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TOM TAT

Van dé phang chay va chita chéy 3 hét sic quan trong trong céc
cang trinh x&y dung, dé han ché dén mirc thap nhét thiet hai do chay
gy ra. Muc tiéu ca nghién ciu nay |a danh gia kha nang ching chay
ciia céc tdm bé tang cdt thép gian don theo Tigu chudn ACI 216.IM-
4. K&t qua nghién ciu cho théy, vieo xac dinh kha ning chang chay
theo phureng phap phan tich tuy phirc tap hon phurong phép tra béng
nhurng cho ket qué tinh pha hep hen vai yéu cau chiu lye cia ket céu.
Nguoc lai, phurong phap tra bang tuy don gidn nhung cho két qua tinh
qué béo tha.

Tir khéa: Kha nang ching chay, chang chay bj dang, tdm bé tong cdt
thep, ACI 216.IM-14.

1. DAT VAN PE

Chay la su dét chay nhién liéu va lan rdng khong kiém soat
dugc theo thdi gian va khong gian, gay nguy hiém dén tinh mang
con ngudi va tai san vat chat. Vi vay, van dé phong chay va chira
chay la hét stic quan trong trong cac céng trinh xay dung, dé€ han
ché& dén muc thap nhat viéc xay ra cac dam chay, cling nhu nhanh
chong kiém soat hay dap tat dam chay néu c6, lam gidm thiéu thiét
hai d6i v6i ca con ngudi va tai san.

Hé thong phong chay, chita chay dugc chia thanh hai loai la
cht dong va bi ddng. Chong chédy cha déng la viéc sirdung cac thiét
bi nhu binh chita chay, hé théng phun nudc, dé ngan chan va kiém
soat dam chay. Chéng chay bi dong la viéc st dung vat liéu chong
chay va cac gidi phap két cau dé giam thiéu tac hai cla dam chay va
ngan chan su lan réng ctia dam chéy. Ung xt ctia cac két cdu cong
trinh trong diéu kién hoa hoan phu thudc vao nhiéu yéu t8, nhu loai
vat liéu két cdu dugc st dung, kich thudc, hinh dang va dién tich ctia
céng trinh, diéu kién théng gié cling nhu kha nang chéng chéy cua
I6p vat liéu hoan thién mat ngoai cta két cau.

Tai Viét Nam, cac nghién ctu vé kha nang chéng chay cda két
cau bé tong cét thép con kha it, nhu cac nghién cdru cia Thang va
Ninh - 2016 [1], Trung va cdng su - 2019 [2], Thang va Trung - 2019
[3], Binh va HUNng - 2022 [4] va Hang - 2025 [5]. Hau hét cac nghién
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ABSTRACT

Fire prevention and firefighting are extremely important in
construction projects to minimize damage caused by fire. The
objective of this study is to evaluate the fire resistance of simple
reinforced concrete slabs based on ACI 216.IM-14. The research
results show that determining fire resistance through analytical
methods, although more complex than the tabular approach, provides
more suitable results for structural load-bearing requirements. On
the other hand, the tabular method, while simpler, tends to yield
overly conservative results.

Keywords: Fire resistance, passive fire protection, reinforced

concrete slabs, ACI Z16.IM-14.

ctiu trong nudc mdi chi trinh bay va phan tich kha nang chéng chay
cla két cau bé tdng c6t thép theo tiéu chudn chau Au EN 1992-1-2.

Muc tiéu cia nghién ctiu nay la danh gia kha nang chng chay
clia cac tdm bé téng cét thép gidn don theo tiéu chudn Hoa Ky ACI
216.1M-14 [6]. Bai bdo hy vong sé hiiu ich cho cac nha nghién ctu
cling nhu cac ky su quan tam tdi viéc tinh toan thiét ké chéng chay
cho két ciu bé tong c6t thép theo tiéu chudn Hoa Ky.

2. NGUYEN TAC CHUNG CUA TIEU CHUAN ACI 216.1M-14

Tiéu chudn ACl 216.1M-14 quy dinh viéc xac dinh kha nang
chéng chéy cho két cdu bé tong va bé tong c6t thép dugc thiét ké
tuan theo Tiéu chuan ACI 318M-11 [7] tuong Uing. Cac cdu kién tdm
tudng, san va mai phai dap (ng quy dinh vé chiéu day t6i thiéu dé
dam bao kha nang chéng chay cho céc tdm c6 muc dich nhu mot
vach ngan Ita. Cac két cdu bé téng cot thép phai dap ting quy dinh
b& sung vé chiéu day 16p bé tdng bao vé c6t thép cho muc dich duy
tri kha nang chéng chay. Trong mét sé trudng hop, ¢6 su phan biét
gilia bé tdng thong thudng dugc lam tir c6t liéu cacbonat va c6t liéu
silic. Néu khéng xac dinh dugc loai c6t liéu, gia tri tuang Ung vdi loai
c6t liéu yéu cau do day cau kién hoac I16p bao vé cot thép I6n nhat
sé dugc stir dung khi danh gia kha nang chéng chay.
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2.1.Dudng cong thai gian - nhiét do tiéu chuan ctia dam chay

Hau hét cac dam chdy déu c6 thé dugc mé hinh théng qua
dudng cong quan hé gilra thai gian va nhiét d6 phat sinh clia dam
chdy. Vay, mot dam chay thudng phét sinh va phat trién nhu thé
nao? Theo nghién ctu ctia Lehner [8], m6i quan hé gita nhiét do
dam chay va thai gian chéay dugc thé hién nhu Hinh 1 dudi day.
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Hinh 1. M hinh dam chdy thuc té

Tai thai diém ban dau, mét dam chay trong phong thudng c6
dac diém giéng nhu moét dam chay ngoai trdi, vdi nhiét d6 tuong
d6i thap va pham vi chay nho. O giai doan nay, cac bién phap chéng
chay chi déng sé cé hiéu qua t6t nhat. Néu dam chay khéng dugc
phat hién kip thoi & giai doan nay hodc cac bién phap chéng chay
ch dong khéng hiéu qua thi dam chay sé tiép tuc phat trién, lam
cho nhiét d6 trong phong tang dan 1én do su chay cla cac vat liéu
dé chay. Khi nhiét do dam chay tang lén khoang 600°C & nhimng
khu vuc cao hon trong phong nhu tran nha thi mét su bung chay
hoan toan sé xay ra. 0 giai doan nay, ngon Ifa bung chay dir ddi va
dam chdy budc vao giai doan chdy hoan toan va nhanh chéng dat
t&i nhiét cao nhat clia no. Sau giai doan nay, dam chay budc sang
giai doan ngudi dan réi tat han. Théng thudng, khi nhiét do trong
phong gidm xuéng khoang 80% nhiét d6 cao nhat cta giai doan
chay hoan toan thi dam chay budc vao giai doan ngudi dan bai vi
nguén nguyén liéu cho dam chay da can dan. Théng thudng, qua
trinh ngudi dan cta dam chay xay ra nhanh hon so véi qua trinh
hinh thanh va phéat trién ctia dam chay.

Qua trinh hinh thanh va phat trién ctia méi dam chay trong
thuc té 1a khac nhau, n6 phu thuéc vao nhiéu yéu té nhu hinh dang,
kich thuéc ctia phong bi chay; khoi lugng va loai vat liéu chay... Do
vay, no la can thiét phai dinh nghia mot dam chay tiéu chuan cho
viéc danh gia kha nang chéng chay clia cac két cau xay dung khac
nhau.Tiéu chudn ASTM E119-12a [9] quy dinh dudng cong thai gian
- nhiét d6 tiéu chudn ctia dam chay tiéu chuan, nhu dugc thé hién
G Hinh 2 dudi day.
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Hinh 2. Dudng cong thi gian - nhiét do cia dam chéy tiéu chudn theo ASTM E119-
12a[9]

2.2. Quy dinh vé chiéu day téi thi€u ctia cac tam tudng, san
va mai

Cac tam tudng, san va mai chiu luc hodc khéng chiu luc dugc
quy dinh c6 muc d6 chéng chay tir 1 dén 4 gid, phai co chiéu day
tuong duong (t) dap Ung quy dinh cta Bang 1 dudi day. Kha nang
chéng chdy cua cac tdm tudng, san va mai c6 cau tao nhiéu I6p khac
nhau hodc c6 thém I6p vat liéu cach nhiét sé dugc trinh bay trong
cac nghién cuu tiép theo. Chiéu day tuang duong cla tam tudng va
san d3c véi bé mat phdng chinh la chiéu day thuc té ctia chiang. Vi
cac tam tudng va san bé tdng 16i réng, cac tam tudng, san va mai
dang ban canh vai chiéu day ban canh gidam dan va cac tdim ma bé
mat c6 gan hodc lugn séng thi chiéu day tuong duong dugc quy
dinh riéng trong ACl 216.1M-14.

Bang 1. Kha nang chéng chdy clia tam tudng, san va mai mét
I6p don

Chiéu day tuong duong téi thiéu véi cac muc d6 chéng
Loai cap phdi chéy khac nhau (mm)
1gig 1,5 g6 2qid 3qid 4 gio
Silic 90 110 125 155 175
Cacbonat 80 100 115 145 170
Trong lugng nlfa nhe 70 85 95 115 135
Trong lugng nhe 65 80 90 110 130

2.3. Anh huéng cia vat liéu hoan thién dén kha nang
chdng chay tam bé téng cét thép

VGi cac tdm tudng hodc san chi cé vat liéu hoan thién trén mot
mat hodc c6 loai hodc chiéu day khac nhau, hodc ca hai khac nhau
trén moi mat clia tdm thi can gia sit méi mat cda tam la tiép xic vai
[lra. K&t qua tinh kha nang chéng chay clia tdm bao gém ca vat liéu
hoan thién khong I6n hon gid tri nho hon cuda hai gia tri dugc tinh
toan, ngoai trir trudng hop quy chuan thiét k& quy dinh rang chi
mot mat cha tam co ti€p xdc vai lura.

Khi vat liéu hoan thién dugc sit dung cho mat khong tiép xuc
V@i Itra ca tdm thi kha nang chéng chéy clia toan bd tdm dugc xac
dinh nhu sau: Chiéu day cla I6p vat liéu hoan thién dugc hiéu
chinh bang cach nhan chiéu day thuc té clia né véi hé s6 nhan
dugc quy dinh trong Bang 2. Chiéu day I8p vat liéu hoan thién hiéu
chinh sé dugc thém vao chiéu day thuc té hodc chiéu day tuong
duang clia tdm, réi xac dinh kha ndng chéng chay clia tdm bé téng
bao gobm anh huéng cua I6p vat liéu hoan thién tur Bang 1.

Bang 2. Hé s6 nhan cho nhiing I6p vat liéu hoan thién trén mat
khong tiép xuc vai lla clia tdm bé tong

Loai vat liéu hoan thién sit dung cho tdm
Loai vat liéu ctia 0 3 Y -
T tAm an h‘qac. Vita thach Via t.ha.ch €40 I14m thach
da mai xi ., | vecmimilit hodc
. ., | cao-cat . cao
mang - cat peclit
Bé tong silic,
cacbonat, xi lam 1,00 1,25 1,75 3,00
mat bang khéng khi
Bé tong ntia nhe 0,75 1,00 1,50 2,25
Be tong nhe, bé 0,75 1,00 1,25 2,25
tong cach nhiét

Khi I6p vat liéu hoan thién dugc st dung cho mat tiép xuc véi
[lra cGia tam thi khad nang chéng chdy ctia toan b tdm dugc xac dinh
nhu sau: Thai gian dugc gén cho I6p vat liéu hoan thién trong Bang
3 sé dugc cong vao kha nang chéng chay dugc xac dinh tir Bang 1
hodc cdng vao kha nang chéng chay dugc xac dinh cho tam bé téng
VGi I6p vat liéu hoan thién trén mat khéng tiép xuc vdi ltra.

Khi I6p vat liéu hoan thién st dung cho mot tdm san bé téng
dong gép vao kha nang chong chay thi mot minh bé téng phai
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cung cap khoéng it hon mét nlta clia kha nang chéng chay téng
cdng. Ngoai ra, sy déng gop vao kha nang chdng chay cla I6p vat
liéu hoan thién trén mat khong tiép xuc véi lra khéng dugc vuot
qua mot nifa sy dong gép ctia mot minh bé tong.

Bang 3.Thdi gian dugc gan cho cac Iép vat liéu hoan thién trén
mat ti€p xuc vai la cha tam bé tong

M6 ta I6p vat liéu hoan thién Thai gian (phut)

Tam thach cao

10 mm 10

13 mm 15

16 mm 20

Hai I6p 10 mm 25

Mot I16p 10 mm va mét I16p 13 mm 35
Hai l6p 13 mm 40

Tam thach cao kiéu “X”
13 mm 25
16 mm 40

Vra xi mang - cat s&r dung truc tiép

Vita xi mang - cat trén lati kim loai

20 mm 20
22 mm 25
25 mm 30
V(ia thach cao - cat trén lati thach cao 10 mm
13 mm 35
16 mm 40
20 mm 50
V{ra thach cao - cat trén lati kim loai
20 mm 50
22mm 60
25 mm 80

2.4.Yéu cau vé chiéu day I6p bé tong bao vé ¢St thép

LSp bé téng bao vé téi thiéu cla cbt thép doc mat dudi (cot
thép chiu kéo trong nhip gian don) cho cac tdm tudng, san va mai
dugc quy dinh nhu dudi day. Chiéu day I6p bé téng bao vé khéng
dugc nhoé hon yéu cau ctia Tiéu chudn ACI 318M-11 tuong Ung.

Chiéu day 16p bé tong bado vé c6t thép thudng chiu uén duong
(c6t thép mat dudi) cho cac ki€u khac nhau clia tdm san va mai bé
téng, c6 kha nang chong chay tir 1 dén 4 gid, phai tuan theo nhimng
gia tri dugc cho trong Bang 4 dudi day. Badng nay cé thé ap dung cho
hé théng san duc tai ché, mét hodc hai phuong, hoac cac san réng
hodc dac duc sdn véi mat dudi phing.

Bang 4. Chiéu day I6p bé tong bao vé t8i thiéu trong cac tam
san va mai bé téng c6t thép thudng

Lép phi tuong ting véi kha nang chéng chay (mm)

Loai cap Bi kiém ché Khong bi kiém ché&

phdi -

4 gidhodcithon | 1gio g;c‘i 29i0 | 3gi0 | 4qio

Silic 20 20 20 25 30 40
Cacbonat 20 20 20 20 30 30
NUta nhe 20 20 20 20 30 30

Nhe 20 20 20 20 30 30

2.5. Phuong phap phan tich xac dinh kha nang chéng chay
chia cac tdm gian don
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Kha nang chéng chay clia tdm bé tdng cot thép, gian don, chiu
uén, dugc xac dinh theo céng thtic (1) dudi day. Trong dé: M_ - Stic
khang uén danh dinh clla mat cat tdm xem xét & nhiét dé théng
thudng; M_ - Stic khang uén danh dinh clia mat cat tdm xem xét &
nhiét 6 cao; M - Mé-men uén do tai trong khi c6 chdy xay ra. T6 hop
tai trong dé xac dinh mé-men uén do tai trong khai thac tac dong
Ién tam xem xét khi cé chay xay ra dugc xac dinh theo quy dinh
ASCE/SEI 7-10 [10], nhu céng thuc (2) dudi day. Trong d6: D - Tinh
tai; L - Hoat tai; S - Tai trong tuyét; A,_-Tai trong phat sinh khi cé chay
xay ra. Véi diéu kién moi trudng & Viét Nam va cau kién tdm gian
dan thi t8 hop tai trong nay con don gidn nhu céng thic (3). Khi cé
dam chay xay ra thi nhiét do trong bé tdng va cét thép sé tang cao
tuy thudc vao loai vat liéu, kich thudc, hinh dang, dac biét la chiéu
day I6p bé tdng béo vé c6t thép va thai gian kéo dai ciia dam chay.
Nhiét d6 tang cao sé lam cho bé téng va c6t thép gidam cudng doé va
két cau c6 thé bj pha hoai khi ddm chéy xay ra trong mét thdi gian
nao dé. Nhu vay, c6 thé stt dung cong thiic (1) d€ xac dinh kha nang
chéng chay clia céac cau kién tam gian don.

My > My > M 0
(0,9 hodc 1,2)D + Ay + 0,5L + 0,25 2
12D + 0,51 @)
w = Asf, /bdf; @

Tuy nhién, vdi cac ciu kién tdm gian don thi c6 thé sir dung
phuong phép d6 hoa don gidn nhu Hinh 3 dudi day dé xac dinh kha
nang chéng chay clia ching. Trong d6, u - Chiéu day I6p bé tong
tinh tir tam cot thép dén bé mit ti€p xuc vdi lla; chi s6 c6t thép doc
chiu kéo cua tiét dién xem xét w dugc xac dinh theo céng thirc (4).
Trong cong thiic (4), A_ - Dién tich c6t thép doc chiu kéo; fy - Gi6i
han chdy cla c6t thép doc chiu kéo; b - BE rdng xem xét clia tdm
san, thuong ldy bang 1.000 mm; d - Chiéu cao hltu hiéu chiju uén
cUa tiét dién hay khoang cach tir trong tam cét thép chiu kéo dén
thg bé tong chiu nén ngoai cung; f’ - Cudng dé chiu nén quy dinh
clia bé tong.

Cép phéi cacbonat

—_—w"0.l o
—_——— 03

MMy " MMy

Hinh 3. Khd nang chdng chdy clia cdc tdm bé tong c6t thép tly thudc vao loai cap
phéi, cuGng do mo-menvau

3. PHUONG PHAP XAC PINH KHA NANG CHONG CHAY
CUA BAN BE TONG COT THEP GIAN BON

C6 nhiéu phuong phap khac nhau dugc chdp nhan béi Tiéu
chudn ACI 216.1M-14 [6], nhu phuong phap tra bang hodc hinh,
phuong phap phan tich, phuong phap mé phong s6, phuong phap
th nghiém. Tuy nhién, nghién ctu nay chi trinh bay néi dung cda
phuong phap tra bdng va phuang phép phan tich.

3.1. Phuong phap tra bang

Phuong phap tra bang hodc hinh dugc ap dung cho cac tdm
bé téng cét thép chiu tac déng clia dudng gia nhiét tiéu chuan theo
ASTM E119-12a [9] véi thai gian khéng quéa 240 phut (4 gio). Cac
budc thuc hién nhu sau:

Budc 1: Xac dinh chiéu day I6p bé téng bdo vé cot thép doc
chiu kéo clia tdm san.
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Budc 2: Xac dinh kha néng chdng chay cda tam theo chiéu day
16p bé téng bao vé c6t thép doc chiu kéo, theo Bang 4 & trén.

Budc 3: Xac dinh kha nang chéng chay theo chiéu day tuong
duong cia tdm va anh hudng cda I6p vat liéu hoan thién theo cac
Bang 1,2 va 3 &trén.

Budc 4: Kha nang chdng chay la gia tri nhé hon dugc xac dinh
& Budc 2 va 3.

3.2. Phuong phap phan tich

Phuong phép phan tich don gian dugc ap dung cho céc cau kién
tam bé téng cét thép, nhip gian dan. Cac budc thuc hién nhu sau:

Budc 1: Xac dinh mé-men udn 16n nhat tac dung lén tdm san
do t6 hgp tai trong khi c6 chay xay ra, theo cong thiic (3) & trén.

Buéic 2: Xac dinh stic khang udn danh dinh clia tiét dién tdm san &
nhiét dé théng thudng theo Tiéu chudn ACI 318M-11 tuong Ung.

Budc 3: Xac dinh chiéu day 16p bé téng tinh tir tam c6t thép
chiu kéo dén bé mat ti€p xuc vai Itia va chi s cot thép doc chiu kéo
theo céng thic (4).

Budc 4: Tra Hinh 3 dé xac dinh kha nang chéng chay tuong ting
véi cac truong hgp khac nhau.

Budc 5: Xac dinh kha nang chéng chay theo chiéu day tuong
duong duong cta tam va anh hudng cua I6p vat liéu hoan thién,
theo cdc Bang 1,2 va 3 & trén.

Budc 6: Kha nang chdng chay la gia tri nhé hon dugc xac dinh
&Budc4vas.

4.CAC Vi DU TINH TOAN VA THAO LUAN

Trong phén nay, viéc xac dinh kha nang chéng chay tam bé
téng cét thép, nhip gian don sé dugc thuc hién bang ca hai phuong
phép la phuong phép tra badng va phuang phap phan tich don gian
(tra hinh) d€ so sanh két qua véi véi nhau.

4.1.Yéu cau cta bai toan

Xac dinh kha nang chéng chady cho mot tam san bé téng cét
thép, nhip gian don, mét phuong, dai 3 m. Tam dugc lam bang bé
tong cacbonat, c6 cudng d6 chiu nén quy dinh f' =25 MPa, day 150
mm. C6t thép doc chiu luc st dung loai D16 @ 200 mm, theo ASTM
A615M cap 420, bé tri thanh mét I6p & viing bé tong chiu kéo, cach
day dam 30 mm. L&p vat liéu hoan thién st dung loai vita xi mang-cat
truc tiép trén ca hai mat clia tdm va cé chiéu day bang 20 mm. Tam
chiu tac dung ctia trong luong ban than tdm va hoat tai phan bé déu
c6 tri s6 bang 6 kN/m2,

4.2. Phuong phap tra bang

Budc 1: Chiéu day 16p bé téng bao vé cét thép doc chiu kéo
clatdmlac =22 mm.

Budc 2: Tra Bang 4 ta xac dinh dugc kha nang chong chay cua
tamla R, = 2,2 gio.

Budc 3: Tra Bang 2, ta cé chiéu day tuong duong clia tam c6
tinh d@én 1&p vat liéu hoan thién phia trén 1a 170 mm. Tra Bang 1, ta
xac dinh dugc kha nang chéng chay cta tam la 4 gid. Xét thém anh
huéng cua I6p vat liéu hoan thién mat dudi, ta tim dugc kha nang
choéng chéy cta tdm la R, = 4,33 gio.

Budc 4: Vay, kha nang chong chédy cliatdm laR =R, = 2,2 gio.

4.3. Phuong phap phan tich

Budc 1: Xac dinh tai trong phan bé déu tac dung 1én 1 m bé
rong tdm do t6 hgp tai trong khi cé chay.

w = 1,2(1.0,19.24) + 0,5.6 = 8,47 kN /m

Xac dinh mé-men udn I16n nhat tac dung 1én 1 m bé réng tam.

M =wl?/8 =8,47.3%/8 = 9,53 kNm

Budc 2: Xac dinh chiéu cao khéi ting nén hinh chit nhat tuong

duong.
_ Agfy 995420
T 08sflb 085251000

= 19,6 mm

Xac dinh stc khang uén danh dinh cua tiét dién tdm san &
nhiét d6 thong thudng

M, = 0,85f'ba(d — a/2) = 0,85.25.1000.19,6(120 — 19,6/2) = 45,9kN.m

Budc 3: Chiéu day I6p bé téng tinh ti tam chét thép chiu kéo
dén mat ti€p xuc véi Itia 1a u = 30 mm. Chi sé cot thép doc chiu kéo la:

@ = Af,/bdf! = 995.420/(1000.120.25) = 0,14

Buéc4:Tacé u=30mm,w=0,14va M/Mn =9,53/459=0,21.
Tra Hinh 3 ta tim dugc kha néng chong chéy la R, > 4,5 gio.

Budc 5: Tuong tu Phan 4.2, kha nang chéng chéy ctia tam theo
chiéu day tuong duong va tac dung bé sung cla I6p vat liéu hoan
thiénla R, =4,33 gio.

Budc 6: Vay, kha nang chéng chay clia tdm la R =R, = 4,33 gid.

Nhu vay, ta thay phuong phap phan tich cho két qua sat vai yéu
cau chiu luc hon. Phuong phap tra bang cho két qua qué bao tha.

5.KET LUAN

Chay la su d6t chay nhién liéu va lan rong khéng kiém soét
dugc theo thai gian va khong gian, gdy nguy hiém dén tinh mang
con ngudi va tai san vat chat. Trong nghién ctu nay, kha nang chéng
chay clia tam san bé tong c6t thép gian don da dugc danh gia theo
tiéu chudn Hoa Ky ACI 216.1M-14. Kha ning chéng chay clia tdm ciu
bé téng c6t thép phu thudc vao dudng cong thai gian - nhiét do tiéu
chuén, chiéu day clia tdm, chiéu day I&p bé téng bdo vé cét thép va
I6p vat liéu hoan thién & ca hai mat ctia tam. Két qua tinh toan kha
nang chéng chay cho thay phuong phéap phan tich tuy phtic tap hon
nhung cho két qua sét véi yéu cau chiu lyc clia két cdu hon. Ngugc
lai, phuang phép tra badng don gian, nhanh chéng nhung cho két qua
qua thién vé an toan so vé6i phuong phap phan tich.
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