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Tong quan ve sy pha huy be tong do nhiet do cao 

• T S . N G O T H ! T H A N H HUONG;TS.TRANVANQUAN 
Trddng Dai hoe Cong nghe Giao thong van tdi 

TOM TAT: Be tong xi m§ng la vat lieu dugc su 
dung phd bien nhat hien nay de xay dung cac cong 
trinh cao tang nhu nha ehung cu, khu thuong mai, 
van phong - nai c6 nhieu nguy co chay nd cao, d in 
den be tong phai chiu tac dgng cCia nhiet do cao 
sinh ra tu cac dam chay Be tong dudi tac dgng 
cija nhiet dg cao co nhung trang thai ung xCi rat 
phuc t9p, dan den su pha huy cac cau kien be tong 
khi nhiet dg dam chay tang cao Viec tai SLI dung 
cac cau ki^n be tong nay doi hoi su hieu btet ve ca 
che pha huy cua cac cau kien duoi tac dong cua 
nhiet dg cao. Bai bao se dua ra tong quan cua cac 
nghien cuu tren the giai ve trgng thai ung xu cua 
be tong duai tac dgng cua nhiet do cao tinong qua 
ly thuyet truyen nhiet va truyen chat, bien dang cua 
be tong va co che pha huy ket cau be tong, tu do 
dua ra nhQng nghien cuu ban dau ve be tong chiu 
tac dpng cua nhiet do cao sinh ra tu dam chay no 
tai Vi#t Nam 

TL/ KHOA- Be tong, nhiet do cao, chay nd, trang 
thai L/ng xd, su pha hiiy. 

ABSTRACT; Concrete is actualy the most 
commonly used material to build high buildings 
such as apartment buildings and commercial 
offices where there is a high risk of fire and 
explosion, leading to concrete being affected of 
high temperatures generated from fires Concrete 
under the influence of high temperature has very 
complex behavior, leading to the destruction of 
concrete structures when the fire temperature 
increases. The reuse of these concrete structures 
requires an understanding of the degradation 
mechanism of these structures under the impact of 
high temperatures. The paper will give an overview 
of the literature studies on concrete behavior under 
the impact of high temperature through the theory 
of heat transfer and mass transfer, deformation 
of concrete and degradation mechamsmconcrete 
structure. Since then, the initial research on cgncrete 
IS affected by high temperatures generated from 
fire and explosion in Vietnam. 

KEYVyORDS: Concrete, high temperature, 
explosion, behavior, degradation, 

fire 

LDATVANOi 
Tai Viet Nam hien nay ngiy cang nhieu nha eao tang 

dupe xay dung bang ket ci'u be tong cdt thep. Da ed rat 
nhieu vu chay Idn xay ra giy thiet hai Idn ve ngUdl va tai 
sin. Cac vu ehiy tuang ddi Idn nhu ehung eU Carina dTP. 
Hd Chi Minh, nhiet dp cua cic dam ehiy tao ra la rat Idn, 
khoang 600°C. Nhiet dd co the eao hon phy thude vao vat 
lieu bt chay. Neu ed gd, nhiet dp do trong khong khieo 
the len tdi 1.027''C [1 ], Cae ket cau be tdng nhU dam, edt 
va sin chju tac ddng eua eac nhiet do eao niy trong sudt 
thdt gian d im ehay Cau hdi duac dat ra lieu sau khi dam 
ehiy duoc dap tat, eae eau kien tren ed dam b io dieu kien 
an toan de sQ dung va neu khong du dieu kien sQ dung 
thi can phii sQa chQa nhQthe nao. Oe tra Idi dQOc hai cau 
hdi tren, can bleu rove trang thai Qng xQeung nhQeo che 
pha huy eua eau kien be tdng dQdi t ie ddng eua nhiet do 
eao. Tren the gidi da eo nhieu nghien cQu ve trang thai 
Qng xii, cung nhU qua trinh phi huy cua be tdng dUdi tie 
ddng eua nhiet dd cao tQ cic dam ehay [2-11]. Nghien 
cQu tai Viet Nam ve trang thai Ung xQ eua be tdng dUdi 
t ic ddng eua nhiet do khi dd be tdng khoi Idn eho viec 
xay dung dap thuy dien hay hd ehUa trong nganh thuy lpi 
[12-15], hay khdi Idn phye vu nginh GTVT [16].Tuy nhien, 
nhiet dd Idn nha't ed the smh ra trong be tdng khdi Idn 
vao khoang 70°C [17], nhiet dg niy l i ri't nhd so vdi nhiet 
do eua mot dam ehay 1.027''C. Do vay, b i i b io se dUa ra 
nhQng tong quan nghien cQu cua eic nghien eUu tren the 
gidi ve trang thai Ung suit cung nhU qu i trinh phi huy 
cua be tdng dudi tac dgng eua nhiet do eao. Tdng quan 
nay la bQdc dau eo b in cho eae nghien cQu chuyen sau 
hon ve ket cau be tdng ehiu IQa cung nhQ nhiet do eao 
trong xay dQng eong trinh tai Viet Nam. 

2. BI^N DANG 
2.1 . Bien dang do nhiet do 
Gidng nhu hau het cac vat lieu, be tdng trai qua bien 

dang nhiet khi ehiu suthay ddi nhiet do. Bien dang nhiet 
eua be tdng la sU tdng hgp eua cac bien dang ciia ma 
tran xi mang eua eac khoing thuy hoa va cdt lieu trong 
qua trinh gia nhiet. Cie vat lieu composite tdng hop, vi 
du nhu be tong, phu thude manh vao cae thude tinh eua 
eac thanh phan nay, die biet la ban chi't va sd luong eic 
thanh phan. 

2.1.1. Bien dang cua hoxi mdng do nhiit do 
Hd xi mang cQng bat dau gian nd trong thdi gian 

dau tQ nhiet do khoing 150"C [11] (do gian nd tdi da 
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quan si t dugc la 0,2%). Sau do, hd xi ming chiu mdt sU 
eo ngdt Idn tQ viee g i im sQe cang mao dan cua nude bi 
hap phu trong hd xl ming trong qua trinh gia nhiet va 
xuat hten ap suit mao dan do hd xi mang bi mat nude. 
Cae thdng sd se i nh hUdng den sQ phi t trien eua he sd 
gian nd cua ho xi mang: 

- Nhiet dp, thay ddi dau eija he sd g i in nd nhiet, phu 
thude v io tdc do gia nhiet. Khi tdc do tang nhiet do dudi 
lO^C/phut, nhiet dd nay vao khoing 150 - 200°C Ting 
tdc dp lam ndng, nhiet dd thay ddi cung t ing. Odi vdi hd 
xt m ing duge lam ndng den 35''C/phut, nhiet dp thay ddi 
l i khoing 300"C [10]. 

- SQ dung mdt phan mudi silic thay the xi mang 
eung lam t i ng sU eo ngdt cua hd xi mang. 

- Hon nQa, he so gian nd bj anh hUdng rat nhieu 
bdi dp am tQong ddi ban dau eua hd xi mang. Tudi eua 
hd xi m ing eung i nh hudng den g i i tri cua he sd gian 
nd nhiet eua ehung. Ca hai hieu Qng deu dQge trinh bay 
trong Bang 2.1. 

Bing 2.1. Thay dii eua hi so gian nd nhiet eua ho xi mang 
theo thdi gian & nhiit da moi trudng vol dp im tuang doi [9] 

Tuoi cda ho 
xi mang 

Dp ^m tuong 
doi [%] 

He so gian ncr 
nhiet a [°C"̂ ] 

6 thdng 

25 

11x10' 

70 

21x10' 

100 

9x10* 

16 nam 

60 

15x10' 

Oo do, bien dang quan sat duoe eda hd xi ming khi 
nhiet do tang len la ket qu i cua sU gian nd cua cot lieu 
(duoe kiem soat bdi he sd gian nd nhiet) va sQ eo lai eua 
hd xl mang do say khd lien tyc. 

2.1.2. Bien dang cua cot lieu do nhiit do 
SQ gian nd nhiet eCia be tdng chij yeu lien quan den 

sQ gian nd cua edt lieu (chiem khoing 70% khdi lugng be 
tdng). Do do, cd the han ehe sU bien dang eua be tdng d 
nhiet do cao bang each thay ddt tinh chat cua edt lieu, eie 
he sd gian nd nhiet eua cdt lieu phy thude vao ham lugng 
nude trong da, neu eie khoang chat la tinh the hoie vd 
djnh hinh. Bien thien eua bien dang nhiet, trong dd"bien 
dang nhiet" va "bien dang nhiet du" khac nhau tuy thudc 
v io d i eae loai da khic nhau duge m d t i nhu H/n/j2.7. 
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Hinh 2.1: Biin thien cua biin dang theo nhiet dd 
cua eie loai di cot lieu khic nhau [2] 

20 

IS 

> 

-
/ ^^^. 

^ ' ^ ~ : 
1 200 ^ 1 0 0 SOO 800 lobo 

/S 1 
T['C] 

1 -Seimranano —t—H&ximSng 

Hinh 2.2: Biin dang nhiit eda be tdng 
vdi eie loai cot lieu khie nhau [4] 

2.1.3. Bien dgng eua be tong 
Phan tieh eie ket qua dugc trinh bay trong Hinh 2.2 

eho thi'y sQgian nd nhiet eua be tdng phy thudc chu yeu 
vao ban chat eua edt lieu. Ket qu i nghien cQu eua Hager 
[10] eung cho thay bien dang nhiet eua be tdng gan nhu 
khdng phy thude vao bien dang eua hd xi mang. Chung 
ta cdthe thay rang: 

- Cae bien dang nhiet eua be tdng khong phu thudc 
tuyen tinh v io nhiet do. 

- Yeu td quan trgng nhat eija sQ gian nd nhiet la ban 
chat cQa edt lieu. 

- d nhiet do vUOt qua 600 - 800°C, sU gian nd nhiet 
bj suy giam va dUng lai. 

2.2. Bien dang nhiet nhat thcri 
Day la mdt Qng xQ die biet cua vat lieu be tdng. TQ 

bien nhiet nhat thdi la tinh chat eua eae be tdng tu bien 
dang Idn khi cac be tdng ddng thdt chiu i p iQc cO hge va 
tang nhiet dp. 

Cic bien dang nhiet nhat thdi dQOc tao ra Idn hon 
nhieu so vdl eae bien dang ed ngudn gdc dan hdi va tQ bien 
b in than. Trong khi d nhiet do dudt 100'̂ C, tQ bien nhiet 
nhat thdi thudng tiep tue trong vai ngay, nd d gan nhiet do 
tUc thdi. Trong thuc te, nd dQOc cot l i ddc l ip vdt thdt gian 
v i ehi phu thude vao nhiet dp. Day la ly do tai sao thuit ngQ 
tQ bien nhiet nhat thdi khdng thich hgp vi tQ bien la mdt 
khii niem phu thude vio thdi gian va do do se duoe thay 
the bing khii niem bien dang nhiet nhat thdi. 

Hinh 2.3: Bien dang tong do dupe tai eae mau be tong 
binung ndng (dudi tii trpng fc=0.45f^^^ [5] 
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Trong ehu trinh lam ndng va lam lanh dudi t ie ddng 
cua tai trpng, ket qua thi nghiem da chi ra r ing sU g i im 
eua bien dang tdng khdng xuat hien trong qua trinh lam 
lanh [2]. Anh hudng thdi gian gia nhiet va gia t i i dUpc 
dua ra dQge the hien trong Hinh 2.3. 

3. CO CHE P H A H U Y C A U TRUC St T 6 N G 
3.1. Bien ddi hda hgc 
3.1.1. Phan dng ly hoa 
Tiep xue vdi nhiet dp cao gay ra suy giam hda hgc 

dan dan trong be tdng. Cic phin Qng ly hda chinh trong 
be tdng trong qua trinh gia nhiet dUoe tdm t i t trong 
Bang 3.1 [191. NhQng thay ddi hda hge vi cau true cua v i t 
lieu se dan den sy bien ddi eie tinh chat nhiet, thuy lUe 
v i CO hpc eua be tdng dien ra cae phan Ung hda hge nay. 

Bing 3.1. Cie phan ung ly hda chinh trong be tdng 
dudi tie ddng eiia nhiet dP cao [19] 

Nhiet dp I Cac phan uTng ly hoa 

Khoang 
570''C 

Nu6c tu do va mot phan nUcic hap phu bi bay 
hai. NUdc tl/ do bi loai bo hoan toan d nhiet d6 
UÔ C 
Hai phan Ung hoa hpc tiiu nhiet dien ra d l phSn 
tach khoang gypse CaS0̂ .2HjO 
Giai doan dau cua mat nifdc cac khoang be tong. 
Cac keo C-S-H b| dut gay. Nhiet 3b cao b^ gay 
cac C-S-H va tach rdi cac phan tCt nUdc. Nudc lien 
ket hoa hoc bit dau bay hoi kh6i be tong 

Quan sat thay mot vai cue dai ciia ph^n iJng thu 
nhiet chi ra cac phan ilng phan tach va oxi hoa 
sat ox It 
Phan tach khoang portlanditth&nh voi tifdo' 
Ca(OH) -^ CaO+H,0 
Thay doi cau true quartz a thanh quartz (3, keo 
theosLftruongnd(d6i voi cot lieu vdl thanh 
phan cat chu yeu) 
Phan tach khoang C-S-H chuyen thanh p - Ĉ S. 
Day la giai doan thiJI cua qua trinh tach nUdc 

j khoi keo C-S-H 

1300-
1400°C 

I Da voi bi phan tach vao khoang SOÔC 
: I CaC03 -» CaO + C02, phan iJng thu nhiet tao ra 

! khicacbonic 

e tong bat dau tan chciy 6 dang I6ng 

3.1.2. Anh hddng tdi do dan nhiet 
Do dan nhiet: Dd dan nhiet ciia be tdng gl im khi 

nhiet do tang do sU suy gi im cua vl eau true. Cic vi nOt 
can trd sUtruyen nhiet. Him lugng nUdc, loai cdt lieu, loai 
xi mang va cong thQc be tdng la nhQng loai eie tham sd 
ehinh anh hudng den sUthay ddi cua dd dan nhiet. SQ 
thay ddi dd dan nhiet ed the do dugc khi sUtang nhe dau 
tien khoing 15% trong khoang tQ 50 den gÔ C (lien quan 
densQt ingdddan nhiet cua nUde) trudc khi g i im, vi be 
tdng bat dau mat nUde do bdc hoi. 

3.2. Sir khong tQOng dong giOTa bien dang hd xi 
mang va cot tieu 

SU bien thien eua bien dang hd xi mang va edt lieu 
be tdng do nhiet dd gay ra da dUOc trinh biy d phan 
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tren. Trong phan nay, sU bien thien eua hd xi ming v i 
edt lieu duac md ta trong Hinh 3.1 dUdi diy. Su bien 
thien hoan toan t r i i ngugc duge nhan thay de dang. 
Trong qu i trinh nhiet do tang eao, cdt lieu gian nd lien 
tue theo ehieu tang cua nhiet dd. tuy nhien hd xi ming 
ed gian nd trong thdi gian dau, sau do co ngdt manh sau 
khi nhiet dd tang eao. 
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Hinh 3.1: Gian ndva co ngdt nhiit eda hoxi ming vi cot lieu [8] 

Giao diSn tiep xuc 
li6jdinang/cfit lieu 

Hinh 3.2: Co che phi huy bi tdng do su khdng tuong d6ng bien 
dang tai giao diin dip xdc cda ho xl mSng/eot liiu dnhiet do eao 

Hai su bien thien trai ngugc nay tao ra sU khong 
tuong ddng bien dang tai giao dien tiep xuc cua hd xi 
mang v i edt lieu. Do viy, tai giao dien mat tiep xue xuit 
hien Qng suat keo tai hd xt mang va Qng suit nen tai mat 
edt lieu fHin/i 3.2;. 

4 KET LUAN 

Bit bao da dQa ra tdng quan tUOng ddi ehi tiet ve 
trang thai Qng suat eung nhu sQ ph i huy eua be tdng 
dudi t i c dong cua nhiet dp cao. Cic bien dang cua be 
tdng trong mdi trUdng nhiet do eao da dugc phan tich 
thdng qua bien dang nhiet cua hd xi mang, cua cdt lieu 
eung nhU bien dang nhiet eua be tdng khi ddng thdi 
chiu t ie ddng eua t i i trpng eo hpc. Bdn nguyen nhan 
ehinh gay pha huy ket eau be tdng dudi t ic ddng cua 
nhiet dp eao, trong dd hai nguyen nhan quan trpng nhat 



la gradient nhiet va ap lye nudc 16 rong giy ra su bong 
vd bi mat cac cau kien be tdng. SU bien dang khdng 
tuong ddng glQa vQa xt mang: Qng suit keo va edt lieu, 
Qng suit nen, do vay tao sii bien dang trong be tdng. Cac 
phin Qng ly hda chinh trong be tdng cung dQpc md t i 
khi nhiet do tang eao. Cic phin Qng mat nQdc ehuyen 
hda eic pha r in thay ddi eo ban eae thanh phan khoang 
mang tinh eo hpc nhQ C-S-H, portlandit, tQ dd lam suy 
g i im eudng dp gay pha buy ket cau be tdng. 

Oe hieu rd hOn va phin tich rd hgn inh hudng eua 
tQng nguyen nhin gay ph i huy ket eau be tdng can phai 
thyc hien nhQng nghien cQu ehuyen sau hOn ve md 
phdng md hinh cung nhu thuc hien eic md hinh vat ly. 
Tdng quan nay la bude dau cO bin cho cic nghien eUu 
ehuyen sau hOn ve ket cau be tdng ehiu IQa eung nhu 
nhiet dd cao tai Vi§t Nam. 
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