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r Although pedestrian safety should be a top priority when designing
basement parking lot entrances, many pedestrians are concerned
about such spaces due to frequent pedestrian accidents. Blind spots
and inadequate warning systems have been pointed out as major
causes of accidents at basement parking lot entrances. This study
developed strategies to reduce blind spots in the front view of
drivers by installing transition sections and presents detailed
standards for the volumes and locations of warning systems. The
research findings here were reflected in the “Enforcement Rule of
the Parking Lot Act” that was amended in December of 2023. While
institutional improvements are crucial for preventing pedestrian
accidents in parking lots, improving the safety awareness of

everyone who creates, manages, and uses parking lots is also

necessary. I
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® Necessity to Ensure Pedestrian Safety in Entrances to Basement

Parking Lots

Most basement parking lots in buildings in Korea are designed to have direct
access to the driveway through ramps. This type of basement parking lot entrance
creates a major safety hazard for pedestrians because the driver's field of vision is
limited as the car exits the parking lot and drives up the ramp to the ground
level. For pedestrians walking on the sidewalk, the entrances to basement parking
lots adjacent to the streets become dreaded spaces where one can never know

when a car will suddenly pop up.

In everyday life, basement parking lot entrances, where pedestrians and
vehicles encounter each other, are spaces where pedestrian safety should be
prioritized. Accordingly, the national government and local governments should
amend relevant standards to become more focused on pedestrian safety so that
parking lots can become safer. This study aims to propose improvement strategies
focusing on ramps and warning systems, both of which directly impact pedestrian

safety.

® Improving Parking Lot Structures and Equipment Standards for
Pedestrian Safety

This study proposed standards for parking lot ramps and warning systems to
guarantee pedestrian safety at entrances to basement parking lots. The standards
for parking lot structures and equipment to ensure the safety of these parking lots
are stipulated in the “Enforcement Rule of the Parking Lot Act.” The standards for
installing parking lot ramps and warning systems in the previous “Enforcement
Rule of the Parking Lot Act” were mainly aimed at allowing vehicles to move
safely in parking lots, with less consideration for pedestrian safety. In response,
this study proposes standards for parking lot ramps and warning systems for

pedestrian safety.

With regard to parking lot ramps, this study proposes the introduction of
transition sections by considering international standards and domestic conditions.
The existing standards for parking lot ramps do not include any regulations
pertaining to changes that can be made to the longitudinal slopes of the ramps

(Article 6, Paragraph 1, Subparagraph Item (d) of the “Enforcement Rule of the



Improving Basement Parking Lot Entrances for Better Pedestrian Safety

Parking Lot Act”). However, the “Regulation on Road Structure and Equipment

Standards” stipulates the longitudinal curves that should be installed in parts with
changes in the longitudinal slope and regulates changes in the degree (Article 27
of the Regulation on Road Structure and Equipment Standards). This stipulation is
motivated by the fact that sudden changes to the longitudinal slope can jeopardize
road traffic. Accordingly, this study examined international standards related to

transition sections along slopes to propose standards for these slopes that ensure
pedestrian safety and to establish appropriate standards by simulating the limited
vision of drivers and possible vehicle damage while accounting for the domestic

situation.

Regarding warning systems in parking lots, this study proposes detailed
standards aimed at pedestrian safety. Field research was conducted to identify the
current status regarding the installation and operation of warning systems, and
detailed standards to secure pedestrian safety were envisioned based on the

findings.

® International Standards for Transition Sections

There are international cases where longitudinal slopes are limited and
standards are set for transition sections to ensure pedestrian safety and prevent

vehicle damage. Examples of such cases are described below.

According to the parking lot design standards set by the City of Los Angeles
Department of Building and Safety (LADBS), ramps with a longitudinal slope of
12.5% or greater should have transition sections that reduce the slope by about

half, with a minimum length of 2.4m.

Diagram of LADBS (USA) Standards for the Longitudinal Slope of Driveways
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Source: City of Los Angeles Department of Building and Safety (2021, p.22)
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German guidelines on parking facilities stipulate that ramps with a
longitudinal slope of 8% or greater should have transitional sections that reduce
the slope by approximately half. The length of the transition section, in this case,
differs depending on the type of slope. Crests should measure from 1.20m to

2.55m, and sags should be at least 2.00m to 4.25m in length.

Measuring the Horizontal Length of the Transition Section with Circular Curves

{(Smoothing Lengths of Crest and Sag Ramps)

Source: FGSV (2014, p.73)

The Australian/New Zealand standards require ramps with longitudinal slopes
of 12.5% (crest) or 15% (sag) or greater to have transition sections installed, which

should be at least 2m long.

Australian/New Zealand Standard for Setting the Standard Grade of Transition Sections for Smoothing

Transition
He x 100
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L; = length of ramp, in metres
H; = height of ramp, in metres

«—— Transition —

Grade
f change

The grade change is computed by subtracting one grade from the adjacent grade, both expressed as
percentages and taking account of algebraic sign which, for a given direction of travel, is either
uphill—positive or downhill—negative.

Source: Cho et al. (2022, p. 26); Australia & Standards New Zealand (2004)
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The overall international standards for installing transition sections are
similar. The standards for longitudinal slopes that do not require transition
sections are lower than those in Korea, and the standards that mandate transition
sections are similar. If a ramp with a longitudinal slope of 17% is installed without
a transition section, following the Korean standards, the change in the
longitudinal slope at the start and end of the ramp will exceed the ranges defined
by international standards. This would pose a severe threat to pedestrian safety
and to vehicle undercarriages due to possible collisions. Therefore, it is necessary
to introduce transition sections in ramp standards in Korea to ensure the safety of

both pedestrians and vehicles.

Maximum Longitudinal Slope of Parking Lot Ramps with and without Transition Sections by Country

Maximum Longitudinal Slope (%)
Country Without Transition Section With Transition Section
i llica/En Yy GlllGaliEs General Exceptions
Crest Sag Crest Sag
Korea 17 17 17 17 - -
USA (LA) 12.5 12.5 12.5 12.5 20 -
20 (Multiple usage, ramps
Australia/ ggr?PSi(/:PeoLt:e? ramps
New 5 12.5 12.5 15 16.7 ’
Zealand 20m or longer)
25 (Private use, ramps
20m or shorter)
Germany g g 8 8 15 20 (Smalll—scale, short
ramps or indoor ramps)

® Simulations of Blind Spots and Vehicle Damage on Ramps

This study examined the installation standards for transition sections through
simulations to address the problem of blind spots experienced by drivers and the
undercarriage of cars touching the ground. First, regarding pedestrian safety, the
driver's forward blind spot at the end of the ramp at the entrance to the basement
parking lot was analyzed. This study referred to the results of an experiment
conducted by the Korea Transportation Safety Authority (2021, 2022). This
experiment found that on a flat road, a driver of a sedan type of car would be
able to see a one-meter-tall child standing on the road ahead and that there
would be no blind spot. However, this result is limited to flat roads and cannot be
applied to ramps. The study also set the height of the child pedestrian as one

meter and experimented under identical conditions to simulate blind spots on
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ramps. Through this experiment, this study accurately evaluated the forward blind
spot that can appear on ramps and established a standard for installing transition

sections for pedestrian safety.

A vehicle currently in the market with the most disadvantages was chosen for
the analysis. Considering that many types of vehicles use basement parking lots,
off-road parking lots and annexed parking lots with ramps, it is essential to use a
vehicle with appropriate specifications for the analysis so as to develop standards
for transition sections by longitudinal slope that account for such diversity. For
this purpose, this study reviewed various specifications, including the wheelbase,
the level of the driver's observation point, and the front and back overhang
distances, and selected the G model from H company as the subject of the

analysis, as it had the most unfavorable specifications.

Shape of the Vehicle Selected for the Analysis

935

Source: Cho et al. (2022, p. 42)

By applying such experimental conditions, this study simulated the forward
blind spots from the vehicle selected for the analysis at the end of the ascending
ramp under various longitudinal slopes. First, there were no forward blind spots
when the car was on a flat road, just as in the experiment conducted by the
Korea Transportation Safety Authority. However, on a ramp with a 17% slope, the
maximum longitudinal slope set by the current parking lot structure and
equipment standards, a one-meter-tall child pedestrian could not be seen from
any location from the car at the end of the ramp. This indicates that a driver
would be unable to spot a child pedestrian at the point where the car enters the

road and that pedestrian safety cannot be ensured without a transition section.

When the longitudinal slope was set to 8.5%, there was a one-meter blind
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spot in the front such that the driver was able to spot a child pedestrian who was
taller than one meter in front of the car. To achieve this effect, a transition
section of at least 3.2 meters, which is the wheelbase of the vehicle, was used in
the analysis. Therefore, to prevent a forward blind spot at the entrance of a
basement parking lot, a transition section with a longitudinal slope of 8.5% or less
and at least 3.2 meters in length should be installed at the crest ramp where the

slope changes.

Simulation Result of a Driver Blind Spot on a 17% Longitudinal Slope

Source: Cho et al. (2022, p. 43)

Simulation Result of a Driver Blind Spot on an 8.5% Longitudinal Slope

~_1 39,72

1000 1000 1000

Source: Cho et al. (2022, p. 44)

Next, this study analyzed the standards for transition sections to prevent
damage to the undercarriages of vehicles. For the start and end of crest ramps, a
simulation on a 17% longitudinal slope showed that the undercarriage of the
vehicle touches the ground, thus confirming the need for transition sections.
There was no contact at the start or end of sag ramps, but previous research (Kim
et al, 2014) confirmed that the undercarriages of vehicles could touch the ground

depending on their movements, even at the start and end of sag ramps.
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Simulation Result of Ground Contact on Crest Slopes at the Point of a Slope Change
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Source: Cho et al. (2022, p. 45)

The standards for transition sections to prevent vehicle damage were devised
by referring to international standards and previous studies conducted in Korea
and by simulating parking lot designs with transition sections on ramps so that

cars can remain undamaged and not incur additional costs.

First, for the start and end of crest ramps, this study recommended installing
a transition section at least 1.7 meters long with a longitudinal slope of 8.5% for
parking lots with 50 or more parking spaces. If the ramp necessitates the
installation of a transition section for pedestrian safety, an additional transition
section would not be required. For conclave ramps, this study proposes the
installation of a transition section of at least two meters in length with a
longitudinal slope of 8.5% for parking lots with 100 or more parking spaces in

consideration of the high design costs compared to the limited expected effects.

The following table outlines the standards for installing transition sections on

parking lot ramps to ensure pedestrian safety and to prevent damage to vehicles.

Overall Standards for Installing Transition Sections on Parking Lot Ramps

3.2-meter Crest Transition 1.7-meter Crest Transition 2.0-meter Sag Transition
Type : . .
Section Section Section
Purpose. of Pedestrian safety Preventing vehicle damage Preventing vehicle
Installation damage
Criteria for | All basement parking lots | Parking lots with 50 or more Parking lots with 100 or
Installation | with ramps parking spaces more parking spaces
Place of The entry and exit points of | The start and end of crest The start and end of all sag
Installation ramps at the ground floor | ramps on the basement floor ramps
and the basement floor and each floor
Method of Tobe installed at a gralde of To be installed at a grade of To be installed at a gradg
. 8.5% and 3.2 meters in . of 8.5% and 2.0 meters in
Installation 8.5% and 1.7 meters in length
length length

Source: Cho et al. (2022. b. 86)
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® Current Status of the Installation and Operation of Warning Systems

This study also examines how parking lot warning systems are installed and
operated to outline measures to improve the standards of parking lot warning
systems. Although the “Enforcement Rule of the Parking Lot Act” mandates the
installation of warning systems, they have not been properly installed or managed
due to a lack of specific standards. This study conducted field research to verify

how warning systems are installed and managed.

First, some of the researchers visited parking lots to activate the warning
systems while consistently measuring the volume of the alarms to test them. The
alarms were tested at a height of 1.2 to 1.5 meters, three meters apart in the

direction of the exit.

A survey of 33 buildings in four representative blocks in Sejong City showed
that 38.7% of parking lot warning systems were not functioning properly. The
loudness of the warning sounds varied from 53 dB to 81.6 dB, while the
background noise averaged 66.1 dB.

Next, this study analyzed the visibility of the warning systems. In 45.2% of
parking lots with warning systems, the warning systems were difficult to spot due
to their surroundings. The cases in which pedestrians on both sides could notice
the warning systems amounted to 61.3%, while the systems were difficult to spot
in 12.9% of the parking lots. This indicates that even if the warning system is
installed in a highly visible location, it is difficult for pedestrians to spot it if the

surrounding environment is improperly maintained.

Poor Examples of Parking Lot Warning System Installations

At the parking lot exit At the front of the parking lot At the parking lot entrance
Source: Cho et al. (2022, p. 63)

To improve the safety of pedestrians, including those who are visually

impaired, at parking lot entrances, standards pertaining to the loudness of the
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warning systems should be established to ensure that the warning systems cannot
be randomly deactivated. In addition, the warning systems should be installed with
lighting in highly visible locations to ensure the safety of pedestrians, including
those with hearing loss, as noted above. Based on the findings from the field
research, this study proposes detailed standards that require warning systems to be
located within three meters of the parking lot exit, to be easily visible to

pedestrians, and to generate an alarm sound of 50 dB or more.

Improvement Strategies for Installing Safety Facilities (Warning Systems) at Parking Lot Entrances (Example)

Current Status Proposal for Improvement

Source: Cho et al. (2022, p. 64)

® Amending and Implementing the “Enforcement Rule of the Parking
Lot Act” to Reflect Improvement Strategies

Based on the suggestions for improving the standards for parking lot ramps
and warning systems, this study proposes amendments to the parking lot structure
and to equipment standards stipulated in the “Enforcement Rule of the Parking Lot
Act.” With regard to ramps, this study proposes that all parking lots install
transition sections of at least 3.2 meters to ensure there are no blind spots at the
ends of uphill ramps adjoining road and pavement sections. In addition, installing
transition sections to prevent vehicle damage would be mandatory depending on
the size of the parking lot, especially for parking lots that exceed a certain size
and for which transition sections can be installed at no additional cost. For
warning systems, this study accounts for the safety of pedestrians and people with
disabilities as well as the safety of entering cars and road safety when stipulating
the purpose of installing such systems. It also provides detailed standards
requiring warning systems to be installed in locations easily recognizable by

pedestrians and to generate warning lights and sounds.

10
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The proposals regarding the parking ramps and warning systems were
reflected in the newly amended “Enforcement Rule of the Parking Lot Act” in
December of 2023. The newly added standards for warning systems went into
effect in early 2024, and the standards for transition sections for ramps will take
effect starting December 2, 2024. The amended regulation applies to new parking
lots constructed after the regulation goes into effect and does not apply to

existing buildings.

It is impossible to impose a new policy on the owners and managers of
existing buildings by law. Nevertheless, for the safety of existing buildings,
accidents can be minimized by installing transition sections on ramps and warning
systems in buildings where they can be installed and by ensuring that traffic
mirrors and signposts are installed in buildings where transition sections or
warning systems cannot be installed. Both government and public attention are
needed to transition into a society with safer parking lots for both pedestrians and

drivers.

Amendments to the "Enforcement Rule of the Parking Lot Act" Concerning Parking Lot Ramps and
Warning Systems

Article 6 (Standards for the Structure and Equipment in Off-Road Parking Lots) @ The standards for the
structures and equipment in off-road parking lots provided in Paragraph 1 of Article 6 are as follows.
{(Amended on Oct. 29, 2010; Jul. 2, 2012; Jan. 25, 2013; Mar. 23, 2013; Jul. 15, 2014; Mar. 21, 2018; Oct.
25, 2018; Jun. 25, 2020; Jul. 16, 2021; Aug. 27, 2021; Dec. 1, 2023; Feb. 16, 2024):
Paragraphs 1 to 4 omitted.
5. The lanes in basement or building—type off-road parking lots shall observe the standards in
Paragraph 3 and as defined in the following subparagraphs.
Subparagraphs (a) to (e) omitted.
(f) The longitudinal slope of uphill ramps no longer than three meters from where it adjoins the road
should not exceed 8.5% in straight sections and 7% in curved sections.
(g) Ramps for parking lots with 50 or more parking spaces shall be installed according to the following
standards.
1) Secure two lanes at least six meters wide or separate the entrance and exit lanes.
2) Install transition sections (sections where the longitudinal slope is designed to be no more than
half of the maximum longitudinal scope of the ramp so that vehicles do not touch the ground)
as detailed in the attached Table 1.
Paragraphs 6 to 9 omitted.
10. Warning systems shall be installed in off-road parking lots as stipulated in the following
subparagraphs.
(a) The warning system shall be located within three meters of the parking lot entrance, where
pedestrians can identify it when activated.
(b) The warning system shall emit light and an audible alarm of at least 50 decibels when a vehicle
enters or exits.
Paragraphs 11 to 16 omitted.

11
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Table 1. Installation Standards for Transition Sections [In Reference to Item 2, Subparagraph 5, Paragraph
1 of Article 6]

Location of Transition Length of Transition

Designated Parking Lots St Section

1. Parking lots with parking spaces ranging

from 50 o less than 100 The crest part of the ramp 1.7 meters

2. Parking lots with at least 100 parking The crest part of the ramp | 1.7 meters
spaces The sag part of the ramp 2 meters
Notes

1. The “crest part of the ramp” in the table above refers to the part of an uphill ramp where the longitudinal
slope decreases by at least 8.5% in the straight section and by at least 7% in the curved section.

2. The “ sag part of the ramp” refers to the part of an uphill ramp where the longitudinal scope increases
by at least 8.5% in the straight section and by at least 7% in the curved section.

Source: “Enforcement Rule of the Parking Lot Act.” Ordinance of the Ministry of Land, Infrastructure and Transport
No. 1279. Amended on Dec. 1, 2023.
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