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Abstract

Background The background of this study is to analyze the different types of infection that are
spread from the inpatient units of general hospitals. The goal is to present architectural solutions
for medical planning by taking into consideration the possibility of infection spread within the
corridors of inpatient floors.

Methods Architectural elements were investigated by reviewing precedent literatures. The
floor plans of hospitals were analyzed for extracting accessible spaces. This study distinguished user
groups into infectious user groups and non-infectious user groups. The rules for the spatial range
spreading infectious sources and walking speed were controlled for simulation. This study also
analyzed the spreading patterns of infections by using multi-agent-based simulation.

Results The hybrid type showed the largest difference in measured distance. Considering the
area calculation, the disparity shape of hospital B was the largest one. Average infectious contact
frequency appeared more in the order of looped double corridor type, hybrid type and double-
loaded type. All three hospitals showed high frequencies of exposure to infection in the vertical
circulation spaces, the common toilets, and the waiting rooms.

Conclusions The most uniform arrangement appears in the form of a looped double corridor. It
shows that the distance and time required for users' movement is short, which means that infectious
agents' movement is also rapid. The mixed type showed low infectivity exposure in the global space.
Hybrid corridor types are considered to be the most appropriate form among the three types of
corridor types, considering the study results.
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MIABEA7]7H(World Health Organization, WHO)$} v]=- AW 2] E 5 (Center for Disease Control and
Prevention, CDC), gh=+ A 3a] = (Korea Centers for Disease Control and Prevention, KCDC) 18] 3L
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Table 2 Route of infection

Route of infection  Explanation Example
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Figure 1 Architectural planning elements in hospital
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AA7E 234 W o AR S 5 ek S-S DY AR obd S HHIT 2T E o
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solth. o AR 710 B oA F3F BAS sl AN ol Fdshe 24 o] AR H oo Jth
217¢9] 39| Ah= AR E A (neighborhood)} A Al whebA] o]Fs}7] wlzolr}, ¢ 7t

45E 4L A58 LEvtECellular Automata)2] ©]2 Z bl & wolit 1 7 (Von Neumann
neighborhood)#} $-01 <13%H4 (Moore neighborhood) & 7FA| o[t} F= o] (Andrei, 2013)0l| 2J5HH &
ok 1 22 AR o] 571 9] AlcelDZ 0 ov] FH AL 7| s 3, 4 WP 47
o] Aof Q1] Slek. wpebA FYoits 4, #2497 7P HFo et o5 = QA AR ofF
2 4 et 7ol 928 (Moore neighborhood) AR 9] obE 7o) AE2 /453 T4l HAIt A
< U] 87119] Alo] Feixbm Fef glck. whebA FAlol ARk do] o] 5 4 Sl WS

FEANA 8719 FA(pixeDo] AZE MET frAbste diFZo] FAAF 7] RES o] g3t Algd o] £
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Table 3 Hospital information for analysis

Hospital year Area(n) Number of Number of multi Total number of
single room patient room hospital bed

A 1987 3361.15 7 20 117

1983 1304.91 4 11 59

1983 1987.27 1 18 117
WERo 0] Brhe A A9, FUAY, B8 B 424 BLHOR s 4 9ok Table 4= Al 391
A A Soll dste 33t 47 AES ERoke] A Aoloh webA 2AF I ESlA fle ol e
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o 24 AREl A ZHeIolA ek AN FRALL W] MEA o] BAE FbolAut
HEUE e T P THIL Yone FWAA L 24 O BSlel Al 38 T X
#stect.
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Table 4 Spatial composition of ward department

Hospital Hospital A Hospital B Hospital C

B 3 3 5

U 1204, 2014 491 5014 1214, 5014 114, 2014 4014 5014
6214 6214
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Figure 2 Floor plan of hospital A
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Figure 3 Floor plan of hospital B

I

HALL&CORRIDOR

NURSE STAION s
STAR .
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FF YA AFohs A& & 4 A AF31e 7l A (Sin & Kang, 2016)2 78 AL IER-E F3ll TH2AL
o G AT A B RS Fobugitt. o2 A} ALY FH ARt Y - B B, 2 Fol,
& &3, =% 9 A e, oFE AElEke AS € 5 AL e &3] dFolA AR 114 29040
A9 iRl B Bkl A& & % U9k ol 191431 29140] F2 g Bt 33 BV sk of
QAo A7 wWi7hA] YAR HEEs 97 Wiste] £7EAQ AR B2 Ao] Fle R yETh A
33l (Jee, 2000)= AE2AE F3l FAAOIY 3] Aot Fashal fle B o] Wol Hedts Le HifE
WEdo] WA dollM S5 A e Ae & YT oleh Fe AP AT ES HIP R EAe T
At HHEAO] 8 AFESH= F7HE Table 67} Zo] &3 4= Agith
Table 6 Most used space by patient, nurse and visitor
Ar2Xt = Z|Ct AR 22t
2 2ot erdy S
SRt e Z2k FH&(day room), ZFY
LS A At MEE 7t 1214 2014
LS HAME LSO, MAY, 2, AFE A, Ao
Y= ShRt Mg Z7t A2|H[OIH =
383U B
At He| Z2k £ &(day room)
3. 4, ZtSH4 (Nurse Station)2t HA 7to| 0|5 A2
=9 BAL 55 34 B FH0IA 71 /7R R4t (Nurse Station)] F47HA19] ol 72l 4gst
Atk iz 27091 e e B HdA 9] Aol IFo R HoA e ofdf uhg
2% 31 o5 A2 Aol o SN A% ol BHOI 5 A9 LLALAR Jhe 015 121} 741
Shehel A7 B ZegSY D8] SRS ek B B FUNA BT AL 28 pHoz
g o] F5ka S SoHA etz Holw i o 2 dAdstel g Azl L%E}E% sheic

Figure 62 A '§919] 40K ZEHFTAAL o) Ae] 24 -2
ge nuwe FRE/l 29E 2 22gsht g BeRs s 167
Foieh.
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! E o L
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rm R

b

Distance(m)

Location of patient’s room
Nurse Station

——NS1 —~NS2

Figure 6 Distance from nurse station to patient's room in hospital A
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A& 1e YU E NSI' 2 & 7|5t Q29 715 d4tlE NS2'E ®7|5tge. & 159 A 0%
Ag Aol 1.16mE 2 ko7t AR Xt o] A7 Aol 12.86m=E oF 13m FE2| AolE H It
NS1A 24 o]F AgE 6.42mo]H A o]F A2 26.01mE F 20m2] x}o]7}F LFebgTh, NS20f A &4

olE AdE 5.26mo|H Hdf o] AT 38.87m= oF 33m2| &Aol7h et T A o] shuke] 7t 4
oA AL Az zfol= 7 AA YeREANE o] Mo jtRe] 37171 7 7] wfEo]w NS13+ NS2
o] AF] Azl Al B F 57 ol

Figure 7-& B €04l o] A W82 Uetd AoR FELE Sl 257 Jdeh a4 3
Wt 3t 5 A 1571 e de Estal )len 24 olF A27E 8.1m, A ©|F 2|7t 34.25m= °F
26m &= 2ol & UeHT, o|2f7t o] 7|7 Apol7}t Arke A2 ekt omilo] WA e et 7H o]
otetl ol BT E 285 AZH} A2 9] Zpol 7} Atk= Aol

”L R;;,_.'Sf jr % ] ’/ i , R 1 RTR
T RO LR Lk | RLE k'«:&L:’ f RO R [RVRERY

‘ ‘ . D:l i

‘1

Figure 7 Distance from nurse station to patient's room in hospital B
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Figure 8 Distance from nurse station to patient's room in hospital C
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5 A7) Aol7} 74 Agpet. ol 0% B Fejrk QAN BT RSN A7t #EotaL HEA
A7k 2 4 Qe Feel S mojEet,

4, CH= SH|Xt 7]4t A|E2|0]M (Multi-Agent Based Simulation)

412U Y HE XA
B4 $t AAA Q] A= Figure 99F 2ol B4 271 A4, 9=t AH, 83 4H, ¥4 44 283 B4
S, B4 Ayt 28402 AP B4 A0 R BA AZFS 158900 steps) o= g5t £ 12
S 53 79 Auk 99lE 2m=E AAsknt

155 79 & (Infectee)t v Y AH None-Infectee) F 1HF2 2 YR I15H F1E AASH]
S84 BA] A e Heo] WA 100m T F9IA 10080 9HeE 1=
A 5 2y st & o f9us AE o] Aol o
A 735 vZAR A A2 FEol 1L WA o] 2h2
A& Aottt 249 AR I3 AR A1 T Aut FS Yot ] HAsf 3t
A}9] 5%= A5kt Table 7-2 o|¢} -2 W85 A ejgt Zlo|th,

Table 7 Condition of multi-agent-based simulation

el Hospital A Hospital B Hospital C
TIH| IR = 340 130 200
LA} 17 7 10

HOIXt B3 £ 1.2m/sec

24 A1zt 900s

L Hoh e 2m

CEEL L

ru
3
®
0

Figure 9 Flow chart for multi-agent-based simulation
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Hansemi & Kown, 2011)& L= £ gotR7] 1o duiele] By Sl vy A 7|45
245 7o) B3 £55 v WotHA duielo] A BPPS o] B3 S0 W7} 1.24~2.05m/secE K3l
o ki) -84, o] 4<%, ¥l 4319 (Kim, Lee, Park & You, 2005)2 < it dFoflA He Ujof
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Aol 53 WS W 1S Baksto] AU o 3 Ul AR 4818 4 9w E Agetar,

Figure 10 Spatial condition for spreading infectious source
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Figure 11 Multi-agent-based simulation of hospital A

A oA Y =& N7t 28 IS4 3R E 38 A, A, dejlolE, DT HAAY, di71d
AL 9 Aoltt. o AU tir|dE To U 4 e SURAA TR 9F A =E W)
AFE o] At Tt HP o] Tl A QR FYoE Uz 5 9 EYE FHE ¥ TP =2 VT
7 ERFA] ook, TRt 11T 6Q1A7HA] theftt WAde BAskarl QAR iAol wheh A =& Wl

Figure 12 Multi-agent-based simulation of hospital B
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Table 11 Proposal of corridor type
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