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Abstract

Currently, as Thailand officially has reached the stage of a completely aged society, there is an
urgent need to have infrastructure that truly serve the elderly and disables, particularly when it comes to
navigating different floor levels that are essential of buildings in terms of safe, equitable, and barrier-free
access for all, so that users with limited physical capacity are able to move independently and with dignity
within built environments. Beyond daily convenience, these features become a lifeline during emergency
evacuations, such as fires or earthquakes under limitation of the physical mobility, when time constraints
and physical stress significantly increase, a well-designed ramp is what makes a rapid and safe escape

possible for everyone.
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The concept of Universal Design has become a cornerstone in creating environments where
everyone, regardless of physical ability, can enjoy equal access, emphasizing usability, safety, and
inclusiveness throughout the design process. Among various architectural features, ramps stand out as a
clear reflection of this inclusive philosophy. Although there are well-defined standards for slope gradients,
widths, and landing placements, many ramps in practice still fail to function effectively in terms of moving—
a factor that directly impacts the safety and evacuation efficiency of wheelchair users, particularly under
continuous movement and emergency conditions. This research, therefore, focuses on analyzing the
relationship between ramp configurations and movement to build a comparative body of knowledge as a
practical guide for appropriately designing ramps.

The study aims to examine and compare various ramp configurations, specifically focusing on how
they influence the moving wheelchair users. The research also seeks to propose design solutions achieving
optimal time efficiency while staying true to Universal Design principles and official standards. The study
implements an experimental approach through computer simulation, utilizing Pathfinder. This software was
selected for its specialized capability to model individual wheelchair movements and account for complex,
real-world ramp geometries. This makes it an ideal tool for accurately analyzing movement durations within
a controlled, simulated environment.

The study’s sample consists of 81 distinct ramp models, generated through a systematic cross-
analysis of four key variables including 1) ramp configuration (straight, L-shaped, and U-shaped), 2) landing
placement (at the start, midpoint, and end of the ramp), 3) width (1.50, 1.80, and 2.00 meters), and 4) slope
gradient (1:12, 1:13, and 1:14). To ensure the integrity of the comparative analysis, a standard manual
wheelchair was used as the baseline for all simulations. Furthermore, specific parameters—namely
horizontal speed and downhill speed multipliers—were kept constant across every model. This hard
control of variables ensures a standardized environment, allowing for a precise and reliable comparison of
how different designs affect movement.

The simulation model is primarily designed to evaluate movement efficiency through a temporal
lens. Within the Pathfinder environment, travel paths are calculated based on the central axis of the ramp
and landing geometries, strictly following the physical layout without diagonal shortcuts or the inclusion of
complex biomechanical factors related to wheelchair handling. Consequently, the simulation results are
intended to provide a controlled comparison of time differences across various ramp configurations under
identical conditions. The generated data were then analyzed using descriptive statistics and the calculation
of an Efficiency Index (El) to compare the temporal performance of each design. An El value approaching
100 signifies superior time efficiency relative to other models within the same group, serving as a clear
metric for performance evaluation.

The findings revealed that ramp configuration is the most influential factor affecting the movement
of wheelchair users. Specifically, L-shaped ramps demonstrated the highest time efficiency with an average
El of 98.7%, followed by straight-run ramps at 96.1%. The U-shaped configuration yielded the lowest

efficiency at 91.5%, a result of the 180-degree turns disrupting movement continuity and inherently increase
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movement duration. Regarding slope gradients, the 1:12 ratio required the least travel time compared to
1:13 and 1:14; however, the efficiency ranking of the ramp shapes remained consistent across all gradient
levels. Interestingly, increasing the ramp width from 1.50 to 2.00 meters led to a slight increase in movement
across all models—suggesting that while wider paths enhance comfort and safety in practice, they also
extend the movement duration. Finally, mid-point landings were found to provide the most balanced and
fluid movement rhythm, whereas end-of-ramp landings tended to increase travel time slightly due to the
extended travel distance.

In summary, this research highlights that ramp designs featuring continuous pathways, optimal turning
angles, and standard-compliant gradients significantly enhance the travel efficiency of wheelchair users
within simulated environments. These benefits remain consistent across both routine usage and time-
sensitive scenarios. The findings align closely with Universal Design principles, particularly in terms of spatial
clarity and accessibility. Ultimately, this study serves as a robust evidence-based resource to support
informed design decisions for public buildings and spaces, ensuring they effectively accommodate a diverse

range of users and promote a more inclusive built environment.
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wiug Tnstamensindeuiivesfldsadulufiufififnain wamsdnwuveaniaenadaaiu Ronchi and Nilsson
(2013) AuansfafenrudAyuesniseenuuukUTIassdeasounguALvaIvaeves e Tagianizly
anunsalanidu wu nsenenainerrsasdusiv
4. 335338 1Adesiiedte uarseeuisise

4.1 3UuuuN133Y

13398910 un53soi8mnaes (Experimental Research) Ingldnnssasselsunsunouiiomes
(Computer Simulation) tte@nwUszansamiunanlunisindeuiivessaduiauvsuumeanguiuusing

4.2 UsE9nIuazngual9ens

Uszrnsvesniside Useneuseguuuunsaaiioenuuuiitonsdyasvesilisaduiaussluonasin
o1Buariiuiiassae lnenguiiet1wensite Ao wuusiaemisaaiiairstudielsuns Pathfinder &3
$rassandeyamanmennais Tnedidruauimn 81 wuudians Aldanmanaunauiulsdu 4 dade Idud

1) sUnuunnean (ase / L/ i U)

2) M3IANILRN (G358 6 1. / Tanane / 1mdse 6 1uas)

3) AUNTI9YBINNEAIR (1.50 / 1.80 / 2.00 Lus19)

4) ANUaIATUYRIaIn (1:12 / 1:13 / 1:14)
Tnemienismaasudazuuuiiae Wt filuiunuees anmnsldenuase veammeanaludnvaesing 9 wield
nsgnanisindeuiivessaiiuiauys

4.3 \pesiieildlun1side

4.3.1 Wsunsuildlunisasauuusiaes

Waunsudildlunsasauuusiaedunisidede TWsunsy Pathfinder Fadulusunsudrasinisindoudives
yana filsuniseeniuluszduaina annsafmuanginssuveslduiaznelioisaziden sesiunissianly

va o

safuiauss uazairenmdrassanniia iouansnisindeudildauais dafideldfasanlusunsudiassdy 9 Leun
AnyLogic, MassMotion, SimWalk uag Legion tieiU3euliisuauimsnzan Inenuin Pathfinder fifnenimgsgn
Tunsldnuiiaonadesiumiddelneiinvalrudiodeuiulusunsusy q il

1) Sraesgunsalianig (saduauss) lalaense

2) aWNIOIATIEAAUING ANEI wazIanTiAdeud

3) AFNENNWIAROUANINATFIUNEN MBI IADE g NFBY

4) Tnuireuazuszananalasins,

4.3.2 miftmuaguuuusazlasaisvauuinaees

wuuaemaniiastuielusunsmseouiamed daasndeyamsnmen i Tnsuuusiaes
yaanfiaiietu Tnsdrdsmudatmuangrnsuazinasgiunisesniuuiliiendos wu ngnssnsisivmunds
gwLANaEAINGMTUANING (Usewalne), 1195§10 ADA (A1S5L5N1) kagwWINI WHO 53udefiansaniuy

Trunsdlfinwan nsweveuiand waznsulesnsnisuazdades laganunsaimuadnvasmeanald 3 suuuunall
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1) 9a1aae (Straight Ramp)
2) Maa1A3UMI L (L-Shaped Ramp)
3) nMea1ngUd U (U-Shaped Ramp)

L 150, 3.00 ., T R— 6.00 4150, 050 6.00 .
| ) ' 0.70 i !
%" —mnK 7S Ag ‘ ! K o %' CXi ) oz %‘
o i \1 N \J i "_‘ .CT)..,.
! w0 3
= -]
(=] | e}
e L300 150}
AN 4
119878659 (Straight Ramp) N1981A3Us1 L (L-Shaped Ramp) N1981A3Us7 U (U-Shaped Ramp)

UM 1 fredguiuudnuugniaaig
Figure 1 Examples of Ramp Designs and Forms
wazINTRMMUATBINUNIENTinALEITImNaIndewaIladliiiy 6 was Aldnvuanisdnaneuinlae

Nsanuady 3 dnwasasdl 1) WUU A 198719877 6 LIAST NDUDIFIUNN 2) LUU B N1981ANoULAENaIuIURN

g1WINAULAE 3) WUU C NIRRT 6 1IAT MWD Aes1waziBenuansluguil 2

Q 5]&) 6.00 :1.501 3.00 Q.50 4.50 1.50 4.50
of [*er 025 3 01 038 g
“ = g = 3
WUy A WUU B
Qf%@ 200, ;1.50, 6.00

o [ 076 10.50

+0.00

uwuu €

3U7 2 fregeguuuudnuuenaanifiansannnsInenuinludnyesing 4

Figure 2 Examples of ramp layouts considering various landing arrangements

nfuadanuuasfiufnlnefuuanLni1I9a1n 3 sydufe 1.50, 1.80 WA¥2.00 AT F981954
Mndefmunveunasgiuiisivualieiuniansaadesliidesndt 1.50 was neiunsiFeudisuruniinis
Fuiielimnzautunmsldauaswessaduiauwnd waradauuuiiaesfianuaindu 3 sedude 1:12, 1:13 uay
1:14 2uuvUsIaevimuady 81 wuusiass Welwn1se1eduuusianivs 81 wuuiimnunsedunazsiudie

Nuideilldsyuustanuuiiaedaeimuslassadesiadu susuu-muin-enunie-andu duandunsed 1
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A15199 1 Deudgydnwalvenuudiasiniein

Table 1 Symbol definitions for ramp simulation models

29AUsENaY (Element) frydnwaluazaumag (Symbol and Meaning)
sUlUUN9aA S = M9a1AAse (Straight ramp), L = U6 L (L-shaped ramp ,) U = §U¢3 U (U-
Ramp configuration shaped ramp)
FLAUIYIUNN A = 9231318717 6 U. (First section is 6 m long)

Landing arrangement B = Aanan (8nawiiiu) (Middle landing (equal lengths on both sides)

C = 9293817 6 4. (Last section is 6 m long)

AN (1) (Width (m) | 15 = 1.50, 18 = 1.80, 20 = 2.00

ALAIRTU (Slope) 12 = 1:12, 13 = 1:13, 14 = 1:14

#r0e/19ef: L-C-20-13 = NNAMFUS L, ¥INYmad 6 a1, N3N 2.00 41, v 1:13

Abbreviated example: L-C-20-13 = L-shaped ramp, rear landing length 6 m, width 2.00 m, slope 1:13

4.3.3 sovfuFauiililunisdiaes

Tdsaiduiauysuuudonyuuinsgiu (Standard Manual Wheelchair) 81983m110195§1% 15O 7176-5
(2008), ADA (2010) waghuaMvedBIAnIsousTelan (WHO, 2008) delnaidnvauzlnuaguiie auniie 65 .
AnuAndits 40-45 e, mgeTisn iy 45-50 au. uardendsuunn 24 i uazdenti 5-8 i

msdaesnsindouiivesfldsadululusuns Pathfinder SasuapIEIuTIUYIRY 055 wasdedundl
warUsuranusidmsunainadiagldiiganinuda (Speed Multiplien) WiowanslifiudsnmsifiaTuvesninuisa
AUBIFIAUTY LAYD198991n9IWITEVaY Koontz et al. (2005), Van der Woude et al. (2001), and WHO (2008)
S'Tiwg'qdﬁmmL%’ﬂumiaamaamﬁwﬁuﬂﬁsmm%saz 2-6 NN JMvuaddIAvinAy 1.02, 1.04 wag1.06
dmsunsana 1:14, 1:13 way 1:12 anuaiau Gﬁqmmsaﬁwlufﬁ’mmﬁaaqﬂmmL%flmwiawwamlﬁﬁaﬁ 7119819
1:14 T¥A2157 0.56 wassedwi vsaa 1:13 Taass 0.57 wasdeduni waznwain 1:12 1anuda 0.58 wns
sodundl ededinaluiUssnudadisufisuiieldmuauieulumshaediaenndesiulunnuuuiians

ilorvuaveUIAveIMIANYIB ALY LLUUﬁwam‘Lumuﬁmfgﬂﬁwuum%mﬁaﬂimﬁuﬂizﬁmﬁmwmﬁ
wdeuiluifdenandundn meldTeulumanenimvesmsaaiimuauiuuslimunuudiass Taslusunsy
Pathfinder funadunisninadeuiivessaifuiausimauuunugudnansuasiuiinaaauazeuiniifmunls
Tuwvudass gadwumuzluuUEAdavesiuiias Taglildnsdauuaides (diagonal shortcut) uazliian
FLELVNAINGNBULLTVIADINTDINIIAN

waid wuudaesdananlildsndadssudnamansunasznsiifinadengfinssunisindeuiiawesld
soifu Idud 1) msldusavsnssrienisiemiensrasanus way 2) mavsudenuuldauinms dadunaln

= '

drdgglunsifeunianie lnslaniznsalnisidey 90 a9 Ay nan1sdnaesdslgnyamnemeldiuiouiiou Ay

wANEeUIa seriegluuunsaianigldeulufieiu nndinisunuaingAnssuniseuausaduaiduyn

A01uNSaINISIgeu
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5UT 3 shegenmsaerisaiduiauss (Vehicle Shape) lulusunsu Pathfinder

Y

Figure 3 Wheelchair Configuration (Vehicle Shape) in Pathfinder Program

4.4 MsiusIuTIadaya

nsiivTusteyasuidunislagldlusunsy Pathfinder iiesiasinisind suivessaifuiauviain
LUUFIABIN AV 81 suuuy meldieulvvesiiudsiidivun loun suLuumeain nmsdamsssin A
e wazarmanadu Tnsdmuslidusafuiaursuuunasgiu famudiadonuenumaduremisaindal
mwezduniuandlutreiu masreswusazuuuaztufindoyasrernanlunandeuiidausinEusuigndugavos
ysaa Foyaiildargmitluvssinanauariinseimneairluduneusely

4.5 nMsUszulanaLazn1sIATIEidaya

Yoyaiildannsinassnisindeuiivessaifuiauaslundazuuudiassgninuniinseidie3snsids
wssan Tngldrnandaesedeidusumilumsyssiduuunlifvesmsindousinieldtadondniiuandraiu léun
SULUUNAIA ALAIATU A1UNTE WANITINYIUIN nduldrunnadiusEansamduing (Efficiency
Index: 1) ilelfivseuiiisuidaUnamesUssavsnmmnsindeuiluusaz foulunsosnuuy

4.6 nsaULUIAATUN1TITY

N sv o &
NFOULUIARIUATTIVEY HTunou Aerelull

Independent Process / Simulation Dependent Outcome
Variable Variable
Simulation of Time Efficicricy Guidelines for
Wheelchair Movement of Wheelchair User Efficient Ramp
using Pathfinder Program on Ramps Design Consistent
« Define physical parameters (Dependent Variable DWI?h U:iversall
esign Principles
OT macnampiips . * Measure and analyze g . P
« Simulate wheelchair savelie ki « Provide design
movement under identical recommendattions
conditions based on simulation

UM 4 nsoUnIAnluNTIY

Figure 4 Conceptual Framework.
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5. NAN1SIYUIDNITANTN

¥
=~ =

Naﬂ’]ﬁ%’a‘[,umiﬁﬂmﬁﬁmammiﬂi&ﬁuﬂizﬁw%mwnmmaamim?{auﬁmm;ﬂ%mﬁuﬁaLm‘uumamm
Piignvazuansnety Usznaumen1uguiuu (S, L uagl) sumbsyuin (A, B uagC) A311nd14 (1.50, 1.80 uae
2.00 WAs) wagAnuaadu (1:12, 1:13 uazl:14) WelknansiwssiianudaaunasiUiouiouldie smideid
Juhavenaitulusuuuuves dudussansnmduing (Efficiency Index: E) Fsiunandasidiuvesnaos

igalunquiieniusenaiveawuudnaestu o lneddsiussansnmduing (E) Auuanaun1snal
El = (Tmin / Ti) x 100

Taefl Ti Aonainisindouiivesuuudiass was Tmin Asriadesiigalunguidadu Tasen Bl unnlng
100 uansfisuseansnngs

Tumsilneinanisiaes IédangunanisidenumnuduiudvesiuumaniifinalnensieUssavsam
Wavian laun

1) Uuuuneann iel3suifisuidumatasfinnenisiadeuiinieldeuduienty

2) muainduvesaan emeuduiusseninamaaiuUsansaw

3) Anunisweansaa teUstidunanszvuldameninsenisindeud

4) MmNt Welinsgsinasenusioilesvesnisindoudi

5) MINATILRTITW (UULU x Anuda) iieszyunTdunmsuuazdduaumnzauvesuuuiass

M3TANgUNaNITITENURLINIIRINaRTYaYsneLielinTAes iz sawansliiusuilduvesade

wanfidamasiananaiouiilaeg1sdneu nanisiaesndewiulignasuluguuuuresiaedslunsnfiouniduanis

v '
110

adanug lowd dvinan Aasge wazdrlsauunnsg eliduuliiiuguvesusiar JULUUNIEN Na

o«
v

fanandalddudeyansiulunismunaaviiussansamduims (Efficiency Index: El) Tumsimsgsidiunaly

U

v
a

M19197 2 wanAiaRfsuAzAETANUILYBINTSIAGRUTIdMT UM IRTIaN S ULUUTEN

o«

Table 2 Average travel time and basic statistical values of wheelchair user movement on each ramp configuration

FULUUNS 1AREn LRGN naady | dwdsauy W | sEAvUsEEnNSam
a1 (Gui) (i) Gui) NI | UUUIIees g3y
Ramp Minimum Maximum Average Standard Number of Overall
Configuration Time (s) Time (s) Time (s) Deviation Models (n) | Efficiency Level
(S.D)
JUuuu L Qﬁiqm
18.80 19.23 19.00 0.17 27
(L-type) Highest
FIURBTRS Uunang
19.57 22.93 19.60 0.25 27
S-type Moderate
JUuuu U ﬁwﬁqm
20.85 2395 20.80 0.31 27
U-type Lowest

e284336-12



ACAAD. 2026, Vol.39 No.2, e284336 Boonma

MnHaNsSIaesTLIwmLn 81 wuudaes wuhnarlunaedeuiivesildaifuiouedegludag 18.80-
23.95 it Tnefidmnuudsiuaede (5.0 aglurag 0.17-0.31 Fufl Fevnaainguuuy L fldedenaiosiian
(19.00 3w waesldhudoavutiosiian uansdsmnuseidewandumaazarusuiuresnsiasuiiam diu
sULUU U Tdhananniian (@de 20.80 3ul) wagilranuudsifugandt Tuvasiisuuuy s eglussiuiiunans Tne

THnanunnIwuy L iesantioy

AN5197 3 AeuTiUsEANSNEUNNS (I, %) TuunausliuunaInANNaAtY 1:12

Table 3 Relative Efficiency Index (El, %) of simulated ramp configurations at a slope ratio of 1:12

KUUINABININAIA KUUINABINGAIN KUUT1AD99198A
El (%) El (%) El (%)
Ramp Model Code Ramp Model Code Ramp Model Code
S-A-15-12 95.9 L-A-15-12 100.0 U-A-15-12 90.0
S-B-15-12 95.9 L-B-15-12 99.9 U-B-15-12 90.2
S-C-15-12 95.9 L-C-15-12 99.9 U-C-15-12 89.8
S-A-18-12 95.9 L-A-18-12 98.6 U-A-18-12 89.0
S-B-18-12 95.9 L-B-18-12 98.6 U-B-18-12 89.0
S-C-18-12 95.9 L-C-18-12 98.6 U-C-18-12 88.8
S-A-20-12 95.9 L-A-20-12 97.7 U-A-20-12 88.3
S-B-20-12 95.9 L-B-20-12 97.7 U-B-20-12 88.3
S-C-20-12 95.9 L-C-20-12 97.7 U-C-20-12 87.8

nndeyalumsiamuinddsiuszansamdusivg (£) vesuuuiiasmsaiaiidanuaindy 1:12 nudy
wuudraeslunguzus L Jen Bl aglng 100% Tuynnsdl Fauandliiiiiuindiszavsnmlumsindouiigegaileliioy
fusunuudu TneditldnuuuieedunguifinnuuandsssrnstufisndndoslugisUszann 97.7-100.0% @9
wandliifiudsmnuaiianevestoyadianslungudsnan

Tuvaefiuuudrassguin U fd Bl aiigaluynnsdl Inedandaiindoogludisussunn 87.8-90.2% uans
Tiifuesefuuszansamdisniingudu drunuudass sUuuy S fien B egluszduuiunandlurasuszunm
95.9% Fafinnnuasiisnnnitguuuy U dntes sisdinadanandliifunuliuitaluin suuuummeanaguioy LW

Usgansnmmaiafeunaninguuuudunelddeulannuaindy 1:12

A15199 4 AeutusEaNSAWEURNS (EI, %) uunmUFULUUNIaIRANAIRdY 1:13

Table 4 Relative Efficiency Index (El, %) of simulated ramp configurations at a slope ratio of 1:13

LUUINADINIANN LUUINABINIAN LUUINADINI9ANA
El (%) El (%) El (%)
Ramp Model Code Ramp Model Code Ramp Model Code
S-A-15-13 96.1 L-A-15-13 100.0 U-A-15-13 93.7
S-B-15-13 96.1 L-B-15-13 99.9 U-B-15-13 93.6
S-C-15-13 96.1 L-C-15-13 99.6 U-C-15-13 93.3
S-A-18-13 96.1 L-A-18-13 98.7 U-A-18-13 92.0
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LUUAIADIN9aNA LUUAIADIN9aNA LUURIADINIATA
El (%) El (%) El (%)
Ramp Model Code Ramp Model Code Ramp Model Code
S-B-18-13 96.1 L-B-18-13 98.7 U-B-18-13 92.1
S-C-18-13 96.1 L-C-18-13 98.3 U-C-18-13 91.9
S-A-20-13 96.1 L-A-20-13 97.8 U-A-20-13 91.6
S-B-20-13 96.1 L-B-20-13 97.9 U-B-20-13 91.8
S-C-20-13 96.1 L-C-20-13 97.7 U-C-20-13 91.7

NANSANEIANUIMANR ST UTEANT A NEUN NS (EI) V09uUUT1a09N1981a7 HANNANATY 1:13 WU

o

wuudnaaslungususa

U

L Samaflen B oglng 100% Tunnnsdl Tnearitldegludisussunas 97.7-100.0% uanadia

AMUAIUBIUSEANT ANLAT LU UUNAREAFIAUNATDIANNAIATY 1:12 Fakdanandmnuiuseansainlunng

waeuiiguliaWieuiuguuuvaunelddeulufieniu

druiuudnaeguiuu S dan Bl asilunnnsdnuszann 96.1% lnsegluszaudiunarwazianiig

allanegeveINan1sINaes Tuvusiuuuiiaesgluuu U den Bl ifigalunniuudinaes lngliadaioglugae

Usguad 91.6-93.7% F9A191INIUUIIa09d Ul UdnduAlNALALINUANNANATY 1:12 NAGINAILEAILUILLY

Ul diepnuaiaduanas (310 1:12 10w 1:13) dnwazauwand199ea1Avlszninegunuung 9 §9a9

aennneaiu lnguuudnaesguuuy L densliadszaninmasiianlunnuuinanuninaiassumdauin

M19197 5 AvTiUsEaNSANENITIWS (EI, %) Tuunausiiuunainanuainty 1:14

Table 5 Relative Efficiency Index (El, %) of simulated ramp configurations at a slope ratio of 1:14

LUUAIADINIANA LUUAIADIN9aNA LUUAIADINIANA
El (%) El (%) El (%)
Ramp Model Code Ramp Model Code Ramp Model Code
S-A-15-14 96.0 L-A-15-14 100.0 U-A-15-14 93.2
S-B-15-14 95.9 L-B-15-14 99.8 U-B-15-14 93.4
S-C-15-14 96.0 L-C-15-14 99.9 U-C-15-14 93.4
S-A-18-14 96.0 L-A-18-14 98.8 U-A-18-14 92.0
S-B-18-14 95.9 L-B-18-14 98.7 U-B-18-14 92.1
S-C-18-14 96.0 L-C-18-14 98.8 U-C-18-14 92.1
S-A-20-14 96.0 L-A-20-14 97.9 U-A-20-14 92.1
S-B-20-14 95.9 L-B-20-14 97.7 U-B-20-14 92.3
S-C-20-14 96.0 L-C-20-14 97.9 U-C-20-14 92.3

nndeyalumsrmuridviussdniamduning (E) vesmuvuiaemuanaelinnuaindu 1:14 wud

wuudnaeslunguguuuu L dsnsiian Bl gengalleiisuiugduuudu neiewutoglugisussana 97.7-100.0% &4

= - a a B A D Y
wansdsanuasivesUsEansnnlunatlunisindouiiuasuuiluufaeiileninuasesnnuaindy 1:12 way 1:13

v
o

eilaflannuuudaedunguilfinuunnaeseriniuiisadntos
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duwuudnaeaguuuy S 861 Bl egluseduliunaiassanm 95.9-96.0% tnedA1Asilunniuuinassves
ANUNTIHAENITINV AN Fausditennuaiesvesranisiasslunguil vaeiuuudiassguiuuy U den El aniign
TngaglugisUssuna 92.0-93.4% Faduwiliuiigenndeiunavesninuainduszdiudu 9 uansliduitgiuuy

meaaguuuy U Wiaszavsnwenndiuuuau wilunsdindanuaaduieya

M1399 6 AFYTUTEANSAMENG (EI, %) FIHUNAUFULUUNITINIIURNVEIMN@AIN (Tinduaiady 1:12)

Table 6 Relative Efficiency Index (El, %) of ramp configurations classified by landing arrangement at slope ratio 1:12

sULUUNSaIA AuverIusin WUUINARINNAIN %)
El (%
Ramp Configuration Landing arrangement Ramp Model Code

A (39U5N817 6 4.
JUUU S (S-type) S-A-18-12 95.9
A (first landing 6 m.)

B (Rsnansenviniu
JUUU S (S-type) S-B-18-12 95.9
B (center landing)

C (9299898717 6 41.)
JUUU S (S-type) S-C-18-12 95.9
C (rear landing 6 m.)

A (¥UINYI7 6 1)
Uy L (Ltype) L-A-18-12 98.6
A (first landing 6 m.)

B (Renansenainiu
sUuUU L (L-type) L-B-18-12 98.6
B (center landing)

C (19817 6 31.)
sUuuU L (L-type) L-C-18-12 98.6
C (rear landing 6 m.)

A (FUSNY17 6 31.)
UL U (U-type) U-A-18-12 89.0
A (first landing 6 m.)

B (Renanseniviniu
JULuU U (U-type U-B-18-12 89.0
B (center landing)

C (¥NUdI817 6 U.)
JULuU U (U-type U-C-18-12 88.8
C (rear landing 6 m.)

ndeyanuitAdviuszaniamdunivng (E) Suunaiudnuuznsneiuin wuudiaesguuuy L e
Bl geamlunnsuisuin egiuszana 98.6% uansieuszansnmmaiadouiiianiusasseiiodaglituiy
Auvansineveely Iusumzﬁl,wmﬁaaqgmmu S 3@ El agﬂuizﬁumﬁﬂizmm 95.9% uag LUUTaaIFURUY
U fnanlutaa 88.8-89.0% dawnltudsnanasandosiudnuasmenenmysmsainusasuuuy

dlofansananuandudu q (1:13 wae 1:14) wuiwlduvesadddnaduldlufismadetu lay
JUUU L fapdlvienUseaviningean seaunAaguiuy S uag U aua1sy fatiuuusaesiifianuingimdse
6 3 (C-type) wudndlAianadeudignituuy A uag B idnes Jsaenndosiudnuusnisainiidszeveg
gavingeInd v‘iﬂﬁ’m'ﬂ,ﬂﬁ'auﬁmLﬁmmﬁudau?;uqmﬂ’m?’lam TneANTLEnIlATLIINTURNL DS na
Rodamzuaraiusielfiesveinisindoud snnitdeduseansamdaialaensauansiety ul dnwaenis

wisulmiliauadanewazlinuiandeusasening1nIe@Iiniuy A wag C Falinsidsuseaunie
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Fanznaaulmdaauninanitsy Wenasanauaindudu ouwn 1:13 waz 1:14 wulwwilduvesrsduidng
Juldluiienafieadu lneguiuu L diaadian Bl geiian sesaunfeguuuu S uwaz U mud1au waglinuaiy

LANFIVBINA MILARL ALY IUNN B9 T ALY

A15199 7 ANPULUSEENSANFUNNS (El, %) 910UNAIUAIIUNINIVDINIEANN

Table 7 Representative Efficiency Index (El, %) by Ramp Width (across slope levels)

ANUNIMeana (1) | Auandu El (3Uwuu S) El (Uwuu L) El (3Uwuu V)
Ramp Width (m.) Slope El (S-type) El (L-type) El (U-type)
1.50 1:12 95.9 100.0 90.0
1.50 1:13 96.1 99.8 93.5
1.50 1:14 96.0 99.9 93.4
1.80 1:12 95.9 98.6 89.0
1.80 1:13 96.1 98.6 92.0
1.80 1:14 96.0 98.8 920
2.00 1:12 95.9 97.8 88.3
2.00 1:13 96.1 97.8 91.7
2.00 1:14 96.0 97.9 921

nestsuLEnsRAY sz A A wdIvS (E) Fadudegauwilduannanisdraeslumiuaindy
A9 9 Fanuindedmnuniadinen 1.50 wes W 2.00 wes A1 El Suwilduanasdndeslunnuuudiass vty
JULUU S JUMU L wagguuuu U Gaeaadesiuluyndranuaindu suuuy L e Bl asigalumnseduainuniig

InganasanUszann 100% wde 97-98% eanuniiadiugin 1.50 Wu 2.00 wns drugduuu S SA1aafl 96%
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P v oA a a v v ¢ ° oA & ' = ° g
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Table 8 Average Efficiency Index (El, %) by Ramp Configuration (Values represent the mean El of all

simulation models within each configuration type)

sULUUN9aTA . sauuusaasiauny (didudegraiiansgrsdarinti)
Ramp Configuration B8 Representative Model Codes (for reference only)
JUuuU L (L-type) 98.7 L-A-15-13, L-B-18-13, L-C-20-14
JULUU S (S-type) 96.1 S-A-15-13, S-B-18-13, S-C-20-14
3UuuU U (U-type) 91.5 U-A-15-13, U-B-18-13, U-C-20-14
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Table 8 Summary of Research Findings and Design Recommendations for Wheelchair Ramps

Uszifunsinen NANTSILATIZRLTIINY JoLAUDLUZIIINITIDAKUY
Key Aspect Research Findings Design Recommendations
JULUUNN9AA mMeanguuy L e Mea19 ULV L wansdnenmainulsansaimdaianty
Ramp wdouiishiigameldteuly | uuudrass wazanunsalfidudeyatszneunmsfiansan
Configuration voauuuans sosaunde S | fulassaiiadumaagnisdagUuuuiiug
ey éﬁqmﬁa u L-shaped ramps demonstrate strong potential in

L-shaped ramps resulted in | terms of time efficiency within the simulation
the shortest travel time framework and may be considered as a key
under the simulated reference for route planning and spatial layout

conditions, followed by S- | design.
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UsziunsAnen NANTTIATIZATIITY FDLEUBKUZLTINITODNUY
Key Aspect Research Findings Design Recommendations
shaped ramps, while U-
shaped ramps exhibited
the longest travel time.
AUAIATU A 1:12 inaedouil | msimuaanuansdileglutag 1:12-1:14 ieaths
Slope ﬁaﬂﬁqm voued 1:13 uay AUNATENINUTEAVTAINAIUIAT AINAUIEY LaZAIY
1:14 Wianudasadennd | Yaeadelunisldnuresdldsoduiauys
A slope of 1:12 produced The ramp slope should be designed within the range
the shortest travel time, of 1:12-1:14 to achieve a balance between time
whereas slopes of 1:13 and | efficiency, user comfort, and safety for wheelchair
1:14 provided higher levels | users.
of safety.
AN nsfinanunslutiaun | mssvueauniswesmisan lideendt 1.50 wns
987 1.50 §9 2.00 s dawald | easnasgudush wavenuenefie 2.00 wns Tuituiii
Ramp Width naniutudntes Foanssessunsaumaderivanuvasadeluns
Increasing the ramp width | &ga3
from 1.50 m to 2.00 m The ramp width should be no less than 1.50 m in
resulted in a slight increase | accordance with minimum standards, and may be
in travel time. increased up to 2.00 m in areas requiring
bidirectional movement or enhanced safety.
NN IUNA sULuUmUinuUUATas (B- | msidenld vuinuuuisnans (B-type) tieliAnaany
Landing type) Widsmzindouiauna | deilleswesnmsiadeulin annisvgarinilidniu uaze
Arrangement fian Winpsasnfuserinsmaiasusseiu
The mid-landing The mid-landing (B-type) arrangement is
configuration (B-type) recommended to maintain continuity of movement,
provided the most balanced | reduce unnecessary stopping, and enhance safety
movement rhythm. during level transitions.
AN Hadefiinauniiande madenguwuuniaiaduedendnluduia aneld
Usdnsnm sULUUMsan dauauan | nseumissiaesiiiimun Tnsmsfinsanswiudededuly
Overall TFUKAZAUNINENATDIAWT | N1TDONUUUITY
Performance Ramp configuration was Ramp configuration should be considered the

identified as the most
influential factor, while
slope and width had

secondary effects.

primary design factor affecting travel time within the
defined simulation conditions, and should be

evaluated in conjunction with other parameters in

practical design applications.
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