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Abstract :

The construction industries are distinguished from other industries by a special character in terms of their large size and
continuous growth, and the dependence of many industries on them to secure their needs of various facilities, as the construction
industry is an industry that produces its main product, construction. Examples of construction projects are buildings and paving
roads. Building bridges, establishing schools, hospitals, etc. Most of the construction projects suffer from exceeding the specified
time and the secret cost of the project, for several reasons, including the work environment, the country’s conditions, the method
of managing the project’s cost, the techniques used in the implementation of the project, and accordingly, the concepts of Lean
Manufacturing that help in addressing the causes of waste, in terms of Time and cost, accordingly, this study came to address
deviations in the cost or time spent on lean construction techniques and to identify their causes in order to rationalize costs. . In
addition to diagnosing waste areas and finding solutions in possible ways through the use of lean construction tools represented in
the value flow map, standard work, continuous improvement, and total quality management. To analyze the stages and tasks of
any project to reach the sources of waste and try to cancel unnecessary activities and find possible ways to implement them in
order to improve the construction work and complete the projects on time and within the planned cost limits, taking into account
the maintenance and raising the level of quality.

Keywords: Lean Construction, Standard Work, Continuous Improvement, Total Quality Management.

1- Determine the activities that do not add
value to the project and thus cause waste

Research problem:

The research problem is that most construction
projects suffer from not implementing them
within the specified budget for them, and this
results from many reasons that differ according to
the different implementation environment Among
these reasons, projects exceed the planned time,
which leads to incurring the costs of sudden or
forced interruptions or the project incurring
additional costs that are not matched by a benefit
or value added to the project.

The objective of the research:

The research seeks to achieve the goals of lean
construction and the benefits that can be achieved
in the event that construction contracting
companies adopt this concept, and the following
objectives are:
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of time and try to reduce or eliminate it.

2- ldentify deviations in costs and develop
possible solutions to rationalize or
eliminate them.

3- Defining the impact of integration between
lean construction techniques if applied in
the field of construction projects.

The importance of the research:

The importance of research is crystallized in the
implementation and management of construction
projects according to the techniques of lean
construction and the attempt to provide possible
solutions and proposals that would reduce waste
and loss in future projects and the adoption of
modern technologies in project management and
the employment of these concepts in the Iraqi
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environment because of their importance in
advancing economic development.

Research hypothesis:

The research starts from a main hypothesis that
(the application of integration between Lean
construction tools leads to rationalization of
construction project costs).

The theoretical side

1- Project: The project is defined as a unique
process, consisting of a set of coordinated
and monitored activities with start and end
dates, executed to achieve goals that
correspond to specific requirements,
including time, cost and resource
constraints (Lester, 2014: 1). A project is a
temporary effort carried out to create a
product, service, or unique outcome and
this unique product, service, or result is
implemented to achieve the goals through
the production of a deliverable product
(PMBOK GUIDE, 2017: 4). As for the
construction project, it is considered one of
the complex projects and needs a lot of
time. It usually consists of several stages
that require a variety of specialized
services, starting from the initial planning
to the completion of the project as the
project passes through successive and
distinct phases that require input from
different fields Such as financial
organizations,  government  agencies,
engineers, architects, attorneys, insurance
companies, insurance companies,
contractors, materials and equipment
manufacturers, suppliers, and workers
during the  construction  processes
themselves. Even if the project is of
modest or poor proportions, it includes
many skills, materials, and hundreds of
different processes. The compilation
process must follow a natural order of
events that form a complex pattern of
individual ~ time  requirements  and
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restrictive chain relationships between the
project’s many sectors. (Sears S. Keoki,
2015: 3) Among the most important
qualities and objectives that must be
achieved to enable the project to achieve
the usual standards of success are
completion on time, keeping project costs
within ~ budget, and meeting the
performance and quality requirements
stipulated in the specifications. (Lester,
2014: 37).

Lean construction: The last few decades
have witnessed three major phases or
transformations  typical of industrial
production in the modern world. These
stages generally include craft production,
mass production and lean production. New
concepts such as mass production and lean
production reflect ways of thinking about
production within specific cultures and
eras instead of merely focusing on
production systems. Moreover, these
production models can be easily linked to
the automobile manufacturers of Toyota
and Ford, where they are created,
practiced, and ultimately evaluated to
advanced stages (Gao & Low, 2014: 27)
As the application of lean concepts
evolved from the automotive industry, the
lean experience was transferred to other
manufacturing industries, where lean has
been experienced in the construction
industry for nearly 20 years (LINDHOLM,
2014: 10). Since 1993 AD the ideas of
Lean Production have been introduced into
construction, which led to the creation of
Lean Construction (Bhosale & Salunke:
2015,353). Lean construction is defined as
a method of designing production systems
to reduce the waste of materials, time,
efforts in order to maximize value (Gao &
Low, 2014: 36). Lean construction is also
defined as a concept that must be
introduced in the construction industry, to
increase the level of productivity of the

sector by eliminating activities and
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procedures that are perceived to generate
waste of resources in the construction
process (Ingle & Waghmare, 2015: 19).

Principles of Lean construction: The
principles of lean construction are divided
into five principles, namely: Determining
the value is defining the operations of the
work site, as what is perceived as value
from the customer's point of view, One can
suggest that improvements in the
traditional construction process are related
to this principle. Value flow chart The
management of physical flows of people,
materials and equipment at construction
sites should be taken as part of the
production planning and control process.
Creating a flow Establishing a continuous
flow on construction sites is a major
challenge due to its fragmented nature, low
standardization patterns of activities,
which is one of the unique features of
construction products. Creating clouds The
principle of clouds and flow is one of the
basic characteristics of thinking about lean
production, and it is the cornerstone for
eliminating waste The benefits of the
experience of applying this principle in the
field of construction are smaller temporary
stores, early project completion and
increased productivity. If implemented
properly, JIT is also encouraged on
building applications by implementing
better management practices to eliminate
uncertainty and the causes of flow
variation. Demanding perfection At this
stage, continuous progress can be seen in
adopting quality systems programs in
implementing construction projects as the
results of this strategy are that reasonable
improvements and standardization of tasks
have been achieved. Lean thinking adopts
a broader concept of standard work, Which
works to stabilize the operations by
accurately determining: the sequence, the
method of implementation, and the
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allowed stock It is important to note that
Lean thinking focuses on continuous
learning and direct improvements based on
the career hierarchy, in a scientific and
thoughtful manner. Adopting this strategy
also ensures that problems can be detected
efficiently and  resolved  quickly.
Therefore, one can point out that even in
successful cases of implementing quality
programs, additional elements based on
simple concepts are necessary, SO an
environment of improvement and
continuous learning is achieved (2-5 Picchi
& Granja, 2004 :). Perfection may not be
possible in a building environment, but it
is a desirable future condition as defects
will be minimized, as is the case with other
waste categories that delay delivery, incur
additional costs, and detract from meeting
customers' needs (Forbes & Ahmed, 2010:
63).

Lean construction tools: The
implementation of lean construction tools
is the next logical step of cost control
methods such as the ABC costing, work
packages and the earned value model
(Holm, 2018: 131). Lean construction
techniques can be defined as a group of
processes that aim to eliminate waste in
construction and still meet or exceed the
expectations of the project owner. The
practical techniques used in lean
construction can be classified through
three levels, which are as follows (Awad

Ibrahim, 2016: 35):-

i. The first level: the direct
application of the techniques of
Lean Manufacturing.

ii.  The second level: modification of
techniques taken from lean
manufacturing.

iii.  _The third level: the total change to
create new lean construction
techniques that are completely
changed to suit the nature of the
construction work.
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Therefore, it can be said that Lean

construction does not easily adapt to Lean

technology directly from manufacturing to
construction. Instead, lean construction
tools have been developed in proportion to

the nature of work in them (Holm, 2018:

132), and among the tools that have been

chosen to apply the research topic are as

follows: -

a) the map of the value stream. The
value is defined as whatever the
customer wants to pay a certain
amount in order to obtain it, whether it
is material or information (Rahayu,
2009: 116). As for the flow of value, it
is defined as a group of activities,
whether adding or not adding value to
the product, which transforms the
product from being understood to
launch and from being a mere request
to delivery and from raw material to a
complete product (Barbara, 2011: 22).
A value flow map is also defined as the
process  that  helps managers
understand how value is added to the
flow of materials and information
through the production process as a
whole (Heizer et al., 2017: 290). The
value flow map is formed through five
basic steps which are product family
identification, current mapping,
analysis and evaluation, future
mapping, planning and implementation
(Apel, et al. 2007: 11) (Keyte &
Locher, 2016: 7).

b) Standard work, It is the preparation
and creation of uniform conditions for
work and the standardization of tools,
equipment, procedures, materials and
other work needs, achieved through
standard work consistency in the

d)

tasks or steps of operations in the best
way and with the highest efficiency, in
an easier and safer way. It also enables
organizations to determine the time
required to complete operations and
work with the most reliable and
accurate  estimation of  human
resources and equipment in order to
meet and satisfy customer
requirements (SQT, 2015) : 221).
Continuous improvement, It is an
active strategy that is wused to
continuously ~ improve  processes,
procedures, and techniques using input
from employees and all levels of the
company, and uses a team approach
and integrating talent within the
company to facilitate improvements
(Alston, 2017: 13).

Quality Management, It refers to the
search  for quality within the
organization as there are three main
philosophies in this approach. The first
is a never-ending boost to
improvement known as continuous
improvement; The second is the
participation of everyone in the
organization; The third goal is to
satisfy the customer, That is, meeting
or exceeding customer expectations.
Total Quality Management expands
the traditional view of quality - looking
only at the quality of the final product
or services - to consider the quality of
every aspect of the process that
produces the product or service. Total
Quality Management Systems aim to
prevent poor quality from occurring
(Stevenson, 2018: 390).

The practical side

performance of  tasks and 1- Define the product family

implementation of activities and

processes (Alston, 2017: 15). Standard Determining the product family in the

work is defined as documenting construction projects sector differs from the one

current knowledge to accomplish all chosen in the other industries sector. The reason is
5880
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that construction projects result in multiple and
atypical products in addition to the uniqueness of
each product that differs from other products. , As
the construction companies implement what the
employer requires and according to the
specifications and conditions in the contract
concluded between the two parties, Accordingly,
the product family is selected for identical projects
and in construction work, the square meter is the
final product, which goes through several stages
in order to be completed. In this research, a
project was chosen to build a government college
to be the family of the producer, and a task was
chosen from the project for civil works in the
finalization phase to implement the value flow
map.

2- Current value flow chart

Drawing a map of value flow in construction
projects is a complex matter because the
difference between construction projects and other
industries is due to the enormity of details,
activities and paragraphs for implementation and
completion of projects Therefore, in order to
implement the value flow map, the project is
divided into stages and stages into civil, electrical,
mechanical and sanitary works, and these works
are also divided into sub-paragraphs according to
the work progress program that is prepared to
implement what is mentioned in the bill of
quantities, if the value flow map includes details
and information It should be clarified as follows: -

A- Information flow: The flow of

information begins upon the
commencement of the project
implementation  to  complete  the
paragraphs mentioned in the schedule of
quantities and according to the dates
specified in the work progress program.
Material flow: The flow of materials is of
two types, either ready-made materials
from the local markets that are purchased
under special committees for project
procurement, or materials present in the
company's warehouses, which are flowed
by submitting an order in the required
quantity and obtaining approvals in order
to prepare a warehouse disbursement
document in the specified quantity and
transfer it to The project Location.

Net available time: The company
operates according to the official working
hours of government departments,
represented by the time between (3-8),
equivalent to 420 minutes per day, and an
hour of rest is allocated, so the Net
Available Time =420 - 60 = 360 minutes
per day

The researcher chose the section casting
and preparing a concrete cast from the
civil works detailed in Table (1):

Table (1) Description of the civil works task as it appeared in the bill of quantities

and casting reinforced concrete
with a layer of BRC for floors with
a thickness of 15 cm by using salt-
resistant cement including the
price.

Details Unit Total Price for Quantity
Individual
Preparing materials and equipment | M. Square 44000000 40000 1100
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Table (2) the stages of implementing the clause of preparing the concrete cast for civil works

Total The Materials The Number of | Mechanisms The The Workers | Required | Area | Unit | The stages | «
guantity | amount number of | mechanisms number | number Type duration of carrying
used of mechanisms of of labor awork) out the
materials for the workers | per day Y(day task
per required for the
meter period required
(11)*(2) ®)*@3) period
5*3)
(12) (11) (10) 9) 8) (7) (6) S) (4) (3) 2) | @
- - - 10 1 Car carrying 10 1 Worker 10 165 ’m | Excavations | 1
- - - 3 1 Ground 3 1 Worker 3 1100 | 2m | Good limit | 2
leveling for
vehicle earthworks
- - - - - - - - Worker 10 - - Laboratory | 3
testing
’m 165 m1 Sub-base 8 1 Car carrying 32 4 Worker 8 165 ’m Sub-base | 4
brushes
- - - 14 1 Ground 42 3 Worker 14 1100 | *m Sub-base | 5
leveling settlement
vehicle
- - - - - - - - Worker 10 1100 | *m Laboratory | 6
testing
’m 1100 ’m1 Insulation - - - 10 5 Worker 2 1100 | 2m Insulation | 7
»m 1100 ’m1 BRC class
Cans 5 Number | Chlorodine brushes,
BRC,
Chlorodine
Kg 49.5 Kg0.3 | Cemented - - - 3 1 Carpenter 165 ’m Concrete | 8
3m\ Kg0.45 | sand casting
74.25 Kg0.8 | Pebble 30 10 Worker 3
132 ’m0.27 Wood
’m300
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What is meant by a working day are the actual days of work without holidays, holidays and any other occasion?
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Total The Materials The Number of | Mechanisms The The Workers | Required | Area | Unit | The stages | «
quantity | amount number of | mechanisms number | number Type duration of carrying
used of mechanisms of of labor awork) out the
materials for the workers | per day Y(day task
per required for the
meter period required
(11)*(2) ®)*(3) period
3)*3)
(12) (11) (10) 9) 8) (7) (6) (S) “) (3) (1)
- - - - - - - 30 cubic | Laboratory | 9
testing  of
concrete
cubes
90 Total implementation
(day)period
Table (3) costs of the present value flow chart (preparing concrete formwork) for civil works
The total Materials Mechanisms Workers The stages
cost of the| Total | Individual | The Materials The | Mechanism The Type and| Total The | The | Workers | of carrying
activity | pricesof | material | quantity total fee | wages for | number of | number of | labor amount | number | Type out the
materials prices required of the one day mechanisms | mechanisms | wages | of the of task
used for the machine for the (3)*(2) | worker’s | workers Excavations
(12)+(8)+(4) total required wage | for the
(11)*@10) area (7)*(6) period per day | required
a3) (1) © @) (6) ©) ©) period 1)
(10) ®) “
(12) (2)
2250000 - - - -1 2000000 200000 10 Car carrying | 250000 25000 10 Worker Good limit | 1
for
earthworks
525000 - - - -| 450000 150000 3 Ground 75000 25000 3 Worker Laboratory | 2
leveling testing
5883
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The total Materials Mechanisms Workers The stages
cost of the Total Individual The Materials The Mechanism The Type and|] Total The The Workers | of carrying
activity | prices of | material | quantity total fee | wages for number of | number of | labor amount | number Type out the
materials prices required of the one day mechanisms | mechanisms | wages | of the of task
used for the machine for the (3)*(2) | worker’s | workers Excavations
12)+(8)+(4) total required wage | for the
11)*10) area (7)*(6) period per day | required
13) ¢8)) ) ) (6) 5) 3) period (1)
(10) ) C))
(12) (2)
vehicle
90000 - - - - - - - - - - - Worker Sub-base
brushes
6030000 3630000 22000 ’m 165 Sub-base | 1600000 200000 8 Car carrying | 800000 25000 32 Worker Sub-base
settlement
3150000 - - - -1 2100000 150000 14 Ground 1050000 | 25000 42 Worker Laboratory
leveling testing
vehicle
90000 - - - - - - - - - - Worker Insulation
class
brushes,
BRC,
Chlorodine
8575000 3850000 2m 3500 | m2 1100 | Insulation - - - - 250000 25000 10 Worker Concrete
4400000 2m 4000 | m2 1100 | BRC casting
75000 15000 Cans 5 | Chlorodine
Each)
(Cans
18733750 6435000 130000 | Kg 49.5 | Cemented - - - - 225000 75000 3 Carpenter | Laboratory
\m3 sand testing  of
2598750 35000 74.25 Pebble 750000 25000 30 Worker concrete
6600000 50000 132 Wood cubes
3000000 10000 m2300
192000 192000 16000 cubel?2 - - - - - - - - - | The stages
of carrying
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The total Materials Mechanisms Workers The stages
cost of the Total Individual The Materials The Mechanism The Type and|] Total The The Workers | of carrying
activity | prices of | material | quantity total fee | wages for number of | number of | labor amount | number Type out the
materials prices required of the one day mechanisms | mechanisms | wages | of the of task
used for the machine for the (3)*(2) | worker’s | workers Excavations
12)+(8)+(4) total required wage | for the
11)*10) area (7)*(6) period per day | required
13) (¢8)) ) ) (6) 5) 3) period (1)
(10) ) C))
(12) (2)
out the
task
39635750 | 30780750 6150000 3400000 The total cost of the job
36032.5 2 The cost per square meter

The cost per square meter is extracted by dividing the total cost of the paragraph, which is 39635750 dinars / 1100 m 22
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From Table (3) the time period for each stage of
the implementation of the concrete formwork
provision for civil works was calculated as the
implementation is calculated as an actual working
day, as the actual working days were converted
into hours based on the daily working hours,
which are (7) hours per hour) 8) in the morning
until (3) in the afternoon, and during the day there
is one hour for the worker to rest at (12) in the
afternoon, Therefore, the rest hour was excluded
as it does not add value to the work, and the
waiting period before starting any stage also does
not add value to the work, as in the waiting time
that exists before starting each test phase, as it is
exhausted in official approvals and the routine of
government departments and sampling, so the rest

time and waiting time A time that adds no value to
work.

For each stage of the implementation of the clause
of preparing the concrete formwork, the target
productivity rate and the time of recurrence or
completion called Takt time will be calculated
from the following equations: -

i. Target Tpr. = Space Required / Time
Spent

ii.  frequency time Tt. = Daily available
working time / Targeted productivity
rate

Now we can draw the current map as in Figure

(2):

Figure (1) Present Value Flow Map - Civil Works

—
Company Headquarters
| | Current Value stream Mapping -
T— Preparation of concrete formwork
The time period for implementation s
employer manager 90 working days
The required space 5 1100 m 2
Fo
Civil engineer
the i R A Sk - L - J the
supplier supplier Cany out the
Sub base
transport truc!
Steanmroliler
Central
Acarto mixer
The Sub
transport R
rubbie
Excavations Settiement Sub-base Sub-base b-base Sub-base SrmmshnBagt Pouring
3m 2m of soils brushes || Settiement brushes || Settiement! material concrete
10 3 3m 2= 3m = 2m 3m
o & 16 <o 16 2 10 33
C: 25454 Cr: 1145 TP & - & Ct: 7.636
AV: 3600 Av: 1080 - Cri0481 L2022 Ct: 10.181 Cr2.672 AV: 2940 c:0.736 AV: 1080 AV:9660
Tpr 165 Tpr:367 AV 1230 Bt AV: 1440 AV:2520 AV: 720 Tpr 55
Tt:21.181 Tt :0.980 Tpr:20.625 IPE=iB a1 Tpr 20.625 Tpr:78.571 Tpr550 Tt ,6.545
Te:17.454 Do T 17.454 Tt: 4.582 Tt0.654
3600 1080 3360 1440 2520 1440 2520 2520 72 1080 9660 |30360

%80

= 3
600 |_I 180 Idai] I_] 240 ” 420 U 240 I_I 420 Ida‘!SI

= 100*(37800\30360)—The percentage of adding value to the Lead ime

o}
7
| | 120 | | 180 |days| 7440

Total Lead Time
= 30360+7440
= 37800 minutes

Source: Researcher setup based on Visio Professional

3- Present value flow chart analysis

After collecting data and organizing them into
tables and stages, calculating costs, then
calculating the information for the data box and
drawing the current map of the value flow And it
became possible to notice defects and waste in
costs or time, as well as discovering places for
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improvement to improve the construction work
and generalize the proposed ideas on a larger scale
for implementation through the implementation of
future projects, The construction works of all
kinds need to apply some lean construction tools
in order to reduce the waste in cost and time and
raise the efficiency of the completed works.
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Among these tools is the standard work SW By
comparing the current implementation of the
works with the standard guide for price analysis of
the construction sector for civil works in its first
part for the year 2013, we note that the standard
works are calculated taking into account the actual
working hours 8 hours / day (Standard Guide,
2013: 7), Accordingly, 8 working hours per day
will be adopted at the rate of one hour of rest for
all work and subsequent paragraphs in order to
improve productivity and raise efficiency. After
describing the current map for the section of
preparing the concrete cast from the civil works, it
is possible to include what has been observed in
terms of defects and areas of improvement as
follows: -

a) The paragraph does not include weekly
reports on the reality of work and any
suggestions and ideas that serve the quality
of implementation and raise the efficiency
of workers.

b) The paragraph exceeds the target cost
planned for the completion of the project,

d)

which is 80% of the contract price and
because the prices of the paragraphs
specified in the schedule of quantities are
fixed and cannot be changed Therefore,
there is no way to reduce costs in order to
implement the chosen paragraph except to
control the number of workers to reduce
the wages paid and control the number of
days of implementation for the same
previous goal.

The implementation period was 115 days
and the number of actual working days
was 90 days. This means a deviation from
the time specified for implementation by
16 days because the planned working days
for implementation are 99 days, which led
to the increase in implementation days and
incurred additional burdens and costs.

By comparing the current productivity
rates with the productivity rates in the
standard guide, the following is revealed
as in Table (4): -

Table (4) Productivity rates for drilling, brushing and border work

Details The number | Number and | Productivity
of Worker type of / day
mechanisms

Dirt excavation works at 2 \Car carrying 3ml150
different depths / m3 1

Brushing works for 2 \Car carrying 2 m200
crushed gravel 1

Corruption work for 2 Ground 2 m200
gallstones leveling

1 \vehicle

Source: Preparing the researcher based on the standard guide for construction works

By comparing productivity rates between the
current implementation and the standard evidence,
it was revealed that there is a difference that
affects the number of days of completion and the
project carries additional costs and wasted time.
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1. By comparing the amount of wood used

with the standard quantity in the standard
guide in the molding activity, we note that
the used quantity is (300) m 2 to pour the
required area, which is (165) m3, while the
standard quantity in the guide is (0.21) m 2
per square meter of concrete Includes waste
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(Standard Guide, 2013: 52), so the standard
quantity that is supposed to be used is (0.21
* 1100 square meters) and equals 231
square meters, which means that there is a
waste in the amount of wood used.

2. The activities related to laboratory tests
require a waiting period before each
activity, due to the routine, official books,
and sampling until the actual examination
begins, while this waste of time can be
avoided through the overlap between
activity times, which contributes to
reducing the time lost in waiting before
Initiate laboratory testing activity.

3. Some activities are carried out routinely, as
in the activities of brushes and settlement
for Al-Sub-base, where these activities are
carried out in two stages for each of them
and separately, which takes time to
implement the required space while it is
possible to merge some of them.

4. Increasing the productivity of the worker
through the standard work SW, which
would determine the tasks required for each
worker and the state before starting the
implementation of task in order to reduce
the time not to add value to the work
performed In addition to the application of
TQM, which contributes to documenting
the business in the form of written
procedures that facilitate its application by
workers, in addition to achieving the
expectations of the customer and achieving
his needs and reaching the goals of the
company in the most efficient and least
expensive way by exploiting the energy of
workers with continuous motives for
development. In Table (5) a summary of the
proposed improvements to the section of
preparing the concrete casts: -

Table (5) improvements in the concrete formwork preparation section

Details Current | New time
time (minutes)
((minutes
1 | Waiting period before the laboratory test activity
Laboratory examination after soil reduction 840 0
Laboratory examination after setting SPACE 1260 0
second stage
Laboratory examination after the molding stage 2940 0
2 | The two activities combining a good mapping 1680 0
space for the first stage of the first half of the total
area with the brushes of the space for the first stage
of the remaining space

4- Drawing the proposed map

Through the stage of analysis and suggesting
improvements, We can draw the proposed map
after calculating the measures of the proposed
value flow map, The standard 8-hour actual
working hours as mentioned in the standard guide
were relied upon, So the available working time is
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(1-8) and equals (7 * 60), so that the net available
time after excluding the rest time equals 420
minutes per day. The productivity rates mentioned
in the standard guide of the Ministry of
Construction and Housing have also been relied
on . And now the proposed map can be drawn as
in the figure(2):-
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Figure (2) a proposed value stream map for civil works

Company Headquarters
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AV: 840 AV: 1260 AV: 3360
Tpr: 150 Tpr:366.667
Tt28 Tt:1.145
840 1260 3840

the

supplier

Camny out the

il

AV: 11040

1260

11040 | 26220

120 | 180* J

%96 =

100*(27360\26220)=The percentage of adding value to the Lead time

1140

Total Lead Time
= 26220+1140
= 27360 minutes

Source: Researcher setup based on 2016 Visio Professional \ Office application
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Table (6) costs of the proposed value flow map (preparing concrete casts) for civil works

Total Materials Mechanisms Employment <
activity | Total | Individu | The Materials | Total Mechanis The Type of | Total | Averag | The Type of Activity
cost prices of al quantit wages of | m wages | humber of mechanis | labor | edaily | number § employme name
the material y the for one | mechanis ms | wages wage of g .§ nt
require prices require machine day | ms for the 3)*(2) worker | 2 | 5
d d for s required S 2 g
material the (7)*(6) period require | € | £
(13) s total dfor | s g
11)*(10) area the TS
( ) (©6) total | S | §
@an) ) 5) “4) 3) period = & g @)
S| s
) 2) =
a
12) 10)
450000 - - - -] 400000 200000 2 Car 50000 | 25000 2 2 1 | Worker Fossils 1
carrying
600000 - - - - | 450000 150000 3 A carto 150000 | 25000 6 3 2 | Worker Good limit | 2
level the for
ground earthworks
- - - - 0 - - 0 - - 8 - - | Laboratory | 3
examinatio
n
5130000 | 3630000 22000 3165 o | 1200000 200000 6 Car 300000 | 25000 12 6 2 | Worker Sub-base 4
carrying brushes in
two stages
1200000 - - - - | 900000 150000 6 Acarto 300000 | 25000 12 6 2 | Worker Leveling 5
level the sub-base
ground after
brushes
- - - - - - 0 - - 7 - - | Laboratory | 6
examinatio
n
8425000 | 3850000 | 2m 3500 | 2m1100 | Insulating - - - 100000 | 25000 4 2 | 2 | Worker Insulation | 7
5890
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Total Materials Mechanisms Employment <
activity Total Individu The Materials Total Mechanis The Type of | Total | Averag The Type of Activity
cost prices of al quantit wages of | m  wages | humber of mechanis | labor | edaily | number § employme name
the material \ the for  one | mechanis ms | wages wage of g .§ nt
require prices require machine day | ms for the 3)*(2) worker | 2 | 5
d d for s required S 2 g
material the (7)*(6) period require | € | &
(13) s total dfor | 5 §
11)*(10) area the RS
( ) (©6) total | S | §
@an) ) 5) “4) 3) period = & E @)
s | Z
®) @ § £
a
12) 10)
4400000 | >m 4000 | *m1100 | material brushes,
75000 15000 Cans5 | BRC BRC,
Each) A packet Chlorodine
(packet of
chlorodine
1846875 | 6435000 130000 | Kg49.5 | Cement 1 - - - 225000 | 75000 3 1 Casting 8
0 2598750 3m\ ton 3 Carpenter thickness
6600000 35000 Sand 1 m3 (15) cm
2310000 50000 74.25 | Cobbleston 300000 | 25000 12 4 | Worker casting in
132 elm3 three
10000 Wood stages
’m 231
192000 192000 16000 cubicl2 - - - - 0 - 23 - | Laboratory | 9
testing of
concrete
cubes
3446575 | 3009075 2950000 142500 The total cost of the job
0 0 0 2m1100/ 34465750 =The cost per square meter
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Total Materials Mechanisms Employment
activity Total Individu The Materials Total Mechanis The Type of | Total | Averag The Type of
cost prices of al quantit wages of | m  wages | humber of mechanis | labor | edaily | number § employme
the material \ the for  one | mechanis ms | wages wage of g .§ nt
require prices require machine day | ms for the 3)*(2) worker | 2 | 5
d d for s required S 2 g
material the (7)*(6) period require | € | &
(13) s total dfor | 5 g
11)*(10) area the RS
( ) (©6) total | S | §
@an) ) 5) “4) 3) period = & E @)
s | Z
®) @ § £
a
12) 10)
31332.5

[z

Activity
name

Table (7) a comparison between the results and measures of the current and proposed map of the value flow for the concrete formwork preparation

section
Details Cycle Cycle Time Time Time to | Time to Takt Takt Targete | Targete
.time Ct | .time Ct not to not to add add time time d
Minute) 3 add add 3 value value 3 = product | product =
( =] value value =) =] =) ivity ivity o
Present 2 Present 2 | Propose | Present 2 2 rate rate 2
Propose 3 | Propose 3 d 3 | Propose 3 3
d = d = = d Present = =
propose | Present
d
Excavations 5.818 25.454 | 19.636 120 600 480 840 3600 2760 2.8 21.181 | 18.381 150 16.5 133.5
Good limit for 1.309 1.145 -0.164 180 180 0 1260 1080 -180 1.145 0.98 -0.165 | 366.667 367 -0.333
earthworks
Laboratory testing - - - 480 840 360 3360 3360 0 - - - - -
Sub-base brushes in 8.727 10.181 1.454 180 240 60 1260 1440 180 14 17.454 3.454 30 20.625 9.375
two stages 7.5 cm
5892
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Leveling sub-base 1.309 2.672 1.363 180 420 240 1260 2520 1260 2.1 4.582 2.482 200 78.571 | 121.429
after brushes
Sub-base brushes in 8.727 10.181 1.454 180 240 60 1260 1440 180 14 17.545 3.545 30 20.625 9.375
two stages 7.5 cm
Leveling sub-base 1.309 2.672 1.363 180 420 240 1260 2520 1260 2.1 4.582 2.482 200 78.571 | 121.429
after brushes
Laboratory testing - - - 420 1260 840 2940 2940 0 - - - - - -
Insulation brushes, 0.873 0.763 -0.11 120 120 0 840 720 -120 0.764 0.654 -0.11 550 550 0
BRC, Chlorodine
Casting thickness 8.727 7.636 -1.091 180 180 0 1260 1080 -180 7.048 6.545 -0.503 59.588 55 4.588
(15) cm casting in
three stages
Laboratory testing - - - 1380 2940 1560 9660 9660 0 - - - - -
of concrete cubes

5893
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5- Implementation of the action plan

From table (6) we note that the total cost of the
task after implementing the proposals has reached
(34465750) dinars, which is equivalent to
(31332.5) dinars per square meter. This cost meets
the goal to reach the target cost, and even less than

it. In addition to the implementation period, as the
working days were reduced from 90 to 57
working  days after  implementing the
improvements. In Table (8) we notice the most
important changes if the proposed map were
adopted:

Table (8): Changes in the results of the current and proposed value flow chart for the section of
preparing the concrete casts

Details Suggested Current Planned
results results results
Duration of execution 57 90 98
/working days
The cost per meter 31332.5 36032.5 32000
Conclusions: Engineering, Construction,&

We conclude from the previous steps that the
application of lean construction techniques
contributes to reducing the waste of cost and time
by canceling activities that do not add value to the
final product and applying the standard guide for
construction work, which contributes to reducing
the waste in cost, whether in the wages of direct
labor or the mechanisms used or materials Used
during the implementation phases in addition to
the implementation period, Therefore, the
standard work is integrated with the
implementation of the value flow map activities in
conjunction with the application of total quality
management in order to implement the work in a
more efficient and effective manner and satisfy
the customer's conviction, and certainly permeates
these techniques and their application for
continuous improvement, which adds
progressively improvement to the work performed
in order to apply the previous techniques and the
integration in what Among them, to rationalize the
costs of construction projects.
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Table (1) the meanings of the process symbols in the value flow map
the meaning Symbol the meaning Symbol
Data box Eeal Customer / Supplier

Data 2

Data 3

A custom process
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|

flow

Table (2) the meanings of the material symbols in the Value Stream Map

the meaning Symbol the meaning Symbol
Pull material C\ The store
FIFO line “ro— Shipping share
External shipment Pay share (=
o o
Super Market ﬂ
Table (3) the meanings of the information symbols in the value stream map
the meaning Symbol the meaning Symbol
Pull kanban i‘l Production control

Kanban reference

Manual information

Kanban cards site

T

Electronic
information

Kanban production

Table (4) the meanings of the general symbols in the Value Stream Map
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the meaning Symbol the meaning Symbol
other information Kaizen emission
timetable | . The number of employees or m
operators
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