Tap chi Khoa hoc Cong nghé Xay dung, PHXDHN, 2026, 20 (4V): 138-151

DANH GIA KHA NANG CHIU LUC CON LAI VA GIA CUONG BAN

SAN BE TONG COT THEP SAU CHAY

Pham Thanh Tung?®, Nguyén Tuén Trung®*, Phan Quang Minh®

“Khoa Xdy dung Ddn dung va Cong nghiép, Truong Pai hoc Xdy dung Ha Noi,
55 Gidi Phong, phuong Bach Mai, Ha Noi, Viét Nam
bCéng ty TNHH Tu vén Pai hoc Xdy dung (CCU), 55 Gidi Phéng, phuong Bach Mai, Ha Noi, Viét Nam

Nhdn ngay 20/8/2026, Sita xong 21/10/2026, Chdp nhdn ddng 22/10/2026

Tém tit

Khi hda hoan xay ra, Itfa c6 thé gy thiét hai dang ké dén cac két cAu chiu luc. D€ danh gid kha ning ti st dung két cu
sau chdy, can tién hanh khao sat, phén tich va tinh toan kha ning chiu luc con lai ctia ciu kién. Gan déy, Bo Xay dung Viét
Nam méi ban hanh tiéu chuan TCVN 14104:2025 vé tinh to4n kha ning chiu lita va kha ning bio toan sau chdy ciia két ciu
BTCT, dugc xay dung trén co s& tham khao tiéu chuin SP 468.1325800.2019 ctia Nga. Tuy nhién, ciing cin thém mot thoi
gian nita d€ c¢6 thé dp dung trong thuc té. Bai bdo trinh bay cic nguyén tic thiét k& chung, phucng phdp ddnh gid khi ning
chiu Iuc con lai, va phuong phap gia cutng ciia ban san bé tong cdt thép (BTCT) sau chdy (néu can thiét) theo tiéu chudn
EN 1992-1-2. Mot quy trinh ddnh gia kha ning chiu luc con lai va giai phap gia cudng san BTCT sau chdy dugc dé xuét.
Vi du minh hoa dua trén cong trinh thuc té dugc dé cap chi tiét. K&t qua cho thiy quy trinh dé xuét 1a tin cay va dé 4p dung
vao thuc tién.

Tir khod: san; bé tdng cbt thép; sau chdy; kha ning chiu luc; gia cudng.

EVALUATION OF THE RESIDUAL RESISTANCE AND STRENGTHENING OF REINFORCED CONCRETE
SLABS AFTER FIRE

Abstract

When a fire occurs, flames can cause significant damage to load-bearing structures. To assess the feasibility of reusing a
structure after a fire, it is necessary to conduct surveys, analyses, and calculations of the residual load-bearing capacity of
structural members. Recently, the Vietnamese Ministry of Construction issued TCVN 14104:2025, a standard for calcu-
lating the fire resistance and post-fire residual capacity of reinforced concrete structures, developed with reference to the
Russian standard SP 468.1325800.2019. However, more time will still be needed before it can be applied in practice. This
paper presents the general design principles, the methods to evaluate residual load-bearing capacity, and the strengthen-
ing methods (where required) for reinforced concrete (RC) slabs after fire exposure, in accordance with EN 1992-1-2. A
procedure to assess the residual load-bearing capacity and strengthening of RC slabs after fire is proposed. An illustrative
example based on a real building is discussed in detail. The results indicate that the proposed procedure is reliable and
readily applicable in practice.

Keywords: slab; reinforced concrete structure; post-fire; load-bearing capacity; strengthening.
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1. Gigi thiéu

Két cAu bé tong cbt thép (BTCT) dugc danh gid 1a c6 kha ning chiu lia tot hon so vdi cac loai két
chu st dung vat liéu khic, nhit 12 két cAu thép. D6 14 nhd bé tong c6 hé s6 dan nhiét thip, nhiét dung
riéng 16n va téc do suy gidm cudng do theo nhiét d6 cham hon so véi thép két ciu. Tuy vay, khi xay
ra chdy, su gia ting nhiét do van gy ra suy giam khong thé phuc hoi vé cudng do va do cing clia ca
bé tong 14n cbt thép, din dén su sut gidm dang ké kha ning chiu luc clia cAu kién sau khi dam chay
dugc dap tat va két ciu ngudi trd lai nhiét dd moi trudng. Trong sb cac ciu kién chiu anh hudng, san
BTCT la bd phin dic biét nhay cam véi tac dong nhiét do tiép xiic truc tiép véi khi néng dbi luu va
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ngon Itta tat gan tran, chi c6 mot mit tiép xic véi Ita nhung dién tiép xic 16n; khac véi cic ciu kién
diing nhu cot hay vach, c6 ba mit tiép xiic vdi lita nhung dién tiép xic kha nhd.

Sau mdi su cd chdy, mot cau hdi ky thuat — kinh té then chdt ludn duge dit ra 1a két cAu con di
kha ning chiu luc an toan dé tiép tuc st dung hay khong, va néu khong, can gia cudng theo gidi phap
nao dé€ phuc hoi kha niing 1Am viéc ma khong phai pha dd, xdy méi. Viéc ddnh gid kha ning chiu luc
con lai vi vy 1a budc bat budc d€ dua ra quyét dinh stia chita, gia cung hay thdo dd, dong thdi 1a co
s& dé lya chon gidi phap gia cudng phii hop vé mit ky thuat va kinh té. O Viét Nam, tbc d6 do thi héa
va mat do xay dung nha cao ting bang két cAu BTCT ting nhanh trong khi hé théng tiéu chuin, quy
chuén trong nudc vé danh gid va gia cudng két cAu sau chdy con chua dong bo, khién cong tic thuc té
phan 16n phai tham chiéu tiéu chuin nudc ngoai (chid yéu 1a tiéu chuin EN 1992-1-2 (EC2-1-2) [1]).
Gan day, Bo Xay dung Viét Nam ciing mdi ban hanh tiéu chudn TCVN 14104:2025 [2] vé tinh todn
kh4 niing chiu 1a v kha niing bao toan sau chdy cta két cAu BTCT, dudc xay dung trén co s tham
khao tiéu chuin SP 468.1325800.2019 [3] ctia Nga. Tuy nhién, tiéu chudn nay can thém mot thai gian
nita d€ c6 thé 4p dung trong thuc té.

Tai Viét Nam, cdc nghién citu vé thiét ké két cAu BTCT chiu Itia con kha it. C6 mot sé nghién citu
vé cot BTCT chiu Itta, trong d6 cic phuong phép tinh todn don gian theo tiéu chuin chau Au EN 1992
phan 1-2 (EC2-1-2) ciing nhu phuong phap xay dung biéu do tuong tic dudc trinh bay kha cu thé, 1o
rang [4-6]. T ndm 2018 dén 2022, kha nhiéu nghién ctiu vé thiét ké san va dam BTCT chiu ltta theo
céc phuong phép tinh toan ctia EC2-1-2 [7-11], va c6 mot s6 nghién ctiu vé kha ning chiu luc con lai
va gia cudng cot bé tong cbt thép sau chdy [12, 13]. Mot sb tac gid cling da tién hanh nghién ctiu cac
bién phdp gia cudng dim va san bang tim composite CFRP [14—20], nhung tic nhan suy giam la do
chiu ti trong & nhiét do thudng hoic do dn mon. Tuy nhién, chua c6 nghién ciiu nao dé cip dén viéc
tinh todn kha niing chiu luc con lai va gia cudng két cAu san BTCT sau chay.

Tai liéu Chi din ddnh gid su thiét hai va sira chita két ciu bé tong cbt thép ACI/KC 01-98 [21]
ciing goi md mot quy trinh d4nh gid miic do thiét hai va stia chita két cu bé tong cbt thép. Trong khi
do6, dé thiét ké két cAu BTCT & nhiét d6 cao, tiéu chudn EC2-1-2 [1] dua ra céc chi dan rd rang va cho
phép thiét ké theo ba phu0ng phéap: phuong phap tra bang, phuong phap don gian va phuong phap
thiét ké theo yéu cau cu thé vé kha ning lam viéc ctia két ciu. Bai bdo nay trinh bay cdc nguyén tic
kiém tra kha ning chiu Iuc ctia san BTCT sau chdy dua trén phuong phap dutng dang nhiét va phuong
phap phan 16p ctia tiéu chuin EC2-1-2, dé xuit mot phuong 4n gia cudng thudng dudc st dung trong
thuc té. Quy trinh d& xuit va mot vi du da dudc dp dung trong thuc té dugc trinh bay rd rang va cu
thé.

2. Nguyén tic kiém tra kha niing chiu luc va gia cuong san BTCT sau chay theo EC2-1-2
2.1. Ddc trung co Iy ciia bé tong va cot thép khi chiu chdy va sau khi dd ngudi

Dudi tic dong cta lira, ca bé tong va cot thép déu bi suy gidm cudng do va md dun dan hoi theo
nhiét do. Cudng do chiu nén clia bé tong va cudng do chiy déo ctia cdt thép & trang thai néng (tic tai
thoi diém dat nhiét do cao nhét trong ddm chdy) dugc xdc dinh theo quan hé tng suit — bién dang va
cdc hé s6 suy gidm quy dinh trong EC2-1-2 [1]. Tuy nhién, sau khi két cAu da ngudi trd lai nhiét do
moi trudng, cudng dd chiu nén clia bé tong khong phuc hdi ma tiép tuc suy giam thém so véi gid tri &
trang thai néng ing vdi cung nhiét do cuc dai da dat dugc. Muc suy giam bd sung nay dugc xac dinh
theo hé s6 quy d6i cho trong Phu luc C, EN 1994-1-2 [22]. Do d6, d€ ddnh gid kha niing chiu luc con
lai ctia két cAu BTCT sau chdy, cic thong s6 quan trong can xéc dinh gém: (i) quan hé ting suit — bién
dang va cudng do suy gidm clia bé tong, ct thép & trang thai néng theo EC2-1-2 (Hinh 1, 2); va (ii)
cudng do chiu nén con lai cua bé tong sau khi da ngudi theo EN 1994-1-2.
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Khi nhiét d6 ting cao, ca cudng do chiu nén v md dun dan hoi clia bé tong va cot thép déu suy
giam, nhung bién dang tuong dng véi ting suit 16n nhét, ciing nhu bién dang cuc han ctia bé tong lai
ting dan cung vdi nhiét do, nghia 13 bé tong trd nén mém hon. Gid tri clia cc hé sb suy gidm cudng
dd chiu nén theo nhiét dd cho bé tong cbt lidu gdc silic va cot liéu d4 voi ciing nhu cho cdt thép can
néng va kéo ngudi dugc chi ra trén Hinh 1(b) va Hinh 2(b); trong d6 kg, = 0¢/fex(20°C) la hé )
suy giam (ty sb giifa cudng do bé tong & nhiét dd 6 va cudng do chiu nén dic trung f.; & nhiét do
thuong 20 °C), o(6)/ fux la ty s6 gilfa cudng do chiu kéo ctia cot thép & nhiét do 6 va gidi han chay cla
cot thép fix & nhiét do thudng.
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Hinh 2. Pic trung cd ly ctia cdt thép & nhiét d6 cao

Hé s6 suy gidm cudng do ctia cbt thép thudng va thép ting luc trude dudc cho trong Bing 3.2a va
Bang 3.3 cta tiéu chuidn EC2-1-2 [1] nhu dudc chi ra trong Hinh 2(b). C6 thé thiy rang cdt thép can
néng khong bi suy gidm cudng do khi nhiét do chua vugt qua 400 °C, trong khi cbt thép ting luc trudc
bét dau bi suy giam cudng dd khi nhiét do vugt qua 100 °C. Lan lugt & 200 °C va 300 °C, dbi véi thép
ting luc trude, hé sb suy giam 1a 0,87 va 0,70. o} giai doan ngudi di, c6t thép khong phuc hdi lai dugc
cuong do nhu ban dau va ciing khong bi suy giam thém.

Phu luc C, EN 1994-1-2 [22] cho phép xac dinh cudng dd chiu nén suy giam cia bé tong khi
bé tong bi nung néng dén nhiét dd Onax va sau d6 bi ngudi di vé nhiét do thuong 20 °C bing cong
thuc (1), (2):

Jeo200Cc = @ fek (D

140



Tung, P. T., va cs. / Tap chi Khoa hoc Coéng nghé Xay dung

trong do:
200C < emax < IOOOC : $ = kcygmax

100°C < Omax < 300°C: ¢ = 1,0 — [0,235(6max — 100)/200] 2)
Omax > 300°C : ¢ =0,9%,

Omax
trong d6 kg, 12 hé sb suy gidm, dugc xdc dinh theo Hinh 1.
2.2. Phuwong phdp xdc dinh nhiét do trén tiét dién bé tong

Sau khi héa hoan xdy ra, can xac dinh cdc thong sd dau vao cia ddm chdy d€ c6 thé tién hanh
ki€m tinh lai két cAu. Do vy, can phai tién hanh khao st hién trudng cang s6m cang t6t d€ xac dinh
céc thong sd ctia dam chdy bao gom: vi tri, ddm chdy xay ra trong bao lau, do vé& va khdo sat hién
trang cdc muc do thiét hai clia két cAu, tién hanh khoan rit 16i d€ xac dinh cudng do cla bé tong sau
chdy dé ki€ém chiing véi tinh todn.

C6 rét nhidu yéu t6 dnh hudng dén viéc gidm cudng do bé tong khi chiu Iita. Tuy nhién, thong sb
quan trong nhit 12 nhiét do 16n nhét dat dén trong ddm chdy va thdi gian xdy ra chdy. Pay lai 1a mot
trong nhiing vin d& kh6 khin vi khong thé do dudc nhiét do nay lic xay ra su c6. Mot trong nhiing
phuong phéap dé€ x4c dinh nhiét do 16n nhét dat dén ctia bé mit bé tong 1a dua vao mau sic clia bé tong
sau khi chdy (colour analysis). Hager [23] da nghién citu su thay d&i mau sic clia bé tong st dung xi
miing Portland du6i 4nh hudng ctia nhiét do, tir d6 cho phép uéc doan dudc nhiét dd 16n nhit clia bé
miit bé tong lic x4y ra dam chdy. Két qua ctia nghién citu nay dudc thé hién trong Hinh 3. Mau séic bé
miit clia bé tong sé ddi sang hong / d6 trong khoang nhiét do tit 300 °C dén 600 °C, c6 mau xdm hdi
trang trong khoang nhiét do tir 600 °C dén 900 °C, c6 mau da bo (vang nhat, vang sim) khi nhiét do
tir 900 °C trd 1én.

we wew  mee  wee  ae  swe o DIl

| & . &3 X £l =l

Hinh 3. Sy thay di mau sic ctia bé tong thudng, vita va chit két dinh xi ming khi nung néng & nhiét do ti
100 °C dén 1000 °C [23]

Trong dam chdy thuc, nhiét do trén toan bo mit cat tiét dién ciia cAu kién bé tong sé khong bang
nhau. Do su truyén nhiét tif mit ngoai vao trong ma nhiét do clia cic 16p bén ngoai sé kha cao, trong
khi nhiét do ctia cac 16p bé tong bén trong lai thip. Vi vdy, sau khi x4c dinh dudc nhiét do 16n nhit tai
bé miit clia bé tong, can tién hanh bai todn truyén nhiét d€ xac dinh su phan bb nhiét do trén toan bo
miit cit tiét dién.

Luu y rang, d6i v6i bai todn ki€m tra kha ning chiu luc sau chdy va gia cudng, dudng gia nhiét
trong khong gian chdy 1a dudng gia nhiét c6 tham sb, k& dén 4nh hudng cda diéu kién thong gio, 16
md tai vi tri dam chdy. Theo Phu luc A, EN 1991-1-2 [24], phuong trinh ctia duong gia nhiét c6 tham
s6 dudc xac dinh bang cong thiic (3) va (4).

Dudng cong gia nhiét § giai doan tang nhiét do:

@ =20+ 1325(1 - 0,324 — 0,204e™"7" — 0,472¢7"") °C (3)
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Duodng cong giam nhiét § giai doan giam nhiét dd dugc tinh bdi cong thic:

O = Oy — 625(1" — 17, %) cho f, <0,5
Oy = Oy — 25003 — 14, )(t* — 100 X) ch0 0,5 <15, <2 (4)
O = Oy — 250(1" — £, %) cho 5, > 2

* N

trong d6 ¢* 1a thoi gian quy d6i c6 k& dén &nh hudng clia kich thudc ctia s8, 16 mé trén tudng; £, 1a
thoi gian quy ddi khi dudng cong gia nhiét & giai doan ting nhiét do dat gid tri 16n nhét.

Dua vao két qua phan tich nhiét do, c6 thé xac dinh dudc hé sb suy gidm cudng do cho bé tong
va cbt thép theo muc 2.1. Tiét dién suy gidm dudc lay bang tiét dién nguyén trir di phan bé tong bi
hu héng. Chiéu day 16p bé tong bi hong 14y bang con sb 16n hon ctia chiéu day bi bong (tir sb liéu do
thuc té) va chidu day ctia phan bé tong ¢ nhiét do 16n hon 500 °C (dugc xac dinh tir tinh toan).

2.3. Phuong phdp tinh todn khd ndng chiu luc con lai cia san

EC2-1-2 gi6i thiéu phuong phap tinh todn két ciu BTCT chiu Itta bao gdm phuong phap don gidn
va phuong phap nang cao. Phuong phap don gian bao gdm ba phuong phap la tra bang, dudng dang
nhiét va phuong phép phén 16p. Tuy nhién, phuong phép tra bang khong dp dung dugc d€ tinh todn
kha ning chiu Iuc (KNCL) con lai ctia san sau chdy. Trinh tu tinh toan cho phudng phap duong dang
nhiét va phuong phéap phan 16p dugc trinh bay dudi day, chi tiét hon va vi du tinh toan minh hoa c6
thé xem trong bai bdo Trung va cs. [8]. Luu y riang dbi véi bai toan dang nghién ciiu, cin tinh toan
KNCL ctia cu kién san sau khi chay va di nguoi di.
a. Phuong phap dudng déng nhiét

Phuong phap dudng dang nhiét c6 thé dp dung dudc cho ciu kién dam, cdt, san chiu tic dong ciia
dudng gia nhiét tiéu chuin vdi thdi gian chiu Itra khong gidi han. Phuong phdp nay dua trén nguyén
tac giam di kich thudc tiét dién bi suy giam do chdy. Kich thuéc tiét dién suy giam bang kich thudc
tiét dién nguyén trir di viing bé tong c6 nhiét dd 16n hon 500 °C (Hinh 4). Nhiing viing c6 nhiét do 16n
hon 500 °C thi coi nhu bi mit hét kha niing chiu luc, trong khi d6 nhiing viing con lai sé duy tri dudc
cudng do va mo dun dan hdi ban dau. Phuong phdp nay nén dudc dp dung cho san BTCT tai nhiing
viing chiu m6 men duong. Khi d6 viing kéo ctia bé tdng nam trong viing c6 nhiét do 16n, va c6 thé bd
di hoan toan, khong ké dén kha niing chiu luc.

gl

500 °C . — 500 *c, O | =
— — —_— —
Y -— d =d — —
— - — — O d
— — — |
— --— - -
L R —k El J I I
— - @
AL s oI I B B A m d| d
by be 500°C (oo 0% o 0= -
b : EEEREEEN
(a) Bi gia nhiét tir ba phia — Vung (b) Bi gia nhiét ti ba phia — Vung (c) Bi gia nhiét tit mot phia — Vung
kéo T ndm phia dudi nén C nam phia dudi kéo T ndm phia dudi

Hinh 4. Tiét dién ngang suy giam ctia cAu kién BTCT (dam, san)
Quy trinh tinh todn nhu sau.:
- Xdc dinh sy phan bd nhiét do trong san. Dbi véi bai toan kiém tra KNCL ctia cAu kién sau chdy,
su phin bd niy can phai dua vao bai todn tinh toan truyén nhiét d€ x4c dinh nhiét d6 mit trén, nhiét
dd ctia c6t thép va nhiét dd mit dudi ciia san;
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- X4c dinh hé sb suy giam cudng do ctia bé tong k. va clia cbt thép k, khi chdy va sau khi nguoi
di (muc 2.1). T d6 xac dinh dugce cudng do tinh toan cua vat liéu.
Cudng d6 tinh todn cta cbt thép:

ksf;/k
hasi= 175 (%)
Cuong do tinh toan cua bé tong:
kcfck
= Ik 6
fed.f 15 (6)

trong d6 fy 12 cudng do chdy dic trung cla cbt thép & nhiét do thudng (MPa); fix la cudng do dic
trung khi chiu nén cda bé tong & nhiét do thuong (MPa).

- Xac dinh kha ning chiu mé men ciia san theo nguyén tic ctia ciu kién chiu udn;

Chiéu cao vung nén (mm):

A, fod i
P Y, (7)
fea,fidb
trong d6 A, 1a dién tich c6t thép chiu kéo; b 1a bé rong tiét dién; A = 0,8 khi f,x < 50 MPa.
Cénh tay don (mm):
Ax
=d-= 8
z > (8)
trong d6 d 1 chiéu cao lam viéc cua tiét dién.
Kha nang chiu mo-men sau khi chay va ngudi di (kNm):
MRga.fi = Asfya,fiz )]

- Kiém tra kha ning chiu cit ctia san va két luan. Kha ning chiu cit ctia san dugc kiém tra véi tiét
dién da bi giam yéu va cudng do suy giam clia bé tong.
b. Phuong phép phan I6p

Phuong phép nay c6 thé 4p dung cho moi ddm chdy chiu tdc dong ctia dudng gia nhiét tiéu chuin
hoic dudng gia nhiét c6 tham s6. Phuong phap nay nén ding tai viing c6 moé men 4m, vi bé tong viing
nén nam & thd bi suy giam cudng do do chdy. Pbi véi viing mdé men dudng, phan bé tong bi suy giam
nam & mat dudi clia san lai trung véi viing bé tdng chiu kéo, viing dudc bd qua trong tinh toan chiu
luc. Do vy, 4p dung phuong phap nay véi ving md men duong sé khong hiéu qua, chi can xéc dinh
nhiét do 16n nhét tai thé bé tong tring vdi vi tri cdt thép chiu luc chinh 1a dd. Quy trinh tinh todn nhu
sau.

Chia tiét dién thanh n 16p c6 chiéu day bang nhau (n > 3). Xac dinh nhiét do tai tim ctia mdi 16p
va hé sb suy giam cudng do bé tong tuong ing k.(6;).

Xéc dinh hé s6 suy giam cuong do trung binh:

1-02/n <
ke = ———— Y k(6 10
, . Zl ) (10)

Chiéu day ctia 16p bé tong bi hdng do chdy dudc x4c dinh bdi cong thifc (11):

kc,m
a; = hy [1 - kc(QM)] (mm) (1D

trong d6 k.(0,) 12 hé sd suy gidm cudng do bé tong tham khao (Hinh 5 va muc 2.1).
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Xdc dinh chiéu day sin gidm yéu va chiéu cao 1am viéc hiéu qua giam yéu:

Ry =hg—a; (mm) (12)
d =h,—a (mm) (13)

Luc kéo cbt thép:
Fy = frapid;  (kKN) (14)

Luc nén bé tong:
Fe = feafidxb  (kN) (15)

Chiéu cao viing nén x sé dugc xac dinh bang cach can bang tdng céc luc nén trong tiing phan 16p
F; v6i luc kéo clia cot thép F .
Céanh tay don (mm):
z=d —0,51x (16)

Kha nang chiu mo-men sau khi chdy va ngudi di:
Mga fi = Al fyapiz - (KNm) (17)

Kiém tra kha ning chiu cit ctia san va két luan. Kha ning chiu cit clia san dugc kiém tra véi tiét
dién da bi giam yéu va cudng do suy gidm clia bé tong.
kc(BN%
1, i —
o
) 77777
60 min // //
YT
90 m;n /N?[
04 / / / 120 min
At

0,2 //A 180 min

/ |240 min

0 50 100 150 200 250 300
hs

Hinh 5. Hé s6 giam cudng dd chiu nén cta tiét dién giam yéu

2.4. Cdc gidi phdp gia cuong san bé tong cot thép

Vé giai phap gia cudng, ba nhém bién phdp gia cudng san BTCT sau chdy thuong dudc lua chon
tiy theo mifc d6 hu hai va diéu kién thi cong: (i) d4n tim soi polyme (FRP — CFRP/GFRP) theo ky
thuat dan ngoai (EBR) dé b6 sung truc tiép kha niing chiu kéo tai viing bé tong di suy gidm cudng
do do nhiét; (ii) ting tiét dién bang 16p bé tong cbt thép bd sung (ting chidu day san, bS sung cbt
thép) nham phuc hdi ci cudng dd 1an do ciing; va (iii) gia cudng bang tAm/thanh thép dan ngoai trong
truong hop can kha niing chiu luc 16n va diéu kién thi cong cho phép.

Viéc Iua chon gidi phdp can dua trén két qua ddnh gia kha ning chiu lyc con lai d€ xdc dinh miic
do thiéu hut mdé men khang udn can bu dap. V& mit tinh toan, kha ning chiu ubn ctia san sau gia
cudng dugc xdc dinh theo nguyén 1y cin bing noi luc trén tiét dién da ké dén su suy giam cudng do
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bé tong, cbt thép theo su phan bd nhiét do lic x4y ra chdy, cong thém déng gop cua 16p vt liéu gia
cudng (bién dang gi6i han ctia FRP, ting suit dinh bam FRP — bé tong, hoic dién tich cbt thép b
sung), dong thoi kiém tra cac dang ph4 hoai c6 thé chi phbi nhu bong tach FRP, pha hoai dinh bam
hay trugt cit tai mit tiép giap 16p bé tong cii — méi.

Két luan riit ra tif nghién ctiu da téng hop [25] 1a giai phdp dan CFRP c¢6 uu diém thi cong nhanh,
it anh hudng tai trong ban than, phu hop mic hu hai nhe dén trung binh, trong khi ting tiét dién phu
hop hon vé6i san hu hai niing can phuc hoi dong thdi cudng do va do cing; viéc lua chon cudi cling
cin can dbi giita hiéu qua k§ thuat, chi phi va thdi gian gidn doan st dung cong trinh.

3. Quy trinh déanh gia kha ning chiu lc con lai cha cau kién san BTCT sau chiy

Quy trinh d4nh gi4 kh niing chiu Iuc con lai ctia cAu kién san BTCT hay san BTCT ting luc trudc
sau chdy c6 thé dudc tién hanh theo trinh tu sau:

- Tién hanh thu thap thong tin va khéo sat hién trang: céc thong tin can thu thip bao gom thai
gian, dia di€ém xay ra ddm chdy; cc diéu kién thong gid, 16 md cira lic xay ra hoa hoan. .. Tién hanh
khoan rut 16i bé tong dé€ xac dinh cudng do bé tong con lai.

- Thu thap cic thong tin vé mic do thiét hai: phan loai mifc dd va khu vuc thiét hai;

- Danh gid nhiét do 16n nhit tai bé mit bé tong ldc x4y ra hda hoan. Tinh todn bai todn truyén
nhiét d€ xdc dinh su phan bd nhiét do trén toan bo mit cat tiét dién;

- Dua vao két qua phan tich nhiét do, xac dinh dudc hé sb suy gidm cudng do cho bé tong sau khi
chdy va di ngudi di, hé sb suy giam cudng do cho cdt thép va thép ting luc trudc theo muc 2.1. Tiét
dién suy giam dudc 14y bing tiét dién nguyén trir di phan bé tdng bi hu héng. Chiéu day 16p bé tong
bi héng 14y bing con s6 16n hon ctia chiéu day bi bong (tlt s6 liéu do thuc té€) va chidu day ctia phan
bé tong c6 nhiét d6 16n hon 500 °C (dugc xac dinh ti tinh todn);

- Tinh todn kha ning chiu luc con lai clia san theo phuong phap dudng dang nhiét hoic phucng
phéap phan 16p;

- Tién hanh tinh todn gia cudng ciu kién néu can thiét.

4. Vi du tinh toan
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Hinh 6. Mit bang két cAu ting dién hinh

Théng tin cong trinh: Cong trinh c¢6 11 tang ndi, 1 tum va 1 ting ban ham. Cin cd hd so hoan
cong dugc cung cip, cong trinh ¢6 kich thuée 33 m x 18 m, c6 mit bang két ciu tang dién hinh nhu
Hinh 6. Bé tong st dung cho cot, vach c¢6 cudng do chiu nén B22,5 (M300), cho dam, san dng luc
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trude dung B25 (M350). C6t thép san dung loai CI (R, = 225 MPa). Cbt thép ting luc trude T13, cac
chi tiéu ky thuat theo ASTM A416/A416M [26], f,, = 1690 MPa, f,,, = 1860 MPa. Theo thiét ké
ban dau, san c6 chiéu day 200 mm. Ct thép thudng ¢12a250 hai 16p; cbt thép ting luc trudc dit 4 b6
4 sgi T13 cho dai trén cot, 1 b6 3 sgi v6i khoang cach 1100 mm cho dai gitra nhip theo ca hai phuong.
Chiéu day 16p bé tong bao vé cho san 12 20 mm. Cong trinh c6 bic chiu 1a 1a bac 2. Két cAu miit
dung bao boc chu vi mit bang khdi nha 1a vach kinh (st dung kinh hop), khung hgp kim nhom két
hop cot 6p da.

Cong trinh xay ra su ¢d chdy & tang 3, dang dudc st dung lam vin phong, bén trong c6 chia phong
bang vach nhom kinh, tran thach cao. C6 vach kinh ngin véi khu vic nhu sanh ting, budng thang bo,
hop ky thuat theo chiéu diing, phong vé sinh. Thang mdy dudc bao boc bing tudng bé tong cbt thép.
Vi tri ddm chdy trong mit bang tang 3, san bi 4nh hudng 1a ting 4. Nhién liéu chdy chi yéu la d6 dung
viin phong phim, tai liéu. Sau khi chdy khodng 20 dén 25 phit thi bat diu dap lira. Sau 3 gio thi ddm
chdy bi dap tat hoan toan.
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Hinh 7. Mt bang phan chia khu vuc hu hdng sau chdy

Sau khi tién hanh khéo sat va do dac, c6 thé phan chia san ting 4 thanh ba khu vuc tuong ting vé6i
muc dd hu hong nhu dudc chi ra trong Hinh 7. Trong d6, mic do hu hong cip do 3 13 16n nhit, 16p bé
tong bao vé san bi bong tréc nhiéu, véi bé day bong tréc trung binh tir 20 dén 30 mm. C6t thép san
16p duéi chua bi 16 hét. Mot s6 vi tri bi 10 cap tng luc truée (Hinh 8). Cac két qua dudi day dudc trinh
bay cho khu vuc san ¢é miic d6 hu héng cip do 3.

Két qua tién hanh khao sat va kiém dinh vt liéu cho thdy: Phan bé tong nam siu phia trong 16p
bé tong bi bong hoic nam sau hon 10 dén 20 mm so vdi bé mit bé tong ban du vin dam bao cudng
do theo yéu cau thiét ké. Bé tong san dat cAp do bén B25 nhu thiét k& ban dau. Cot dat cAp do bén
B22.5 (mac M300).

C6t thép san ¢ > 10, theo thiét ké 1a thép CI (R, = 225 MPa). Sau khi chdy, tai cac khu vuc bi 16
cbt thép, cudng do thép thuc té theo thi nghiém dat R, = 225 MPa. Gia tri ndy sé dudc dung d€ tinh
toan.

Bé mit 16p bé tong sau chdy c6 mau sic & khoang giita 4nh hong dén xam trang. Mot sb nghién
ctiu vé bé tong khi bi chdy cho thiy, nhiét do 16n nhét khi chdy tai bé mit bé tong sé khoang 600 °C
dén 685 °C. Thién vé an toan, nhiét d6 16n nhit tai bé mit bé tong sé dugc lay khoing 685 °C cho bai
toan phan tich truyén nhiét.
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(a) Khu vuc hu héng cip do 3 (b) Vi tri bi 1§ cbt thép va cdp ting luc trudc
Hinh 8. M6t s6 hinh 4dnh san bi hu héng

Dé xdc dinh su phan b nhiét do trong cAu kién sin BTCT, mé hinh truyén nhiét trong Abaqus [27]
dugc dung d€ phan tich. Pay 1a phian mém dudc st dung rong rii trén thé gidi d€ phan tich két ciu
céc bai todn phifc tap va phi tuyén. M6 hinh phan tich nhiét 2-D dudc st dung d€ khao sét su phan b
nhiét do san. Mit bi chdy sé chiu d6i luu va bic xa nhiét. Mit khong bi chdy sé chiu dbi luu va biic xa
nhiét véi nhiét @6 moi trudng (lay bang 27 °C). Céc hé s6 nay dudc ldy theo tiéu chuin EN 1992-1-2.
D6i v6i bai toan nay, dudng gia nhiét c6 tham sd theo phuong trinh (3), (4) dudc sit dung dua trén
cac két qua khao sat. Kich thudc khoang chdy 1a 30,6 x 18 (m), chiéu cao khoang chdy 1a 3,5 m. Ba
miit khoang chdy 1 kinh v mot mit 13 tudng xay, vat liéu giy chdy 1a gidy to, ban ghé, mdy tinh, viin
phong pham. ..

Hinh 9 chi ra md hinh 2D phan tich nhiét cho san day 200 mm. San dudc chia nhd bang cc phin
tt DC2D4, kich thu6c mot phan tif 1a 25 mm. Két qua phén tich sy phan b6 nhiét dd cho san dudgc chi
ra trong Hinh 10.

Hinh 9. M6 hinh chia nhé san

+2,701e+01

Hinh 10. Phan b6 nhiét do cho san

Hinh 11 chi ra sy phét trién nhiét do tai mit dudi ctia san (nit 727) va tai th bé tong triung véi vi
tri cot thép thudng (niit 1987), cach bé mit 1a 25 mm. Nhiét do tai mit dusi ctia san di dat dén khoang
684 °C. Tuy nhién, nhiét do gidm kha nhanh khi truyén nhiét vao trong. Tai vi tri c6t thép thudng chi
cach bé mit 12 25 mm, nhiét do 16n nhat chi dat khoang 400 °C.
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Hinh 11. Quan hé nhiét d — thoi gian tai vi tri ¢t thép thudng va tai mit dudi ctia san

Dua vao két qua phan tich nhiét do, c6 thé xac dinh dugc hé sb suy gidm cudng do cho bé tong,
cbt thép thudng va thép tng luc trude dua theo muc 2.1. Tiét dién suy giam dugc 1iy bang tiét dién
nguyén trif di phin bé tong bi hu hong. Chiéu day 16p bé tong bi hong 14y bang con s 16n hon clia
chiéu day bi bong (tir sb lidu do thuc t&) va chidu day ctia phan bé tdng c6 nhiét do 16n hon 500 °C
(dugc xac dinh i tinh toan). Két qua chi tiét dudc cho trong Bang 1.

Bang 1. Tiét dién suy gidm va hé s6 suy gidm cudng do cho bé tong va cbt thép

L Chiduday MUY s qe HEsO  Cubngdo
STT Vi tri R 3 san bi , «.  suy giam con lai
san ban dau ., 16n nhat 4 .
suy giam cuong do  f, ¢ (MPa)
1 Thép thuong 400 1,0 225
2 Thép tng luc trude 243 0,797 1346.,9
oA < .. theo KQ
3 Bé tong mat ngoai 684 Khoan rit 1i
4 Vung md men duong 200 170
5  Vung m6 men am 200 170

Déi véi cac ciu kién bi hu hédng miic do III thi phuong dn xi ly dé xuat nhu sau. Tai cic vi tri chiu
mo6 men Am, bién phap xir Iy déng 1u6i thép va dd bu 16p vita xi ming mac #400 (B30) day t6i thiéu
60 mm va b hét phan bé tong bi bong 1a ddm bao an toan. Tai c4c vi tri chiu md men duong, néu bi
suy giam kh4 ning chiu luc so véi trudc khi chdy thi dudc gia cudng bing cic 16p sdi cic bon cudng
d6 cao Replark, mbi 16p day 0,333 mm. Sdi nay c6 bé rong mdi I6p bang 250 mm, md dun dan hoi Ia
230000 MPa, gi6i han bén Sru = 3400 MPa. S6 lugng, chiéu day va bb tri ctia 16p s¢i dudc tinh toan
thiét ké va kiém tinh theo tiéu chuin ACI PRC-440.2-17 [28]. Mit bing b tri s¢i gia cudng dudc chi
ra trong Hinh 12.

Tai vi tri 6 san nay, kha nang chiu m6é men duong trudc khi chdy 1a 86 kNm. Sau khi chay, kha
nang chiu m6 men duong la 58 kNm. Sau khi gia cuong, kha nang chiu m6é men tinh toan dugc la
94 kNm, tang 9,3% so véi gia tri trude khi xay ra chay. Nhu vdy, phuong phap gia cuong 1a dam bao
an toan. Luu y rang khac v6i kha ning chiu luc khi chdy, kha ning chiu luc sau chdy ctia két cAu BTCT
sé dugc tinh todn ki€m tra v6i hé qua tic dong theo trang thdi gidi han cuc han tai nhiét do thudng.
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Hinh 12. Miit bang b tri gia cudng soi Replark

5. Két luan

Bai bdo da trinh bay cdc nguyén tic va phuong phap ddnh gid kha ning chiu luc con lai clia ban
san bé tong cbt thép sau chdy theo b tiéu chuin Eurocode, bao gdm phuong phap dudng dang nhiét
(4p dung cho vung chiu md men dudng) va phucong phap phén 16p (ap dung cho vung chiu mé men
am), cung cdc gidi phdp gia cudng thuong dudc st dung trong thuc té. Trén co sé d6, mot quy trinh
danh gia kha niing chiu luc con lai va lua chon gidi php gia cuong san BTCT sau chdy da dugc dé
xut, gdbm céc budc: khao sat hién trang va thu thap thong tin ddm chay; danh gia midc do thiét hai;
x4c dinh nhiét do 16n nhét bé mit bé tong va phan bd nhiét do trén tiét dién; xac dinh hé s6 suy giam
cudng do vat lidu; tinh toan kha niing chiu luc con lai; va thiét ké gia cudng néu can thiét.

Quy trinh dé xuit da ducc 4p dung cho mot cong trinh thuc t& bi chdy tai tAng 3, anh hudng dén
san ting 4. Két qua phan tich truyén nhiét (Abaqus) két hop khao sat mau sac bé tong va sb liéu do dac
hién trudng cho phép xic dinh dudc chiéu day viing bé tong suy gidm va hé s6 suy gidm cudng do ctia
bé tong, cbt thép thudng, thép ng luc trudc theo EN 1992-1-2 va EN 1994-1-2. Tai khu vuc hu hdng
clp do 3, kha niing chiu md men duong ctia san giam tir 86 kNm (trudc chdy) xudng con 58 kNm (sau
chdy); sau khi gia cudng bang tim sdi cac bon Replark dugc tinh toan theo ACI PRC-440,2-17, kha
ning chiu md men dat 94 kNm, ting 9,3% so vdi trang thai trudc khi xay ra chdy. Két qua nay cho
thiy quy trinh dé xut 1a hop ly, ddng tin cdy va c6 thé 4p dung vao thuc tién ddnh gid va gia cudng
cong trinh sau chdy tai Viét Nam.

Loi cam on

Nhom tdc gid chan thanh cdm on sy hd trg tai chinh ctia Vu Khoa hoc Cong nghé, Moi trudng va
Vit liéu xay dung, B6 Xay dung, cung su ho trg trong cong tac trién khai clia Truong Pai hoc Xay
dung Ha Noi cho dé tai “Nghién ctu xdy dung quy trinh ddnh gi4 kha niing chiu luc con lai ctia ciu
kién dam, san bé tong cbt thép sau chdy”, ma sé6 RD 53-26.

Tuyén bé vé viéc st dung tri tué nhan tao tao sinh va cic cong nghé hé tre béi Al

Céc tac gia xac nhan khong sit dung bat ky cong cu tri tué nhan tao tao sinh hoic cong nghé hd

trg b3i Al nao trong qua trinh chuin bi va hoan thién béan thao.
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