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Case Studies: Schedule Delay Factors and Delay Prevention Program for

Concrete Frame Works in Apartment Construction Project
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Abstract

Project delay is one of the most crucial impact factors in the construction process from a schedule and cost
management perspective. This study focused on analyzing the causes of concrete frame work delay in the apartment
construction project. According to the analysis of project cost composition, the direct cost of concrete works was
highest in most samples. Actual delays of concrete works were analyzed for the six different construction components.
Causes of delay were grouped into two categories; preconstruction and construction phases and these two groups were
further divided into sub—groups. Analysis results revealed that the most significant delay was occurred in the 1st. floor
concrete skeleton work. For each delay factor, implications of delay as well as suggestion(s) for reducing the possibility

of schedule delay are provided.
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Case Studies: Schedule Delay Factors and Delay Prevention Program for Concrete Frame Works in Apartment Construction Project
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Table 1. Classification of delay

Group Type of delay
Delay can be approved
Approval v PP
Delay cannot be approved
) Compensation can be made
Compensation )
No compensation
Point of delay Individual delay
occurrence Concurrent delay for several activities
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Table 2. Literature review (domestic & overseas)

Autor Title Summary Type Ofﬁ
research
Jung et gr(]:t(?rrjc,alfyo S:S,[h%n dgggggﬁzningngelay Investigate delay factors that can influence on schedule reduction
al. [13] application of technologies for reduction of and suggest possible solutions for each project participant from a A
’ construction duration non-technical point of view
Leel14] Delay analysis using learning effect and Suggest a model that can be used in the analysis of cumulative B
linear scheduling in construction delay caused by leamning effect and productivity change
) ) . Analyze the reinforced concrete works adopting AHP analysis
Kim et rAeI;[iL(J)c:wy tibgg;;,[? Egggrﬁecg;tn;ir?;stgrz;g method by experts evaluation. Identify the influence factors and
al[15] schedule delay on the reinforced concrete measure the level of impact on the project delay and C
’ construction construction cost by analyzing the risks which were generated
during the reinforced concrete works
Suggest a method that can be utilized in assessing the
Lee[16] Delay analysis using linear schedule in cumulative delay and concurrent delay due to the productivity B
construction loss in case of productivity change adopting linear scheduling
technique
Kim and Construction delay analvsis utilizing svstem Suggest a method that can be utilized in estimating individual
Lee [1] thinking a roachy y 9 sy indirect delay and direct impact of natural event on schedule by B
9 anp combining CPM method and system thinking approach
Leel17] Modified delay analysis considering Suggest a schedule delay analysis method in case of productivity B
production rates change due to the learning effect
Kim et An analysis method for the concurrent Suggest a systematic method that can be utilized in estimating B
al[18] delay using delay section concept concurrent delay by adopting delay section concept
Igmg,]t ?] ct:ssecosrt;?éc?iréndi;o\oyjeipalyss methods Conduct case study analysis utilizing various delay methods B
Koo and Construction delay analysis method Suggest an objective method that can be used in estimating the
Leel3] considering productivit level of delay and the starting point of delay in case of B
gp y productivity loss
) ) . Suggest a method that enable to assess an individual delay
Kggn[za(\)r]]d gg:::ga%gn fﬁi?’n ani%ifssmgth?g;ioh event on the overall schedule applying hierarchical planning C
P 9p bp process
Lee and Improvement for liquidated damages Suggest an improvement plan for the estimation of liquidate
Lee [21] according to the delay of domestic damage that is liable for the delay caused by contractor's C
construction project responsibility
) . Conduct questionnaire survey for the purpose of analyzing the
:'?[]22? tArg dggailrfss :rr;mdeenl?yhéiggrs orfo'zce’lor cause of delays which are occurred during the apartment building A
’ P g proj construction projects
Nasir et Evaluating Risk in Construction-Schedule Draw 9 delay factors based on the literature review and case A
al{9 Model(ERIC-S) studies
Ly et A method of calculating schedule dela Suggest a delay estimation method considering various delay
a)|/[23] considering lost roduc%ivit Y factors and productivity to prevent creating benefits neither to B
) 9 P y owner and contractor
Elinwa Time-overrun factors in Nigerian construction Assess the 23 priority factors and causes of cost and schedule
and indust o overruns based on the experts interviews and questionnaire A
Joshual11] v survey
Kartmanl6  Generic methodology for analyzing delay Analyze the delay factors for the purpose of reducing delay
] claims claims according to the participants, possibility of compensation, A
and the starting point of delay etc.
Majid and ;
Mocaffer! Factors of non-excusable delays that influence  Analyze the causes of non-excusable delay based on the A
2] contractors' performance fundamental delay factors that are drawn from literature review
Chan and A comparative study of causes of time Conduct guestionnaire survey and interviews on the delay factors
Kumaraswa overruns in Hong Kong construction projects which are predefined 8 groups and 83 types for the purpose of C
my (8] J J prol assessing the factors’ comparative importance
Assaf et Cause of delay in large building construction Categorize and assess the importance of 9 type of delay factors A
al. [10] projects based on the literature reviews and experts’ interviews

* A Cause of delay assessment & influence analysis, B: Estimation of delay term, C: Measure of delay influence
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Table 3. Direct cost composition by trade
(sum of 10 projects) unit © %
Material Matenal Machi-
T To t
rade ot Labor OB? ﬁad 5% ob—sﬁje nery
Pile 430 09 261 005 1.16
nf
Remforced 4145 1429 1776 8:80 060
Brick 1.9 1.20 0.78 0.02 0
Plastering 450 2.39 150 061 0
Waterproofing 0.71 040 0.08 023 0
Tile 4.76 1.16 348 0.12 0
Masonry 374 0.08 0.71 2% 0
Wood 561 169 271 121 0
Thermal
ooedon 018 0@ 00 004 0
Doors and
oead o4 010 78 005 0
Glazing 104 022 0.81 0.00 0
Interior
finishing 344 036 202 1.06 0
Painting 143 047 0.00 096 0
Miscellaneous
e 740 018 308 413 0
Fumniture 104 0.00 1092 0.02 0
Total 100 2355 .45 20.25 1.76
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Inrerior works Furniture
finishing o (7.40%) (10.94%) Pile Reinforced
(3.44%)__ Painting . (4.80%) concrete
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( ) Brick
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Figure 1. Direct cost composition by trades
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Figure 2. Distribution of direct cost by trade(10 projects)
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Table 4. Direct cost composition by trade unit : %
Job site Summary statistics
Trade A B c D E F G H | J  Max. Mn Ave. Med. SS/‘
Pile 513 103 386 1488 032 212 419 068 262 447 1488 032 393 324 420
ng?fé’rg‘zd - 348 3284 2892 3325 3465 30.11 3714 3350 2654 37.14 2654 3243 3325 331
Brick 075 233 258 170 261 324 193 292 248 204 324 075 226 240 070
Plastering 146 544 628 370 607 685 457 606 661 542 68 146 525 575 164
Waterproofing 024 1.18 100 061 08 098 078 08 103 084 118 024 084 08 026
Tile 139 587 481 557 595 643 1108 610 413 479 1108 139 561 572 241
Masonry 101 625 383 38 503 362 566 405 854 477 854 101 466 441 197
Wood 150 559 839 480 591 777 807 651 483 1045 1045 159 639 621 245
Thermal 003 017 021 005 031 011 030 029 042 015 042 003 020 019 0.13
protection
Dv‘jﬁ]rjojzd 105 882 867 1881 089 747 774 883 714 58 1881 195 852 821 424
Glazing 032 131 136 095 161 123 136 154 102 124 161 032 119 127 037
ﬂ'r']‘lt;:'lf]g 101 389 481 316 574 421 319 481 379 449 574 101 391 405 129
Painting 049 208 206 170 151 18 136 160 210 171 210 049 165 171 048
M'chigflfseo“s 1215 713 607 288 588 479 490 472 880 964 1215 288 670 597 278
Furniture 267 1409 1324 844 1505 1463 1476 1386 1290 1763 1763 267 1272 1397 422
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Figure 3. Impact of concrete work on delay
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Table 5. Case analysis : concrete frame works

Project-1 19 Buildings, 15 Floors, 1,222 Units
Duration(day) Detailed cause of
Part Type
Planned Actual Delay delay yp
Foundation 55 89 2 Reduce. the vnumber Method,
of pile drivers other
Apt.
underground 30 35 5 Shonag%e (l)f labor Man
frameworks PRl
Under- .
ground Fail to meet the
Annex demand of labor
underground 90 95 5 supply for form Man
frameworks work, crew team
change
Sum 175 219 44 - -
1st. floor 40 42 2 Design change Method
Design change, fail
Above ~ to meet the
the ~ 2natop 180 220 40  demand of labor MM
floor method
ground supply for form
level work
Rooftop 36 30 -6 - -
Sum 256 292 36 - -
Total 431 511 80
Project-2 8 Buildings, 31-34 Floors, 1,071 Units
Duration(day) Detailed cause of
Part T
a Planned Actual Delay delay ype
Foundation 25 10 -15 - -
Apt.

underground 55 47 -8 - -
Under- frameworks
ground Annex
underground 35 28 -7 - -
frameworks

Sum 115 85 -30 - -

Productivity loss
1st. floor 28 48 20 due to the different Method
floor level

Above 2nd-top

the 248 221 27 - -

floor
ground
level Shortage of labors
Rooftop 10 12 2 for site cleaning Man
and arrangement
Sum 286 281 -5 - -
Total 401 366 -35
Project-3 6 Buildings, 23 Floors, 330 Units
Part Duration(day) Detailed cause of Type
Planned Actual Delay delay
Foundation 30 25 -5 - -
Apt.
underground 40 40 0 - -
Under- frameworks
ground Annex
underground 25 25 0 - -
frameworks
Sum 95 90 -5 - -
ist foor 20 25 5  Snortage offabor oy,
supply
Above _ Truckers' strike and
the 2”ﬂ‘jjot‘r°p 210 250 40  shortage of labor  Man
ground supply
level i /
Rooftop 20 23 3 OWercrane divers . e
strike
Sum 250 298 48 - -
Total 345 388 43




Table 6. Delay analysis (planned vs. actual)

Duration(day)

o,
7o of no. of delay by cause type

Classification Planned Actual Delay Accomplished
Days Avg.» Days Avg. Days Avg. (%) Method Man Material Machinery  Others
Foundation 110 37 124 41 14 5 113 1
Apt underground o 45 g0 4 -3 9% 1
Under- frameworks
ground Annex underground 150 50 148 49 ) 1 99 1
frameworks
Sum 255 85 303 101 9 3 119
Above 1st. floor 88 29 115 38 27 9 131 2 1
the 2nd-top floor 638 213 691 230 53 18 108 1 2
ground Rooftop 66 22 65 22 -1 0 98 1 1
level Sum 792 264 871 290 79 26 110
Total 1047 349 1174 391 838 29 112 4 6 0 1 0
* Avg. © Avg. of 3 projects
AdEo] =2 150] gt YA Auks AmEE FARPY 4.2 X|dgelof me cH2y
o] 27, IR0l 17108 Al =7 ¢ &gHT} HAH
73, e vjEhy, SShEAe) A, AlsAde] Horls A, 4.2.1 o} E 135 FZFA AQL £4
THHA, AR AT S0l A9 F8 Al A= v 12 ZzIALe] 2]9190lS B} ANEHA] BAsks Ty o=

£

o).

Table 7. Cause of delay at the 1st. floor concrete framework

(pre—construction phase)

Classification Cause of delay
Insufficient reviews on the change of frame
shape and dimension in both unit and
Architectu-r  building floor plan
al design  Insufficient reviews on leveling, opening,
location of electric box, lines of rainwater
and sewage etc.
Insufficient details for the change of
Design structural types between underground and
Sgg;turr]al over the ground frames
9 Insufficient reinforcement bar arrangement
and structural details for individual unit
Incomplete special drawings prior to
Specialty construction start-up
design Insufficient reviews on elevations, pilotis,
main entrance etc.
Inadequate estimation of optimum duration
) for the connection of underground and over
Duration e ground works
estimate L N )
Omission in estimating duration for structural
changes
o Delay in deciding form type due to the
nst- _ construction conditions
ruction  Selection of ) )
plan method Delay an_d error in the selec‘qon of
construction method for exterior wall and
non-standard structures
S ) ‘ Fail to secure the optimum subcontractors
clection o (expertise, financial capability, number of
sub—contrac

tor

crews etc.)
Misjudgment on the supply of subcontractors
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Table 8. Cause of delay at the 1st. floor concrete framework
(after the start up)

Classification Cause of delay

Insufficient in preparing access road, securing
stack yard, safety facilities in advance
Inadequate specification reviews for lifting
machines and misjudgment on the supply time

mobilization

Insufficient cross check on drawings for each
trade

Inadequate form work design and shop
drawings

Late decision-making and order on the
selection of materials to be buried

Late inspection and owner's approval for the
materials

Insufficient number of workers, inadequate site
administration, low level of technical expertise
and craftsmanship etc.

Late material order, inadequate material
checks, late supply of supplemental and
non-standard materials

Inadequate scheduling analysis for the linked
activities and failing in preparing optimum
scheduling plan

Insufficient quality training and inspection for
subcontracts’ workers

Absence of counter plan for the public appeals
on the such issues as noise, dust etc.

Delay due to the weather related factors
including low temperature, rainy season etc.

design
review

material
procurement

sub-
contractors

construction
management

others




A Z]o
= 71w

ROAE FA] T TajeEg Aol et
ola} Ay RZo| o3t A=z FA 9 7
27) T&3dlo] A} RHo| BEA7} 2R

Case Studies: Schedule Delay Factors and Delay Prevention Program for Concrete Frame Works in Apartment Construction Project
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