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Tom tat: Céc thir nghiém thir nghiém phan (ng
vGi ltra cua vét liéu xady dung nhw ASTM E84, ISO
9705 va EN 13823 thuong duoc thuc hién trén méu
thir c6 kich thuée tuong dbi I6m va doi héi thiét bi thor
nghiém phtrc tap. Dé dw béo mot sé chi tiéu phan
tng voi liva cua vat lidu duoc thir nghiém trén méu
kich thuéce I6n, ¢6 thé str dung mé hinh duoc dé xuét
béi Janssens va phdn mém ConeTools két hop céc
két qua thir nghiém dbt thure hién trén thiét bj do nhiét
ltgng hinh nén cut (Cone Calorimeter) véi méu thir
kich thuwéc chi 100 mm. Dé danh gid kha néng ung
dung cta cac phuwong phap da dwoc dé xuét khi st
dung céc thiét bj hién cé tai Viét Nam, nghién ctru nay
da tién hanh the nghiém trén 3 loai véat liéu gébm
plywood, van dam dinh huéng (OSB) va gb théng tai
céc murc bire xa 25 kW/m? va 50 kW/m?2. Dt liéu téc
do gidi phéng nhiét (HRR) va téc dé sinh khéi (SPR)
thu dwoc qua tht nghiém trén Cone Calorimeter
duoc st dung lam dau vao dé duw bao céc chi tiéu tho
nghiém theo ASTM E84 gém chi sé lan truyén Itra
(FSI), chi sé sinh khoi (SDI), ciing nhw cac chi tiéu
thir nghiém theo ISO 9705 va EN 13823 gbém téc do
phét trién dam chéy (FIGRA) va thoi gian xay ra bat
chéy toan dién (). Dw béo vé phan loai chi tiéu phan
trng Vv6i Itra cua cac mau duoc thir cédn cw trén div
ligu tr Cone Calorimeter da dugc doi chiéu voi két
qué tuong trng thu duoc tor thie nghiém trén méu kich
thuéc Ion. Két qué dbi chiéu cho thay su tuong déng
khé tét gitka 2 cach tiép can.

T khoéa: thir nghiém phan (rng véi Itra, chi tiéu
phén (g véi Itva, cone calorimeter (ISO 5660-1); tbc
dé giai phong nhiét (HRR); téc d6 sinh khéi (SPR);
tbc dé phat trién dam chay (FIGRA); mé hinh
Janssens; ConeTools; chi sé lan truyén Itva (FSI); chi
sé sinh khoi (SDI); bt chay toan dién (flashover).

Abstract: Reaction to fire tests for construction
materials, such as ASTM E84, ISO 9705, and EN
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13823, are generally conducted using relatively large
test testing
equipment. To predict the reaction to fire of materials
in larger-scale tests, models developed by Janssens
and the ConeTools software can be used, with input
data obtained from Cone Calorimeter tests using
specimens measuring only 100 mm x 100 mm. To
evaluate the applicability of these approaches using
testing facilities available in Vietnam, this study
investigated three types of materials, namely
plywood, oriented strand board (OSB), and pine
wood, using a Cone Calorimeter at incident heat
fluxes of 25 kW/m? and 50 kW/m? The heat release
rate (HRR) and smoke production rate (SPR)
obtained from the Cone Calorimeter tests were used
as input data to predict the characteristic parameters
of ASTM E84, including the Flame Spread Index (FSI)
and Smoke Developed Index (SDI), as well as the
characteristic parameters of the ISO 9705 and EN
13823 fire tests, including the Fire Growth Rate Index
(FIGRA) and time to flashover (ti). The predicted fire
reaction parameters were compared with the
corresponding results obtained from larger-scale fire
tests.
agreement between the two sets of results.

specimens and require complex

The comparison showed relatively good

Keywords: reaction to fire test, reaction to fire
properties, cone calorimeter (ISO 5660-1); heat
release rate (HRR); smoke production rate (SPR);
fire growth (FIGRA); Janssens model;
ConeTools; flame spread index (FSI); smoke
developed index (SDI); flashover.

rate

1. Giéi thiéu

Mét trong nhirng ndi dung can xem xét khi thiét
ké vé an toan chay cho nha va cong trinh |a phai danh
gia dwgc kha nang tham gia cda vat liéu xay dwng
vao su hinh thanh va phat trién dam chay ciing nhw
cac yéu td nguy hiém ctia dam chay, dé chinh Ia tinh
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nguy hiém chay cda vat liéu xay dwng. Viéc phan loai
tinh nguy hiém chay cla vat liéu xay dwng can cin
cl vao cac thir nghiém phan &ng v6i Itra dé xac dinh
cac dac tinh ky thuat vé chay lién quan [1]. Cac thir
nghiém dbét (thuéc nhédm phan trng véi Ira) quy md
trung binh va quy mé I&n [2] twong ng thwe hién
trén mau c6 kich thuwéc Ién nhat dén 3 m va hon 3 m
(dwai day goi chung la mau kich thuwée 16n). Méi qubc
gia hodc khu vuc cé thé ap dung phwong phap thir
nghiém phan (rng v&i Ira theo céc tiéu chuan khac
nhau. Lién quan dén céac dac tinh nhw mdc dd lan
truyén Ira, mrc dd sinh khéi va kha nang dan dén
giai doan bat chay toan dién trong khoang chay & cac
didu kién khac nhau, thwong st dung cac phwong
phap thtr nghiém tiéu chuan theo ASTM E84 (Steiner
Tunnel Test) [3], ISO 9705 (Room Corner Test) [4] va
(Single Burning Item — SBI) [5]. C&n ct vao yéu cau
ddi véi kich thwére mau thir, co thé xép ASTM E84 va
ISO 9705 vao nhém thir nghiém dét quy mé 1én, con
EN 13823 c6 thé x&p vao nhém thir nghiém dét quy
mo trung binh [2]. K&t qua cla cac phép thir nay
thwong dwoce sir dung lam co s& cho phan loai vat
liéu theo cac hé théng tiéu chudn cta My bao gdm
NFPA 101 [6], IBC [7] hodc ctia chau Au [8].

Céc thtr nghiém dbt néu trén dwoc thuwe hién trén
cac mau kich thwdc Ion thuwdng doi hai vé thiét bi va
diéu kién moi trwong cho th&r nghiém phtrc tap. Cu
thé mau thr, ASTM E84 yéu cau kich thuéc dai 7,32
m va réng 0,508 m, ISO 9705 yéu cau mau vat liéu
can danh gia phai phu 1én cac bé mat ctia phong thiv
v&i tbng dién tich khodng 20 m2, con EN 13823 yéu
cau mau vat liéu can danh gia khoang hon 3 m2. Bén
canh d6, dé cé thé thuc hién dwoc cac thir nghiém
nay, ha tdng phong thtr nghiém con can hé théng
théng gio, thiét bi do va phan tich cac san phdm khi
sinh ra sau chay va khéng gian thtr nghiém chuyén
dung [9], [10]. Nhitng yéu t6 ké trén c6 anh hwéng
nhiéu dén chi phi tuan tha cta xa hoi, dac biét trong
trwdng hop quy dinh vé quan ly chat lwgng cong trinh
xay dwng doi hdi ap dung riéng két qua thtr nghiém
dbi véi tirng cong trinh, ddng thai ciing la nhirng tré
ngai cho céng tac nghién ctru khoa hoc hoac nghién
ctru phat trién san pham khi can phai thwc hién thir
nghiém trén mot sb lwong Ién mau thor.

Dé khéc phuc nhitng van dé trén, viéc nghién
ctu, xay dwng mdi quan hé gitra két qua tir cac thir
nghiém phan (ng véi Ira trén mau kich thwédc nho,
két qua thtr nghiém phan &ng véi Ira trén mau kich
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thwde lon da dwoc quan tadm trong linh viee ky thuat
an toan chay [11]. Trong s cac phuong phap thir
trén mau kich thwéc nhé thi thir nghiém s dung thiét
bi do nhiét lwgng hinh nén cut (Cone Calorimeter)
theo tiéu chuan ISO 5660-1 [12] dwoc ap dung twong
ddi phd bién nher kha nang xac dinh tbe d6 giai phong
nhiét (HRR) dwa trén nguyén Iy xac dinh khéi lvong
6 xy dwoc tiéu thu bdi sw chay [13]. Cac di liéu thu
duworc tir Cone Calorimeter gdm HRR (day dwoc xem
la tham sé dac trung cho mirc dd nguy hiém chay cta
vat liéu [14]), SPR, th&i gian bét chay (t;,) va suy gidm
khéi lwong (ML) da dwoc st dung trong nhiéu nghién
ctvu nham xay dwng méi lién hé véi két qua tir cac
the nghiém dét mau kich thwéc 16n, dién hinh nhw
[15] va [16].

M6t trong cac hwéng tiép can tiéu biéu [a md hinh
Janssens, dwoc phat trién nham dw bao cac két qua
th&r nghiém theo ASTM E84 gbém chi sb lan truyén Ira
(FSI) va chi sb sinh khéi (SDI) tir di¥ lieu Cone
Calorimeter [17]. Song song d6, phadn mém
ConeTools do RISE (Thuy Dién) thiét ké va xay dwng
cho phép st dung di¥ liéu HRR va tjg thu dworc tw the
nghiém bdng Cone Calorimeter d& dw bao cac két
qua th®r nghiém theo ISO 9705 va EN 13823, bao
gdm thoi gian dén bat chay toan dién (t), tbc d6 phat
trién dam chay (FIGRA) va dién bién theo thoi gian
cla téc dd gidi phong nhiét trong khéng gian chay
[18], [19].

Tai Viét Nam, thoi gian gan day nhu cau thuc
hién th& nghiém phan (rng véi Iva dé danh gia vat
liéu theo céc tiéu chuan québc té ngay cang gia tang
trong khi ngudn luc danh cho th nghiém ciing con
nhiéu han ché. Vi vay, viéc nghién ciu kha nang rng
dung di liéu Cone Calorimeter trong dy bao cac chi
tiéu phan &ng vdi Itra tir cac thir nghiém trén mau
kich thuwdc 1én ¢ y nghia thuce tién trong viéc gidm
chi phi thir nghiém, tiét kiém vat liéu va hd tro sang
loc vat liéu trwdre khi thye hién cac phép thir mau kich
thwéc I6n. Tuy nhién, dé cé co sé& khang dinh vé kha
néng ap dung ciing nhw thiét 1ap mot quy trinh trién
khai phu hop véi nhitng diéu kién ha tang phong thi
nghiém, thiét bj thr nghiém hién c6 & Viét Nam thi
viéc thwe hién cac thir nghiém mang tinh déi chiéu
v&i nhitng két qua da co |a rat can thiét.

Nghién ctru nay tap trung danh gia kha nang st
dung di¥ liéu Cone Calorimeter dé dw bao cac dic
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tinh ky thuat vé chay ctia vat liéu khi thtr nghiém theo
ASTM EB84, ISO 9705 va EN 13823 théng qua md
hinh Janssens va phan mém ConeTools. Ba loai vat
liéu gdm van plywood, van dam dinh huéng (OSB)
va gb théng duoc st dung lam ddi twong nghién ctru
nhdm bwéc dau danh gia kha nang ap dung phuong
phap dw bao dbi v&i cac nhém vat lieu gb thuong
dung lam vat liéu hoan thién twéng, tran trong cong
trinh xay dwng.

2. Co s& ly thuyét
2.1 Ther nghiém trén Cone Calorimeter

Cone Calorimeter theo ISO 5660-1 la thiét bj ther
nghiém dbét déi véi mau thir cé kich thwédc nhéd dwoc
st dung rong rai dé danh gia tinh nang chay cta vat
liéu [13]. Viéc xac dinh cac chi tiéu phan rng voi Itra
cla vat liéu bang thiét bj nay dwa trén nguyén ly xac
dinh khéi lwong éxy dwoc tiéu thu béi sw chay, theo
do lweng nhiét gidi phong trong qua trinh chay ty 1é
vOi lwong 6xy bj tiéu thu [20].

Tha nghiém trén Cone Calorimeter yéu cau mau
thtr co kich thwée dai 100 mm x réng 100mm véi
chiéu day Ién nhat cho phép 50 mm. Mau dwoc dat
dwdi bo gia nhiét hinh nén cut va chiu tac déng bai
blrc xa nhiét cé cwdng dd xac dinh. Cac murc blrc xa

thwong dwoc s dung nam trong khoadng tir 25
kW/m2 dén 75 kW/m2 tuy thuéc muc dich nghién ctru
va loai vat liéu [12]. Trong nghién ctru nay, sé liéu thir
nghiém trén Cone Calorimeter & m&c blrc xa 50
kW/m?2 dwoc st dung két hop phdn mém ConeTools
dé du bao cac chi tiéu thtr nghiém theo 1SO 9705 va
EN 13823 va muirc birc xa 25 kW/m? dwoc str dung
cung vé&i mé hinh Janssens dé du bao cac chi sb thr
nghiém theo ASTM E84.

Cac thong sb co ban tir thtr nghiém trén Cone
Calorimeter dung trong nghién ctru nay dwoec trinh
bay téng hop trong Bang 1. V&i loi thé vé mau thir co
kich thwéc nhé va kha néng cung cap nhiéu chi tiéu
phan (rng v&i Itra cha vat liéu nén thir nghiém trén
thiét bi Cone Calorimeter dwoc xem nhw mét cong cu
hiéu qua trong sang loc vat liéu va s dung cho
nghién clru quan hé gitra cac két qua thir nghiém dét
trén mau kich thwdc nhd phan (rng véi Ira clia mau
kich thwéc 16n [25]. Trén thwc té bén canh viéc st
dung cac di¥ liéu nay dé xay dwng phwong phap dw
b&o chi tieu phan (rng vé&i Iva cla cac mau kich
thwae Ién, chdng con dwoc sir dung rong rai trong
mé hinh chay d& mé phéng sy phat trién dam chay
[15], [16].

Bang 1. Cé4c théng sé co ban khi thir nghiém trén Cone Calorimeter st dung trong nghién ctru

STT Ky hiéu Tén thong sb Bon vi
1 HRRcone Téc d6 giai phong nhiét cia mau kW/m?
2 SPRcone Tbc d6 sinh khoi m?/s
3 tig, Cone Thoi gian bat chay ctia mau s
4 ML Suy gidm khéi lwong clia mau g
5 THRcone Tbng nhiét lwong giai phong trén don vi dién tich MJ/m?

2.2 Phan mém ConeTools va dw bdo cdc két qua thir nghiém theo ISO 9705, EN 13823

Ky hiéu cac thong sb co ban tir cac thir nghiém theo tiéu chuén khéac va tir viét tit st dung trong nghién

ctru nay dugc trinh bay trong Bang 2.

Bang 2. Giai thich tir viét tat va céc thong sb co ban khi thtr nghiém theo céc tiéu chudn khac

STT Ky hiéu Tén thong sb / tir viét tit Pon vi
1 HRRRrcT Tbc dod gidi phéng nhiét xac dinh qua th&r nghiém 1ISO 9705 kW
5 te Théi gian xay ra bat chay toan dién xac dinh qua thir nghiém s

ISO 9705
3 FIGRASss Chi sb téc do phat trién chay xac dinh qua th&r nghiém SBI W/s
4 RCT Room Corner Test — cau hinh th&r nghiém géc phong theo _
ISO 9705
5 SBI Single Burning ltem — c4u hinh thtr nghiém vé&i mét ngudn B
chay don theo EN 13823
ES| Chi s6 lan truyén Itra b& mét xac dinh qua th nghiém ASTM
E84 B
7 SDI Chi s sinh khéi xac dinh qua thte nghiém ASTM E84 —
22 Tap chi KHCN Xay dung - s6 3/2026
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ConeTools la cong cu dy bao dwgc phat trién tir
nhirng nam 2000 trong khuén khd cac nghién clru
ctia SP Fire Research (nay la RISE — Thuy Dién), dén
nay da tré thanh phan mém thwong mai c6 ban
quyén v&éi muc dich s dung di* liéu Cone
Calorimeter dé danh gia cac chi tiéu phan tng voi
Itra cta vat liéu trén mau kich thwdc Ién [18], [19].
Co6ng cu nay cho phép chuyén déi dir liéu HRRcone
thanh cac chi tiéu phan ng vai Itra khi thdr nghiém
theo 1ISO 9705 va EN 13823. Bé xay dwng phdn mém
dy bao ConeTools, nhém nghién clru da tién hanh
thtr nghiém trén Cone Calorimeter khoang 80 mau
san phdm khac nhau, da dang tir gb théng, van
plywood, nhya, thach cao, van dam pht Iép trewong
né&, bong khoang, foam PU... Va dbi chiéu véi cac
két qua thtr nghiém theo 1ISO 9705 va EN 13823 [18],
[211.

Déi vé&i ISO 9705, ConeTools st dung HRRcone
va tgcone t két qud thk nghiém trén Cone
Calorimeter lam d@ liéu dau vao dé mé phdng sw
phat trién cla vling chay trén bé mat vat liéu va dy
bao tbc dd giai phéng nhiét cia toan bd khoéng gian
ther nghiém (HRRRgc7). Thoi gian xay ra bat chay toan
dién tr dwoc xac dinh ti biéu dd quan hé HRRgcr,
theo thoi gian tng véi thoi diém HRRger dat 1000
KW [18], [22].

DPéi voi EN 13823, ConeTools cho phép dw bao
cac tham sb d&c trwng nhuw FIGRA, THReoos va dién
bién phat trién chay ghi nhan dwoc qua thir nghiém
SBI [19]. Chi s6 FIGRA va THReoos duwoc st dung
réng rai trong hé thdng phan loai Euroclass nhdm
danh gia téc do phat trién chay cda vat liéu [8].

Cac két qua dy bao khong thay thé hoan toan
cho thtr nghiém ISO 9705 hodc EN 13823 thuc té,
nhwng cho phép danh gia so bd xu huéng phat trién
chay cla vat liéu v&i chi phi va quy md th&r nghiém
nhd hon dang ké.

2.3 M6 hinh Janssens dw béo két qua thir nghiém
theo ASTM E84

ASTM E84 la phwong phap thr nghiém dét mau
kich thwéc Ién dwoc st dung dé danh gia dac tinh
lan truyén Ilra b& mat va sinh khéi cia vat lieu xay
duwng. Két qua thtr nghiém dwoc biéu thi thong qua
hai chi sb chinh gém FSI va SDI dwoc dung trong
danh gia va phan loai vat liéu theo NFPA 101 va
International Building Code (IBC) [3], [6], [7].

Tap chi KHCN Xay dung - sé 3/2026

Janssens va céng sy da xay dwng mo hinh toan
—ly nhdm du béo két qua thir nghiém ASTM E84 tiy
di¥ liéu thtr nghiém trén Cone Calorimeter va th
nghiém dbi chirng trén hé théng thiét bi theo ASTM
E84 trén co s& di¥ liéu clia 12 loai vat liéu nhw van
Plywood, thach cao, gidy dan twéng, van ddm dinh
hwong (OSB), gd thong, tAm nhwa cét soi thay tinh. ..
[16], [25].

Trong mé hinh Janssens, dit liéu HRRcone Va
tig,cone ¢ két qua thir nghiém trén Cone Calorimeter
dwoc st dung d& md phéng sy phat trién cta ving
chay va su lan truyén ctia ngon Ira trén bé m&t mau
trong diéu kién ther nghiém theo ASTM E 84. Dua
trén quan hé cla chiéu dai lan truyén cta ngon Ira
theo thoi gian, dién tich dwéi dwong cong lan truyén
Itra dwoc st dung dé dw bao chi sé FSI. Béng thoi,
di¥ liéu SPR dwoc str dung dé dy bao mirc dd sinh
khéi va xac dinh chi sé SDI [17].

M6 hinh Janssens khéng nham thay thé hoan
toan thr nghiém ASTM E84 thyc té ma duoc s
dung nhw mét cdng cu hé tro dw bao va sang loc vat
liéu trwdc khi thwe hién cac thé nghiém mau kich
thwoc lon [25]. Do dé, két qua dw bao phu thudc vao
loai vat liéu, diéu kién thcr nghiém va pham vi ap dung
clia mo hinh.

3. Vat liéu va phwong phap nghién ciru
3.1 Véat liéu thar nghiém

Ba loai vat liéu gdm van plywood day 12mm, van
dam dinh hwdng (OSB) day 20mm va gé théng day
26mm dwoc lya chon lam mau thr dai dién cho cac
nhom vat liéu gé ky thuat va gbé tw nhién thwong st
dung trong cdng trinh xay dwng. Cac mau th&r duoc
st dung & trang thai hoan thién cGa san pham
thwong mai, gitr nguyén chiéu day thuc té, khong
thwc hién thém cac cdng doan gia cbng hoac hoan
hién bé mat trwdc khi thoe nghiém ngoai viéc gia cong
thanh cac miéng mau co kich thwéc dai 100mm x
réng 100mm phu hop véi yéu cdu cla thiét bi Cone
Calorimeter theo ISO 5660-1 [12].

Van plywood dwgc ché tao tir nhidu I6p gb méng
lién két bang keo dwéi tac dung cla nhiét va ap suét.
OSB la vat liéu gb ky thuat dwoc tao thanh t cac
d&m gb dinh hwdng két hop véi chat két dinh polymer
nhiét rén. Trong khi d6, gb théng la vat lieu gd tw
nhién thwong dwoc st dung trong cac trng dung noi
that va két ciu nhe. Viéc lwa chon ba loai vat liéu nay
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nhdm danh gia kha nang ap dung cac mé hinh dw
bao dbi v&i cac nhém vat liéu da dang c6 cau trdc va
d&c tinh chay khac nhau, ddng thoi 1a nhirtng mau ¢
tinh twong déng & mirc d6 nao d6 v&i cac nhém mau
ma cac nhdm nghién clru da s& dung dé thiét ké
phan mém ConeTools ciing nhw xay dwng cong cu
dv bao cua Janssens [26], [27].

Vé&i dw bao cac két qua thlr nghiém theo ISO
9705 va EN 13823: s&v dung 01 mau dbi véi mdi loai
vat lieu thtr nghiém & cap blrc xa 50 kW/m?2. Véi dw
bao cac chi sb theo ASTM E84, sir dung 06 mau/01
loai vat liéu thtr nghiém lan lwot, méi mau tai mot cap
btrc xa tlr 50 kW/m?2, 45 kW/m2, 40 kW/m2, 35 kW/m?2,
30 kW/m2va 25 kW/m2. Trong mét sb trwong hop, khi
do tin cay ctia phép hdi quy trong xac dinh thoi gian
bat chay dw bao clia bé mat vat liéu trong dwérng hdm
Steiner chwa ddm bao, mét sé mau dwoc thir thém
tai cac mirc birc xa nhw 55 kW/m2, 20 kW/m?Z...

M@i loai vat liéu trwdc khi thlr nghiém da dwoc
kiém tra kich thwéc (chiéu dai, chiéu rong, chiéu day)
va dé trong diéu kién 6n dinh dén khdi lwong khong
ddi theo quy trinh néu trong I1SO 5660-1. D6 4m cla
mau sau dudng hé duwoc xac dinh trwdc khi thir
nghiém va ndm trong khoang 8 dén 10%.

3.2 Thar nghiém Cone Calorimeter

Cac thir nghiém dwoc thuc hién trén thiét bj Cone
Calorimeter theo tiéu chuan ISO 5660-1 [12]. Mau
thir co kich thwéc danh nghia 100 mm x 100 mm va
dwoc dat ndm ngang dwdi bd gia nhiét hinh nén
(cone heater). Trong qué trinh th(r nghiém, bé mat
mau chiu tac déng clia dong nhiét birc xa khéng déi
va dwoc gay bat chay bang bo danh Ilra dién theo
quy trinh tiéu chuan.

Trong nghién clru nay, hai mic blrc xa nhiét
duoc st dung gobm 50 kW/m2 va 25 kW/m2. Két qua
th&r nghiém & murc birc xa 50 kW/m?2 dwoc st dung
cho cac dy bao 1ISO 9705 va EN 13823 thdng qua
phan mém ConeTools trong khi két qua thtr nghiém
& murc blrc xa 25 kW/m? dwoc st dung lam di liéu
dau vao cho mé hinh Janssens nham dw bao cac chi
s theo ASTM E84.

Cac dir liéu thu thap tr Cone Calorimeter bao
g6m HRRcone, SPRcone, tig,cone V& ML theo thdi gian.
D liéu dwoc ghi nhan lién tuc trong subt qua trinh
thr nghiém phu hop theo 1ISO 5660-1 [12], [23].
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3.3 Quy trinh dw bao theo ConeTools

Vé&i mébi loai vat liéu, 01 mau dwoc thér nghiém
trén Cone Calorimeter & cip birc xa 50 kW/m?2 theo
quy trinh ISO 5660-1 d& ghi nhan HRRcone Va tig,cone
dé st dung lam di lieu dau vao cho phan mém
ConeTools nhdm dw bao cac dac trwng chay theo
ISO 9705 va EN 13823 [18], [19].

Déi véi kich ban I1SO 9705, ConeTools duwoc sl
dung dé& dw bao dién bién tbc d6 tda nhiét cla toan
bd khéng gian chay theo th&i gian (HRRgcr (t)). Trong
nghién ctru nay, ngwdng HRRgrcr = 1000 kW duwoc
st dung dé xac dinh tr theo théng 1& 4p dung trong
cac nghién ctru ISO 9705 [4], [22]. Bbi véi kich ban
EN 13823, phan mém dwoc st dung dé du bao cac
thong sb d&c trwung clha thtr nghiém SBI, bao gébm
di&n bién HRRsa;, chi s6 FIGRA va THReoos [8], [19].
3.4 Quy trinh dw bao theo mé hinh Janssens

D6i véi mdi loai vat liéu, 06 mau dwoc thte nghiém
trén Cone Calorimeter lan lwot tai cac cip bic xa
nhiét (ky hiéu la 4"¢) I&n lwot 1a 50 kW/m?2, 45 KW/m2,
40 kW/m2, 35 kW/m2, 30 kW/m?2 va 25 kW/m2 nham
xac dinh tig cone tai tirng cAp birc xa nhiét. V&i cp blire
xa 25 kW/m2, méau thir sé dwoc thir nghiém theo quy
trinh day dd theo ISO 5660-1 d& ghi nhan HRRcone,
SPRcore Nham s dung lam dau vao cho mé hinh
Janssens nham dw bao cac chi sd FSI va SDI theo
ASTM E84 [17], [25]. Tir cac gia tri tg.cone ghi nhan
duoc tai tirng cAp birc xa nhiét néu trén, thong lwong
nhiét t&i han gay bét chay bé mat vat liéu ¢"c, va hé
sb b dwoc xac dinh theo phwong phap héi quy cla
Janssens v6i b a hé sé géc cla dueng hodi quy biéu
di&n mdi quan hé gitra §"«/ §"e va \/E. V&i théng
lwong nhiét tr ngon Itra cla dau dét trong mé hinh
Steiner Tunnel dwoc lay 1a q”» = 35 kW/m2, thdi gian
bét chay duw bao tig runner clia vat liéu trong diéu kién
ther nghiém Steiner Tunnel, ky hiéu la tig rune duoc
tinh theo phwong trinh:

N 2
_ q cr
tig,Tunnel - bq_"
b

tig Tunner - th&i diém bét chay dw bao cla bé mat
vat liéu theo ASTM E 84;

trong do:

q"cr — thong lwong nhiét téi han gay bét chay bé
mat mau;

§"»— thdng lwong nhiét ctia ngon Itra d4u dbt theo
ASTM E 84, Iéy = 35 kW/m?;
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b — hé sé géc clia dwdng hdi quy mdi quan hé
"o/ "o va [Ty,

Cac két qua thu dwoc trong nghién ctru 13 két qua
dw bao tr mé hinh Iy thuyét dwa trén di liéu Cone
Calorimeter va khong thay thé truc tiép cho két qua
thir nghiém ASTM E84 thyc té.

4. Két qua thir nghiém va phan tich déi chiéu

Cac dir lieu thr nghiém thu dwoc tir Cone
Calorimeter nhw HRRcone V& SPRcone, cac két qua dw
bao chi s chay dac trung ciia ASTM E84, ISO 9705
va EN 13823 nhw FSI, SDI, t+ , FIGRA dwgc trinh
bay trong cac biéu dd dwai day.

4.1 Mau vén plywood

a) Thir nghiém trén Cone Calorimeter & cap birc xa
50 kW/m?

120
100 "\

0 7%@&%

HRR oo (KW/m2)

0 100 200

Thoi gian (Giay)

300 400 500 600

Hinh 1. HRRcone (thir nghiém & cap birc xa 50 kW/m?)

Két qua ther nghiém Cone Calorimeter cua
mau plywood tai mirc birc xa 50 kW/m?2 cho thay
dwong cong HRRcone dat gid tri cuwc dai khoang 170

1400
1200 / \\
3000

£800 .

3 HRRRCT_du bao — 1000 kW

['4
04
% 400 /

200 —
0
0 200 400 . 600 _ 800 1000 1200
Thoi gian (Giay)

kW/m?2 khoang giay th&r 100 (Hinh 1). Sau khi dat dinh,
HRRcore gidm dan va duy tri & mirc khoang tir 70
kW/m2 dén 90 kW/m? trong giai doan chay sau.

-0 FIGRASsgImax = 63,56 W/s (gidy 152)
40 / N\
20 / D
20 I \
o A

4

0 100 200 300 400 500 600
Thoi gian (Giay)

FIGRAgg) gy bao (W/S)

Hinh 1a. HRRrcT dw bao theo ISO 705

T d@ liéu HRRcone Va tig,cone, ConeTools dw bao
céc dac trwng chay méu kich thwéce 1én va trung gian
theo 1ISO 9705 va EN 13823. Két qua dw bao theo
ISO 9705 cho thdy HRRgcr dat ngudng 1000 kW tai
khoang 600 giay, twong tng tr (Hinh 1a).

D6i véi kich ban SBI theo EN 13823,
ConeTools dy bao gia tri FIGRAsg cwc dai dat

Tap chi KHCN Xay dung - sé 3/2026

Hinh 1b. FIGRAss! dw bdo theo EN 13823

63,56 W/s tai khoang 150 giay (Hinh 1b). Buwdng
cong FIGRAsg, tdng nhanh trong giai doan dau va
giam dan sau khi dat dinh, phan anh xu huwéng phat
trién chay & murc trung binh cla vat liéu trong diéu
kién th&r nghiém SBI.

b) Thir nghiém trén Cone Calorimeter & cap birc xa
25 kW/m? va dw bao theo ASTM E84

25
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Hinh 2a. Chiéu dai lan truyén Itva dw bao theo ASTM E84
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Hinh 3. SPRcone (thi¥ nghiém & cép birc xa 25 kW/m?)

O murc birc xa 25 kW/m2, dwong cong HRRcone
cho thay téc dod phat trién chay thap hon dang ké so
v&i treong hop thir nghiém & 50 kW/m2, véi HRRcone
cwe dai dat khoang 130 kW/m?2 & giai doan 150 dén
170 gidy (Hinh 2). Trong khi d6, dwdng cong SPRcone
cho thay gia tri I&én nhat khodng 0,0075 m2/s trong thoi
gian tir 120 dén 150 gidy va gidm dan theo thdi gian.

Tw di¥ liéu HRRcone Va SPRcone tai mirc bilrc xa
25 kW/m2, mé hinh Janssens dwoc st dung dé dw

Hinh 3a. Dién bién sinh khoi dw béo theo ASTM E84

bao cac chi sé FSI va SDI theo ASTM E84. Két qua
cho thay gia tri FSI_ay bao = 110, trong khi SDI_ay bso
= 190. C4c gia tri nay cho thdy mau van plywood
duoc xép vao nhém Class C (phan loai theo NFPA
101) [6] trong cAu hinh th nghiém theo ASTM E84.

4.2 M3u véan dam dinh hwéng (OSB)

a) Thir nghiém trén Cone Calorimeter & c4p burc xa
50 kW/m? va dw bao theo ISO 9705 va EN 13823

300
250
€ \
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2 \
3
2 150 ~—
trS 1 —
&’ 100
I

50

0

0 100 200 300 400 500 600

Thoi gian (Giay)

Hinh 4. HRRcone (thi¥ nghiém & cép birc xa 50 kW/m?)

Két qua thtr nghiém Cone Calorimeter ctia mau
van dam dinh hwéng OSB tai mirc birc xa 50 kW/m?2
cho thdy HRRcone tdng nhanh ngay sau khi bat chay
va dat gia tri cwc dai khodng 270 kW/m? (Hinh 4)
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trong giai doan diu cla qua trinh chay. Sau khi dat
dinh, HRRcone gidm dan theo thdi gian nhwng van
duy tri & mirc twong ddi cao trong phan con lai cta
qua trinh th&r nghiém.
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Hinh 4a. HRRRrcT_dwbso theo ISO 9705

Tw di¥ liéu HRRcone Nnay, ConeTools dw bao
HRRgcr theo kich ban ISO 9705 dat nguwdng
1000 kW tai gidy 73 (Hinh 4a). Dbi v&i kich
ban SBI theo EN 13823, gia tri FIGRAss/-max_dw
bao dat 1458 W/s (Hinh 4b) trong giai doan dau
cla qua trinh chay. buwdng cong FIGRAss dv

200
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a1
o

L

0 200 400 600
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Hinh 4b. FIGRAsB!_dwbao theo EN 13823
pso dat dinh sé&m va gidm nhanh sau dé, phan
anh kha nang chay manh cla vat liéu trong céu
hinh SBI.
b) Thir nghiém trén Cone Calorimeter & cép birc xa
25 kW/m? va dw bao theo ASTM E84

FSI gyps0 = 135

O P N W M 01 O N

Chiéu dai lan truyén Ita g, ps0
(m)

300 400 500 600

o

100 200

Thoi gian (Giay)

Hinh 5. HRRcone (thi¥ nghiém & cép birc xa 25 kW/m?)

Hinh 5a. Chiéu dai lan truyén Itra du bdo theo ASTM E84
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Hinh 6. SPRcone (thtr nghiém & cép biic xa 25 kW/m?)

O mirc blrc xa 25 kW/m2, dwérng cong HRRcone
cho thay gia tri I1&n (khodng 170 kW/m2) trong giai
doan dau (Hinh 5) va SPRcoe tdng manh trong
khoang tir 50 gidy dén 150 giay dau tién (Hinh 6). Két
qué du béo theo ASTM E84 cho thdy mirc do lan
truyén Ilra phat trién manh theo thoi gian, twong (g
v&i gid tri FSI_aybs = 135 (Hinh 5a), ddng bd véi giai
doan lan truyén Itva manh mé, lwong khai sinh ra tang
dét bién trong cuing khoang thoi gian, twong (ng voi
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Hinh 6a. Dién bién sinh khéi dw bdo theo ASTM E84

SDI_ay bso = 315 (Hinh 6a). Cac gia tri nay cho thay
mau van OSB dwoc xép vao vao nhém Class C
(phan loai theo NFPA 101) [6] trong thlr nghiém theo
ASTM E84.

4.3 Mau gé théng

a) Thtr nghiém trén Cone Calorimeter & cép birc xa
50 kW/m? va dw bao két qué thir nghiém theo ISO
9705 va EN 13823
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Hinh 7. HRRcone (thi¥ nghiém & cép birc xa 50 kW/m?)
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Hinh 7a. HRRRrcT dy bso theo ISO 9705

Két qua thtr nghiém Cone Calorimeter ctia mau
gd théng tai mire birc xa 50 kW/m?2 cho thdy HRRcone
tadng nhanh trong giai doan dau va dat gia tri cwc dai
khoang tir 185 kW/m2 dén 190 kW/m?2 (Hinh 7). Sau
khi dat dinh, HRRcone gidm dan theo thoi gian nhung
van duy tri & mic twong dbi cao trong phan con lai
cla qua trinh thir nghiém.

Hinh 7b. FIGRAsB| dwbso theo EN 13823

Két qua duw bao theo ISO 9705 cho thay
HRRRgeT dr b0 dat ngwdng 1000 kW tai gidy 58. Doi
v&i kich ban SBI theo EN 13823, gia tri FIGRAss.
max_dw bao dat khodng 2100 W/s trong giai doan dau
cla qua trinh chay.

b) Thir nghiém trén Cone Calorimeter & cép burc xa 25
kW/m?2 va dw bdo két qua thir nghiém theo ASTM E84
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Hinh 8. HRRcone (thtr nghiém & cép birc xa 25 kW/m?)
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Hinh 8a. Chiéu dai lan truyén Itra dw bo theo ASTM E84
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Hinh 9. SPRcone (thir nghiém & cép birc xa 25 kW/m?)

O murc blre xa 25 kW/m2, mau gb thong van duy
tri HRRcone twong ddi cao trong phan Ién thoi gian
thtr nghiém va xuét hién dinh sinh khdi ré rét trong
khodng 80-120 giay dau tién. Két qua dw bao theo
ASTM E84 cho thay gia tri FSI gy bs =110 (Hinh 8a),
trong khi SDI gy ps0 = 195 (Hinh 9a). Cac gia tri nay
cho thdy mau gb théng duoc xép vao nhém Class C
(phan loai theo NFPA 101) [6] trong thir nghiém theo
ASTM E84.

5. Két luan

Nghién ctru d& cho nhitng co s& ban dau giup
danh gia kha nang str dung di liéu Cone Calorimeter
dé dw bao rng xt chay clia vat liéu hoan thién twéong,
tran trong cac phép th& mau kich thuwéc 16n théng
qua phan mém ConeTools va mé hinh Janssens. Ba
loai vat liéu 96m van plywood, van dam dinh hwédng
(OSB) va gb théng da dwoc thlr nghiém trén Cone
Calorimeter tai cac mirc blrc xa nhiét tlr 25 dén 50
kW/m2, cung cép di¥ liéu diu vao cho cac mé hinh
dw bao. Két qua cho thy dir liéu Cone Calorimeter
c6 thé dwoc khai thac d& dw bao cac dai lwong dac
trwng clia cac th& nghiém dét mau kich thwéc Ién,
gdm FSI va SDI theo mé hinh Janssens, t trong thir
nghiém theo ISO 9705 va FIGRA c4u hinh EN 13823.

Két qua dy bo cho thay sw khac biét ré rét vé xu
hwéng phat trién chay gitra cac loai vat liéu. Plywood
c6 xu hwéng phat trién chay cham hon, thé hién qua
gia tri tr I&n hon va cac gia tri FSI, SDI twong dbi
thap. Nguoc lai, OSB va gb thdng thé hién kha nidng
phat trién chay nhanh hon, véi gia tri FIGRA I1&n va
gia tri tr nhd hon. Nhirng két qua nay bwédc dau cho
thay dir liéu Cone Calorimeter c6 kha ndng cung cp
thong tin hivu ich dé dw bao xu hwéng phan (rng véi
Itra clia cac vat liéu trwde khi tién hanh cac phép tho
mau kich thwdc 1on.
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Hinh 9a. Dién bién sinh khéi dw bao theo ASTM E84

Viéc st dung Cone Calorimeter két hop v6i
ConeTools va md hinh Janssens cé y nghia thwc tién
ddi v&i hoat ddng nghién ctru, phat trién va sang loc
vat liéu tai Viéet Nam. So véi viéc thwe hién truc tiép
cac phép thr ISO 9705, EN 13823 hoac ASTM E84,
phwong phap nay s dung méau th* nhé hon va
lwong vat liéu it hon, qua dé giam chi phi chuén bi
mau va thlr nghiém. Tuy vay, ciing chi nén ap dung
phwong phap nhu mét budc danh gia so bdé nhdm
Iwa chon va sang loc vat liéu trwwdc khi thye hién cac
phép thtr mau kich thudc Ion can thiét dé danh gia
hoac phan loai chinh thirc.

Déi voi diéu kién Viét Nam, noi kha néng tiép can
céac hé théng thir nghiém dét mau kich thwéc Ién con
gap nhiéu khoé khan, cach tiép can nay mé ra kha
nang khai thac hiéu qua hon di liéu Cone
Calorimeter trong nghién ctru va danh gia vat liéu.
Bén canh lgi ich vé chi phi va y&u ciu co s& vat chét,
viéc giam kich thwéc mau va sb lwong vat liéu s
dung trong giai doan sang loc cling gép phan giam
lwgng vat liéu tiéu hao va gidm phat thai ra moi
trwong trong qua trinh th&r nghiém.
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