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Abstract

Aim: This study scientifically addresses aid logistics operations, a subfield related
to disaster management. It aims to conduct a design study that will guide those in
authority. The study is in line with the classical logistics flow, with a value-oriented
lean perspective, and eliminates processes that are not beneficial to disaster
victims and include waste. The application of the axiomatic design approach
in logistics, particularly in relief logistics, is relatively new and is expected to
contribute to the existing literature gap in this area.

Method: This study presented a complete, separate, waste-free design structure
for aid logistics activities using the Independence Axiom from the Axiomatic
Design (AD) principles as a method. Independence action is a scientific
methodology based on the design of design steps as separate as possible from
each other. While creating the design structure in question, the dimensions of
classical logistics were taken into consideration and the lean logistics perspective
was utilized. In addition, current literature was effectively utilized in defining aid
logistics design steps.

Results: The issues experienced after the earthquakes that occurred on February
6, 2023 and affected Turkey and Syria showed that there was no organizational
awareness regarding aid logistics. When the collection and dispatch of aid
materials after the earthquake was observed, it was seen that this operation was
not carried out correctly and the necessity of such a study was realized.

Conclusion: The design presented has been presented as a horizontal hierarchy,
simple, suitable for logistic flow, easy to understand and implement design study.
Research on current literature has been guiding on what the design steps should
be. For future studies, it is recommended that AT approaches be applied in
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Amag: Afet yonetimi ile ilgili olarak bir alt alan olan yardim lojistigi operasyonlarinin bilimsel bir sekilde ele alindigi bu
¢alismada otorite sahiplerine yol gosterebilecek nitelige sahip bir tasarim ¢alismasinin yapilmasi hedeflenmistir. Afetzedelere
faydasi olmayan, israf iceren siireglerin ayiklandigi, deger odakli yalin bakis agisinda sahip ve klasik lojistik akisa uygun bir

¢alisma yapilmasi amaglanmistir. Aksiyomatik tasarim yaklasiminin genel olarak lojistik alaninda, 6zel olarak ise relief lojistik
alaninda kullanimi gok yenidir ve bu yonii ile literattirdeki bosluga katki saglayacaktir.

Yontem: Bu c¢alismada yontem olarak Aksiyomatik Tasarim (AT) prensiplerinden Bagimsizlik Aksiyomu kullanilarak yardim
lojistigi faaliyetleri icin eksiksiz, ayrik, israflardan arindirilmis bir tasarim yapisi ortaya konulmustur. Bagimsizlik aksiyonu,
tasarim adimlarinin olabildigince birbirinden ayrik tasarlanmasini esas alan bilimsel bir metodolojidir. S6z konusu tasarim
yapisi olusturulurken klasik lojistigin boyutlari géz online alinmis ve yalin lojistik perspektifinden yararlaniimistir. Ayrica
yardim lojistigi tasarim adimlarinin tanimlanmasinda glincel literatiirden etkin bir sekilde yararlanilimistir.

Bulgular: 6 Subat 2023 tarihinde meydana gelen ve Tirkiye ile Suriye’yi etkileyen depremler sonrasinda yasanan sorunlar,
yardim lojistigi konusunda orgiitsel farkindaligin olusmadigini gostermistir. Deprem sonrasi yardim malzemelerinin
toplanmasi ve sevk islemleri gozlemlendiginde bu operasyonun dogru bir sekilde stirdlriimedigi gorilmis ve boyle bir
calismanin gerekliligi fark edilmistir.

Sonug: Ortaya konmus olan tasarim, yatay hiyerarsiye sahip, yalin, lojistik akisa uygun, anlasilmasi ve uygulamasi kolay bir
tasarim c¢alismasi olarak ortaya konmustur. Giincel literatlr lizerinde yapilan arastirmalar tasarim adimlarinin neler olmasi
gerektigi hususunda yol gosterici olmustur. Gelecek galismalar igin AT yaklasimlarinin afet lojistiginin diger alanlarinda da
uygulanmasi 6nerilmektedir. Kurtarma faaliyetlerinin dogru bir sekilde dnceliklendirilmesi, afetzedelerin barinma bolgelerine
dogru bir sekilde transfer edilmesi ve afet sonrasi ortaya ¢ikan atiklarin yonetimi gibi alanlar AT yaklasimlari ile iyilestirilmesi
mimkdan olan alanlardir.

Anahtar Kelimeler

Yardim lojistigi, aksiyomatik tasarim, yalin lojistik, bagimsizlik aksiyomu, lojistik

1. Introduction

Before the shock of the 7,7 magnitude earthquake, whose epicenter was in the Pazarcik district of Kahramanmaras,
occurred on 06.02.2023 at 04.17, another 7,6 magnitude earthquake occurred in the same region, this time in the
Elbistan district of Kahramanmaras, on the same day at 13.24. The earthquake affected 12 cities in Turkey and the
cities of southern Syria, and so far, 50,783 people in Turkey and 8,476 people in Syria have been reported to have
lost their lives and injured more than 122,000. The main roads reaching the province of Hatay, which was one of the
cities most negatively affected by the earthquake, became unusable for a while, the ground of the city’s only airport
was severely damaged and flights were cancelled. It was not possible to use the port during this period due to the
fire that occurred as a result of the containers overturned in the Iskenderun port, which is the only port of Hatay, and
which lasted for 3 days. In addition to this information, the railways could not be used because the rails were broken
at several points on the railways in the city. The city became almost inaccessible by land, sea and air, and therefore the
aid and rescue teams were able to intervene in the city too late. The few usable roads could not be used effectively
due to the traffic created by the disaster victims who wanted to leave the city and the aid convoys who wanted to
reach the city.

The second major problem was the inadequacy of the rescue teams due to the earthquake that affected a very
large area and the adverse conditions due to the winter conditions. For these reasons, the survivors under the rubble
could not be reached in time, and this caused an increase in the death toll. In order to save the survivors under the
rubble, the inability of these vehicles to make correct prioritization in rescue activities has been the subject of intense
criticism due to the insufficient number of construction machines that will remove the construction rubble and the
number of operators who will use them.

The third major problem arose at the point of delivering the collected aid to the earthquake victims in a timely,
requirement-oriented and adequate manner. From the first moments of the earthquake, citizens in many cities began
to deliver the aid they collected to public and private institutions. aids; Efforts were made to reach the earthquake
zones through the Disaster and Emergency Management Presidency, Red Crescent, municipalities, governorships,
district governorships and non-governmental organizations. Although the incoming physical aids were classified
according to their types in the collection areas and tried to be loaded on the vehicles going to the region, there
was no qualified personnel to direct this operation and there was no process workflow to follow for the collection
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and classification of aids. In addition to this situation, intense disruptions arose in the activities in question due to
the fact that the earthquake victims were not aware of the aid reaching the earthquake zones and there was no
coordination regarding where, how and by whom the aid vehicles reaching the earthquake regions would be emptied
and distributed to the earthquake victims. Moreover, since the requirements of the earthquake victims were not
determined correctly, inconsistencies arose between the requirements and outgoing aid.

These earthquakes and the disruptions that followed revealed that disaster logistics operations were not carried
out in a conscious and planned manner. Within the scope of relief logistics, it was deemed necessary to conduct a
study that would guide the authorities on this issue, eliminate the problems experienced in the earthquake disaster in
question, such as lack of coordination, and cover the processes from collecting aid to delivering this aid to the relevant
disaster victims. As a methodology, the Independence Axiom methodology, one of the axiomatic design approaches,
was preferred. The biggest reason for choosing this method is that the ideal relief logistics operation design steps
should be as independent of each other as possible.

The author presented a literature research on Axiomatic Design covering the years 2012 - 2022 in his relevant work.
Accordingly, of the 90 publications closely related to the subject, 45 are only about the independence axiom, 34 are
only about the information axiom, and 11 are about both methodologies. In the same literature research on the areas
where axiomatic design is used, only 3 of the 90 publications on the subject are related to logistics - supply chain. As
can be seen, there is a gap in the literature regarding the use of axiomatic design in the field of logistics - supply chain
(Ates, 2023). It seems that the use of AD principles in more logistics-related fields will contribute to the literature.

Some facilities may not be accessible for a while after the disaster. Due to the inaccessibility of these opportunities,
it will be an important factor that ensures the sustainability of the operation healthily if disaster logistics operations
are affected only by a certain point instead of being affected by several different points. For this reason, it is of great
importance that the design steps are designed as independently and discretely as possible from each other. Disasters
are negative natural events or man-made disasters that can affect many countries in the world. In other words,
they are events that cause great loss of human life, destruction of natural environment, private property and public
infrastructure. In almost many countries, a state of disaster can occur depending on the geography they are in. While
Americais struggling with the problems caused by hurricanes, Japanis an earthquake country. The frequent occurrence
of these natural disasters in these countries has made them more prepared than others. However, although the type
of natural disasters that occur from country to country varies, the relief logistics operations planned to reach and help
the disaster victims afterward show great similarity (Adiguzel, 2019).

Relief logistics, which can be evaluated within disaster logistics, deals with the immediate delivery of aid materials
to disaster victims and is the subject of this study. Apart from this subject, disaster logistics is related to many issues
such as planning rescue activities, recycling of disaster wastes and positioning disaster relief points. relief logistics
operations are vital operations that include all dimentions of classical logistics. The effective planning of these
operations in a way that ensures integrity will increase the benefit. When the current situation of relief logistics is
analyzed, it has been seen that there are processes that cause waste, that it contains operations that are contrary
to the nature of classical logistics, and that it includes process steps that are very difficult to carry out in the event
of a disaster in practically. For this reason, in order to ensure the flow of operations in relief logistics and to avoid
unnecessary steps, an axiom of independence study has been carried out by considering the lean disaster logistics
system design. In relief logistics operation design, lean logistics methods such as cross-dock and milk-run transportation
were used. The design structure of relief logistics has been prepared in accordance with the dimensions of classical
logistics. These dimensions are inbound, outbound and in-plant logistics, and the design steps created according to
this structure have been interpreted from a lean perspective, and a design structure that is as lean as possible, as
discrete as possible and as appropriate to the nature of relief aid logistics as possible has been created.

2. Axiomatic Design and Independence Axiom

Itis a design method that was created by Professor Nam Pyo Suh in the early 90s with the aim of training designers.
It contains various axioms and theorems; especially in the last decade, it has been widely used as a tool in software,
organization, system, material, manufacturing and process designs. Suh (1990) stated that design includes three main
areas, namely manufacturing process design, product design, and organizational design, but that AD has the potential
to allow its use in all areas of design. Although the traditional manufacturing approach of “Design-Build-Sell” has
been accepted in many sectors for years, it has some permanent problems. In the first of these, 70% of the cost of
developing goods/services is spent at the design stage and improvement efforts are useless. Secondly, the traditional
approach works well when large-scale productions are made, and cannot respond quickly in today’s dynamic and
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competitive conditions. Finally, focusing on a single product or a few products rather than product families risks
getting the wrong idea about customer requirements, which will lead to economic losses. As a result, the design that
meets customer requirements is of great importance. Today, most of companies use traditional marketing methods
to get to know the customer (Kurniawan et al., 2004).

2. 1. Purpose of Axiomatic Design

The purpose of axiomatic design is to establish a scientific basis for the design topic and to advance design activities
by making the designer use logical thought processes and tools (Kulak et al., 2005). In his axiomatic design studies, Suh
focused on decision making during the design process (Tate and Nordlund, 1996). Design with axioms provides the
thinking process of creating a new design or developing an existing design (Hirani and Suh, 2005). In short, axiomatic
design draws the framework of a good design (Yi and Park, 2005). A successful design starts with what it wants to
achieve and continues with how it will be achieved, as shown in Figure 1 (Suh, 1990).
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Figure 1. The basic operation of axiomatic design

The most important advantage of axiomatic design over other design methods is that it simplifies the design
problems and thus facilitates the solution (Houshmand and Jamshidnezhad, 2005). According to Suh, the most
important advantage of axiomatic design over QFD and TRIZ is that it is effective not only in the development of
the existing product but also in the development of creative-innovative products. Accordingly, Suh thinks that other
methods are more suitable for the development of existing products (Suh, 1990).

2. 2. Axiomatic Design Terms

Axiom: Fundamental truths with no counterexamples or exceptions that are always valid and observed. Axioms
are hypothesized by multiple observations of events; cannot be derived or proved, but can be invalidated by
counterexamples or exceptions.

Theorem: Propositions that cannot be proved by themselves, but can be proved by accepted axioms. Therefore,
a theorem is equivalent to a rule or principle. A theorem is valid if the axiom that gave rise to the theorem is valid.

Conclusions: Proposals that follow axioms or other proven suggestions. The results are either valid or not within
the same logic.

Functional Requirements (FR): It is defined as the minimum sum of independent requirements that define all the
requirements of the relevant design in the functional knowledge domain. By definition, each FR is independent of
other FR’s.

Design Parameter (DP): These are the key variables that are defined by the FR, created by the design processes, and
characterize by the physical concept (Suh, 1990).
2. 3. FR’s of Design

Demands for a product or process are reduced to an independent set of requirements. FR’s and independence
terms have a special place in the axiom design approach. FR’s are the smallest set of independent requirements
created for customer requests that determine the design intent. By definition, each FR is independent of other FR’s.

FR’s specify “What we want to achieve through Design”, while DP’s specify “How we can achieve FR’s”. It is very
important to determine the FR objectively in the design approach with axioms. The best method for neutrally defining
these requirements is a “neutral environment”. If impartiality is not achieved, the newly defined set of FR’s either
have the solutions in the mind of the designer or the characteristics of the existing system (Suh, 1990).

2. 4. Information Fields and Mapping

During the design process, the problem in question can be divided into four knowledge domains. Although the
number of knowledge areas is limited to four, the structure of design elements in each knowledge area varies
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depending on the problem area (Suh, 1995). knowledge fields; customer information area, physical information
area, functional information area and process information area. Each knowledge domain includes different design
elements. Respectively; customer requirements (CAs-Customer Appetite), FR’s, DP’s and process variables (PVs-
Process Variables) are an element of the relevant knowledge field. The information field structure is shown in the
figure. A design consists of 4 knowledge areas indicated in Figure 2. “What do we want to achieve?” for the field that
follows on the left here; the field on the right describes the “How” of meeting the requirements determined by the
preceding field. This way of going from “What” to “How” is called “mapping”.
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Figure 2. Product development domain model in axiomatic design

2. 5. Decomposition and Zigzagging in Axiomatic Design

The event of progress through the design process (from system to subsystems, assemblies, parts, features of parts)
with more detail from top to bottom levels is called the design hierarchy. According to the purpose of the design, there
is a hierarchy of functional, physical and process in each knowledge field. There has to be harmony between each
level of the functional, physical and process hierarchies. A complete functional hierarchy tree cannot be constructed
without a physical hierarchy tree. Likewise, a physical hierarchy tree cannot be constructed without a functional
hierarchy tree (Suh, 1997). A designer should make use of the functional and physical hierarchy tree. By eliminating
secondary factors, a good designer can identify the most important FR’s at each level of the hierarchy tree. As the
number of FR’s considered increases, so does the complexity of the design process. Therefore, after the set of FR’s
has been determined at a certain level of the hierarchy, the designer has to move into the physical knowledge domain
and set up the physical system that meets the set of FR’s. The designer then returns to the functional knowledge area
and establishes the lower functional set of requirements. In this way, the designer zigzags through the knowledge
fields throughout the process, decomposing the design problem to the point where the solution for the subproblems
is known (Figure 3) (Suh, 2001).
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Functional Domain / \ Physical Domain /‘

Figure 3. Decomposition and Zigzagging in Axiomatic Design

2. 6. Axioms of Axiomatic Design

Axiomatic design includes 2 axioms. Axiom 1 deals with the relationship between functional and physical variables.
Axiom 2, on the other hand, deals with the complexity of the design. These axioms are expressed as (Suh, 1990);

Axiom 1: Independence Axiom: Ensure or maximize independence between FR’s. It is the set of the fewest
independent requirements that characterize (represent) the objectives of the design (Aydin, 2020). It involves
associating DP’s with FR’s without affecting other FR’s (El-Haik and Yang, 1999). The path to be followed during the
zigzag process from the FR’s in the functional information field to the DP’s in the physical information field during the
design process is that a certain change in the DP only affects the corresponding FR. Today, engineers frequently use
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the method of dividing them into smaller problems and mapping them independently to solve complex problems
(Kurniawan et al., 2004).

Axiom 2: Information Axiom: Minimize the information content of the design. Choose the solution with the highest
probability of success among the designs. Information content is a measure of complexity (Dukkanci et al., 2023). The
design with the least information content is the best design. It enables decision making in a situation where several
designs are available for the design in question (Suh, 2001).

2. 7. Results of the Axiomatic Design

Many conclusions can be drawn directly from the 2 axioms of design. These results can be more useful in making
specific design decisions, as they can be applied more easily than the axioms themselves in real situations. All of the
results are derived from the two basic axioms mentioned and may be called design rules (Suh, 1990).

Result 1 Conversion of linked design to detached design: If the FR’s of a proposed design are not independent,
achieve functional independence with a decoupled design.

Result 2 Minimization of FR’s: Minimize the number of FR’s and constraints. For example, use the minimum number
of steps in each process.

Result 3 Combining physical parts: If the FR’s can be met independently in the proposed solution, combine the
features of the design into a single physical part.

Result 4 Use of standardization: If the parts are compatible with FR’s and constraints, use those parts that are
standard and interchangeable.

Result 5 Use of symmetry: If symmetrical shapes and/or arrangements are compatible with FR’s and constraints,
use them. For example, make right-hand and left-hand parts together, then distinguish them.

Result 6 Widest tolerance: Decide on the widest possible tolerance for the identified FR’s. Reduce costs by using the
widest possible tolerances on the parts.

Result 7 Discrete design with less information: Where FR’s can be met, seek discrete design where less information
is required and choose that design over connected design.

Figure 4 shows the relationships between the above results and the stated axioms. Conclusion 1 is the direct
consequence of axiom 1. Results 3, 6, and 7 are derived from axioms 1 and 2. Results 2, 4, and 5 are derived from
axiom 2. The meaning of some of these results is seen. But some of them have deeper meanings than they seem. In
addition to these results, many conclusions can be drawn. Each proposition derived from the preceding axiom and
conclusion is also a conclusion.

Result 1 | I Result 2 ] ] Result 4 | | Result 5 J

Figure 4. Relationship of results to axioms

2. 8. Design Theorems

Theorems are propositions that cannot be proved by themselves but can be proved by accepted axioms. Therefore,
a theorem is equivalent to a rule or principle. A theorem is valid if the axiom that gave rise to the theorem is valid.
Theorems created in this context are as follows (Suh, 1990);

Theorem 1 Connected design due to the insufficient number of DP’s: When the number of DP’s is less than the
number of FR’s, the solution design either results in a connected design or fails to meet its FR’s.

Theorem 2 Converting a connected design to a separated design: If a design is connected because the number of
FR’s is greater than the number of DP’s (m>n); this design can be converted to a reserved design by adding a new
DP so that the number of FR’s of the design is equal to the number of DP’s. The design matrix subset contains m x n
elements to form a triangular matrix.

Theorem 3 Redundancy design: When there are DP’s greater than the number of FR’s, the design is either a
redundant design or a dependent design.
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Theorem 4 Ideal design: In ideal design, the number of DP’s is equal to the number of FR’s.

Theorem 5 A new design: When an existing set of FR’s is changed by adding a new FR, replacing an existing FR with
an existing one, or choosing a completely different set of FR’s, the design solution given by the initial DP’s creates new
FR’s. cannot meet the set. Therefore, a new design solution must be sought.

Theorem 6 Path independence of discrete design: The information content of discrete design is independent of the
order in which DP’s are modified to meet the current set of FR’s.

Theorem 7 Path dependence of connected and disconnected designs: The information content of connected and
disconnected designs is dependent on the order in which the DP’s are changed and the paths specified in the change
of these DP’s.

2. 9. Design Matrix (DM)

According to Suh, a design will satisfy the axiom of independence only if it is discrete or separated, so it will be static and
controllable. Discrete designs are the best designs. It is impossible to separate linked designs into their subcomponents.
Because the smallest changes in DP’s will lead to variability and uncontrollability. As a result, dependency will reveal that
the DP’s determined to meet a previous requirement is incorrect or insufficient, and the same requirement will be tried to
be met again in a different parameter. Confusion is eliminated by converting connected designs to separated designs (Dur-
musoglu and Kulak, 2004). The relationship between FR’s and DP’s is defined mathematically by equation (7). This equation
is called the design equation.

{FR} = [DM]{DP} (1)

If written in more detail,

DM,, DM,..DM,,

R, DM_.. DM._....DM oP,
FR2 _ 21 .22'" 2j DP2 (2)
FR. : DP.

' DM, DM,,...DM, j

Each DMij element in the DM represents the relationship between the ith element of the FR vector and the jth
element of the DP vector.

{dFR} =[DM] {dDP}

From here, the elements of the DM can be written as:

DMij = dFRi / ODPj

The DM is discrete (uncoupled, non-diagonal elements of the matrix are zero), separated (triangular, decoupled or
quasi-coupled, elements above the diagonal elements of the matrix are zero) or connected (coupled, matrix with non-

zero non-zero elements on the top diagonal) Its structure defines the type of design (Sheikholeslami and Zarrinpoor,
2023). Equations 3, 4 and 5 show these structures.

FR1 X X X DP1

Connected Design FR2 p = < X X X p x< DP2 (3)
FR3 X X X DP3
FR1 X 00 DP1

Non Connected Design FR2 0 = 4 X X 0 p x4 DP2 @)
FR3 X X X DP3
FR1 X 00 DP1

Discrete Design FR2 = 0 X 0 px< DP2 (5)
FR3 0 0 X DP3

The relationship between the physical space and the process space can be written similarly:
{DP} = [PDMI{PV} (6)
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3. Relief Logistics System Design via AD

In this study, a study was conducted on the collection of physical aid materials, their temporary storage, their
delivery to aid distribution points in disaster areas and their delivery to disaster victims from these points. In our
study, independence axiom and lean logistics techniques from axiomatic design approaches were used. Since disaster
logistics operations are vital operations, attention has been paid to ensure that the design steps are as independent as
possible. A total of 4 design levels were created, from the top design step to the bottom design step. The design steps
from the highest level to the lowest level are given under this section. Relevant design steps (FR), how to perform
these steps (DP) and sub-design steps (FRi) are included under the relevant headings towards the lower levels. In
this section, it is aimed to create a holistic roadmap for the flow of relief logistics with the help of axiomatic design
principles. The roadmap consists of seven stages (Kabadurmus ve Durmusoglu, 2005).

Stage 1. Identify Barriers to Flow in Relief Logistics: Before deciding what to do, it should be well understood why
change will be necessary. The earthquakes that took place on February 6, 2023 showed that there is no work flow to
be followed regarding the planning of post-disaster aid and delivery to the disaster victims. For this reason, there is a
requirement for a workflow that will guide the authorities in order to deliver the aid to the disaster victims smoothly
and quickly.

Stage 2. Identification of FR’s for the Functional Knowledge Area: The next step after determining what is
required for the smooth delivery of aid to the victims is to identify the highest hierarchical FR that corresponds to this
requirement. From an axiomatic design point of view, there can be very different designs on the same subject. The FR
selected in the highest hierarchy can lead the designer to different designs. The highest FR must therefore be chosen
very carefully and logically. The FR chosen in the considered design is given below:

FR = Streamline relief logistics

In order to design disaster logistics operations in a way that ensures flow, the highest level of FR has been determined
in this way.

Stage 3. Establishing the DP from FR’s by Mapping: With the mapping process to be made between the functional
information field and the physical information field, the DP’s corresponding to the FR’s are determined. In the design

process, responding to FR’s with the right DP’s is as important as defining the right FR’s. The DP’s corresponding to the
highest FR was chosen as follows:

DP = Lean relief logistics system design

The key to ensuring smooth flow in disaster logistics is the lean disaster logistics system design. It will be possible
to provide flow by structuring disaster logistics operations with a lean logistics perspective.

Stage 4. Detailed Analysis of the Functional Knowledge Area — Zigzag Decomposition of FR’s: Suh (1990) states
that if the selected DP’s are not clear enough to be fully understood or applied, the designer should return to the
functional knowledge area and continue to decompose the design. Therefore, the first parsing was done as follows:

FR 1 = Set up the physical aid admission system

FR 2 = Stream in required warehouses for physical assistance

FR 3 = Create physical aid distribution planning

Stage 5. Finding the DP for Each FR by Mapping: To meet the FR 1, FR 2 and FR 3 described in Stage 4, the
appropriate DP’s should be selected by going back to the physical information field.

The sub-steps of providing flow in disaster logistics from a lean logistics perspective are to apply them in each sub-
operation step. As can be understood from the above four FR parameters, the process of delivering physical aids to the
victims consists of the collection of physical aid materials, the short-term storage of these materials before dispatch,
the transportation of the aid materials to the disaster areas, the aid distribution points located in the disaster areas
and the delivery of these aids to the disaster victims. The DP’s corresponding to each design step and showing how
this design step can be achieved are as follows.

DP 1 = The designed aid collection systematic
DP 2 = The designed cross-dock systematic

DP 3 = Designed logistics mix structures
These decomposition processes described are summarized in Equation 7.
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Stage 6. Creating the DM: As emphasized earlier, there are axioms in design methodology with axioms that the
designer must abide by. First, the axiom of independence requires independence between FR’s. This means that the
DM is discrete, or at least split design. The DM of the design presented with the first decomposition is as in Figure 1.

FR1 X DP1
FR2 | = X DP2 (7)
FR3 x | LDP3

Figure 1 shows the decomposition of FR. As can be seen, the design is discreted.

=

DP1

g 0

Figure 1. Decomposition of FR

3. 1. Setting Up The Physical Aid Admission System Policy

This step, which is the stage of collecting or accepting physical aid materials, corresponds to the “Inbound Logistics”
dimension from the logistics dimensions. At this stage, there are sub-design steps according to the collection of aid
acceptance materials from addresses or the arrival of aid recipients with their vehicles, the acceptance of aid materials
to the facility and the withdrawal of the accepted materials to the short-term storage area. The FR’s mentioned are
collected as follows.

FR 11 = Organize materials to be collected from addresses

FR 12 = Direct aid recipients to the aid reception area

FR 13 = Determine the number of aid-accepting staff

FR 14 = Transfer received relief items to cross-dock area

The DP’s corresponding to the above FR’s are as follows.
DP 11 = Designed milk-run operations

DP 12 = Systematic redirection to the aid acceptance area
DP 13 = Work and workload analysis for aid acceptance
DP 14 = Work and workload analysis for aid transfer

The DM for the resulting decomposition can be represented as:

FR117 [X DP11
FR12|_| X DP12 @)
FR13 DP13
FR14 X y|or14

Figure 2 shows the decomposition of FR 1. As can be seen, the design is discreted.

FR1

-arE-

|
I!ﬁE | DP14 |
Figure 2. Decomposition of FR 1

In this step, which is related to the collection of physical aid materials from addresses; includes the sub-steps of
obtaining address information, determining the type and number of vehicles that will be required, and collecting
vehicles and aid materials from addresses. The mentioned FR’s are collected as follows.

FR 111 = Get help with material volume and address information
FR 112 = Calculate required vehicle types and numbers
FR 113 = Provide vehicle organization for the collection of relief materials
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The DP’s corresponding to the above FR’s are as follows.

DP 111 = Designed call center operations

DP 112 = Calculation of declared aid volumes and vehicle capacities
DP 113 = Inbound logistics operations configured by milk-run

The DM for the resulting decomposition can be represented as follows:

FR111 X DP111
FR112| = X DP112 (9)
X

FR113 X DP113

Figure 3 shows the parsing of FR 11. As can be seen, the design is a separated design and conforms to the
independence axiom. Call center operations also affect vehicle organization.

Figure 3. Decomposition of FR 11

Received relief items must be properly transferred to the cross-dock area for short-term storage. This step covers
the steps of organizing personnel training and placing the trained personnel in appropriate operations in order to
ensure the provision of appropriate and sufficient personnel. These sub-steps also serve FR 21, FR 22 and FR 24
designs. The mentioned FR’s are collected as follows.

FR 141 = Organize staff training

FR 142 = Place trained personnel in appropriate operations

The DP’s corresponding to the above FR’s are as follows.

DP 141 = Updated training planning

DP 142 = Personnel assignment process workflow

The DM for the resulting decomposition can be represented as follows:

[FR141]_[X HDP141] (10)
FR142] " [X X|lDP142

Figure 4 shows the decomposition of FR 14. As can be seen, the designis separated and conforms to the independence
axiom. Updated training planning influences the placement of trained personnel into the appropriate operation.

| pP1a1 | - ﬁ

Figure 4. Decomposition of FR 14

3. 2. Providing Required Flow in Warehouses For Physical Aid Policy

This step corresponds to the “In-Plant Logistics” stage, one of the dimensions of logistics. At this stage, the sorting
process, which includes the sorting of the materials arriving in the cross-dock area according to their types, the
operations of arranging the sorted materials on empty pallets, the prioritization of the physical aid materials placed
on the pallets according to the requirements of the victims, and the transfer of the aid materials placed on the pallets
to the loading stage are included. The mentioned FR'’s are collected as follows.

FR 21 = Sort materials in the cross-dock area

FR 22 = Arrange sorted materials on pallets

FR 23 = Provide requirements prioritization of physical aid supplies

FR 24 = Transfer palletized materials to the loading area
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The DP’s corresponding to the above FR’s are as follows.

DP 21 = Sorting workflow and workload analysis

DP 22 = Palletizing workflow and workload analysis

DP 23 = Current requirements lists from authorized aid organizations
DP 24 = Workload analysis for transfer

The DM for the resulting decomposition can be represented as follows:

FR217 [X DP21
FR22| | X DP22
FR23 |~ DP23 (11)
FR24 X y|Lop24
FR2

m o
= m m =

Figure 5. Decomposition of FR 2

Figure 5 shows the decomposition of FR 2. As can be seen, the design is discrete and conforms to the independence
axiom.

3. 3. Creating Physical Aid Distribution Planning Policy

This step corresponds to the “Outbound Logistics” step, which is one of the dimensions of logistics. At this stage, the
logistics mix components (such as logistics mode, logistics vehicle, logistics route, insurance operations, and logistics
documentation), prioritizing the materials to be loaded on the vehicles and delivering the aid materials constitute the
sub-design steps. The mentioned FR'’s are collected as follows.

FR 31 = Determine the correct logistics mode

FR 32 = Determine logistics vehicles in accordance with the logistics mode

FR 33 = Load materials into vehicles prioritizing

FR 34 = Determine logistics routes

FR 35 = Analyze loading fees and insurance transactions

FR 36 = Determine logistics documentation and processes

FR 37 = Deliver relief materials

The DP’s corresponding to the above FR’s are as follows.

DP 31 = Revised logistics mode

DP 32 = Revised logistics tools

DP 33 = The updated victim requirements lists

DP 34 = Outbound logistics operations configured with milk-run method
DP 35 = Expedition costs — aid organizations comparison

DP 36 = Established workflow for documentation and processes

DP 37 = Authorized aid organizations

The DM for the resulting decomposition can be represented as follows:

FR317 [X Tror31
FR32 X DP32
FR33 DP33
FR34 |= é X DP34 (12)
FR35 00X DP35
FR36 00 x [DP3s
[FR37] | 00 x |LDP37]
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Figure 6 shows the decomposition of FR 3. As can be seen, the design is discrete and conforms to the independence
axiom.

DP31 DP37

ig 28

-3 - - -

Figure 6. Decomposition of FR 3

After deciding on the relevant logistics mode or modes, in this step consists of the sub-steps of determining the
type and number of vehicles requiremented to determine the vehicles suitable for this mode or modes, sharing
this information with private and public institutions, and evaluating the suitability of the vehicles for loading. The
mentioned FR’s are collected as follows.

FR 321 = Calculate the type and number of vehicles required by the loading points
FR 322 = Share the required number of vehicles with private and public institutions
FR 323 = Evaluate the suitability of incoming vehicles for loading

The DP’s corresponding to the above FR’s are as follows.

DP 321 = Comparison of aid volumes at loading points with vehicle volumes

DP 322 = Determined aid request announcement regulation

DP 323 = Determined vehicle control process regulation

The DM for the resulting decomposition can be represented as follows:
FR321] |X DP321
FR322| = X DP322 (13)
FR323 x | LDP323

Figure 7 shows the decomposition of FR 32. As can be seen, the design is discrete and conforms to the independence
axiom

sz

| i

Figure 7. Decomposition of FR 32

SRR

In “prioritizing materials into vehicles” stage includes the steps of obtaining and prioritizing the victim’s requirements
lists, prioritizing the materials in the loading area accordingly, and prioritizing the vehicles to be loaded accordingly, in
order to perform the prioritization processes correctly. The mentioned FR’s are collected as follows.

FR 331 = Obtain and prioritize disaster victim requirements lists
FR 332 = Prioritize materials in the loading area
FR 333 = Prioritize vehicles to be loaded

The DP’s corresponding to the above FR’s are as follows.

DP 331 = Current requirements lists by region

DP 332 = Help area — loading organization communication network
DP 333 = Vehicle drivers — load organization communication network
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The DM for the resulting decomposition can be represented as follows:

FR331 X DP331
FR332| = |X X DP332 (14)
X X

FR333 DP333

Figure 8 shows the decomposition of FR 33. As can be seen, the design is a separated design and conforms to the
independence axiom. The design is a segregated design rather than a discrete one, as the current requirement lists
on a regional basis affect all prioritization processes.

_ =m
mn  mm  mm

Figure 8. Decomposition of FR 33

In this step consists of making use of route optimization software in order to achieve route optimization, determining
the appropriate software company and assigning the personnel to use the software. The mentioned FR’s are collected
as follows.

FR 341 = Utilize route optimization software
FR 342 = Determine the appropriate software company
FR 343 = Assign a user for route optimization software

The DP’s corresponding to the above FR’s are as follows.

DP 341 = Updated route optimization software company list
DP 342 = Regulation on receiving services in disaster situations
DP 343 = Route optimization training process workflow

The DM for the resulting decomposition can be represented as follows:

FR341 X DP341
FR342| = X DP342 (15)
X

FR343 DP343
#
Figure 9. Decomposition of FR 34

Figure 9 shows the decomposition of FR 34. As can be seen, the designis a discrete and conforms to the independence
axiom.
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A complete DM for relief logistics is prepared and shown in Table 1 (FR1 - DP1, FR 2 - DP 2) and Table 2 (FR 3 - DP
3) to ensure that leaf level design decisions are consistent. As shown in Table 1, and Table 2 inconsistent relations do

not exist between leaf-level DPs and FRs.
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During the creation of DP’s, the current relief logistics literature for 2014 - 2024 was examined. By examining the literature
in question in depth and detail, 29 DP’s were created and 27 scientific studies were used for these parameters. Thus, the
validity of the design is strongly supported by current literature. The study conducted is presented in Table 3.

When the relevant table is examined, it will be seen that some DP’s are related to more than one scientific study. This indi-
cates that relevant studies were used to create the DP in question. Likewise, it will be seen that some scientific studies are
related to more than one DP. This indicates that the scientific study in question played a role in the creation of more than
one DP.

When the frequency values in the table are examined, the scientific studies that contribute the most to the creation of the
design will be seen. Likewise, care was taken to ensure that each DP was examined by at least one study. Of the total 29
DP’s, 12 were examined by 1 study, 8 by 2 studies, and 9 by 3 or more scientific studies.
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4. Conclusion

Disasters cause high loss of life because they cause great damage in a very short time without warning in general.
Even when the disaster situation is over, people continue to lose their lives both because they are injured and because
they are separated from their requirements. The early days following a disaster are vital to rescuing survivors. However,
it takes time to understand the severity of the disaster, to gather and organize the necessary aid resources, and to
bring these aid resources together with those in requirement correctly, which takes time away from the vital time for
the disaster victims.

For this reason, the operation of collecting aid materials, sorting them in warehouses and bringing them together
with the disaster victims in disaster logistics is handled as relief logistics in this study and a study that can help the
authorities in order to organize this operation smoothly has been put forward. The relief logistics operation covers all
dimensions of a general logistics operation. For this reason, the relief logistics operation has been interpreted with a
lean logistics perspective and an design structure has been tried to be created that is free from unnecessary, wasteful
and non-value-added factors.

Within the scope of the study, a guiding method has been proposed using the axiomatic design method for the
lean relief logistics-based system. This study, which makes use of logistics principles and lean logistics storage and
transportation methods, is very new since the axiomatic design methodology was used for the first time in relief
logistics, and in this respect, it brings innovation to the literature. While the design in question was being put forward,
the concept of relief logistics was divided into dimensions, taking into account the structure of classical logistics.

The issue was handled from a lean logistics perspective to ensure that relief materials were delivered to disaster
victims on time, accurately, and completely. Relief logistics was restructured by taking into account the dimensions
of classical logistics. Thus, the ways and methods applied to classical logistics were adapted to relief logistics and a
complete study that could guide the authorities working in this field was presented. Figure 10 presents the general
structure of the design. Examining this figure will reveal which design steps correspond to which logistics dimension.
Tables 1 and 2 show the DM-FR relationships. For a design as discrete as possible, care was taken to ensure that
each DP was not associated with more than one FR. Because we know that a discrete design is crucial for ensuring
that each missed DP affects a minimum number of FRs, another unique aspect of this design, developed using the
independence axiom methodology, is its use of current literature. Table 3 lists the current literature sources used for
each design step. This table shows which current publications are associated with which DM in the design. Twenty-
seven closely related publications were utilized in the creation of the 29 DP’s.

Suggestions to guide researchers for future studies can be listed as follows. The Axiomatic Design methodology
can also be applied to other operations of disaster logistics. A number of disaster logistics operations, such as correct
prioritization of rescue activities, transfer of victims to temporary shelters in the correct order, distribution of aid
materials delivered to disaster areas, and correct post-disaster transportation of disaster wastes, can be improved
with Axiomatic Design methodology. In addition, it will be possible to maximize the benefit by applying the said
methodology together with other scientific methodologies used in disaster logistics operations.
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Ozet

Merkez (issii Kahramanmaras’in Pazarcik ilgesi olan, 06.02.2023 saat 04.17'de meydana gelen 7.7 siddetindeki
depremin soku heniiz atlatilamadan ayni bélgede bu sefer Kahramanmaras’in Elbistan ilcesinde ayni giin 13.24’de 7.6
siddetinde baska bir deprem meydana geldi. Deprem Tiirkiye’de 12 sehri ve Suriye’nin gliney sehirlerini etkiledi ve su
ana kadar Tiirkiye’de 50.783 kisi ve Suriye’de 8.476 kisinin hayatini kaybettigi ve 122.000'den fazla kisinin yaralandigi
bildirildi. Meydana gelen bu depremler ve sonrasinda yasanan aksakliklar, yardim lojistigi operasyonlarinin bilingli bir
sekilde ve bir plan dogrultusunda siirdiiriilmedigi sonucu net bir sekilde ortaya cikmistir. Bu konudaki otorite sahiplerine
yol gésterecek ve yardimlarin toplanmasindan bu yardimlarin ilgili afetzedelere teslimine kadarki stiregleri icerecek
insani yardim lojistigi konusu ddhilinde bir calisma yapilmasi gerekli gériilmiistiir. Metodoloji olarak Aksiyomlarla
Tasarim yaklasimlarindan Bagimsizlik Aksiyomu tercih edilmistir. Bu yéntemin segilmesinin en biiyiik nedeni, ideal
afet lojistigi operasyonu tasarim adimlarinin olabildigince birbirinden bagimsiz olmasinin 6neminin hayati diizeyde
olmasdir.

Aksiyomlarla tasarim Profesér Nam Pyo Suh tarafindan 90l yillarin basinda tasarimci yetistirebilme amacli egitim
organizasyonu ile ortaya ¢ikarilmis tasarim metodudur. Cesitli aksiyomlar ve teoremler icermekte olup; ézellikle
son on yilda yazilim, organizasyon, sistem, malzeme, imalat ve siire¢c tasarimlarinda bir ara¢ olarak yaygin sekilde
kullanilmaktadir. Aksiyomlarla tasarimin amaci, tasarim konusu icin bilimsel bir temel olusturmak ve tasarimciya
mantiksal disiince siiregleri ve araglari kullandirarak tasarim aktivitelerini ilerletmektir.

Yayinimizda fiziksel yardim malzemelerinin toplanmasi, gecici bir siire depolanmasi, afet bélgelerindeki yardim
dagitim noktalarina ulastirilmasi ve bu noktalardan afetzedelere teslim edilmesi ile ilgili yardim lojistigi konulu ¢calisma
ylritilmistir. Cahismamizda aksiyomlarla tasarim yaklasimlarindan bagimsizhik aksiyomu ve yalin lojistik tasima ve
depolama tekniklerinden faydalaniimistir. Afet lojistigi operasyonlarinin hayati operasyonlar olmasi sebebiyle tasarim
adimlarinin olabildigince bagimsiz olmasina dikkat edilmistir. En (ist tasarim adimindan en alt tasarim adimina
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kadar hiyerarsik olarak toplam 4 tasarim seviyesi olusturulmustur. Klasik lojistigin boyutlari dikkate alinarak, yalin
lojistik perspektifi ile bir tasarim ¢alismasinin yapildi§i ¢alismamizda tasarim parametrelerinin ne olmasi gerektigi ve
tasarimin gecgerliliginin saglanmanmasi amaciyla giincel literatiirden faydalanilmistir. Calismamizda hangi tasarim
parametresi icin literatiirdeki hangi calismadan faydalanildigina dair bir matris sunulmustur.

Sonucgta ortaya koyulan tasarim ayrik, yalin ve yatay hiyerarsiye sahip bir tasarim yapisindadir. Hiyerarsinin daha
fazla yataylastiriilmasi, operasyona yén veren bazi kritik tasarim adimlarinin géz ardi edilmesine sebep olabilecegi
icin miimkiin olamamustir. Aksivomlarla Tasarim metodolojisinin genel olarak lojistik alaninda, 6zel olarak ise yardim
lojistigi alaninda kullanimi ¢ok yenidir ve bu bakis agisi ile ¢alismanin 6zgiin y6niinii ifade etmektedir.
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