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ABSTRACT KEYWORD

Purpose: This study aims to identify freeze-prone areas in underground parking lots of apartment complexes ~ A/otF2H3
during winter to inform design guidelines for the application of wet sprinkler systems. While wet sprinklers are ﬁ]ﬁfﬁ%?—‘l
effective for early fire suppression, they are vulnerable to freezing and often require costly antifreeze measuresin < ' ©
cold climates. Method: A total of 149 apartment complexes in Sejong City, South Korea, were surveyed and  Under Ground Parking Lot
categorized based on the configuration of exterior openings into three types: ramp, pilotis, and deck. One  Sprinkler
representative complex from each type was selected for wintertime temperature monitoring. Indoor temperatures ~ Freezing Protection
were recorded every 10 minutes for up to 22 days using a grid method with 10-meter intervals from the openings.
The lowest temperature recorded in each parking lot was used to evaluate worst-case freezing conditions. Result:
The ramp-type parking lot maintained indoor temperatures above 0°C even when outdoor temperatures dropped A CCEPTANCE INFO
below 9.7°C, indicating a low risk of freezing. In contrast, the pilotis and deck types showed significant cold air  Received Jul. 23, 2025
inflow, with over 40% of the deck-type area experiencing sub-zero temperatures. However, basement level 2 Final revision received Aug. 5, 2025
remained above freezing in all cases. These results suggest that ramp-type structures are most suitable for wet ~Accepted Aug. 11,2025
sprinkler systems, while pilotis and deck types may require additional antifreeze measures or design modifications.
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Table 1. Overview by sprinkler system

Classification Overview

Centered around an automatic alarm valve, the
primary and secondary piping are kept filled with
Wet firefighting water. In the event of a fire, the

type sprinkler head opens due to heat, releasing water
Simple structure and low installation cost

- Restricted for use in locations prone to freezing
Spraying occurs due to the pressure difference in
the piping caused by the release of pressurized gas

1

sCriOnSkel(ir D triggered by heat during a fire

P "Y' |- Can be used in areas prone to freezing and
head type

outdoor locations

Delay in water discharge and complex system
structure

- In the event of a fire, water is supplied to the
Pre- secondary piping upon detector activation, and
action | spraying occurs when the heads are opened
type |- Suitable for use in areas prone to freezing

- Complex structure and high installation cost

- When a detector is activated, all sprinkler heads in

Open the designated zone discharge water simultaneously
. Deluge .
sprinkler e | Enables rapid response to early-stage fires
head type | Risk of water damage due to large-volume

discharge
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Table 2. Summary of NFTC 608 and NFPC 103 codes

Classification NFPC 103 NFTC 608

Water Mist Fire
Suppression System

System

name Sprinkler system

High fire risk areas for
vehicles (such as
underground parking areas)

Installation

. Typical fire hazard areas
location

Nozzle type Sprinkler head Water spray nozzle

Control of the control
panel after heat or smoke
detection

Detection

Heat detection
method

Automatic fire
suppression throughout
the building

Primary Specialized for vehicle fire

response
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Fig. 1. Ramp type parking lot
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Fig. 2. Pilotis type parking lot
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Fig. 3. Sloped ground entry type parking lot
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Table 3. Type of opening in parking lot
Opening in parking lot

Type

Ramp

Hybrid

Pilotis

Sloped

Table 4. Resul of the underground parking lot type survey

Type Ramp Pilotis Hybrid Sloped
Number of 91 27 28 3
complex (61.1%) (18.1%) (18.8%) (2%)

Fig. 6. Complex build on slope

43, AAFAY §9 24 2
T Z e

A& &89 Aot2 3
M (61.1%) & 71 =2 Hl-&= YEgoH,
71(18.8%), B2 EH, TA]= 2770(18.1%), A
(2%) =2 & LErRtTh

reehad, 2871 gl = R =y, 7 EREY, o £9oldl
o, Aoz 1497) &2 F 14671(97.9%) 2] S| 7} |12
e H2EHY 0 UENT e 3719 dAfet ‘il?io
£ B5 7|E Ay o] AR H o] §lof o] & &85t

2 A} A},
Y, 9

=y, SA7t

=2]
=

279 Wiz AT} e AR
ZAE QT A5k dH WA o] oH R L&
£ A2 (Sunken) FAF 0] QR7FIZPH 02 FA]of 9]
F2 =EH H329 Deck)oltt. A9 74 1719 &A7F &
A5, 2ol AR o] 9lo] et A kFHA] oS A
L2 A 5 AT ERIE o, B A B
do] Aol @77 = FE 2 UEd T

EG Al 2
$70]

Z]
Al

N

] M

=

A4

=
o =

Foll 4 Aok Aol 4
A¥e A st

G 2 ule BAL Ao AFAE N



. 7I7|EH I'__|I-I:gil- . 7IA%

o O —

o AE BET] ASFAY L= RERASAG RN AR, (WREGL 05 2 BEA, AL oh 1 C
Aol Fgokdch AL VA 4L AFstdon P we A2 Agelch A58 ouA B AA Azl B Eo R
ol e AEPGLI%.T WRHF(BI%B S AYSHT, F7h HOlE Aol oo NPAIs SHHAIE B 22 o], A
2 Eujol /by Ao A0 WS AL Y AR FR 149 g
Attt A ASTA ve] 93 g0z 34
sjo] 2717k AekFA YR 2 Sskl G52 el St D A=BQF A5 AT

- $IA]: 7| E AA] A &S
920234 07¢ 149
Z/AIH4 10715/58341 )
st & 707

w5 Zlokstet ALz slo] MAsHAT,

27 717k 20254 19 23 28] 20259 39 149
o, 2t 59 V]2 v A LS HD-EA 5]
% 27 37)40] Qo] olstol £4 Aol G gl
2 A2 Eth B3t 2474 BE 2770 2ot 24 A5} 10 % 717} '25.02.14~'25.03.06(21)
of 7] w7} eht 587 B4 ATHE §onjsih & 4 gint. PSR 2870897 2 )

2 QP ~xYZe) P Bl S S5 ATt AT FEH°1H: 8598070102 244)
24, 5] Hot2AHALE)) ARS Mo sof Pt

_ll)l‘
O_u
ol
-

|\

2 O W o e
lo = o

Orlré
ol

| Asfer 4 2) BREYEF 23 BeA)

olo AFAEAE B4 ‘977t 7Y ¥e A 1}, ‘A 5tFA . 9)%]: AV mhEA] ErE

9] A H o] 27} 7AYo A A’ S v WEliLt v - B4 A3} C 23011 20234 129 199!

A E o] e Tl A S ] A B L5 P U et e T2 A2 1370 /14984 o

o, FotxA0 2 et meta B AFAE ‘FHART HA - AskEAg S & 1,813 (R|5H = 888, A|512%: 925t)

erd e /|FoR &x HAS At - Z47]7+ 125.01.23~'25.02.13(22)
) CEAAN A 3TNAQ 7 ZD)

5.2. 574 99 - HEdo]H: 140,2017H(102 7+2)

et ek X B4 BAS 94 Fig. 7.3} o] 692

A AN, Step 1: 2% 27, Step 2: 91719 FH(OT) o] 3) W28 Bhd 7Y CaA)

o2 1%, Step 3: Hlo]E] 24 W A(FAL] ol 47). A $A A1 B A

SRV A A8 (Zet Fan) 5 7H o1 5 312, Step 4 4 E&4: 20204 054 08¢

FZHdlole A4, Step 51 EA-E A thEG A, Case 18 £17] # /AU 485 /672K A
A2, Case 2: A otFapg HAE 242, Step 6: 2L to]H
H -2 48 A A5k

2& FAL2 At EYF U E 71522 10m 7H
2 QA5 Aot Axggeio] TS i AR
A5t9it. 9171 S4-2 @A) Wof| s WG Aol Ax]ste] vl
A oton, 7t A8 102 (M 02 v F9] 37 REE S
gste] 2744 vustglh. EAd AHgE 2= =4 JE
MADGETech®] RFRHTemp2000AS /\]-%6]- o] ZAule]
-20C~+60C, & Bai% 0.01°C, 239 £0.5Co|t},

n:mﬁ o

24 oA 587 B LEt A0 e 47 B8 A
2 oz 2t ol et sk on, [Fng, L N A%

[ st [ stp? | [ stens [N st [N st |

. Definition of pes ExXimononof Temperature
enpsEe [ 2 Representative Comparison
measurement Cleaning
(Data Selection1) Value analysis

Fig. 7. Temperature analysis process Fig. 9. A-complex floor plan

(©2025. Korea Institute of Ecological Architecture and Environment all rights reserved. 83



Lowest Outdoor Temperature(°C) : - 9.7 °C

Temperature(°C)
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Fig. 12. A-complex temperature measurement result (graph)

121086420 -2-4-6-8-9-10(0

| TTTTT TR [Entrance]

S Sl L, HHHJHH'HHIHHHF
:\Vt DT E® ,‘ r.zl?i:r:l. i
< o :;-7"-7‘ B -

F

Entrance

Fig. 13. A-complex temperature measurement result

Lowest Outdoor Temperature(°C) : - 11.4 °C

o

Fig. 11. C-complex floor plan g '
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Fig. 14. B-complex temperature measurement result (graph)
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Fig. 15. B-complex temperature measurement result
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N Temperature(°C)
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Fig. 16. C-complex temperature measurement result (graph)
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Fig. 17. C-complex temperature measurement result
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