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Improvement of Quantity Take—Off and BoQ
through the LOD Criteria Analysis of BIM Models

Choi, Hyunjun', Yun, Seokheon”
"Department of Architectural Engineering, ERI, Gyeonsang National University

Abstract : Recently, BIM has been actively introduced in construction projects. In particular, the introduction of BIM in
cost estimating process is expected to improve the accuracy and efficiency of the cost estimate, However, the quantity
calculation and BoQ documents preparation process still require manual work, Although the BIM model may support
quantification process, it is still problematic that the level of detail of the model must be very detailed to meet the items
in Bo@. To address this, it is necessary to analyse the LOD criteria and to analyze the extent to which quantity can
be computed according to the level of detail in the BIM model, For the analysis of LOD—based work items, the work
item grades were divided into A,B, and C. In this study, the ratio and cost of each item that can be calculated at the
LOD level in the detailed design phase are reviewed for each type of work, and the method for improving the quantity
calculation using BIM is proposed. In the LOD 300 stage(Detailed design stage), the largest number of items in the class
B, the major improvement class, are window and glass work, In addition, the most expensive type of work was analyzed
by reinforced concrete work, In the future, it is necessary to suggest appropriate improvement way for items with
high item ratios and items with high cost ratios. The results of this study are expected to be used as a BIM—based cost
estimation or as basic data for improving the current BoQ system.,

Keywords : BIM, Bo® (Bill of Quantities), LOD (Level of Development), Cost Estimating
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Table 1. The research literatures

Author Title

Olsen, Darren Quantity Take—Off Using Building Information Modeling
(2017) (BIM), and Its Limiting Factors

Ariani Ahmad Building Information Modeling (BIM) : Exploring Level of

Latffi(2014) Development (LOD) in Construction Project
An, Ji-Won Improvement of BoQ Document for the BIM based
(2017) Quantity Takeoff
Lee, Chang—Hee | An Index for Measuring the Degree of Completeness of
(2011) BIM—based Quantity Take—Off
Noh, Hea—Ra A Case Study on the Educational Facility Project for the

(2017) Improvement of Work Item’ s Structure in BoQ
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Table 2. LOD Definition suggested by American Institute of
Architects

Level Definition Model content requirement

Overall building massing indicative of area,

| Desi A :
100 | Conceptual Design height, volume, location

generalized systems or assemblies with
approximate quantities, size, shape,
location, and orientation.

200 | Schematic Design

Traditional Construction specific assemblies accurate in terms
300 | documents, Detailed of quantity, size, shape, location, and
Design orientation. Non—geometric information

specific assemblies that are accurate in

terms of size, shape, location, quantity,

and orientation with complete fabrication,
assembly, and detailing information.

for Fabrication and

400 Assembly

constructed assemblies actual and
500 |for As—Built Condition| accurate in terms of size, shape, location,
quantity, and orientation.
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Table 3. Building Information Level suggested by Public
Procurement Service in Korea

Level Definition Model content requirement
BIL 10 Conceptual Volume, Area, Height, Location, Orientation
Design Mass of building unit, floor unit, block unit
Schemetic Spaces, Existence of main member, Opening,
BIL 20 ) )
Design Curtain wall

Spaces, Specification of all Structural member,

BIL 30| Basic Design Frame of window, Main MEP equipments

Spaces, Specification of all structural and

BIL 40 | Detailed Design )
construction elements

Construction | for 4D, 5D, 6D, 7D simulation, Digital Mockup

BIL 50 Level information

Mai . .
BIL 60 alrlit:vnjnce according to the needs of the clients
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~ ~ Table 5. Item rate and cost rate in case project (Unit : %)
TAIE =&k AIAS] LOD7 |28t BIL7 |5 v o &2
- Case 1 Case 2
WP BALS 915 LOD 7122 49| skadt gick, el Work Type
SFE HAS o3t [OD Ao uleko 2 Al el o] U Item rate | Costrate | Itemrate | Cost rate
3. Bo = =
o = = o= © - Temporary 10.09 7.80 5.44 7.32
5 o H =] PN 5
AP FAsHL AAEA TAS] LODEollA W3} Reinforced Concrete |  7.28 39.60 6.95 35.38
9| EalEa} FHHES EAsk] i 8Q1S doth Masonry 6.34 4.06 3.93 2.12
j_r_x]. ":ﬂ";]‘ Stone 7.04 8.03 4.23 13.05
3.1.1 Al == E )Q Tile 0.94 0.79 0.91 1.63
= Carpentry & Finishing 8.45 10.00 8.79 10.47
= °4?L°ﬂHL AR WA o] dsfe B flel AW
X—]o] H]Ab‘]— E"-LH,] Oh:l]—x—]/\]_ 1w 9 HE iX%*}OﬂE]- /\]—Eﬂ Waterproof 4.69 4.49 4.83 2.73
= [e)
uE = = ori M. Roof & Drain 1.4 0.05 1.21 0.09
Z2AE 78+ (Table 4)2F 2t Metal 9.39 3.42 10.27 5.46
Plaster 5.16 2.59 3.32 2.22
Table 4. The case project overview Window & Glass 23.94 8.88 26.89 12.59
. Painting 3.52 2.42 3.63 1.31
C Gross area NITET GF e Cost of construction work
aEE (m) Aty it (WON) Appurtenant 4.69 317 6.65 0.34
Aggregate & Transport 0.94 0.76 1.81 0.84
Case1| 4856 | 'Dasement floor, 3,562,782,362
4 ground floors By—products 0.23 -0.06 0.91 -0.49
Case 2 4210 8 ground floors 4,324,837,483 Quality examination 3.29 0.20
ETC 5.87 3.80 9.36 4.04
Total 100 100 100 100
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Table 6. The LOD criteria for analysis BoQ according to LOD

U Level of Development
Criteria
100 200 300 400
Design Conceptua\ Basic Design | Detailed Design | Shop Drawing
level Design
General |~ Mass — Seperated — Allbuilding |- Accurate rebar
details |— opening elements elements location and
representation |— Approximate |— Accurate area| dimension
area — Accurate — Stud and
— Opeming dimension accessary
and windows | — Accurate — Jointand
shape window caulking
— Approximate dimension — Handle and
Dimension |- Approximate hinge
rebar location
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Table 7. Number of BoQ items that can be derived by LOD for each work type

Case 1 Case 2
Work Type LOD 100 LOD 200 LOD 300 LOD 400 LOD 100 LOD 200 LOD 300 LOD 400
AlB|C|A|lB|C|A B|C|A|B|C|A|B|C|A|B|C|A|B|C B | C
Temporary 0oj(0|29|0|0|29| 0|0 |29]0|0|2|0)| 018001180 01]18]01]0]18
Reinforced Concrete | O | O |31 |10 (14| 7 |17 (14| 0 |31 | 0 | O | O[O (23| 7 (10| 6 [11 /12| 0 |23 | 0 | O
Masonry 0|0 270 (121512 |15 0|27 | 0| O | O |0 |13| 0| 4|9 |4 |9]|0|13]0]0
Stone 0|0 |30 /|3|0(3|0(0|3|0]0|0|0/(14|0(14|0/|14(0]|O0|14]0]0
Tile o|o0,4}0|4,0(4]0|0|4)0|]0|O0|0|3|]0|83|]0|3|0|0}|3]0]0
Carpentry & Finishing | 0 | 0 |36 | 0 |3 | 1 |36 | 0|0 |36|0|0|0/|]0]|29(|01(2|0 (29| 0| 01]29| 0|0
Waterproof 0|0 |20 0 |18 7 18] 7 [0]|20| 00| 0| 0]16]|0 16 (13| 3 | 0 |16 0 | O
Roof & Drain o|0|6|0|6|0|6|0(0|6|0|0|0|0] 4]0 0O|4|0|0|4)|0]0O0
Metal 0|0 |40 0| O 40|37 | 3|0 |40)|0|O0|O0|0]34]|0 34 27| 7|0 |3]0]|0
Plaster 0|0 |20 | 0|2 |17| 50|22 |0/|0|0|0]11]0 1111|100 |11| 0] O
Window & Glass 0|0 1020|7032 |70|3 |0 102/ 0 | 0| O | O |8 |0 |68|21 68|21 | 0 |8 | 0| O
Painting 0|0 |15]0|0|15(15]0 (0|15 0]0]|0|0]12]|0 12112 0| 0 [12] 0 |0
Appurtenant 00|20 0|0|20| 0| 0|20 0| 0|20 0|0 |2]|0 2210 22| 0| 0|22
Aggregate & Transport| 0 0 4 0 2 2 2 2 0 4 0 0 0 0 6 0 0 4 0 6 0 0
By—product 001 001 001 0|0 |1 00| 3]0 310 310|013
Quality examination 0[O0 |14, 0|0 |14, 0] 0 |14] 0| 0 |14 |NA|NA|INA|NA|INAJINA|NA|NAINA|NA|NA]|NA
ETC 0Ojo0|2|0|0|2| 0|0 |2]0|0 (20|03 |00 /3]0| 073 ]10|0]21
0 | O |426| 10 |186|230|258| 79 | 89 |337| 0 [ 89| O | O [328| 7 |138|183(200| 54 | 74 |264| O | 64
fotal 426 426 426 426 328 328 328 328
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