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Abstract—Workspace conflicts and building components can 
happen in different forms and both permanently and 
temporarily. These spatial clashes affect the work process and 
deplete the project process. Geometric clash detection system of 
4D simulation tools can identify the number of clashes for 
construction resources in the worksite to improve workflow 
planning. In the present research, building components and their 
corresponding workspaces were simulated, based on the schedule 
and activities, using a visual simulation tool. First, the total daily 
volumes of workspace were calculated according to the activities' 
schedule and compared by the available space in order to 
determine the critical days for the project. Then, the number of 
time-based conflicts were examined and analyzed for building 
components and resources among activities and by different 
tolerance distances. The main objective of this study was to 
evaluate the sensitivity analysis of clash numbers based on the 
geometrical conditions in different statuses (Inflexible, Semi-
flexible and flexible) to assist the planner for detecting real 
conflicts. The results show that the tolerance distance of 0.2 to 1 
meter for the clashes of workspace and the building components 
and 0.2 to 2 meters for the clashes of workspaces with each other 
to provide realistic results of actual construction operation 
conflicts. By the help of this methodology, the project planners 
are able to identify and prioritize the effective conflicts on the 
work process in comparison to the clashes resulted from iteration 
or minor design inaccuracy. 

Keywords-building components; construction workspace; 
geometrical clashes; tolerance distance  

I. INTRODUCTION  

Time and cost management without investigating the 
required workspace for the execution of activities would not 
only be unrealistic, but also they can have additional 
consequences on projects costs. The required space for 
activities like the required resources for implementing 
activities, must be managed by planning and scheduling. The 
lack of the management for the required space for activities by 
conventional planning and scheduling techniques leads to the 
time-space conflicts [1], in which the required space of one 
activity is interrupted with the space required by another 

activity or workspace. In this regard, multi-dimensional CAD 
models significantly help in identifying and resolving this 
conflict [2, 3], however, some problems are prevented from 
achievement. The first issue in developing these models is 
related to the capability of dynamic presentation [4, 5]. As the 
project site location is a dynamic one, each of the construction 
activities have their own workspace that are reformed by time. 
An activity can occupy different spaces in different stages of 
construction [6]. Actually a simple 3D form in visual 
simulation of process cannot be used to present the workspace 
dynamics of the construction activities [7]. Usually, "3D CAD" 
models are used as the occupied space by building components 
and put other required workspaces aside. As a result, the CAD 
models are not able to present realistic visualization of 
construction process [5]. Therefore, the planners and project 
managers should collect and integrate the fragmented time and 
space information from different sources to display the project 
workspaces and the workflow of construction operation 
manually [8]. 

On the other hand, the progress of other fields such as 
Information Technology has affected the development of 
engineering and construction tools. This development has 
caused Building Information Modelling (BIM) to be one of the 
encouraging developments in Architecture, Engineering and 
Construction (AEC) sector [9, 10]. By BIM based tools, 
visualization and simulation technologies and project 
management knowledge, the project planning and controlling 
can be performed with a better perspective and the information 
gaps of the projects that have huge financial and time 
consequences can be solved [11]. The construction industry 
needs a workspace model, in which the building components 
and the spaces required by working teams are merged, but this 
is not possible without the consideration of workspace details. 
Despite the dynamism and changes of the workspaces required 
for activities over a period of time, these spaces still follow a 
distinct evolutionary process in most construction activities [6]. 
An ideal 4D construction planning system should be capable of 
dynamic presentation and be able to model and present 
dynamic elements and components acceptably [9, 12]. This 
study, providing the space for one day of work performance 
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and simulation based on time to enable the planners for 
understanding of the real conditions of work progress and 
possible clashes of them. Different types of clashes and their 
intervals can help planners in identification and prioritization of 
the important conflicts [13]. 

II. RESEARCH METHODOLOGY 

This investigation is initiated by converting 2D drawings of 
buildings to 3D building components in a design software. 
Next, the workspaces of one day's work which is correspond 
with each of the building components were designed and 
generated in the form of 3D volumes based on construction 
resources analysis. By using BIM based tools (4D CAD 
software) like Naviswork Manage [14], 3D volumes 
corresponding with the workspaces of resources (temporary 
appearance) and building components (permanent appearance) 
were visualized and simulated based on the schedule. The 
workspaces were designed according to the building 
component axis and for one day segments and the volumes 
were automatically estimated. The total amount of workspaces 
required for working teams and construction resources were 
estimated based on a schedule on a daily basis. Then, this 
estimated daily volumes were compared to the total available 
space of each floor (level) to determine the days with critical 
space. 

Finally, the time-based simulation is assessed in hard mode 
and with specific different distances to compare and analyze 
the resulted clashes in different intervals. These volume clashes 
have occurred between activities and in three general types: 
building components and workspaces, building components 
with each other and workspaces with each other. This system is 
of great help to the identification of clashes and appropriate 
intervals for any kind of clashes. In this way, the planners are 
able to identify and detect the effective workspace conflicts on 
the work process from the clashes resulted from iteration or 
design inaccuracy. 

III. THE QUANTITY OF WORKSPACES 

By analyzing the construction resources, the required 
workspace for each of the activities is calculated and designed. 
Considering that in the case study of 12 defined activities, only 
9 activities were active. The space properties for each of the 
building components are estimated based on the square meter 
and meter length of the drawings and 3D volumes 
automatically and are presented in Table I. Also, the workspace 
volumes for the activities resources are specified in the 
mentioned table in total and in average. These volumes were 
created by automatic estimation of spaces in Google sketchup 
software, in which all of the specifications of the considered 
component is inserted. 

TABLE I.  TABLE OF QUANTITIES AND VOLUMES OF BUILDING COMPONENTS AND WORKSPACE 

Activity Name & No. Duration 
Component 

Quantity (m2 & ml) 
Average of 

Component (m2 & ml) 
Workspace (m3) 

Daily Average of 
Workspace (m3) 

1.Project Total 60 - - 2372 - 
2. Basement Structure 0 0 0 - - 

3.  External Wall 15 418.2 27.9 1743.3 116.2 
4.  Windows Frames 12 1032 129 1009.8 84.2 

5.  Interior Wall 12 316.3 26.4 1640 136.7 
6.  Gypsum Plastering 12 480.8 40.1 790.8 65.9 

7.  Concrete Base 8 678 84.8 1882 235.3 
8.  Ceramic Tile 25 678 27.1 2404.8 96.2 

9.Fan coil Unit & Piping 5 53.4 10.7 555.9 111.2 
10.  Cable Tray 3 87 29 631.5 210.5 

11.Fabric-mate Ceiling 18 678 37.7 3640.3 202.2 
      

Considering that the examined case study of this research is 
in floor level and the available space of construction is 
specified and limited, the volumes of construction resources are 
placed daily and base on schedule to determine the required 
space of each day. The volumes of the designed workspace are 
compiled daily base on schedule to determine the required 
space of the construction resources for each day and compare 
with the maximum available space [15] ( (1)).  The available 
space of each floor level for each day is 2372 cubic meters that 
is much higher than the maximum required space of the 
projects days. Total space required for each day is varied from 
50 to 584 cubic meters and it was at its highest level from day 
37th up to day 42th (Table II). Also, the maximum required 
space is for the 40th day with 584 cubic meters that is lower 
than the available space of each level (floor) and it has worked, 
but the final number of spatial clashes is determined by 4D 
simulation. 

Available Space ≥ Daily Required (Needed) space   (1) 

IV. DEVELOPMENT OF WORKSPACE FOR CONSTRUCTION 

RESOURCES 

The most important factor in spatial formation and shaping 
is the final building component and the linear axis of these 
elements. The geometrical transparent volumes correspond to 
workspaces were formed along these lines and in the two 
dynamic and static categories [16]. The dynamic and static 
workspaces were created in parallel with components lines and 
in coordination with its development (Figure 1). On the other 
side, the classification of the construction methods is a great 
help in organizing and configuration of the workspaces in the 
worksite [17]. Therefore, geometric volumes were generated 
for activities in each day of project by utilizing resource 
analysis, construction methods classification and the building 
components axis. 
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TABLE II.  TOTAL DAILY AND SCHEDULE BASED REQUIRED VOLUMES OF THE CONSTRUCTION RESOURCES 

Days 
No. 

Act.
3 

Act.
4 

Act.
5 

Act.
6 

Act.
7 

Act.
8 

Act.
9 

Act.
10 

Act.
11 

Daily required 
Space (m3) 

DAY1 99         99 
DAY2 125         125 
DAY3 161         161 
DAY4 160         160 
DAY5 123 83        206 
DAY6 99 85        184 
DAY7 110 85        195 
DAY8 99 83        182 
DAY9 111 83        195 

DAY10 111 84        195 
DAY11 115 85        200 
DAY12 111 85        196 
DAY13 111 85 212       408 
DAY14 99 85 170       354 
DAY15 107 83 94       285 
DAY16  84 121       205 
DAY17   146       146 
DAY18   149       149 
DAY19   142       142 
DAY20   149       149 
DAY21   96       96 
DAY22   131       131 
DAY23   110       110 
DAY24   119       119 
DAY25    61   81 230  372 
DAY26    58   117 234  409 
DAY27    50   110 168  328 
DAY28    74   143   217 
DAY29    51   106   157 
DAY30    50      50 
DAY31    60      60 
DAY32    61      61 
DAY33    88      88 
DAY34    90      90 
DAY35    88 219     306 
DAY36    60 242 81    382 
DAY37     236 111   194 541 
DAY38     252 83   202 537 
DAY39     252 78   193 522 
DAY40     228 151   204 584 
DAY41     246 86   151 482 
DAY42     207 65   156 429 
DAY43      86   216 303 
DAY44      94   241 334 
DAY45      121   276 397 
DAY46      94   286 380 
DAY47      94   207 301 
DAY48      121   233 354 
DAY49      94   152 245 
DAY50      90   144 235 
DAY51      117   191 308 
DAY52      90   214 305 
DAY53      57   186 243 
DAY54      134   193 327 
DAY55      83    83 
DAY56      79    79 
DAY57      80    80 
DAY58      94    94 
DAY59      128    128 
DAY60      96    96 
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Fig. 1.  The development of workspaces based on the building components 
axis 

In this method, the spaces of building components were 
utilized separately from the workspaces of construction 
resources and their nature were different in terms of 
appearance. Therefore, they should be categorized in different 
groups in order to simulate activities in a correct way. Two 
kinds of activities can be defined in visual simulation software 
for appearance. These types of appearance in the simulation 
model should be in accordance with the nature of construction 
activities and their correspond resources. These definitions of 
the activities determine the way in which the volumes 
corresponding the activities appear in visual simulation 
software. Considering the micro level of the case study defined 
for the activities and the construction resources, both the 
permanent (construct) and temporary activities are applied. 

Building components are of construct type during the 
simulation and were attributed to the corresponding activities 
with all of the volumes (3D components) that were permanent 
from the time of appearance to the end of simulation. This 
group includes building components and elements such as 
doors, windows, floors, walls and so on. The appearance of 
these activities in the beginning of the activity is as transparent 
volumes with green color and in the end of the activity the final 
3D model of the building component appears and remains to 
the end. Because of breaking the building components down to 
one day's building components, these components were added 
daily and based on the schedule to the volumes and remain. 

3D components related to the workspace were in temporary 
state and only appear in the time of activity performance in 
simulation. Temporary activities were corresponding to the 
construction resources in three categories of materials, 
machinery or equipment and manpower. For each of the 
resources, an attributed space was designed that covered the 
main resource in the form of transparent and geometric 
volumes. The workspace of the construction resource was 
defined to produce the building components of one day and it is 
appeared daily and continuously besides building components 
and is hidden in the end of that day. Actually, after the 
construction of one day's workspace were hidden and then the 
corresponding volumes with 3D building components were 
appeared and remained to the end. 

V. CONFLICT ANALYSIS OF BUILDING COMPONENTS AND 

CONSTRUCTION RESOURCES 

The most fundamental issue in the workspace planning is 
the dynamism and mobility of the available workspace. First, 
because different sub-contractors and working-teams occupy 
workspace in a similar way and lead to spatial conflicts. 
Second, the building components change the available space of 
the activity and generally these spaces become more restricted 
by the project progresses[18]. For instance, by constructing of 
interior walls, the available space of floor has changed and 
divided to smaller parts for other activities. The experienced 
planners consider the availability of workspaces based on the 
personal view in the projects, but it is not according to specific 
principles and mechanism. A distinctive feature of the 
construction projects which distinguishes it from other sector is 
the changing of workspace by passing time. While the spatial 
configuration of the manufacturing in factory has an emphasis 
in the equipment’s layout and remains permanent and static in 
the space production [8]. 

The time-based conflicts creates integration of time-based 
simulation by clash detection method. Actually, permanent and 
temporary 3D volumes were appeared and disappeared based 
on the timeline of activities and on the specific location. Two 
or more volumes corresponding to the workspace and building 
components can occupy a specific space simultaneously and 
create clashes that lead to workspace conflicts. Launching the 
time-based clash detection examines the clashes automatically 
during the construction operation. Therefore, each clash is 
recorded and identified together with its time, coordination and 
the clash distance to enables the user for analyzing the project 
space situation. 

Generally, the methods of detecting spatial clashes for the 
activities are in two forms. The first choice is the cross section 
method (hard) in which a test for the detection of geometric 
cross clash among volumes is conducted. In this case, a 
negligible distance is defined for the clash, so if the geometric 
clash distance is more than that distance, then a conflict is 
recorded. The second option is called the tolerable permission, 
in which a distance between two volumes is defined and any 
distance less than that is unpermitted. If the distance between 
two geometric volumes is more than the determined distance 
by the user, no spatial conflicts are recorded. For instance, 
facility pipes need space as insulation around them, which 
requires a minimum distance between these two volumes. In 
this regard, the three types of clashes were compared and 
analyzed using the hard mode and in various distances. 

A. Inflexible conflicts (3D components against each other) 
The clashes of building components with each other occur 

in conditions that the design is problematic and the permanent 
components are located and occupied in the same location [16]. 
These clashes are not investigated based on time and should be 
examined toughly and with geometric crosses, without any 
permitted distance. In a context that the 3D geometric models 
were derived from 2D space drawings and positioned on the 
specific axis from different disciplines, it is possible that occurs 
conflicts[19]. This problem can arise from some reasons such 
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as miscalculations or the lack of awareness of other discipline 
changes. 

 In such cases, the design issue should be removed from all 
activities of projects and no clashes are acceptable. In the 
modeling of this research, nine activities were derived from 
three architectural, mechanical and electrical disciplines and 
based of 2D drawings. Then, these 2D construction documents 
were imported to Google Sketchup software to make the 3D 
models. These building components were examined in hard 
geometric clash detection with zero acceptable clash range, and 
the number of 316 geometric and design clashes were 
identified. By changing the acceptable distance of the clashes 
from 0 to 0.3 meter, the quantity of clashes reached from 316 to 
zero. The first case of clash in design was between Dropped 
ceiling and interior dry walls which is shown in Figure 2. 

Also, the graph of clash quantity changes is presented in 
Table III with its acceptable changing range. In fact, the 
accuracy of the modeling contains 30 cm error which is not an 
acceptable distance for engineering design and multi-discipline 
layouts. According to the statistics, only 7.3% of the clashes 
(23 cases) have been continued in more than 0.1 meters, and 
were mainly caused by the vertical items like dry wall with 
suspended ceiling. The large number of remained clashes 
(92.3%) were related to minor errors in the volume design that 
have not a great impact on the construction operation and can 
be resolved easily by design modifications. 

TABLE III.  SENSITIVY ANALYSIS OF INFLEXIBLE CONFLICTS IN 
DIFFERENT DISTANCE INTERVALS 

3D Components against 3D Components 
 (Hard type of clash detective on Non-Time-liner simulation) 

Tolerance 
Distance (m) 

0.3 0.25 0.20 0.10 0.00 

Clash Numbers 0 10 14 23 316 
Percent 0% 3.2% 4.4% 7.3% 100% 

 

B. Semi-flexible conflicts (3D components against 3D 
workspaces)      
By the project progression and the creation of permanent 

building elements based on the schedule, the available 
workspace is affected especially in micro level construction. In 
fact, by the creation of building components, the workspace of 
the activities are restricted and new obstacles are created for the 
dynamic space of the construction resources. Actually, the 
dynamic volumes of the construction resources that correspond 
to the workspaces may have clashes with static building 
elements. Although, according to the construction requirements 
and the execution nature of activities, dependency and delays 
between these activities must be considered correctly and at the 
beginning of the planning by experts' planners, so that they do 
not prevent each other's operation. But the building component 
development can restrict the upcoming activity resources' 
workspace. For example, the activity of constructing the 
interior wall causes the breakdown of the floor space and the 
delay in construction of the next activities' space. These 
limitations do not make the other activities' execution and 
construction impossible, but make more difficulties and hinders 
for the movement of materials and human resources. So, 

minimizing these kind of clashes can be very effective by itself. 
The changing of these clashes according to tolerance distance 
are depicted in Table IV.  

As it can be seen, only the building components of the three 
activities of 3, 5 and 6 had clashes with the other construction 
workspaces with the distance of more than 0.1 meters. As 
predicted, most of the clashes were related to the construction 
of internal walls that occurred for distances up to 3 meters. 
After that, the building components of the external brick-laying 
activities and plastering that cover the surrounding operations 
of floor have made the most conflicts with other workspaces. 
The other clashes between 0 to 0.2 meter distances can 
resolved by increasing the accuracy of design and decreasing 
the overlap of the volumes. This minor interferences were 
negligible and they do not prevent the progress of the 
construction operation because of their slight quantity between 
the resource clashes (dynamic volumes) and permanent 
building components (static volumes). One of the examples of 
these spatial conflicts is presented in Figure 3. As shown in this 
figure, the 3D building components of dry wall have space 
conflict with 3D workspace of ceramic tiling activity. This 
clash was detected in visual simulation in wide ranges of 
tolerance distance. 

C. Flexible conflicts (3D workspaces with each other)     
The challenges of time-space conflicts analysis in 

construction projects include 3D spatial and temporal conflict 
detection. The temporary dimension of the time-space conflicts 
indicates that the spatial conflict detection among activities 
must include 3D geometric clashes in specific time intervals 
that shows the time aspect of these conflicts [13]. In addition, 
many kinds of time-space conflicts can occur between the 
activities and the quantity and intensity of them are varied. One 
simple 3D shape cannot be used to present the dynamism of the 
workspace in construction activities. In this regard, this study 
by breaking down the volumes related to the construction 
resources and assigning daily activities to them caused the 
dynamic and real presentation of work flow development. The 
activities related to the workspace volumes mutually were 
examined with other activities' workspace volumes in the 
visual simulation software to specify the spatial clashes. The 
geometric clash detection were performed in visual simulation 
software to record the cross section volumes corresponding to 
the workspaces with each other in the hard type and in the 
permitted distances of 0 to 3.5 meters. This test is presented in 
Table IV.  From the information analysis and the visualization 
of clashes it can be concluded that in the range of 0 to 0.1 
meters, the quantity of clashes are decreased to 49%, which 
was mainly for the repeated or minor overlaps of the 
workspace. The conflicts of this range can be solved by a slight 
review and design of the spatial volumes. On the other hand, 
the clashes would not much change and in the real conditions it 
would be led to serious conflicts in the range of 0.1 to 2 meters. 
In this interval, the clashes have reached from 32 to 18 and 
they are mostly related to the workspace of the three activities 
of 3, 6 and 8 construction activities resources. The maximum 
workspace clashes are related to the ceramic flooring activity 
(8) which has conflicts with other workspaces such as 
fabricating of the suspended ceiling.   
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TABLE IV.  SENSITIVY ANALYSIS OF FLEXIBLE CONFLICTS IN DIFFERENT DISTANCE INTERVALS 

3D WORKSPACES AGAINST 3D WORKSPACES (TIME-LINER HARD CONSERVATIVE) 

Tolerance Distance (m) 3.5 3 2.5 2 1.5 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 
Act.3 Clashes 0 2 2 3 3 4 4 5 7 7 7 7 7 7 7 10 
Act.4  Clashes 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Act.6  Clashes 0 0 0 0 1 2 2 2 2 3 3 3 3 3 3 4 
Act.7  Clashes 0 0 0 0 1 2 2 2 2 2 2 2 2 2 2 2 
Act.8  Clashes 0 0 6 14 14 15 16 16 16 16 17 18 18 18 25 58 
Act.9  Clashes 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 
Act.10  Clashes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Clash Numbers 0 3 9 18 20 24 25 26 28 30 31 32 32 32 39 76 
Percent 0% 4% 12% 24% 26% 32% 33% 34% 37% 39% 41% 42% 42% 42% 51% 100% 

                 
In 2 to 3 meters ranges, the number of conflicts decreased 

completely and reached to zero and does not provide an 
appropriate interval for the serious consideration of the 
workspace clashes. The clashes of workspaces with each other 
are temporary, related to time dimension and instead they are 
depended on the dynamic resources and can be solved by 
different strategies. One of the examples of these spatial 
conflicts is presented in Figure 4. As shown in this figure, the 
3D workspaces required for installation of cable tray have 
time-space conflict with 3D workspace of plumping fan coil 
activity. This clash was detected in visual simulation in almost 
all ranges of tolerance distance which demonstrates its 
necessity situation. 

 
Fig. 2.  A sample of building components design clashes 

VI. RESULTS AND FINDINGS 

The number of conflicts were explored in three states of 
flexible, semi-flexible and rigid with clash ranges from 0 to 3.5 
meters. The highest number of clashes was shown as 100% and 
the condition without any clashes was considered as 0% 
(Figure 5). Although in design clashes no permitted intervals 
were acceptable, but the main and the most important clashes 
that can be examined and be effective in the design process 
were related to 0.1 meters and further.  The semi-flexible 
clashes between dynamic construction resources (workspaces) 
and static building components showed that the 0.2 to 1 meter 
intervals had a great impact on the project progression and 
must be solved. The clashes of flexible workspace with each 

other in 0.2 to 2 meter intervals were consistent and caused by 
the operation inconsistencies. In this interval, the number of 
conflicts were close and it is essential to solve them by using of 
conflict resolution strategies. 

 

 
Fig. 3.  A sample of flexible spatial conflict for workspaces. 

 
Fig. 4.  A sample of flexible spatial conflict for workspaces 

VII. CONCLUSION 

In the present study, the relation between the numbers of 
clashes in different modes according to the geometric condition 
was examined. To achieve this goal, after analyzing the 

3D components 
of  interior wall 

3D workspaces of  
ceramic tilling 

3D workspaces 
of  cable tray 

3D workspaces 
of  fan coil 

3D components 
of interior wall 

3D components of 
fabric-mate ceiling 
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construction activities and calculating the corresponding 
volume quantities for resources in each day, the building 
component and resource spaces were defined permanently and 
temporarily. The corresponding geometric volumes with these 
spaces were formed and generated in the 3D shape using 
building component axis and its daily quantity. Then, these 3D 
volumes were linked to the correspond activities in the timeline 
to visual simulation software. The 4D CAD model was 
simulated based on time in three statuses of building 

components with each other, workspaces with each other and 
the combination of workspaces and building components. 
Then, the time-based clashes of each category by different 
permitted distances were examined to determine the way of 
changing the number of clashes based on this condition 
changing. This system effectively helps designers and planners 
in finding the permitted range of volume clashes and can 
identify the clashes that affect the project progression and delay 
the project work flow.  

 

 
Fig. 5.  The percent of clashes in three different modes and based on different permitted intervals 
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