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ABSTRACT: While the importance of barrier-free and fire evacuation design is highlighted in architectural design education, systemic
analysis, and examination on such performances are still challenging due to methodological lacks. The present study investigates the
effectiveness of BIM-based human behavior simulation for architecture major students’ analytical examinations to promote barrier-free
and fire evacuation performances. To achieve such an aim, quasi-experiments were conducted, which compare 50 students’ analysis and
examination scores according to the use and non-use of the simulation, and the data were collected via participants’ survey and interview.
As a result, T-Test and MANOVA analyses indicate that, compared with its non-use counterpart, the use of human behavior simulation
better facilitates the students’ (1) examination of the physical properties and dimensions for the disabled’s accessibility and evacuation,
(2) understanding of the bodily capacity and handicap of the disabled, (3) examination on the spatial layouts and locations of exits, (4)
understanding on evacuees’ urgent behaviors, and (5) responsibility as an architect. Based on previous studies, the reasons of statistical
results are interpreted as the explicit observation and analytical measures of multiple numbers of virtual-evacuees and direct-experience
from body range of the disabled responding to the populated occupants as what they face in authentic reality.

KEYWORDS: Barrier-Free Design, Fire Evacuation Design, Design Performance Analysis and Examination, Building Information
Modeling(BIM), Human Behavior Simulation, Architectural Design Education
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Before Barrier Free Design,
through UnitydD simulation
of a person in a wheelchair, i
determined that it was very
inconvenient for access and
evacuation movements.

In door : stair Out door : stair

H=====""=7" After Barrier Free Design,
it used stairs and lamps as
a design element by mixing
them properiy, forming a
moving line for people in
wheelchairs.

SIMULATION

In door : stair + ramp Out door : stair , ramp

Figure 3. An example of barrier—free design(top: before
simulation, bottom: after simulation, Ji, 2020)

Figure 2. Collision setting of wheel—chaired avatar (top) and
parameters of evacuee VUser (bottom)(Hong, 2020)
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and be confused,

distance average : 4792
time to escape average : 22.2

s s the smuiaton after design modifcation. To sove

routes of people from the offce had diversfed.

Figure 4. An example of fire evacuation design(top: before
simulation, bottom: after simulation, Yang, 2020)
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¢ data collection
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¢ data analysis

Statistical Analysis
- reliability analysis
- T-test and MANOVA

Figure 5. Procedure of data collection and analysis
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void Update ()

if (Emergency == true)

Run();

if (Emergency == false)
walk();
}
|
}

void Walk()
{

vuser. speed = movSpeed;
dist = Vector3.Distance (vuserTr.position, target [targetIndex].position);
if (dist <= 1.2f) {

if (preferLook == false & prefershoe == false)

ani.SetTrigger("ROOT");

if (preferLook == true && prefershoe == false)
ani.SetTrigger("LOOK");

i
if (prefershoe == true & preferLook == false)

Aﬁs

ani. SetTrigger ("SHOE");

} else {

vuser = target [targ ].position;
ani.SetTrigger ("WALK");
walkingdistances+;

}
}

void Run()
{

exit = GameObject.FindWithTag("EXIT").tranform;
vuser. speed = movSpeed;
movSpeed = 3.0f;

distE = Vector3.Distance(vuserTr.position, exit.position);
1f (distE <= 3.0f)

N
t

ani.SetTrigger("ROOT");
wait += Time.deltaTime;

}

else

{
vuser.destination = exit.position;
ani.SetTrigger("RUN");
walkingDistance++;

}
}

Figure 6. Behavioral switch codes: "walk" behavior (top), "run"
behavior (bottom) (Hong, 2020)
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Table 1. Comparison of barrier—free and fire evacuation
analysis and examination scores before and after
human behavior simulation
M (SD)
Before using | After using e p
X 3 . . difference
simulation | simulation
(n=50) (n=50)
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layouts and locations of exits
Understanding ofevacuees™ |, 19150 | 582(092) | -140 | 0000
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Reminder of responsibility as 520 (1.40] 38(0.75) 118 0.000
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