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A methodology for an effective utilization of construction equipment for highway
construction projects

Song, Hojeong', Choi, Jaehyun®

'School of Architectural Engineering, Korea University of Technology and Education

Abstract : Highway construction is a combination of linear, repetitive, and highly equipment intensive operations, Various
types of construction equipment are deployed to ensure undisrupted performance of construction, and thus productivity
improvement and cost—saving can be achieved through well-thought—out planning, The selection of construction
equipment is dependent upon construction sequence, site conditions, and construction methods, In the process of
planning, management should consider various types of construction methods per each type of construction operation,
Also, management should map out proper construction equipment operation plan that takes the construction duration
and cost measures into consideration, However, limited availability of historic data from the similar types of operations
has been a stumbling block to proper construction planning, making the operations performed based upon experience
and intuition guided by rules—of—thumb, As a consequence, the planing phase rarely provided an adequate validity
in the implementation phase, The researchers developed a process logic for each construction type that management
can utilize from early phase of highway construction planning process. Moreover, derived the construction equipment
combination optimized for efficiency by using the process simulation technique, The developed method is expected to be
useful for the decision—making process that aims to evaluate efficiency of various process plans and to ensure optimal
selection of construction equipment for highway construction projects
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1. Development of process logic for highway construction process

| Analysis of Highway construction equipment operation

¥

| Analysis of Highway construction procedure based on the published literature |

L 4

‘ Development of process logic in consideration of the
procedure and construction method

2. Analysis of an efficient construction equipment usage in
accordance with the construction method for each process logic

| Analysis of the detailed highway construction
procedures and combination of the construction equipment

| Development of simulation model for the asphalt pavement operation

¥

| Validation of the developed model through case analysis

Fig. 1. Research method and procedure
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Fig. 2. Process Logic for Earthwork operation
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Concrate Wanfacturing T+ Concrete pavement = 5
| 3. Pavement Work | —~— black base rebar spreadi Spresd viryt [ Type-A]
et Concrete Concrete Concrete Tomnt Shyrofoam jomt Pavernent grinding
Crushed Production delive ment mould installation Atess Toad loit
Aggregates Anti-Frost Sub-base 3.3
procuction layer [3-2] [3-3]
Bridge-decks
= [Type-8]
Pavement Tnstallation of Asphait | Removal of Asphalt
[ 3.1 ] Batch Plant I L Batch Plant

| Crusher
Crushed tes

Batch Plant
\lnmllmiun

/

Production 7

e~ g G e

‘Concrete
batch plant
removal

Black base
Spreading &
Compaction

Tnstallation

Base
Spreading &
Compaction

Surfaci
Spreading &
‘Compaction

of Asphalt
Batch Plant

Batch Plant

Fig. 3. Process Logic for Pavement operation
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o P Workable-quantity
Work types The equipment combination

1. Prime Coating Asphalt sprayer (400L) Q=8,000m’/day
Z ASP::;: e Asphalt finisher(3m)+Macadam roller(10- Qﬂﬁ:ﬁ d:a
(Spreading & 12ton)+Tire roller(8-15ton) +Tandem roller(s- Br<10em) s
Compaction) 8ton)+Sprinkler truck(16,0000) Q=4,000m/day
3. Asphalt Base Asphalt finisher(3m) +Macadam roller(10- ﬁ%ﬂ;‘;:oﬁ'/odm)
(Spreading & 12ton)+Tire roller(8-15ton)*Tandem roller(S- Baomey
Compaction) 8ton)+Sprinkler truck(16,0000) : Q=5,000m/day
4. Tack Coating Asphalt sprayer (400L) Q=8,000m’/day
5. Asplwlt_ Surface  Asphalt finisher(3m}+Macadam roller(10- 30m<X
(’§Pre!dm‘g & 12t0:l)“ :u'_e Irollel[&-ll 51?%{] andem roller(5- Q=5,000m/day
Asphalt finisher(3m)+Macadam roller{10-
6.Shoulderpaving  12ton)+Tire roller(8-15ton)+Tandem roller(s- e
8ton)+Sprinkler truck(16,0000) SEAIM Ry,
. Asphalt finisher(3m) +Macadam roller(10-
Btidgecdecksi o) ). 7ive roller(8-15ton)Tande roller(s- _:&'3‘3; .
surfacing Ston)+Sprinkler truck(16,0000) @=Ly
9 Road crusher(2m)+Tire roller(0. 57m'J+AsphaI|
h finisher(: roller(10-12ten)+Tire. o
patching roller(8-15ton)+Tandem roller(5-8ton) + Q=5.000m"/day
Sprinkler truck(16,0008)+ Dump Truck(15ton)
and crusher(2m)+Tire roller(0.57m’)+Asphalt
a inisher(3m)+Macadam roller(10-12ton)+Tire - .
9. Surface cutting. .z 15on)+Tandem roller(s-8ton) + Q=2,000m/day
Sprinkler truck(16,0008)+ Dump Truck(15ton)
10. Installation of Bull dozer(152hr)+Tandem roller6-8ton
Asphalt (48hr)+Motor grader3.6m(24hr)+Crain-Truck
Batch Plant 10ton(150hn)+Trailer20ton
11. Removal of
Asphalt Crain-Truck(10ton)
Batch Plant
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Table 1. Construction methods and equipment combination for
Asphalt pavement operation

Activities | Works Construction method Equipment
combination
Preparation | - Foreign material on surface ~ Motor grader
(3.6m)
- equality spreading of material |- Tij
Antie Spreading a y p g Tire roller
- Spreading equipment concurrently|  (8—15ton)
freeze layer, i
. — Vibration roller
Subbase - Repeated compaction (10ton)
Compaction| : Vibration roller(8 times), )
Ti ler (4 t ) — Sprinkler truck
ire roller(4 times (16,0000
Preparation | - Foreign material on surface

- Field plot testing before — Asphalt distributor

Prime, Spreading construction (30001)

- Equipment check—up, — Narrow place
Tack coat . )
Spreading at one go :Engine, Hand
Cuing | Curing: Prime coat(48hr), Sprayer (4001
Tack coat(24hr)
- Foreign material on surface
Cleaning | - Field plot testing before
onstruction — Asphalt finisher
- Superelevation section: (3m)
Asphalt i - — Macadam roller
concrete | gpreading H\.ghw.ay centerline o (10—12ton)
Base course, - Direction parallel section: _ Tire roller
Intermediate Shoulder—Highway centerline (8-15t0)
Sll?:/fgze - Steady speed of roller, Edge of | _ Tandem roller

repetitive compaction, Rotation (5—-8ton)

course Compaction trol P tion 1(min)
/ control, Preparation 1(min — Sprinkler truck

L - Compaction : Macadam(32l), | (16.0001)
Finish _ ) _ ’
Tandem(103]), Tire(43])
- Curing
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Fig. 5. Simulation model for the asphalt pavement operation
Combination of -
3. '::::k":"‘ Level 2 Level 3 | Equipment | Construction pv::'ﬁ:’fm‘:;';% Elements of Workable-quantity per unit time
equipi it
—— Q q| k| f|lE|eM| | |DI[H| p |V |W]| N | Quantutyim3) ‘Work time(hr)
N Excavator Q=WH/FEMA]
Excayanan Motor grader Q=WHHE**d
equipment
Macadam roller Q=WHVEH*d
Compaction [Tire roller Q=WHVEMd
3. Base 59“;‘5"'9 equipment 1 [Vibration roller Q=1000"V*W#E*D*F/N
31 course Compacti
Pavement = =
work i 2 liicagen omer
o [ e
equipment
Q W ETE d |Q@ L D2 |V Q 3) Work time(hr)
4, Tack coat | Spreading et;ulpme e

Fig. 6. Input format for simulation model (MS Excel)
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Asphalt concrete pavement (T=40cm)

P

Tack coat(RSC-4)
Tack coat(RSC-4)
Prime coat(RSC-3)

Surface course(T=50mm)

Intermediate layer(T=60mm)

Base course(T=70mm)

Subbase(T=220mm)

Fig. 8. Typical cross section for asphalt concrete pavement operation

Table 2. Quantity of pavement operation

Base, Surface course,
Intermediate,
B-dsurfacing

Activities | Subbase | Prime Coating | Tack Coating

Quantity | 725.4(M°) | 3,297.32(M?) | 6,574.6(M?) 3,297.32(M?)
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Table 3. Main combination alternatives for construction equipment

utilization
e Base Course, Surface
Activities Subbase ' course, Intermediate,
Tack coat ) )
Bridge-decks surfacing
Auxiliary Vibration, Tire, B Macadam, Tire,
Equipment | Tandem roller, 1 Tandem roller, 1
Basic Motor grader Distributor o
Combination |  (3.6m),1 | (3,800), 1 | ASPnalt fimisher (Gm). 1
Mot d Distribut
Combinationt ?3-o6rng])>r?19r (\,;’SOBO:J)’O{ Asphalt finisher (3m), 2
Mot d S
Combination2 z)aoérg)r’afr (4%r(e)1)yye1r Asphalt finisher (3m), 1
. Motor grader Distributor o
Combination3 3.6m), 1 (3.8001), 1 Asphalt finisher (3m), 2
Mot d Distribut
Combination4 Z’S_Oérfffr (SIZSOBOIU),O{ Asphalt finisher (3m), 1
Mot d S
Combination5 ?;gﬁ;ier (4%3%‘3; Asphalt finisher (3m), 2
-~ Excavator Distributor
Combination6 (Am3). 1 (3.8000), 1 Asphalt finisher (3m), 1
E t Distribut
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Table 4. Result summery for alternative combinations

Scenario Value added Busy/Idle Total Wait

Properties Time(hr) Cost($) Cost($) | Time(hr)
Combination 9 288.50 20,713/25,747 | 46,460 162.49
Combination 3 290.64 20,841/25,144 | 46,985 164.63
Combination7 290.97 20,778/26,205 | 46,983 164.96
Combination1 293.11 20,906/26,602 | 47,508 167.13
Combination11 295.10 20,603/26,972 | 47,575 169.09
Combination5 297.24 20,732/31,372 | 52,104 171.23
Combination6 354.42 20,710/34,182 | 54,892 228.41

Basic Combination 356.56
Combination10 356.89

20,838/34,529 | 55,367 230.55
20,755/34,583 | 55,357 230.88

Combination4 359.03 20,903/34,930 | 55,833 233.02
Combination8 361.02 20,600/35,253 | 55,853 235.01
Combination2 363.16 20,728/35,600 | 56,328 237.15
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Fig. 9. The results of construction equipment utilization
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