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Abstract:

The line of balance method (LOB) is used in the
repetitive type of activity and save lots of time in the
project. In a bridge construction most of the
activities are repetitive in nature. The present work
focused on LOB method to complete the project in
minimum possible time duration. Live running
Bridge problem is selected for the research. LOB
and CPM both methods are implemented and
compared in this bridge schedule. CPM is widely
used in planning and schedule in construction.
Results show that in existing method 794 days are
required to complete the project but CPM taking 656
days and LOB requires 615 days only. The result
shows that LOB is more useful in the repetitive type
of activity.
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1. Introduction

Traditional network scheduling methods
Critical Path Method (CPM), Program
Evaluation and Review Techniques (PERT),
and bar charting are less effective for the
planning of linear repetitive activity
projects. Linear scheduling techniques are
more suitable to manage linear projects such
as highways and tunnels. Linear scheduling
is a practical tool that can be utilized for
developing and maintaining the construction
schedule as well as for seeking alternative
schedules to the existing schedule.

2. Line of Balance Method

The Line of balance has some relationship
to the linear scheduling method, a
scheduling method developed by the U.S.

Navy in the early 1950s for industrial
manufacturing and production control. The
objective of the LOB technique is to ensure
that components or subassemblies are
available at the time they are required to
meet the production schedule of the final
assembly. Changing the technology used:
The equipment and construction materials
that are utilized on the project are analyzed.
Alternative  technologies may enable
schedule comparison. Changing
construction logic: The technique involves
changing the sequence of two or more
activities; i.e., switching the predecessor
and successor activities or modifying a
finish-to-start relationship. Implementing
shift work: Any additional work shift will
increase output and shorten the schedule.
Increasing utilization (over time): Extended
work hours will increase output and shorten
the schedule. (YYang and loannou, 2003)

3. Literature Reviews

Vorster et al. (1995) A review of linear
scheduling research is presented to show the
need for a standard format that combines the
best of prior research and experience.
Concluded that the planning depth that can
be achieved using linear scheduling. A bar
chart or CPM schedule cannot provide the
same level of understanding as a visual
schedule.

Liu et al. (2002) To enhance the efficiency
of problem-solving, constraint programming
(CP) is employed to handling the
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complicated scheduling problem, and
several heuristic rules are engaged. The
analysis result demonstrates the model
ability for enhancing efficiency and

shortening duration with various multi-
skilled crew selections.

Dzeng et al. (2003) This study proposes
algorithms based on standardized codes and
network modules. A computer system was
also designed to conduct scheduling, and
ultimately to let project controllers combine
these schedules electronically. This work
presents the theoretical development and
computer implementation of modular-based
scheduling algorithms for supporting the
integration of construction schedules for
expressway projects.

Pai et al. (2013) reported aspect of a
Repetitive Scheduling Method (RSM) or
Line Of Balance Scheduling Technique
(LOBST) applied for a housing project
having project activities repetitive in nature.
Linear scheduling methods are planning and
scheduling techniques mostly used in
construction and manufacturing industries
where repetitive operations are abundant.

The research shows that there is great
potential for line of balance scheduling in
the construction industry, and in the future,
there is a good chance that it would be
implemented in more construction projects.

Badukale et al. (2014) carried out the study
in a construction company in which LOB
concept is used in the initial planning phase
of a high-rise residential project.

Finally concluded that line of balance was
more suitable than other methods and use of
LOB as a means to simulate and discuss
decisions related to the design of a
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production system for a multi-storey
building and its impacts on daily operations.

4. Need of Research

Most of the researchers left bridge element
which is not taken under considerations,
however, it is noted that bridge is one of the
most critical event and highly frequent and
repetitive in path construction. Literature is
due for clear reliable system research for
repetitive construction practices (e.g. Bridge
construction). Linear scheduling or line of
balance is not elaborated and explained
considering live construction problem.
Successful and complete implementation of
line of balance is absent in the literature.
Indian  researchers and  construction
professionals are not implementing linear
scheduling techniques and are not motivated
and aware for same. CPM is continuously
used in India for network analysis and
finding critical path, Problem is taken as a
challenge to introduce the new technique
named linear scheduling which is proved
better than CPM for repetitive construction.
For the present work a live bridge problem
is considered and data’s for bridge
manufacturing steps followed in the
construction of the bridge are collected. The
ultimate goal is to implement a linear
scheduling technique known as Line of
Balance to manage, plan, schedule, and
control construction project.

5. Research Objectives of Work

The objectives of this research are:

* To understand the principles of the LSM,
» To implement the method on a bridge
construction project as a schedule
comparison technique,
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« To analyze the effectiveness and

appropriateness of the method for this
purpose on this type of project.

6. Methodology

Select project site

Understanding exiting method of
_planning

Data collection

Evaluate project time period
Apply Critical Path Method (CPM)
using MS Project (MSP)

Find out repetitive activity
Apply Line of balance technique
(LOB)

Compare existing method , CPM
and LOB

(Fig 1). LOB, Methodology

7. Data Collection

Existing Case Description

The present study is focus on the
construction of Railway over bridge (ROB)
at Lohamandi. M.P. PWD bridge division
Indore undertakes the project. The
construction of bridge at the present
location is very important as transport hub
of Indore city is the heart of the city. The
famous Loha Mandi, Anaj Mandi and
Private Navlakha bus stand nearby to this
level crossing is very often closed for train
movement and thereby causing jam like
situation in the entire business locality of
the area. Therefore the R.O.B.(Railway
Over Bridge) is very important at this level
crossing

- (Fig 2). Existing Site Bridge Remaining from
Railway Crossing
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Table 1. Existing Site Technical Specification

Sr. | Parameter Specification

No.

1 Total bridge | 709.00m (Excluding Railway
length portion of 32m)

2 Viaduct 418m (19 span @ 22m each)
Length

3 Solid  ramp | 119m (Lohamandi Side)
portion 25m (Vally curb)

122m (Raoji bazar side)
25m (Vally curb)

4 Foundation Pile foundation

5 Substructure Pier RCC circular

6 Super RCC T beam slab
structure

7 Overall width | 14.80m

8 Carriageway | 10.50m

9 Footpath 1.5m wide with crash barriers
10 | Formation 109.70m at railway span
11 | Railing Mild steel
12 | Wearing coat | Mastic asphalt
13 | Bearings Neoprene elastomeric
14 | Expansion Strip seal
Joints
15 | Service Road | 1482m
16 | Drain with | 1482m
slab

Table 2: Bridge Construction Activities

Duration

Sr.No.| ACTIVITY (Days)

PRE CONSTRUCTION STAGE

1 Scope of Work

2 Site selection

Detailed
3 |investigation

4 Design and Drawing

survey &

contractor

Estimation, Technical
sanction, administrative
approval

Notice Inviting
tender(NIT),Approval off

tender and awarded work to
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7 Agreement of work with

department and contractor

STARTING OF WORK

1 Layout of work 2

Site clearance 75

Investigation ~ of  strata
) (Survey, boring, soil test etc.) 10

3 Design and Drawing 30
Material Purchase 90
FOUNDATION
Boring and investigation of

4 |strata 19
Piling  work/laying  of

6 [foundation 105

7 Pile Cap 95

CONSTRUCTION OF
SUB-STRUCTURE

8 Pier Shaft 90
9 Abutment 24
10 | pierCap 90
11 | Abutment cap 14
12 | Pedastal/Chair 38
13 Bearing 21

CONSTRUCTION OF
SUPER-STRUCTURE

Staging/Erection work for

14 |laying of slab 50
Beam/Soffit/Grider R.C.C.
15 |AND P.C.C WORK 100

16 Deck Slab(P.C.C./R.C.C.) 100

17 Kerb

18 M.S.Railing

19 R.C.C. Crush barrier

20 | Foothpath

21 | Wearing coat

(G2 1 AT S - e p R )]

22 Removal shuttering

8. Activities having scope of linear
scheduling

e Site clearance (Tree cutting, Trunks,
Demolition,)
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e Material Purchasing

e Boring

e Piling (Laying of foundation, pile
cap)

e Pier (Pier shaft, pier cap, pedestal,
bearing)

e Slab  (Staging, Reinforcement
,girder, deck slab)

Activity start =

((No. of units -1)* duration of operation))
/ No. of gangs used. (Liu et al. 2002)

The graph below shows site clearance
scheduling with LOB. X axis shows the
number of activities involved in site
clearance, Y axis shows the duration of
actives in number of days, Z axis represents
a unit time to complete one activity. Blue
colour line represents start time for
activities and red colour line shows the
finish time of activities. Unit activity time is
1 day and site clearance is to be completed
in 38 days with LOB.

Site Clearance (Tree cutting, Trunks, Demolition)
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(Fig 3). LOB for Site Clearance

The graph below shows material purchase
scheduling with LOB.X axis shows the
number of activities involved material
purchasing, Y axis shows the duration of
actives in number of days, Z axis represents
a unit time to complete one activity. Blue
colour line represents start time for
activities and red colour line shows the
finish time of activities. Unit activity time is
7.5 day and material purchasing is to be
completed in 45 days with LOB.
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Material Purchasing

No. of activity

(Fig 4). LOB for Material Purchasing

The graph below shows boring scheduling
with LOB.X shows the number of activities
involved in boring, Y axis shows the
duration of actives in number of days, Z
axis represents a unit time to complete one
activity. Blue colour line represents start
time for activities and red colour line shows
the finish time of activities. Unit activity

time is 0.5 day and boring is to be
completed in 13 days with LOB.
~ BORING
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(Fig 5). LOB for Boring

The graph below shows piling scheduling
with LOB.X axis shows the number of
activities involved in piling, Y axis shows
the duration of actives in number of days, Z
axis represents a unit time to complete one
activity. Blue colour line represents start
time for activities and red colour line shows
the finish time of activities. Unit activity
time is 11 day and piling is to be completed
in 77 days with LOB.
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Piling(Laying of Foundation,Pile Cap)

| Oneunit time
No.of Days 50 | 5

No. of Activity

(Fig 6). LOB for Piling

The graph below shows piers scheduling
with LOB.X axis shows the number of
activities involved in piers, Y axis shows
the duration of actives in number of days, Z
axis represents a unit time to complete one
activity. Blue colour line represents start
time for activities and red colour line shows
the finish time of activities. Unit activity
time is 26 day and piers is to be completed
in 156 days with LOB.

Piers(Pier shaft,Pier cap,Pedustal,Bearing)

No of Activity

(Fig 7). LOB for Piers

The graph below shows slab scheduling
with LOB.X axis shows the number of
activities involved in slab, Y axis shows the
duration of actives in number of days, Z
axis represents a unit time to complete one
activity. Blue colour line represents start
time for activities and red colour line shows
the finish time of activities. Unit activity
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time is 18 day and slab is to be completed in
180 days with LOB.

LOB of SLAB
(Staging, Reinforcement, Deck
Slab, Girder)

No of Unit

(Fig 8). LOB for Slab

9. CPM for Bridge (MS Project)

CPM critical path is also calculated using
MS Project software. Using MS Project the
project is calculated to be finished in 656
days.

G B o [T —

(Fig 10). Critical Path with MS Project
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10. Result and Discussion
The activities, which are repetitive and are
selected to plan and schedule as per LOB
technique, are present in below table

Table 3: Comparison Existing and LOB

ACTIVITY EXISTING LOB
Site clearance
(Tree cutting, Trunks, Demolition,) 50 38
Material Purchasing 55 45
Boring 19 13
Piling (Laying of foundation, pile cap) 135 77
Pier (Pier shaft,pier cap,pedastal,bearing) 219 156
Slab (Staging,Reinforcement,girder,deck
slab) 210 180

EXISTING V/S LOB

219
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(Fig 11). Existing vs. LOB Comparison Graph

- Existing activity duration are found greater

g than LOB scheduled activity as per
comparison graph.
Comparison Graph
1000
2 500 794
>
g 636 615
g 600
g
";;_ 400 B Days
£ 200
0
Actual CPM LOB
Methods

(Fig 12). Result comparison graph for actual, CPM

and LOB methods
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LOB is found as optimized scheduling
technique as per above comparison graph
results. As actual days calculated are 794,
656 days is result with CPM and LOB is
scheduling project in only 615 days.

11. Conclusion

The existing bridge plan is first studied and
the number of days as per present schedule
are 794 days.

The technique CPM and LOB both are
implemented and it is found that the
schedule reduces from 794 days to 656 days
in CPM and 615 in LOB. There is saving of
179 days with LOB technique with respect
to present schedule and plan. It is clear and
well understood that LOB is the better
technique than existing methods and it can
be used for plans and schedule for bridge
and other civil constructional repetitive
activities and projects in the city.
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