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Tém tit: Hé thong tang dp buong thang dong vai tro quan trong trong viéc thodt nan cho con nguoi tai

cdc toa nha cao tang khi xdy ra chay. Tuy nhién, sw bién thién ap sudt do hiéu iing ong khéi thieong gdy ra
nhitng sai léch nghiém trong so véi tinh todn thiét ké hé thong tang dp. Bai bdo nay phdn tich co ché tac dong
ciia hiéu vmg ong khoi dén sy phdn bé dp sudt trong buong thang bé, chi ra cdc rii ro vé mat dp sudt tang
thdp va qud ap tang cao. Két qua phén tich cho thdy viéc ap dung cdc gidi phdp diéu khién ti dong nhir bién
tan va thiét ké da diém la rdt can thiét dé dam bao cho hé théng lam viéc 6n dinh, an toan.

Tir khéa: tang ap buong thang, hiéu img ong khéi, an toan chdy nha cao tang, kiém sodt khoi.

Abstract: Stairwell pressurization systems play a pivotal role in ensuring life safety within high-rise
buildings during fires. However, pressure variations caused by the stack effect often lead to significant
deviations from the design calculations of pressurization systems. This paper analyzes the underlying
mechanism of the stack effect on pressure distribution within the stairwell, highlighting the technical risks of
under-pressurization at lower levels and over-pressurization at higher levels. The results demonstrate that
implementing dynamic control solutions, such as variable frequency drives and multi-point injection designs,

is imperative to guarantee the stable and safe operation of the system.
Keywords: stairwell pressurization, stack effect, high-rise building fire safety, smoke control.

1. Pit van dé

Dudi tac dong cua qua trinh do thi hoa va phat
trién ha tang hién dai, cac cong trinh cao tang, siéu
cao ting tai Viét Nam khong chi gia ting nhanh chong
vé s6 lwong ma con sé hiru ciu tric khong gian ngay
cang phire tap. Khi xdy ra su ¢6 chay, cau thang bo 1a
con duong thoat nan chu dao theo chiéu doc va cling
1a tuyén duong tiép can cua luc luong chita chay va
ctru nan ctru hd. Dé ngan chan khoi xam nhap, h¢
thong ting ap budng thang phai duy tri mot "hang rao
ap suat" duong 6n dinh. Tuy nhién, thuc té thuong
cho thiy su khong 6n dinh cta ap suit theo chiéu cao
toa nha. Nguyén nhan chinh dugc xac dinh 1a do hi¢u

g 6ng khoi — mot hién twong vat 1y ty nhién thuong
it duoc dé cap dén trong cac bude tinh toan thiét ké
tinh truyén théng. Tai Vi¢t Nam, cong tac thiét ké hé
thong cap khong khi chong khoi hién tuan thi theo
cac quy dinh cia QCVN 06:2022/BXD (Stra ddi
1:2023) Quy chuan k¥ thuét qudc gia vé An toan chay
cho nha va cong trinh va TCVN 5687:2024 Thong gio
va diéu hoa khong khi — Yéu cau thiét ké. Tuy nhién,
ca hai van ban nay hi¢n méi chi dung lai ¢ vi¢c dua
ra cac tiéu chi dinh muc tinh dua trén mo hinh khi
quyén dong nhét. Viéc hoan toan bo ngod cac chi dan
k¥ thuét va cong thire tinh toan cho hiéu ing 6ng khoi
& cac cong trinh cao ting dang tao ra mot khoang
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trbng 16n giita tiéu chudn phap 1y va an toan van hanh
thuc té.

2. Tong quan vé hé théng ting ap budng
thang va hiéu &ng 6ng khoi

Hé théng cip khong khi chong khoéi 1a hé théng
dugc diéu khién tu dong, c6 tdc dung ngan chan
nhiém khoi khi c6 chay dbi voi cac gian phong thudce
ving an toan, cic budng thang bd, cac giéng thang
may, cac khoang dém ngin chay bang cach cap khong
khi tir ngoai vao va tao ra ap suét du trong cac khu
vuc trén, cling nhu cé tic dung ngan chan viéc lan
truyén cac san pham chay va cap khong khi, bu lai thé
tich san pham chay da bi day ra ngoai. So d6 khdi hé
thdng cép khong khi chdng khoi nhu (hinh 1).
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Hinh 1: So d6 khoi hé thong cdp khéng khi chong khéi.

Binh thuong, hé thong 1am viéc ¢ ché d6 thuong
truc, quat cap khong khi chéng khéi khong hoat dong
hoic hoat dong v&i ché do cong suat thap nham duy
tri sy trao d6i khong khi ty nhién cho cong trinh va
tiét kiém nang luong.

Khi x4y ra chdy, hé thong bao chdy tu dong
chuyén sang ché do bao chay, truyén tin hiéu diéu
khién ngoai vi dén bo diéu khién cap khong khi chdng
khoi. Hé théng nay lam viéc, kich hoat co cu diéu
khién quat hoat dong, hut khong khi sach tor méi
truong day qua hé thong dudng dng dng din va cira
cap, tir d6 cung cap khong khi vao cac khu vuc bao
vé. Khi do6, ap suat khong khi bén trong cac khu vuc
bao vé s& 16n hon ap suat khong khi bén ngoai két cau
bao che tir d6 ngan chan khong cho khoi xam nhép tur
ngoai vao. Khi nguodi dan, md céc ctra thoat nan, hé
thng cap khong khi chéng khoi phai dam bao vén tde

gid qua cira theo yéu cau dé chdng lai su lan truyén
ctia khoi tir tAng xay ra chay. Khi gia tri ap sudt vuot
qua gia tri cho phép, van x4 qua ap s& tu dong mo dé
can bang lai 4p suét trong khu vuc bao vé.

Hé thong ting ap budng thang bo khong chi don
thuan 1a viéc cip khong khi vao khong gian kin, ma
12 mot qua trinh kiém soat dong nham thiét lap diéu
kién ngan chan khoi. H¢ théng lam viéc dua trén ba
co ché sau:

- Co ché chénh léch dp sudt, day 1a nguyén ly
co ban nhat khi tat ca cac cira budng thang déu dong.
Heé thdng sir dung quat ting ap co khi dé dwa khong
khi sach vao bén trong, duy tri mirc ap sudt tinh cao
hon ap suét tai cac hanh lang hodc khu vuc xay ra
chay. Khi budng thang duy tri ap suit duong, khéi &
ving co ap suét thip hon s& bi day ra ngoai va khong
thé xAm nhap vao bén trong budng thang.

- Co ché vin téc dong khi, trong tinh hubng
thoat nan, khi mét hodc nhiéu cira bué)ng thang bi m&
ra, ap sut tinh s& sut giam dot ngdt. Luc nay, hé théng
chuyén sang bao vé bang vén toc dong khi. Quat ting
ap phai cung cap luu lugng khi du 16n dé tao ra van
tc gio di ra qua cira dang md (thuong tir 0.75 m/s dén
1.0 m/s). Van tdc nay hoat dong nhu mot "birc tuong
khi" déy cac hat khoi va khi doc ra xa 16i thoat nan,
giit cho méi trudng bén trong budng thang ludén an
toan cho viéc di tan.

- Co ché bu dcfp o ri va kiém sodt lye mo cira,
hé théng phai lam viéc dya trén sy can bfmg gilra
viéc ngan khoi va dam bao khd nang mé ctra cho
ngudi thoat nan. Do khong c6 budng thang nao kin
tuyét d6i, nén khi thiét ké, hé thong phai tinh toan bu
luong khi that thoat qua cac khe ho cira, vét nit cau
tric, giéng thang may. Néu ap suit qua cao dic biét
khi c6 tic dong ctia hidu tng 6ng khoi vao mua dong,
luc cén thiét dé ma ctra c6 thé vuot qua gioi han an
toan 133N.

Theo tiéu chuan NFPA 92 va IBC, hé thong
kiém so4t khoi phai dat dugc hai ngudng giéi han: ap
sudt tdi thiéu 12,5 Pa dé dam bao khéi khong tran vao
cau thang, ap suat t6i da dé khong gy ra luc mé cira
vuot qua 133N, nham dam béao kha nang thoat nan
cho moi dbi tuong.
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Hiéu tng dng khoéi 1a hién tuong di chuyén cua
dong khi di vao va ra khdi céac tdoa nha thong qua cac
tryc dimg (budng thang bo, giéng thang may, truc ky
thuat). Hi¢n tuong nay xay ra do su chénh I¢ch mat
do khong khi gitta bén trong va bén ngoai toa nha,
dugc gay ra boi sy khac biét vé nhiét d6. Vao mua
déng, hiéu tng dng khoi thuan xay ra khi khong khi
4m bén trong toa nha nhe hon s€ bay Ién cao, tao ra
mot ving ap sudt duong & cac ting trén va ap suit Am
& cac tang du6i (Hinh 2).
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Hinh 2: Chiéu chuyén déng ciia khong khi trong hiéu img ong
khoi thudn.
Nguoc lai, vao mua hé, hiéu tng ong khoéi
ngugc xdy ra khi khong khi trong nha mat hon bén
ngoai, dan dén dong khi di xuéng (Hinh 3).
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Hinh 3: Chiéu chuyén dong ciia khong khi trong hiéu iing ong
khoi nghich.

Tai mot vi tri nhat dinh theo chiéu cao toa nha,
ton tai tap hop cac diém goi 1a mat phiang can bang ap
sut, noi ap suat bén trong bang ap suat bén ngoai.
Cang xa mit phiang nay vé phia trén hodc dudi toa
nha, do chénh léch ap suét cang 1én, tao ra nhiing
nhiéu dong tryc tiép 1én hé thong ting ap. Chénh léch
ap suét do hiéu ing dng khoi duoc tinh toan theo cong
thire [1]:

AP, =3460.(—————).h

To+273  Ty+273

[1]
Trong do:

APse: Chénh 1éch ap suét do hiéu tmg dng khéi (Pa)

To, Ti: Nhiét do bén ngoai va bén trong nha (°C)

h: Khoang cach tir mit phing trung hoa (m)

Khi nghién ctru vé anh hudng cua hiéu ing éng
khoi tac dong toi su hoat dong ciia hé thong ting ap
budng thang trong cac tda nha cao ting cd 3 truong
hop xay ra.

- Trudng hop 1: diéu kién nhiét d6 bén trong va
bén ngoai nha can bang. Pay 1a diéu kién 1y tudng,
thuong duge st dung trong cac tinh toan thiét ké tinh
truyén thong. Khong c6 sy chénh 1éch mat do khong khi
gitra bén trong va bén ngoai toa nha, do d6 khong phat
sinh 4p suét tir hiéu Gmg éng khoi. Ap suit trong budng
thang hoan toan do quat ting ap quyét dinh. Biéu do ap
suat phan bo twong d6i dong déu néu 1a cip khi da diém
hodc gidm nhe dan theo chiéu cao do ton thit ma sat.
Viéc duy tri ngudng 22,5Pa - 50Pa dién ra thuan loi, luc
m& ctra nam trong gidi han an toan 133N. Truong hop
nay hiém khi ton tai trong thuc té nhung 1a mbc tham
chiéu dé so sanh cac sai léch.

- Trudong hop 2: vao mua Pong, (hidu tmg dng
khoi thuan) nhi¢t d§ bén trong nha 16n hon nhiét do
bén ngoai (Tin>Tou). Pay 12 truong hop nguy hiém
nhét d6i véi cac toa nha cao t?mg tai khu vuc co6 khi
hau lanh. Khong khi 4m trong budng thang bay 1én
tao ap suat duong 16n & dinh va ap suat am ¢ day toa
nha. Ap suit nay c6 thé 1én t6i 4 Pascal cho mdi tang.
Tai cic tang thip dudi mat phang can bang ap suét,
lyc hut tir hiéu tmg dng khoi triét tiéu ap suat duong
ctia quat. Néu quat thiét ké 50Pa nhung hiéu tng dng
khéi hut nguoc 40Pa, ap suat thuc té chi con 10Pa
dudi ngudng an toan 12.5Pa (theo NFPA 92). Khoi
tran vao budng thang ¢ cac tang dudi. Tai cc tang
cao trén mat phang can bang 4p suit, ap suat duong
ctia hiéu tmg 6ng khoi cong huong voi ap sut quat.
Tong ap sudt c6 thé ting 1én trén 80 - 100Pa dan dén
nguy co luc mé cira vuot qua 133N, khién con nguoi
dic biét 1a nguoi gia va tré em khong thé mo cira dé
vao budng thang thoat nan. Hé théng khong dat duoc
ddng thoi & ca hai muc tiéu: ngdn khoi & ting thap va
kha ning thoat nan & tang cao.

- Trudong hop 3: tac dong khi c6 ro ri khi va mo
ctra thoat nan. Truong hop nay phan anh thyuc té khi

SO 12, 2026 — TAP CHI PC&CC DIEN TU



. HONGCHAY., .
SSCHUACHAY

HOANG PUC HANH

chay xay ra va qué trinh so tan bit dau. Su két hop
giita hiéu Gmg dng khoi va viéc mé cira thoat hiém tao
ra sy sut giam ap sudt dong khong thé du bao trudce
bang cac cong thirc tinh. Khi cira & cac tang thip bi
m&, hiéu tmg dng khoi thuan mua déng s& hut khong
khi troi ra ngoai nhanh hon, lam mat ap suat toan truc
nhanh chong. Su ro ri qua giéng thang may thuong c6
khe h& 16n hon budng thang bd s& 1am dich chuyén
mit phing cin bang ap suit. Néu mat phang can bang
ap suét bi ddy 1én cao, ving chiu ap suit 4m c6 nguy
co nhiém khoi s& md rong 1én cac ting giita cla toa
nha. Quat tdng ap tdc do ¢b dinh khong thé bu dép Iuu
lugng bién thién nay, dan dén viéc van toc gid qua ctra
mo khong dat mire t6i thiéu 0.75m/s.

bé hé théng tang ap thuc sy hi¢u qua cho nha
cao tang, khi thiét ké phai 1ay trudong hop 2 lam cin
ctr tinh toan cong suét t6i da va truong hop 3 dé thiét
lap hé théng diéu khién thong minh. Viéc bd qua tac
dong ctia hiéu Gmg dng khoi s& khién hé théng khong
thé hoat dong theo yéu cau thiét ké khi xay ra chay.

3. Céc sai léch Kkhi tinh toan hé théng ting ap
do tac dong ciia hiéu ving 6ng khéi

Trong thiét ké truyén thong, thuong tinh toan
dua trén trang thai tinh tic 1a nhi¢t d§ bén trong va
bén ngoai nha bang nhau. Tuy nhién, thyc té higu tmg
6ng khoi bién ap suat thanh mot ham sd dong, dan dén
cac sai 1éch sau:

- Sai 1éch vé phan bé ap suit thuc té, Trong tinh
toan hé théng tang ap, ap suat thuc té tai mot tang
(AP1orar) khong chi 13 ap sudt do quat cung cip (APfan)
ma con bi cong hoic trir boi chénh ap do hiéu tng dng
khoi gy ra (APse). Mua dong (Tin>Tout), APse cO gia
trj duong & tang cao va 4m ¢ tang thap.

Tang thap: APww= APgn - |APs|. Néu khong
tinh toan b, APioal ¢6 thé roi xudng duéi 12,5Pa, 1am
khoi tran vao.

Tang cao: AProwal = APgan + |APse| Ap sudt c6 thé
vugt ngudng 50-60 Pa, lam lyc mé ctra vugt qua
133N gay kho khan cho viéc mé cua

- Sai léch trong tinh toan luu luong 1o ri (Q),
Luu luong gié can thiét ma hé thong quat phai cung
cap dé duy tri ap suit duong trong budng thang duoc
tinh theo cong thirc [2].

Q =0,827.Ae. (AP)!?
Trong do:

2]

Q: Luu lugng 10 1i (m?/s)

Ae: Dién tich 10 ri twong duong (m?)

AP: Chénh 1éch 4p suat (Pa).

Nguoi ta thuong dung mot gia tri AP cho cac
tang. Nhung thuc té, AP tai mdi ting 1a khac nhau (do
hiéu tng dng khoi), AP nay chinh 1a APy, gid tri da
chiu tac dong cta hiéu ung 6ng khoi APiowa= APt
APse nén luu luong 1o ri qua cac khe cira ¢ tng cao
¢6 ap suat 16n s& cao hon rat nhiéu so véi tang thap.
Néu khong tinh dén sy bién thién nay, téng luu luong
quat chon theo ly thuyét thuong bi thiéu hut tir 15% -
30% so voi nhu cau thuc té dé duy tri ap suat ¢ cac
tang dudi.

- Sai léch v& vi tri mat phéng can ba‘ing ap Suét.
Trong md hinh 1y thuyét, mit phang can bang ap suat
thudng duoc gia dinh ¢ khoang giira chiéu cao toa nha
nhung thuc t& mat ph'ﬁmg can ba‘ing ap suét bi dich
chuyén bai cac 16 mo khong kiém soat do khong khi
bi 10 ri qua giéng thang may, truc k¥ thuat, ctra s6 ho.
Néu mit phang can bang 4p suét bi ddy 1én cao, ving
chiu ap suit am c6 nguy co nhiém khoi s& mé rong.
Céc phép tinh khong du bao duoc sy dich chuyén nay
s& lam hé thong mat kha ning bao vé & cac tang trung.

- Sai 1éch trong tinh toan lyc m¢ ctra F theo
cong thuc [3], luc m¢ cua phu thude truc tiép Vao
chénh I¢ch ap suit thuc té tai canh ctra do:

_ W'A'APtOtal
F=Fq + 2.(W—d)

[3]
Trong d6

F: Téng luc can thiét d&& mo cira (N).

Fac: Luc dong ctra co hoc (N).

W: Chiéu rong cta canh cira (m).

A : Dién tich canh ctra (m?).

AProa1 : Chénh 18ch ap suat thuc té gitra budng

thang va hanh lang (Pa).

d: khoang cac tir tay nam ctra dén mép tu do cua
cua (m).

Khi tinh toan lyc mé cira, néu chi st dung APfan
bang 50 Pa ma bod qua AP cuc dai vao mua Pong c6
thé thém 20 - 30 Pa, luc mé cira thuc té s& vuot qua
gidi han 133N. Hé thdng dat vao mua hé nhung s& gay
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ket ctra thoat nan vao mua Pong, de doa truc tiép dén
tinh mang nguoi thoat nan.

- Sai Iéch do bd qua sy tuong tac gitra cac truc
dung, Hé thong ting ap cau thang khong hoat dong
doc 1ap. No tuong tac voi giéng thang may — noi c6
hiéu tmg dng khéi manh nhét. Tinh toan thudng chi
tap trung vao budng thang bo. Néu giéng thang may
khéng duogc ting ap, khoi s& bi hiéu img dng khoi kéo
1én theo giéng thang va 1o ri nguoc vao hanh lang cac
téng trén, tao ra ap luc khoi 16n hon nhiéu so véi tinh
toan ban dau ma hé thong tang ap cta budng thang
phai xtr 1y.

Céc sai 1éch nay giai thich tai sao nhiéu hé
thdng tang 4p du tinh toan dung theo tiéu chuén nhung
khi nghiém thu thuc té hodc khi van hanh vao mua
dong lai khong dat yéu cau. Bé khic phuc diéu nay,
can 4p dung cac giai phap diéu khién dong va cip khi
da diém dé bu dép cac sai 1éch theo thoi gian thuc.

4. Cac giai phap ky thuat kiém soat va giam
thiéu tac dong caa hiéu vng ong khéi doi véi hé
théng ting 4p budng thang

Viée d6i phé voi hiéu ting 6ng khoi doi hoi su
chuyén dich tir cac thiét ké tinh sang cac giai phap
dong va linh hoat.

- H¢ thong diéu khién bién tan. Pay 1a giai phap
hién dai va hiéu qua nhét dé dbi phé vai tinh chat thay
d6i theo thoi gian cta hiéu tmg dng khéi. Thay vi quat
chay & mot tdc d6 c¢d dinh, hé théng su dung cac cam
bién chénh 4p dit tai nhiéu cao trinh, thudng 1a ting
thip, ting gitra va ting cao. Khi cam bién phat hién
ap suat & tang cao bi day 1én qua mirc do cong hudng
v6i hiéu tmg ong khoi mua dong, bd diéu khién s&
giam téc d6 quat dé ha ap suit xudng, dam bao luc
mé cira khong vuot qua 133N. Nguoc lai, néu tang
thap bi mat ap, quat s& ting tc dé bu lai.

- Thiét ké cap khi da diém. Cac hé thong cii
thuong chi cip khi tai mot diém duy nhét thuong 1a
dinh hoic day. Piéu nay khién 4p suat khong thé phan
bd déu khi c6 hiéu tng dng khoéi. Giai phap: St dung
mot dng dan khi chay doc budng thang va cp khi vao
budng thang & nhiéu vi tri vi du: cach mdi 3 - 5 tang
mot diém cap sé giup hé thdng duy tri biéu dd ap suat
ddng nhat hon doc theo chiéu cao toa nha, giam thiéu

tinh trang qua ap & mot dau va thiéu ap ¢ dau kia coa
budng thang.

- Phan doan budng thang. Di v6i cac toa nha
siéu cao tang (>150m), chiéu cao cot khi lién tuc 1a
nguyén nhan chinh khién hiéu Gng éng khoi tré nén
cuc doan. Chia buéng thang bo thanh céc doan doc lap
theo chiéu dimg vi du doan 1 tr téng 1 -20, doan 2 tr
tang 21 - 40 bang cac cira ngan chay va hé thdng quat
riéng biét cho timg doan. Viéc ngit quing chiéu cao h
trong cong thirc tinh APse s& lam giam truc tiép cudng
dod cta hi¢u tng 6ng khoi tai mdi doan Xuéng muc co
thé kiém soat dugc bang thiét bi thong thuong.

- Sir dung van xa ap diéu tiét. Day 1a mot giai phap
co khi thu dong nhung rét tin cdy dé chdng qué ap. Lap
dat cac van céanh lat tu dong tai céac vi tri dé bi qua ap
thuong 13 cac tang cao nhat. Khi ap sudt vuot qua
ngudng cai dit 50 Pa, stic ép khong khi s& tr dong day
m& canh van dé xa bét gio ra ngoai méi truong hodc vao
truc ky thuat, gitp ha ap sudt budng thang tirc thi ma
khong can chd tin hié¢u didu khién dién tir.

- Thiét ké sanh dém tao ap. Viéc tao ramot khong
gian dém gitta hanh lang va budng thang gitip giam bét
ap luc 1én hé thong ting 4p budng thang. Sanh dém
duoc tang ap thuong thip hon budng thang mot it. N6
dong vai tro nhu mot thi khi giam chén, ngin can hiéu
tmg 6ng khoi tir cac khu vuc khac ciia toa nha nhu
giéng thang may tac dong truc tiép vao budng thang
bo. Ngoai ra, n6 gitip duy tri ap suat buéng thang on
dinh hon khi c6 ngudi mo cira thoat nan.

- Kiém soat ro ri tai céac truc ding khéc. Hiéu
g dng khoi trong budng thang bo thudng bi khuéch
dai boi su ro ri khi & cac truc dig lan can, dac biét
1a giéng thang may. Tang cudng do kin khit cta cira
tang thang may va sir dung hé thong ting ap riéng cho
giéng thang may. Khi 4p suét trong giéng thang may
va budng thang bd twong duwong nhau, su dich chuyén
mit phang can bang ap suat s& it gay ra cac dot bién
ap suat nguy hiém.

Ddi v6i mot toa nha cao téng hién dai, khong co
mot giai phap don 1é nao 1a du. Giai phéap tdi wu nhat
1a su két hop giita phan doan budng thang vé mit kién
tric va diéu khién tdc d6 quat két hop cip khi da diém
vé mit co dién.
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5. Két ludn

Hiéu tmg 6ng khoi khong chi 13 mét hién tuong
vat Iy ma 1a mot yéu t6 nhiéu dong nguy hiém trong ki
thuat phong chay chira chay va ctru nan ctru hg nha cao
tang. Viéc thiét ké hé thong ting ap budng thang dira
trén cac gia tri tinh khong con phu hop véi cac cong
trinh siéu cao tang hién dai. Cac k¥ su va nha thiét ké
can chu trong vao cac giai phap diéu khién dong va
nghién ctru su thay ddi 4p suit dudi cac didu kién thoi
tiét khic nghiét dé dam bao hé thdng ludn sin sang bao
vé& con nguoi trong moi tinh hudng chay.m
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