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TOM TAT

Bai bao nghién citu nh hueang coa vat ligu ching chay bé mat
bao gdm vat ligu ching chay truang nir (IM), vira ching chay
vermiculite xi mang (VCM) va sgi khoang phun (SMF) tai s suy
giam kha ndng chiu udn coa ban bé tong du tng lyc (DUL). Ban
ban bé tang DUL dwoc khao séat trong da SI-C |a ban khéng st
dung vat lieu chang chay bé mat, S2-IM, S3-VCM va S4-SMF 1a ba
bén bé tong DUL st dung vat ligu chéing chay bé mat. St khang
udn cia ban bé tang DUL ca va khang sir dung vat ligu ching chay
theo thiri gian chay dugc tinh toan va so sanh vai ceang da ban
dau trudc khi chay. Thang qua k&t qua tinh toan ca thé thay réng
SI-C mat dén gan a0% cuang da chiv udn sau 90 phat chiu lira.
Vai viec st dung 10 mm vat ligu chang chay bé mat, S2-IM, §3-
VCM va S4-SMF duy tri curarng da chiu uen @ mic trén 94% so vai
cwrirng do ban ddu. Ket qué ciing cho théy, trong ba loai vat ligu
chiing chéy khao sét, IM ca kha ning kiém ché su gia ting nhigt
da, tir da lam gidm su suy gidm stre khang udin theo thiri gian chay
trong k&t céu bé tang tat nhat. Trong khi da. higu qua chang chay
cia VOM va SMF gén nhu trong deong.

Tir khda: Vat ligu ching chay bé mat, chang chay truong nd, vira
chiing chay vermiculite xi méang, sgi khoang phun, khé ning chiu
udn khi chay.

1. DAT VAN BE

Kha néng chiu Ira 1a moét yéu t6 quan trong trong viéc dam
bao an toan va dé bén clia cac két cdu bé téng DUL, ddc biét la trong
cac cong trinh c6 yéu cau cao vé chiu chay nhu cong trinh ngam. Khi
ti€p xtc vai nhiét d6 chay, bé téng va thép DUL bi suy giam cudng
d6, dan dén suy giam kha nang chiu luc trong két cau. Do d6, viéc
ap dung cac vat liéu chdng chéy dé bao vé bé mat bé tong, lam
cham qua trinh gia tdng nhiét d6 trong két cau da trg thanh mot
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ABSTRACT

This paper investigates the effect of spray-applied insulating
materials, including Intumescent Mastic (IM), Vermiculite
Cementitious Material (VCM) and Sprayed Mineral Fiber (SMF),
on the flexural strength degradation of prestressed concrete
(PSC) slabs under elevated temperatures. Four PSC slabs were
examined: SI-C (without applied insulating material) and S2-IM,
S3-VCM and S4-SMF. which were coated. The flexural capacity
of PSC slabs, both with and without insulating materials, was
assessed over different fire exposure durations and compared
to their initial strength before heating. The results indicate
that SI-C suffered nearly a a0% reduction in flexural strength
after 30 minutes of fire exposure. In contrast, the fireproofed
slabs - S2-IM, S3-VCM and S4-SMF - retained over 94% of their
initial flexural strength. Among the three insulating materials,
IM proved to be the most effective in limiting temperature
rise, thereby reducing flexural strength degradation over
time. Meanwhile, VCM and SMF exhibited nearly equivalent fire
resistance performance.

Keywords: Spray-applied insulating material, intumescent
mastic, vermiculite cementitious material, sprayed mineral
fiber, flexural capacity under fire conditions.

gidi phap quan trong gitp tang cudng kha nang chiu nhiét va duy
tri kha nang chiu luc két cau.

Nhiéu giai phap chéng chay cho cong trinh da dugc nghién
cliu, trong dé c6 viéc st dung vat liéu chdng chay bé mat da duoc
nghién ctu. Mot s6 vat liéu chéng chay bé mat nhu vat liéu chéng
chay truong né (IM), vita chong chay vermiculite xi mang (VCM) va
sgi khoang phun (SMF) dugc sir dung trén bé mat bé tong hay két
cdu thép dé lam cham qua trinh truyén nhiét, tir d6 han ché su suy
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giam cudng do clia vat liéu va duy tri kha nang chiu uén ctia két cau
bé tong [1-6].

Nghién ctu nay danh gia anh hudng clia cac vat liéu chong
chay bé mat IM, VCM va SMF dén kha nang chiu uén cta ban bé
téng DUL khi ti€p xuc véi nhiét do chay. B6n mau ban bé téng DUL
da dugc khao sat, bao gém mét mau khong co 16p chéng chay (S1-
C) va ba mau c6 16p chéng chay bé mat (S2-IM, S3-VCM, S4-SMF).
Kha nang chju uén cla cac mau ban khao sat theo thdgi gian chay
dugc tinh toan dua trén tiéu chuan ACI 318-19 [7], ACI-TMS 216.1-14
[8], huéng dan cla Gustaferro va Martin [9] va so sanh véi cudng dé
ban dau trudc khi chay. Co s& ly thuyét, phuong phép tinh toan va
vi du cho mét trudng hgp cu thé dugc trinh bay trong bai bao nay.
Anh hudng clia bé day I6p vat liéu chéng chay ciing nhu thai gian
chay téi su suy giam stic khang uén clia cac ban bé tong DUL cé
va khong st dung vat liéu chong chay bé mat dugc khao sat. Két
qua nghién ctu cung cap ca s& khoa hoc cho viéc lua chon vat liéu
chéng chay phu hgp, gép phan nang cao kha nang chiu Itia ctia két
cdu bé tong DUL trong thuc té.

2. VAT LIEU CHONG CHAY KHAO SAT

& nghién ctiu nay, ba loai vat lieu chéng chay bé mat duoc
khao sat, bao gém:

- Vit liéu ch6ng chdy truong né - Intumescent Mastic (IM): Loai
vat liéu chéng chay dac biét c6 kha nang truong nd khi ti€p xtc véi
nhiét d6 cao, tao ra mét I6p bao vé cach nhiét giup lam cham qua
trinh lan truyén nhiét va ngan chan sy suy giam cudng do cla két
cdu bén dudi. Khi ti€p xtc v6i nhiét d6 cao (thudng tir 200°C trg 1én),
IM sé trdi qua phdn ting héa hoc va truong nd manh mé, tao thanh
mot 16p bot carbon cach nhiét gidp han ché su truyén nhiét vao két
cdu (Hinh 1).

a) - IM trudc khi chdy b) - IM sau khi chdy
Hinh 1. Vi du vé vat liéu chdng chdy truong nd trudc va sau khi chdy
(Nguén: https://idn.sika.com).

- Vita chéng chdy vermiculite xi mdng - Vermiculite Cementitious
Material (VCM): Mét loai vita c6 thanh phan chinh la vermiculite,
mot vat liéu cé khé nang truang né khi nung néng, két hap vai xi
mang portland va cac phu gia khac dé tao thanh mét 16p phti chéng
chay hiéu qua (Hinh 2a). Nh& vao dac tinh nhe, bén va kha nang
céach nhiét tét, loai vat liéu nay dugc st dung rong rai dé bao vé két
cdu thép va bé tédng khoi tac ddng cla nhiét dé cao trong cac su cé
hoa hoan.

- Sgi khodng phun - Sprayed Mineral Fiber (SMF): Loai vat liéu
dugc tao thanh tir hdn hgp sgi khodng, xi mang vé co, phu gia két
dinh va nudc, sau d6 dugc phun truc tiép 1én bé mat két cau dé tao
thanh I6p phud cach nhiét va chéng chay (Hinh 2b). SMF hoat déng
theo co ché cach nhiét va hap thu nhiét, gitp giam toc d6 gia ting
nhiét d6 cua két cdu thép hoac bé tong bén dudi.

b) - Soi khodng phun chéng chdy (SMF)
Hinh 2. Phun vat liéu chéng chdy bé mét cho cdng trinh

(Nguén: Internet).

3.CO SO LY THUYET

Nghién ctu nay st dung Tiéu chudn ACI 318-19 [7], ACI-TMS
216.1-14 [8] va huéng dan clia Gustaferro va Martin [9] d€ tinh toan
stc khang uén ctia ban bé téng DUL c6 st dung va khéng sir dung
vat liéu chéng chay bé mat khi chiu tac dong clia nhiét dé cao. Theo
do, dudi tac dung cla nhiét do, cuong do cla bé tong va thép bi
suy giam. Khi tinh toan stc khang uén cla tiét dién dudi tac dung
cta nhiét do chay, hai gia thiét sau dugc ap dung: (1) Dién tich c6t
thép la khong d6i nhung cudng do clia thép bi suy giam; (2) Chiéu
cao vung chiu nén bi gidm do t8ng luc kéo trén tiét dién giam. Tuy
nhién, cudng do6 clia bé téng vung chiu nén khéng thay déi néu
nhiét do bé tong vung chiu nén nho hon 482°C (900°F) [9]. Khi do,
stic khang udn cua tiét dién dudi tac dung clia nhiét d6 dugc tinh
theo cong thuc (1):

a
M, o= Apsfpsb'(d - ?0) M

Trong dé: 6- Biéu thi anh ctia nhiét d6 cao; M_ - Stic khang mo-
men; A, - Dién tich thép DUL; f_; - Cudng d6 ctia thép DUL tai nhiét
d6 ma thép phai chiu, dugc I1dy theo Tiéu chudn ACI-TMS 216.1-14
[8]; d - Chiéu cao cé hiéu cla tiét dién; a, - Chiéu cao viing chiu nén
quy d8i khi chéy. Theo c6ng thuc (1), d€ tinh kha nang khang udén
cUa tiét dién khi chay, nhiét d6 ma thép DUL phai chiu va cudng do
tuong Ung clia chung phai dugc xac dinh. ACI-TMS 216.1-14 dua ra
biéu d6 xac dinh nhiét d6 tai cac vi tri trong ban bé tong theo thai
gian (Hinh 4.4.2.2.1). Nhiét d6 cta thép DUL dugc gia thiét bang
nhiét dé clia bé téng tai vi tri d6. TU nhiét dé cta thép DUL, cudng
do6 cla chung dugc xac dinh dya vao Hinh 4.4.2.2.1b trong Tiéu
chudn ACI-TMS 216.1-14.

DOi vai két cau bé tdng st dung vat liéu chéng chay bé mat,
Gustaferro va Martin [9] cho rang bé day clia cac loai ch6ng chay bé
mat c6 thé dugc quy d8i thanh bé day clia I6p bé téng bao vé tuong
Ung (Hinh A.5 trong Gustaferro va Martin [9]). Lp bé téng quy ddi
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lam day thém IGp bao vé c6t thép va lam cham su phat trién nhiét
d6 clia cot thép.

4. KHA NANG CHIU CHAY CUA BAN BE TONG DUL VA
KHONG SU DUNG VAT LIEU CHONG CHAY BE MAT

4.1.Vidu dién hinh

4.1.1. Ban khdo sdt

DPé nghién ctu anh hudng cla vat liéu chéng chdy bé mat dé
kha nang khang uén ctia ban bé téng c6t thép DUL chiu nhiét do
chay, 4 ban bé tong DUL dugc ky hiéu la S1-C, S2-IM, S3-VCM, S4-
SMF dugc khao sat, trong dé IM, VCM, SMF la loai vat liéu bé mat
dugc st dung & moéi ban. S1-C la ban khéng st dung 16p chéng
chay bé mat. Cac ban c6 kich thudc mat cat ngang (phan bé tong) la
(200x1200)mm (cao X roéng), trong d6 ban duc sdn cé bé day bang
100 mm va 100 mm con lai sé dugc dé tai ché. Ban lam bang bé
tong c6 cuong do f' = 40 MPa. Mdi tdm duic san bao gém 6 tao cap
DUL c6 dudng kinh 9,6 mm vai dién tich 1a 55 mm2. Cap DUL la loai
tao 7 sgi, c6 d6 chung thap va cudng dé bang 1.860 MPa. Déi vai
ban S2-IM, S3-VCM, S4-SMF, 3 loai vat liéu chong chay tuong Ung sé
dugc phu lén mat dudi ctia ban. Bé day cua cac I6p vat liéu chéng
chay nay dugc thay déi tir 5 dén 15 mm véi budc thay déi la 5 mm.
Gia thiét rang cac 16p chdng chady bé mat chi c6 tac dung chéng
chay bang cach lam chdm qua trinh truyén nhiét trong bé tong ma
khong tham gia vao kha nang khang uén cua ban. Stc khang mo-
men cla ban & nhiét d6 thudng dugc tinh theo Tiéu chudn ACI 318-
19 va co gia tri tinh toan bang 90 kNm.

L&p bé téng d6 tai chd Tdm bé tong duc sén

. 3 |
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b) - Mdt cdt ngang Bdn S2-IM; $3-VCM; S4-SMF

Hinh 3. Mdt cdt ngang ban khdo sét

4.1.2. Vi du tinh todn

PE minh hoa cho quy trinh tinh toan stic khang mé-men cua
ban khao sat theo c& sa ly thuyét trinh bay & Muc 3, trong vi du nay,
gia thiét chay xuat phat tir phia dudi ban va cac I6p chéng chay bé
mat véi bé day bang 10 mm sé dugc phu 1én bé mat dudi ctia ban.
Bang 1 va 2 trinh bay cac dai lugng dugc xac dinh tur cac bang tra.
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Cac dai lugng nay dugc stir dung dé tinh toan stic khdng mé-men clia
bén khao sét tai thai diém 90 phat ké tir khi chiu chay véi dudng gia
nhiét tiéu chuan ASTM E119.TU bé day I16p chdng chay bé mat bang
10 mm, st dung Hinh A.3 theo hudng dan clia Gustaferro va Martin
[9], bé day I6p bé téng bao vé tuong duang va khoang cach tirtrong
tam thép téi bé mat I6p bé tong tuong duong dugc xac dinh. Hinh
4.4.2.2.a(b) trong ACI-TMS 216.1-14 cho phép ngudi dung xac dinh
dugc nhiét d6 cla bé tong va cta thép DUL tai khoang cach bat
ky (U 5 t&i 180 mm) tit bé mat chay & mot thoi diém bat ky tu thai
diém bat dau chay tai 240 pht chiu Ira. Tuong ty, Hinh 4.4.2.2.1b
cho phép xéc dinh cudng dé ctia cap DUL theo nhiét d6 tang dan.
T két qua thu dugc, chiéu cao viing chiu nén va stic khang mé-men
cUa tiét dién sau 90 phut chiu Itia dugc xac dinh (Bang 2). Két qua
cho thay, viéc strdung cac vat liéu chéng chay bé mat gitip lam giam
qua trinh suy gidm cudng dod chiu uén clia ban khi chiu tac dong clia
nhiét d6 chay. V&i S1-C (ban khong st dung I6p vat liéu cach nhiét
bé mat), sau 90 phut chiu Ita, ban mat di 49% kha nang khang uén.
Trong khi d6, 3 ban st dung I6p vat liéu cach nhiét chi mat 6% (d6i
VGi S3-VCM va S4-SMF) va 2% (d6i vGi S2-IM) kha nang khang uén.

Bang 1. Bé day I6p bé téng bao vé tuong duong va nhiét do
cap DUL tai 90 phut chiu IGa*

Ban Bé day I6p bé Khoang cachtir | Nhiét do tai trong
khao téng bdo vé tuong | bé méat bé téng téi tam tao cap
sat duong, mm (theo | trongtam cStthép | DUL (theo Hinh
Hinh A.5 [9] quy d8i, mm 4.4.2.2.1a(b) [8]
S1-C 0 40 430
S2-IM 65,3 105,3 156
S3-VCM 32,0 72,0 204
S4-SMF 30,2 70,2 210

*Két qua dugc trong bang tuong tng vdi bé day I6p chéng chdy
bé mdt bang 10 mm
Bang 2. Suc khang clia ban sau 90 phut chiu chay véi 10 mm
I6p chéng chay bé mat

Cusngdo | Cuongdo |
2 2 .~ 5 | chiukéo cGa | Chiéu cao
Ban khao | chiu kéo ctia cap DUL khi | viina chiu no
sit  |capDUL,f | P -" NI MU (oNm) | MM,
(MPa) »4 | pha hoai, f , | nén,mm
(MPa)

S1-C 902,1 884,6 7,15 45,66 0,51
S2-IM 1.813,5 1.742,8 14,10 87,97 0,98
S3-VCM 1.748,4 1.682,7 13,61 85,07 0,94
S4-SMF 1.739,1 1.674,1 13,54 84,65 0,94

4.2, Cac tham sé anh huéng téi kha nang chiu udn cia ban
st dung vat liéu chéng chay bé mat

4.2.1. Anh huéng ctia bé day I6p chéng chdy bé mat

Hinh 4 biéu thi stic khang con lai ctia S2-IM, S3-VCM va S4-SMF
sau 90 phut chiu Itia khi bé day I6p vat liéu chéng chay bé mat thay
dé&i tir 5 dén 15 mm véi budce thay déi 1a 5 mm. Can dugc chd thich
rang, d6i véi ban st dung vat liéu IM, chiéu day khuyén nghi cua
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IM khong vuot qua 12,7 mm (0,5 in.) [9]. Do d9, gid tri clia S2-IM véi
I6p IM day 15 mm khéng dugc dua vao trong biéu dé. C6 thé thay
trén Hinh 4, hiéu qua chéng chdy (dugc biéu thi thong qua ty s6 suic
khang con lai so véi stic khang ban dau) tang khi bé day 16p chéng
chay bé mat tang tur 5 dén 15 mm. Thém vao do, véi cuing chiéu day
I6p chéng chay bé mat, IM cho két qua chéng chay tot nhat, tiép
dén laVCM va SMF.V6i cling bé day la 10 va 15 mm, hiéu qua chéng
chay ctia VCM va SMF gan nhu tuong duong.
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Hinh 4. Sy suy giam md-men khéng udn theo chiéu day I6p vat liéu chdng chdy bé mét

4.2.2. Anh huéng cta thoi gian chdy

Hinh 5 biéu thi su thay d6i ty s6 M_/M, theo thdi gian cla 4
ban khao sat v6i 10 mm vat liéu chong chay khac nhau. Két qua cho
thay, S1-C (ban khong st dung vat liéu chéng chay bé mat) c6 do
suy gidm mo-men khang u6én nhanh nhat theo thai gian, véi suc
khang mo-men con lai sau 180 phut chiu Ira bang khoang 18% so
vGi cudng do ban dau. Trong khi d6, S2-IM duy tri kha nang khang
uén con trén 90% sau 180 phut chiu I, chiing té kha nang béo vé
két cau khoi nhiét d6 chay vuot troi theo thai gian. S3-VCM va S4-
SMF c6 kha nang chéng chay gan tuong duong nhau va c6 hiéu qua
tét hon trong vong 90 phut chiu chay dau tién. Sau dé, téc do suy
giam cudng d6 ctia ban sit dung VCM va SMF gan tuong duong vai
S1-C (ban khoéng st dung vat liéu chay bé mat). Tuy nhién, sau 180
phut chiu Ita, S3-VCM va S4-SMF van duy tri stic khdang mé-men &
muic trén 60% so vdi stic khang ban dau va gap hon 3 1an stic khang
mo-men cla ban khong st dung vat liéu chay bé mat (S1-C). Do
vay, c6 thé thay réng, I6p chéng chay bé mat gilp gidm dang ké su
suy gidm suc khang moé-men theo thoi gian chdy cla ban bé tong
c6t thép DUL.
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Hinh 5. Su suy giam md-men khéng udn theo thai gian chdy

5. KET LUAN

Bai bao trinh bay nghién ctiu vé anh hudng cla cac vat liéu
chéng chay bé mat téi su suy giam kha nang chiu uén cta ban bé
téng DUL chiu nhiét do chay. Ba loai vat liéu chong chay bé mat bao
g6ém vét liéu chéng chay truong né (IM), vita chéng chay vermiculite
xi mang (VCM) va sgi khoang phun (SMF) dugc khao sat. Stic khang
mo-men theo thdi gian chay ctia ban bé tong DUL cé va khéng s
dung vat chiéu ch6ng chay bé mat dugc tinh toan dua trén cac tiéu
chudn ACI 318-19, ACI-TMS 216.1-14 va huéng dan clia Gustaferro
va Martin. Anh hudng clia bé day I6p vat liéu chéng chay va thoi
gian chay téi hiéu qua chéng chay thong qua muic d6 suy giam kha
nang chiu uén theo thai gian chdy dugc khao sat. Dya vao két qua
tinh toan, moét s két ludn quan trong dugc rut ra:

- Su suy giam kha nang khang uén theo thaoi gian chay giam
vGi bé day cta ldp chéng chay bé mat tang.

- $1-C (ban khéng stirdung 16p chéng chay bé mat) mat di gan
50% cudng do chiu uén sau 90 phut chiu Itra. Tuy nhién, véi viéc st
dung 10 mm |3p chéng chay bé mat, S2-IM va S3-VCM duy tri kha
nang khang uén & miic 94% so vai cudng dé ban dau trudc khi chay.
Déc biét, S2-IM duy tri kha nang nay & muc 98%.

- V&i cling bé day 16p chéng chéy 1a 5 va 10 mm, IM cho hiéu
qua chéng chay tot nhat. Hiéu qua chéng chay cta VCM va SMF gan
nhu tuong duong vai bé day phu la 10 hay 15 mm.

- Tai 180 phut ké tir thoi diém chay, cac 16p vat liéu chéng chay
bé mat van phat huy tot hiéu qua chiu nhiét d6 cao.

- Viéc st dung 16p chéng chay bé mat gilp gidm dang ké su
suy gidam kha nang chiu uén cia ban bé téng DUL khi chay. Do vay,
¢6 thé can nhic st dung cc loai vat liéu chéng chay bé mit cho cac
céng trinh yéu cau kha nang chiu Itia cao trong moi trudng c6 nguy
co xay ra hda hoan.

L&i cdm on: Nghién ctu nay dugc tai trg bdi Trudng Dai hoc
Xay dung Ha No6i véi DE tai ma s6 12-2025/KHXD.
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