistics operations, C (g) is the cost of picking,
C.(q) is the cost of storing, Cpush (¢) is the cost of pushing
the loaded cart, Cpmb(q) is the cost of back traveling with
pushing (empty cart) of the cart and C, (¢) is the cost of
relaxation allowance.

Equations (11), (12), and (13) are the cost functions for
picking, storing, and pushing motions which represented
the total time spent for picking, storing, and pushing the
total amount of items and were also multiplied with unit
worker wage as a cost of the worker. Equation (14) is the
cost function for back traveling to storage with pushing
the cart. Equation (15) includes rest time for three activi-
ties to prevent any disorders occurring from fatigue. It is
also the cost function for rest time which is the total time
spent on resting for handling the total amount of items
multiplied with unit worker wage. Equation (16) is the cost
function of inventory holding.
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The total cost function can be rewritten as

(3.64>< e ¥4 +(32.22x MVC,,_ () - 5.32))>< 2%t e

C(q)qurxT

X ch + 2 X tpicking + 2 x ts'mring + Z‘push +|+ (364 X tsmring X q + (3222 X WVCpi—.\'t (q) - 532)) X 2mering X Q X Cw
+(3.64xrxt,,,xq+(3222x MVC,, (q)~5.32))x1,,,,
+[tmhb + [(3.64 Xt + (32.22 8X WX 532]} XL i J] xe, { g W
cx Fmaxw rxq
(18)
To find the optimal lot size (¢*), the derivation of the Eq. (23) called as pushing back coefficient and
total cost function with respect to "¢" is calculated as o x (4 o — 135)>< T
CHO=-" < , (24)
oC(q) 1 30
a—:Qxcwx CPI +CST +CPU - CPUBx— (19)
i 1 Eq. (24) called as holding coefficient.
—CHO =0, Optimal ¢* after calculation and simplification is
where defined as
7
3.01x10° %7, 40 . CPUB 5
8.25x10° 9 = CHO *
= . 20 —
CPI =2%1 .. ¥ +1,04><108><b><g><ww, , (20) CPI +CST + CPU e
321x10°xax f, .
Eq. (20) called as picking coefficient; 4. Results

3.01x107 %1,

8.25x10°
CST =2xt, . , 21
x srormgx +1.04><108><b><g><w ( )

3.21><106><a><f

max ,;_

Eq. (21) called as storing coefficient;

2.40x10" x1,,, x(33.75-w,)
2.48x10’
pu,th 7 _ bl
+2.76><10 xdxgxuxw, x(33.75-w,)

CPU =t

un

3.21x10° XCX o

(22)
Eq. (22) called as pushing coefficient;

3.01x107 x¢

pushb
8.25x10°
15x7  x 1.04x10°xd x g x uxw,

+1
pshb 3.21x10° x e x

max

5.78x10’

100107
CPUB - 1.09x10 ’

4x(33.75-w,)

(23)

4.1 Application of the model and parameter analysis

To investigate the effects of rest time as a cost, we applied
a numerical example, where the total number of items is
equal to 2000 pcs, T'is equal to 480 min, maximum volun-
tary contraction £~ isequal to 2452.5 N, and it is cal-
culated according tolthe standard "ISO 11228-1:2003(en)
Ergonomics — Manual handling — Part 1: Lifting and
carrying" (ISO, 2003) limit for two-handed lifting, which
is 25 kg. F,, ~is equal to 4326,5 N, which has been sug-
gested by Resnick and Chaffin (1995) for the load limit of
225 kg for four-wheeled carts. The cart weight is 25 kg,
height of picking up the load is 1.2 m and 0.2 m, the height
of placement of the load is 0.5 m and 1.2 m, the distance of
movement by manual material handling is 2 m (for picking
and storing), the distance of movement by manual mate-
rial handling is 15 m (for pushing and pushing back), time
need of mounting is 0.50 min/pcs, unit worker wage is
18 $/h, inventory holding cost is 0.02 $/pcs/h, the weight
of each item is 0.3 kg, x is 0.3. Anthropometric parame-
ters calculated as a and ¢ are 0.05 m for lifting, lowering,
and pushing, b is 0.5 m for lifting and lowering, and d is
0.35 m for pushing, according to work-related musculo-
skeletal disorders journal of Koltan (2007).



We can calculate the optimal ¢ of production line sup-
ply process for w = 0.3 kg according to Eq. (25), which
equals 4 pcs/box. We can also calculate the number of

boxes transported with cart for each pushing motion as
e 33.75-w, 33.75-25
375 375

=2 boxes which is equal to 8 pcs.

The total cost for ¢° = 4 pcs equals C(g) = 11743 $
where, C,,,(9)=116.18$,C, (9)=1338and C, (¢)=0$.

We compare our result with the total cost of maximum
lifting and carrying limit (25 kg) according to the stan-
dard "ISO 11228-1:2003(en) Ergonomics — Manual han-
dling — Part 1: Lifting and carrying" (ISO, 2003) for pro-
duction line supply process under study. The total cost
of ¢ = 25 pcs equals to 25 kg is C(q) = 206.92 $, where
Co(q)=28708, C, (¢)=168.78,C,,(q) =951 $, and
the saving from using our model with ergonomic rest time
and maximum endurance time equals 43.2%. The total
cost of maximum lifting and carrying limit (25 kg) is
higher as it generates more rest time and a high risk of
musculoskeletal disorders.

We calculated the savings obtained by using our new
approach with different w_(0.05 kg, 0.06 kg, 0.07 kg,
0.08 kg, 0.09 kg, 0.1 kg, 0.2 kg, 0.3 kg, 0.4 kg, 0.5 kg,
0.6 kg, 0.7 kg, 0.8 kg, 0.9 kg, 1 kg, 1.1 kg, 1.2 kg, 1.3 kg,
1.4 kg, 1.5 kg, 1.6 kg, 1.7 kg, 1.8 kg, 1.9 kg and 2 kg) and
savings were calculated comparing the total cost of max-
imum lifting and carrying limit (25 kg) according to the
standard "ISO 11228-1:2003(en) Ergonomics — Manual
handling — Part 1: Lifting and carrying" (ISO, 2003) limit
for two-handed lifting where each lot size kg value equals
25 kg. As given in Fig. 4, an increase in unit weight reduced
the optimal lot size and total cost and increased the savings.
An increase in unit weight will increase the relative force of

91
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Saving (%)

41
31
21
11

1
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Fig. 4 Savings for different weights of each item
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the muscle for handling. Therefore, handling heavier items
will increase the rest time needs of the worker, and it leads
to higher rest time costs. Our model suggests decreasing
lot size for heavier items to optimize rest time cost and
ergonomic risk. Therefore, our extended new model opti-
mizes both economic and ergonomic aspects of the specific
production process investigated under this study.

We calculated the optimal lot sizes for different unit
weights (0.01 kg, 0.02 kg, 0.03 kg, 0.04 kg, 0.05 kg, 0.06 kg,
0.07 kg, 0.08 kg, 0.09 kg, 0.1 kg, 0.2 kg, 0.3 kg, 0.4 kg,
0.5 kg, 0.6 kg, 0.7 kg, 0.8 kg, 0.9 kg, 1 kg, 1.1 kg, 1.2 kg,
1.3 kg, 1.4 kg, 1.5kg, 1.6 kg, 1.7 kg, 1.8 kg, 1.9 kg and 2 kg)
with our new model. As given in Fig. 5, the increase in
unit weight of the item reduces the optimal lot size value.
The reason for this is that the relative force (fMVC) is cal-
culated according to unit item weight as we explained ear-
lier in Subsection 3.1, therefore, increase in weight value
decreases the lot size for reducing ergonomic risks.

We analyzed the model under different parameter val-
ues to determine how total, operational, inventory, relax-
ation time cost changes. We applied three different item
weights, which are 0.25 kg, 0.5 kg, and 1 kg, and other
parameters were constant, cart weight is 25 kg, unit stor-
ing time is changing between 0.13—0.20 min, unit pick-
ing time is changing between 0.13—0.20 min, unit push-
ing time is changing between 0.21-0.28 min and pushing
back time is equal to 0.14 min, unit worker wage is equal
to 18 $/h, inventory holding cost is 0.02 $/pcs/h, a and ¢
are 0.05 m for lifting, lowering and pushing, b is 0.5 m for
picking and storing, and d is 0.35 m for pushing, x is 0.3.

Results of the analysis were given in Fig. 6, Fig. 7, and
Fig. 8, which illustrate that an increase in weight of the
item will increase, especially the total cost and cost of rest

24
22 ¢

)

0 02040608 1 12 1.4 16 1.8 2
w (kg)

Fig. 5 Optimal lot size (¢g) for different weights of each item
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Fig. 6 Total cost curve, rest time cost, holding cost and operational cost
curves for alternative lot size (w,, = 0.25 kg)
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Fig. 8 Total cost curve, rest time cost, holding cost, and operational cost
curves for alternative lot size (w, = 1 kg)

time, and decrease the ¢". In particular, there is no big dif-
ference between the operational cost and inventory cost
when the weight of the item changes. As can be seen, the
optimal solutions suggested by the model lower the weight
of the item or decrease the lot size in order to decrease the
total cost and the rest time cost.

We applied different distance values for lifting, lower-
ing, and pushing motions between the storage and super-
market of the production line area for analysis. The dis-
tance values changed for d, between 15 to 1 m and unit
item weight of the material are equal to 0.25, 0.50 and 1 kg.
As given in Fig. 9, an increase in distance d, increases the
rest time need and rest time cost. Furthermore, an increase
in item weight increases the rest time cost.

We applied different distance values to analyze the push-
ing motion between the storage and supermarket of the
production line. The distance value of d, changes between
400 to 5 m. The unit item weights of the material are equal
to 0.25, 0.50, and 1 kg. Fig. 10 illustrates that the increase
in distance of d, will increase the rest times and rest time
costs. Furthermore, an increase in distance d, will increase
rest time costs more for heavier items as an increase in
weight will increase the relative force and time of handling.

5 Conclusion and further research

The work-related musculoskeletal disorders and work-re-
lated back disorders are the most common health problems
in the World. Especially, manual handling, uncomfortable
working positions and repetitive movements, all actions
which are often associated with working in a manual job
are the most common causes of musculoskeletal disorders.
Although many research studies have contributed on the
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Fig. 9 The rest time cost for different distances of transportation of
lifting and lowering (d,)
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Fig. 10 The rest time cost for different distances of storage and
supermarket of the production line (d,)

lot sizing, work-related back disorders and ergonomics in
lot sizing has received very little attention in the litera-
ture so far. In this paper, in order to improve ergonomic
conditions and to reduce the risk of work-related back dis-
orders, the ergonomics aspects were integrated into lot
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