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Abstract: Accidents on offshore oil and gas platforms (OOGPs) usually cause serious fatalities and
financial losses considering demanding environment platforms locate and complex topsides structure
platforms own. Evacuation planning on platforms is usually challenging. The computational tool is a good
choice to plan evacuation by emergency simulation. However, the complex structure of platforms and
varied evacuation behaviors usually weaken the advantages of computational simulation. Therefore, this
study developed a simulation model for OOGPs to evaluate different evacuation plans to improve
evacuation performance by integrating building information modeling (BIM) and agent-based model
(ABM). The developed model consists of four parts: evacuation model input, simulation environment
modeling, agent definition, and simulation and comparison. Necessary platform information is extracted
from BIM and then used to model simulation environment by integrating matrix model and network model.
During agent definition, in addition to basic characteristics, environment sensing and dynamic escape path
planning functions are also developed to improve simulation performance. An example OOGP BIM
topsides with different emergent scenarios is used to illustrate the developed model. The results showed
that the developed model can well simulate evacuation on OOGPs and improve evacuation performance.
The developed model was also suggested to be applied to other industries such as the architecture,
engineering, and construction industry.
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1. INTRODUCTION

Accidents on offshore oil and gas platforms (OOGPs) usually cause serious fatalities [1] and financial
losses as OOGPs have demanding environment and oil production is a difficult and potentially dangerous
operation. There are many offshore platform accidents such as gas leak, fire and explosion, below out,
structural failure, and adverse weather condition [2, 3]. Evacuation during these emergency circumstances
is one of the most significant aspects to be considered when evaluating the safety performance of OOGPs.
It is challenging to conduct evacuation planning since OOGPs are built on sea using complex structures
and workers cannot simply leave from the OOGPs during an emergency [4].

According to the historical offshore platform disaster records, OOGP accidents have not stopped around
the world since the 1960s. Even in the twenty-first century, accidents sometimes happened. For example,
one of the worst offshore platform disasters is the Piper Alpha disaster in the North Sea [5], in which 167
people were killed in July 1988. In 1982, the accident on Ocean Ranger QOil Rig in North Atlantic Sea
capsized and killed 84 people due to a very strong storm with 190 km/h winds and 20 m high waves [6].
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Another example is one of the latest accidents happened in 2010 at Deepwater Horizon Oil Spill, which
caused an explosion and serious oil leak and killed 11 people in the Gulf of Mexico [7]. Therefore, effective
emergency response planning on an offshore platform is important and necessary.

Offshore oil and gas platforms usually have Escape, Evacuation, and Rescue (EER) plans and resources
to protect personnel in the event of a major accident [8]. EER addresses the entire process by which
personnel is removed from a major accident event to an ultimate place of safety. 2D escape routes planning
and escape drills exercise [9] are important parts in the EER plans. However, 2D evacuation plan may
cause different understanding on the emergency response. Although escape drill exercise is a useful
approach to evaluate the efficiency of the escape paths and to provide workers with a detailed
understanding of emergency response on OOGPs, escape drill usually costs extra time and manpower,
even causing safety issues as OOGPs have limited working space and the extreme environment around
them.

Computational tools for emergency evacuation simulation take advantages over the traditional practices
of 2D escape routes and evacuation drill exercises. Unlimited emergency scenarios, evacuation plans, and
escape drills can be simulated and evaluated with the help of computational simulation platforms.
Agent-based model (ABM) is a common computational model used to simulate the actions and interactions
of people under emergency in the simulation. To generate the simulation environment efficiently, building
information modeling (BIM), considering the rich geometric and semantic information it provides, has been
increasingly popular in simulation environment modeling. Therefore, this study proposes a model based on
BIM and ABM to evaluate and improve the performance of different evacuation plans on OOGPs.

The rest of this paper is organized as follows. Related works were reviewed in Section 2. Section 3
introduced the developed model. An example is used to illustrate the proposed framework in Section 4.
Section 5 concludes the paper.

2. LITERATURE REVIEW

2.1. Offshore emergency response

Well planned offshore emergency response is critical to OOGPs, and a few research efforts have been
made to it. For example, Musharraf and Smith [10] used a virtual environment to assess offshore
emergency evacuation behavior by using Bayesian Network approach. In this study, behavior indicators
were measured to assess unobservable performance influencing factors like moral, motivation, and
attitude which play an important role in shaping the evacuation performance. In addition, human error for
critical steps in the escape, evacuation, and rescue (EER) process on offshore installation has been
identified and evaluated using the framework proposed by Deacon and Amyotte [11]. Norazahar and
Khan [12] also proposed a framework to address and discuss the contribution of human and organization
aspects to the evacuation operations of the Deepwater Horizon Oil Spill [7], which is one latest offshore
accident that has also been studied in [13]. It concludes that emergency drill exercises include the worst
case scenarios to prepare for EER operations during offshore accidents are important. Current studies pay
more attention to learning lessons from offshore accidents and suggested to improve the EER system such
as conducting evacuation drills considering the worst scenario. However, how to improve offshore
evacuation performance in a more preventive and predictive manner, for instance, evacuation simulation
using computational tools, is still lacking.

2.2. Evacuation simulation using agent-based model

Agent-based model (ABM) simulation is a modeling method that simulates the behaviors and
interactions between agents in a computer model and assesses their overall effects on the modeling system
[14]. Considering the advantages of low cost and risk to simulate various emergency scenarios for
unlimited times, ABM is commonly used to simulate and evaluate evacuation plans. For example, studies
such as [15] used ABM or integrate ABM with Fire Dynamics Simulator (FDS) to simulate and evaluate
evacuation behaviors and performance under emergencies such as fire disaster. In addition, to improve the
simulation performance, social behaviors under emergent situations were considered in [16, 17].
Simulation environment modeling is an important part of ABM-based evacuation model development.
Matrix (Cell decomposition) model and Network (or Roadmap) model are two widely used models in
previous studies. In matrix-based models, the potential environment divided into grids or nodes with
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defined attributes, which can easily store and collect different environment information during simulation.
However, the accuracy of evacuation path generated using search algorithm such as A* is heavily
dependent on grid size, while the grid size has an impact on the computing time. In the network, the
optimized evacuation path can reflect real escape route better, but the environmental information is hard to
represent.

2.3. Path planning using visibility graph

Visibility graph (VG) is a graph of intervisible vertices among multiple polygons in the Euclidean plane,
which is commonly discussed in computational geometry [18] and used for robot motion planning. As
mentioned in Section 2.2, network or roadmap models take advantages over the matrix models in escape
route planning. Therefore, visibility graph is applied in this paper to plan escape paths. Traditional global
path planning algorithms using visibility graph usually search for a path after a complete visibility graph
is constructed [19, 20]. However, it is very time consuming to construct a complete visibility graph and the
route path optimization efficiency is drastically decreased when edge number of the obstacles increases
[21]. In order to reduce the computational time, some algorithms have been proposed by previous studies.
For example, some improved the efficiency of path planning by ignoring redundant obstacles that have no
impact on optimal path [22], some reduced the number of the visibility edges by simplifying obstacles to
rectangle or combining tiny obstacles [23], and others tried to construct visibility graph and search the
path simultaneously, for instance, the proposed bi-directional SVGA (simultaneous visibility graph
construction and path optimization by A*) algorithm [21]. All reviewed VG-based path optimization
methodologies seam only considering static path planning, the Euclidean plane including the obstacles and
start position is assumed not to be changed during path planning. However, the constructed visibility
graph is likely to change during emergencies such as herding behavior at a certain exit.

2.4. BIM Application on Emergency Response

In the architecture, engineering, and construction (AEC) industry, building information modeling (BIM)
has been increasingly used for the past decades. The rich geometric and semantic information contained by
BIM can be utilized to create emergency simulation environment efficiently and accurately, a few studies
have applied BIM to emergency response in the AEC industry. For example, a BIM-based model is
designed to support fire safety management, including evacuation assessment, escape route planning,
safety education, and equipment maintenance [24]. Since BIM can provide rich information on building,
integrating BIM and fire dynamic simulation (FDS) software has also been studied. Wang et al. integrated
BIM and FDS software by using the .dwg file, exporting from Revit, as the input file for FDS software
[25]. Shi and Liu presented a powerful platform, which integrated BIM, 3D GIS, and FDS software, to
simulate occupant evacuation in fire environment [26]. Locating trapped occupants during fire emergency
is meaningful, therefore Li et al. [27] designed an environment beacon deployment algorithm to support a
sequence based localization schema. BIM has also been applied to the oil and gas industry, for instance,
4D BIM in supporting LNG construction projects [28] and BIM applications in OOGP decommissioning
[29-32]. However, BIM-based emergency responses studies on OOGPs are still lacking. More efforts
should be made to take the advantage of BIM to facilitate emergency response study on OOGPs.

3. MODEL DEVELOPMENT

As shown in Fig. 1, the developed BIM-based evacuation model for OOGPs consists of four main parts:
(1) evacuation model input, (2) simulation environment modeling, (3) agent definition, and (4) simulation
and comparison. The evacuation model input part (Part 1) is based on BIM models of OOGP topsides,
which contains dimensions, locations, and semantic information of all functional modules on topsides,
required information is extracted and simplified. In simulation environment modeling (Part 2), based on
the information obtained from Part 1, simulation environment is modeled by integrating matrix and
network models. The agent definition part (Part 3) is based on the modeled simulation environment, basic
characteristics, environment sensing function, and dynamic escape path planning are involved in this part.
Based on Part 3, multiple agents with the defined attributes can be generated, integrating with the modeled
simulation environment, evacuation plans can be simulated and evaluated. Escape path and behavior with
the optimum evacuation performance are proposed after comparison in the end. More development details
of these four main parts are introduced and discussed in the following sections.
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Fig. 1. The developed BIM-based evacuation model for OOGPs

3.1. Evacuation model input

For the past decade, BIM plays an increasingly important role in the architecture, engineering, and
construction (AEC) industry considering the rich geometric and semantic information it contains. The
digital representations applied through the lifecycle of building projects makes the AEC industry be
involved in the information age. Even though BIM has been well applied to support the design,
construction, operation, and demolition of building, BIM applications to the oil and gas industry,
especially for offshore platforms, is still limited. Industry Foundation Classes (IFC) is currently the main
neutral file format for data exchange among AEC/FM software [33]. IFC is designed to represent as much
building information as possible, facilitating the data exchange among different BIM-supported software.
However, IFC has not been extended to the oil and gas industry completely. IfcBuildingElementProxy
[34] is usually used to represent elements that have not be defined in IFC entities. The utilization of
IfcBuildingElementProxy can refer to our previous study [32].

The OOGP BIM model used in this paper has a high level of detail and the functional modules on
topsides can be visualized with detailed features. When conducting evacuation simulation, these
functional modules are usually considered as obstacles in the simulation environment. To represent
obstacles in a simulation environment, bounding box approach is commonly used. The smallest box that
covers all components in a module is obtained by using the extraction and simplification methodology
developed in [32]. The purpose of obstacle simplification is to facilitate information input for the
evacuation model setup. The extracted and simplified results include the length, width, height, and location
coordinates of all modules on the topsides. In addition to the geometric information, semantic information
is also extracted. In this study, the considered semantic information is risk level for each module depending
on its function. Since escape path will pass by different modules, the risk of exposure to modules will
impact the evacuation performance. The output of information extraction and simplification is a text file
that contains eight attributes (id, x, y, z, I, w, h, r) for each module and the file is used as the input for
evacuation simulation environment modeling. Here, id is to identify each module, | is the length, w is the
width, h is height, x, y, and z are the location coordinates and r is the risk level for each module.

3.2. Simulation environment modeling

The simulation environment is the basis to conduct and evaluate different evacuation scenarios. The
target of environment modeling is to transfer real environment into readable virtual representation formats
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that can be read and operated by computer programs. Virtual representation formats can be both two
dimensions and three dimensions. According to the reviewed evacuation simulation studies, multiple
models or representation formats can be used to model simulation environments. Matrix models and
network models are two commonly used models. As pointed out in Section 2.2, matrix model has the
advantages of implementation and collecting environment information as each cell or grid can store
predefined attributes to represent dynamic surrounding changes. However, the cell or grid size has an
impact on escape path accuracy and computational time, and it is a challenge to determine the size. A
network model can generate a path that is closer to reality, but collecting dynamic environment changes is
challenging. Therefore, integrating the advantages of both models can model the simulation environment
better. In the next sections, details of each model development and their integration will be presented.

3.2.1. Matrix model generation

The main task of using matrix model is to divide the simulation environment into cells (or grids, nodes)
with the proper size. Previous research [35] have studied grid size determination, a 0.4 m ><0.4 m space,
which is the average space size of a person occupied, was used. The reason to consider person’s size on the
divided cells is to locate person and search escape path during evacuation simulation. In this paper, when
determining cell size, it is only considered from the perspective of environment dynamic changes
recording. More details of person (or agent) definition are introduced in Part 3. Since dimensions and
relative locations of real topsides environment including functional modules, which are treated as
obstacles, have already be extracted, simplified, and written into a text file from Part 1, it is easy to model
simulation environment as a matrix format. An example matrix model is presented in Fig. 2.

M,

M,)

Modules

M,

M, My

Deck [ maccessivleaea || Accessible area
Fig. 2. Generated matrix model illustration

In order to use the generated matrix model to collect dynamic environment changes during evacuation
simulation, each grid will be assigned with necessary attributes that can be updated over time. The
attribute defined in this paper is accessible. The accessible attribute is used to determine whether the cell
is accessible or not. Accessible cells allow persons to pass through, while inaccessible cells do not. Cells
occupied by functional modules (obstacles) and crowded people (herding behavior) are usually
inaccessible.

3.2.2. Network model generation

In building indoor evacuation planning, a network of potential escape paths is usually generated based
on building floor plans. Those potential paths will be optimized according to some constraints and an
optimum escape path will be selected [36]. Different methodologies can be used to generate a path network
and four most commonly used ones including door to door, room to door to room, straight skeleton, and
corner graph were summarized by RUppel and Abolghasemzadeh [37]. As this study aims at improving
evacuation performance on topsides of OOGPs, where different functional modules locate without doors
or rooms, the corners of modules (obstacles) were used to generate a path network (see Fig. 3.). Based on
the generated path network, the escape path was optimized by the developed path planning methodology,
which will be introduced in Section 3.3.3.
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Fig. 3. lllustration of potential path network generation based on corners

Since the matrix model used to store and collect dynamic environment changes over time and network
model used to conduct escape path planning are created respectively, then the two created models are
integrated together to model the OOGP topsides environment for evacuation simulation. With such model
integration, the simulation environment modeling of topsides evacuation is almost finished. Agents that
are required to be defined to interact with the modeled simulation environment are introduced in the next
section.

3.3. Agent definition

Another important component for evacuation simulation using ABM is to define agents in the virtual
simulation environment. The target of evacuation simulation is to study how persons behave and interact
with surrounding environments during the emergency and then improve the whole evacuation performance
by shortening escape time and selecting safer escape path. In order to make agents behave similarly to
actual situations in an emergency, important and necessary characteristics and behaviors require being
well considered when defining agents. In this study, basic characteristics such as agent size and speed,
environment sensing ability to collect dynamic environment change information, and the ability of escape
path planning over time are considered during agent definition.

3.3.1. Basic characteristics

Agent size is based on the average space size of a person occupied mentioned in Section 3.2.1. A radius
of 0.2 meters was used in this study. The escape speed usually varies during an emergency when different
actions performed by agents. For example, the running speed reaches the maximum when escaping in a
straight direction and reaches zero when an agent requires escaping to reverse direction. Running speed
ranges from zero to maximum at the corners with different angles or in crow with different densities. Since
this study focuses OOGP evacuation simulations, the target persons are usually males who have already
gone through systematically safety training, five meters per second is applied as many objects located on
the narrow space of topsides. As for corner speed or speed in a crowd, a predefined rate of regular speed
will be used. The rate is based on the angles of corners and densities of crowed situations.

3.3.2. Environment sensing

Timely understanding environment around is important for each person in emergent situations. Accurate
surrounding information collection is the prerequisite to understand dynamic changes of the environment.
Therefore, a function named environment sensing is developed for all agents in this study. People all tend
to choose the shortest path that they are familiar with, and then crowd situations such as herding behavior
happen at a certain exit. Such crowd situations may not only increase evacuation time but also cause
injury accidents among people. It is better for people to make full use of potential exits rather than being
trapped in the crowd. Therefore, sensing crowd people can help improve evacuation performance. The
previous study used similar concept [38], a sensor that has a visual angle of 170 degrees was assigned to
each agent. However, when a person escapes under emergency, they usually will look around in 360
degrees to get as much information as possible to make a better escape choice. Therefore, in this study, all
visible nodes for each agent are checked to collect complete dynamic environment changes.
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3.3.3. Dynamic escape path planning

As mentioned in Section 2.3, classic path search on constructed VG is time-consuming and even though
studies have conducted to reduce VG construction time, the VG-based path search is usually conducted in
a static manner, supposing that evacuation environment will not change, which does not reflect real
emergent situations. Therefore, a methodology named dynamic simultaneous visibility graph construction
and path optimization by A* (DSVGA) is developed by modifying SVGA proposed in [21]. The path
search process of DSVGA is illustrated in Fig. 5.

Initialization (Open, Close
lists)

v

Select the vertex with
least estimate cost: Ve
from Open

True lose contains

Vs?

Open.add(Vs)
— Vs.pre = Vc.Index
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Draw line of VeG

gCost 1 = Vs.gCost
gCost 2 = Vs.gCost + VcVs

Open.remove(Vc) Visible tangents Vs from
Close.add(Vc) Ve to obstacles
Y N: Number of Vs

Open.add(Vs)

False

Fig. 4. Hlustration of DSVGA process

In DSVGA process as shown in the above flowchart, Open and Close are two lists to store potential
vertices (nodes) to be evaluated and vertices have already been evaluated respectively. V. is current vertex
under evaluation and Vs is visible tangent vertex from V. to an obstacle crossed by the line of V.G. Distance
from current vertex to its previous vertex is represented as gCost. All vertices including start point S,
target point G, and vertices of all obstacles are stored and each is assigned with a unique index. The
estimated cost is fCost = gCost + hCost, where hCost is the heuristic cost (distance) from vertex to G.

3.4. Simulation and comparison

Based on the developed model, different evacuation plans can be simulated and compared. Evacuation
time is used to evaluate the performance of evacuation plans. In addition, the number change of
successfully escaped people is also plotted to show the evacuation performance over time. First, original
evacuation plan (Scenario 1) usually presented in 2D format is simulated. The simulation result will be
used as the baseline to evaluate other evacuation plans. Then, the developed DSVGA function is applied in
Scenario 2 to automatically simulate evacuation and generate escape path for each agent. Finally, total
evacuation time and successfully escaped people over a time of both scenarios are evaluated and compared
with each other.

4. ILLUSTRATIVE EXAMPLE

An example is herein used to illustrate the developed evacuation model. In the example, the topsides of
a fixed offshore platform has one deck containing six modules. The modules have different functions such
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as accommodation, processing oil and gas, and providing electricity. The original file format of topsides is
in 3dMax, which can be transferred to DWF file and imported into Autodesk Revit. After grouping related
components into individual modules, the topsides was exported to IFC file that was used as the input of the
developed evacuation model. Required dimension and location information of modules were extracted and
simplified (see Fig. 5.).

Original topsides Extracted and simplified topsides
Fig. 5. lllustration of OOGP information extraction and simplification

The escape paths of both original plan and generated by the developed evacuation model are compared
by simulation based on evacuation time and escaped people number over time (see Fig. 6 ). Compared to
original escape path, the path planned with the developed model cost 22.9% less escape time and people
seem to behave more reasonable, herding behavior is avoided, and people can take full advantage of
potential exits on topsides of offshore platforms. Therefore, with the simulation of the developed
evacuation model, the evacuation performance on OOGPs was improved.
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Fig. 6. Comparison of evacuation scenarios
5. CONCLUSIONS

This paper developed a simulation model to evaluate different evacuation plans and to improve
evacuation performance on topsides of OOGPs. BIM and agent-based model were integrated into the
evacuation evaluation model. Information of topsides was extracted from BIM and used to model
simulation environment. Two commonly used simulation environment generation models, namely matrix
model and network model, were firstly integrated to efficiently collect dynamic environment changes and
accurately plan escape path simultaneously during evacuation simulation. Dynamic escape path planning
is based on visibility graph and A* algorithm, which constructed visibility graph and search escape path
simultaneously considering dynamic changes of the simulation environment. An example was used to
illustrate the developed evacuation evaluation model. Compared to real escape drill exercises, the
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developed model can not only improve evacuation performance but also result in less cost and risk. In
addition, the developed model can also be applied to emergency simulations in buildings, on construction
sites, and other public places such as shopping malls and Metro stations.

However, some limitations still exist in the developed model. In agent definition, since many social
behaviors exist, this study considered only spatial recognition, herding behavior, and communications,
while other behaviors like queueing have not been studied limited to the defined scope of this study. One
potential direction for the extension of this paper is to study related social behaviors in detail to make
evacuation simulation more realistic and accurate.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Technology, O. The world's worst offshore oil rig disasters. 2014 July 17, 2017]; Available from:
http://www.offshore-technology.com/features/feature-the-worlds-deadliest-offshore-oil-rig-disasters-41
49812/.

Wallace, 1.G. The assessment of evacuation, escape and rescue provisions on offshore installations. in
Institution of Chemical Engineers Symposium Series. 1993. Hemisphere Publishing Corporation.
Mould, G., Assessing systems for offshore emergency evacuation. Journal of the Operational Research
Society, 2001: p. 401-408.

Nutec, F. Basic Safety Offshore. 2008 [cited 2017 April 3 ]; Available from:
http://www.falck.nl/en/safety services/Documents/Basic Offshore UK rev05 2008.pdf.

Technology, O. Piper Alpha Platform. 1988 [cited 2017 July 17].

Collier, K. The Loss of the Ocean Ranger, 15 February 1982. 2010 [cited 2017 July 17]; Available from:
http://www.heritage.nf.ca/articles/economy/ocean-ranger.php.

Pallardy, R. Deepwater Horizon oil spill of 2010. 2010 [cited 2017 July 17]; Available from:
https://www.britannica.com/event/Deepwater-Horizon-oil-spill-0f-2010.

Yun, G. and A. Marsden, Methodology for estimating probability of success of Escape, Evacuation, and
Rescue (EER) strategies for arctic offshore facilities. Cold Regions Science and Technology, 2010.
61(2): p. 107-115.

Guidance Note: Emergency Planning. 2016, National Offshore Petroleum Safety and Environmental
Management Authority: Perth, Australian.

Musharraf M, Smith J, Khan F, Veitch B, MacKinnon S, Assessing offshore emergency evacuation
behavior in a virtual environment using a Bayesian Network approach. Reliability Engineering &
System Safety, 2016. 152: p. 28-37.

Deacon T, Amyotte P.R., Khan F.l., MacKinnon S., A framework for human error analysis of offshore
evacuations. Safety Science, 2013. 51(1): p. 319-327.

Norazahar N, Khan F, Veitch B, MacKinnon S, Human and organizational factors assessment of the
evacuation operation of BP Deepwater Horizon accident. Safety Science, 2014. 70: p. 41-49.
Skogdalen, J.E., J. Khorsandi, and J.E. Vinnem, Evacuation, escape, and rescue experiences from
offshore accidents including the Deepwater Horizon. Journal of Loss Prevention in the Process
Industries, 2012. 25(1): p. 148-158.

Tan Y, Wang M, and Cheng J.C.P, Integrating Agent-Based Modeling Simulation and Building
Information Modeling for Evaluation of Occupant Evacuation Time under Different Facility Layouts
and Human Behaviors in The Twenty-Ninth KKHTCNN Symposium on Civil Engineering. 2016. Hong
Kong, China.

Joo J, Kim N, Wysk R.A, Rothrock L, Son Y.-J, Oh Y.-g., Lee S, Agent-based simulation of
affordance-based human behaviors in emergency evacuation. Simulation Modelling Practice and
Theory, 2013. 32: p. 99-115.

Pan X, Han C.S, Dauber K, Law K.H, Human and social behavior in computational modeling and
analysis of egress. Automation in Construction, 2006. 15(4): p. 448-461.

Pan X, Han C.S., Dauber K, Law K.H, A multi-agent based framework for the simulation of human and
social behaviors during emergency evacuations. Ai & Society, 2007. 22(2): p. 113-132.

De Berg M, Cheong O, Van Kreveld M, Overmars M, Computational Geometry: Introduction. 2008:
Springer.

Chen, C., Tang J, and Jin Z, A path planning algorithm research for seeing eyes robot based on visibility
graph algorithm. 2014.

Xu, S and Cao Q, A visibility graph based path planning algorithm for mobile robot. Jisuanji Yingyong
yu Ruanjian, 2011. 28(3).

Lv, T., Zhao C, and Bao J, A global path planning algorithm based on bidirectional SVGA. Journal of
Robotics, 2017. 2017.

40


http://www.offshore-technology.com/features/feature-the-worlds-deadliest-offshore-oil-rig-disasters-4149812/
http://www.offshore-technology.com/features/feature-the-worlds-deadliest-offshore-oil-rig-disasters-4149812/
http://www.falck.nl/en/safety_services/Documents/Basic_Offshore_UK_rev05_2008.pdf
http://www.heritage.nf.ca/articles/economy/ocean-ranger.php
http://www.britannica.com/event/Deepwater-Horizon-oil-spill-of-2010

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Zhang Q, Ma J, and Ma L, Environment modeling approach based on simplified visibility graph. Journal
of Northeastern University, 2013. 34(10): p. 4.

Nguyet, T.T.N., T. Van Hoai, and N.A. Thi. Some advanced techniques in reducing time for path
planning based on visibility graph. in Knowledge and Systems Engineering (KSE), 2011 Third
International Conference on. 2011. IEEE.

Wang S.-H, Wang W.-C., Wang K.-C., Shih S.-Y., Applying building information modeling to support
fire safety management. Automation in Construction, 2015. 59: p. 158-167.

Wang K.C, Shih S.Y, Chan W.S, Wang W.C, Wang S.H, Gansonre A.A, Liu J.J, Lee M.T, Cheng Y.Y,
Yeh M.F, Application of building information modeling in designing fire evacuation-a case study. in
31st International Symposium on Automation and Robotics in Construction and Mining, ISARC 2014 -
Proceedings. 2014.

Shi, J. and P. Liu, An Agent-Based Evacuation Model to Support Fire Safety Design Based on an
Integrated 3D GIS and BIM Platform, in Computing in Civil and Building Engineering (2014). 2014. p.
1893-1900.

Li N, Becerik-Gerber B, Krishnamachari B, Soibelman L, A BIM centered indoor localization algorithm
to support building fire emergency response operations. Automation in Construction, 2014. 42: p.
78-89.

Zhou Y, Ding L, Wang X, Truijens M, Luo H, Applicability of 4D modeling for resource allocation in
mega liquefied natural gas plant construction. Automation in Construction, 2015. 50: p. 50-63.
ChengJ.C.P., Tan Y, Liu X, Wang X, Application of 4D BIM for evaluating different options of offshore
oil and gas platform decommissioning. in Proceedings of the 16th International Conference on
Computing in Civil and Building Engineering (ICCCBE 2016), Osaka, Japan. 2016.

Tan Y, Cheng J.C.P, Liu X, Song Y, Wang X, A BIM-based Framework for Lifting Planning in
Disassembly of Offshore Oil and Gas Platforms. in International Conference on Innovative Production
and Construction 2016, Perth, Australia. 2016.

Cheng J.C.P, Tan Y, Song Y, Liu X, Wang X, A semi-automated approach to generate 4D/5D BIM
models for evaluating different offshore oil and gas platform decommissioning options. Visualization in
Engineering, 2017. 5(1): p. 12.

Tan Y, Song Y, Liu X, Wang X, Cheng J.C, A BIM-based framework for lift planning in topsides
disassembly of offshore oil and gas platforms. Automation in Construction, 2017. 79: p. 19-30.

Industry Foundation Classes Release 4, May]; Available from:
http://www.buildingsmart-tech.org/ifc/IFC4/final/html/index.htm.

IfcBuildingElementProxy. 2016; Available from:
http://www.buildingsmart-tech.org/ifc/IFC2x3/TC1/html/ifcproductextension/lexical/ifcbuildingeleme
ntproxy.htm.

Shi, J., Ren A, and Chen C, Agent-based evacuation model of large public buildings under fire
conditions. Automation in Construction, 2009. 18(3): p. 338-347.

Abolghasemzadeh, P., A comprehensive method for environmentally sensitive and behavioral
microscopic egress analysis in case of fire in buildings. Safety Science, 2013. 59: p. 1-9.

Rippel U., Abolghasemzadeh P, and Stibbe K, BIM-based immersive indoor graph networks for
emergency situations in buildings. in International Conference on Computing in Civil and Building
Engineering (ICCCBE). 2010.

Pan, X., Han C.S, and Law K.H, A multi-agent based simulation framework for the study of human and
social behavior in egress analysis, in Computing in Civil Engineering (2005). 2005. p. 1-12.

41


http://www.buildingsmart-tech.org/ifc/IFC4/final/html/index.htm
http://www.buildingsmart-tech.org/ifc/IFC2x3/TC1/html/ifcproductextension/lexical/ifcbuildingelementproxy.htm
http://www.buildingsmart-tech.org/ifc/IFC2x3/TC1/html/ifcproductextension/lexical/ifcbuildingelementproxy.htm

	index.pdf
	Content of Papers

	00-1 Cover.pdf
	页 1




