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Tém tat: Bai bao trinh bay két qué so sanh chi
sé nut nhiét trong thoi gian dau déng rén dwoc xac
dinh bdng 2 phwong phéap: danh gia don gidn va
phdn t hdu han cia céu kién bé téng cét thép
(BTCT) dang céng hép. Ter d6 chi ra tinh wu nhuoc,
dé twong quan cta hai phwong phap. Ngi dung
nghién ctu c6 dé cap t6i mic dé dnh hudéng cia
mét sé yéu té thuc té téi chi sé nit nay theo hai
phuong phép trén. Két qua phan tich cé thé duoc
stz dung dé dw doén chi sé nit phuc vu thiét ké
phwong an thi céng va bdo dwdng bé tong phu hop
nham kiém soat hién twong nut cda ciu kién bé
tong cét thép, danh gia mirc do tuong quan gidra hai
phuong phép xac dinh chi sé nit va chi ra yéu té
anh huéng 16n nhét t6i chi sé nut cia céu kién.

Tl khoa: Bé tdng cét thép khéi 16n, thoi gian
dau doéng rén, chi sé nut do nhiét, phuong phép
danh gié don gian, phurong phap phan t& hdu han.

Abstract: The article presents the comparison
results of the thermal cracking index during early
curing time determined by two methods: simple
evaluation and finite element of reinforced concrete
structures in the form of box culverts. From there, it
shows the advantages and disadvantages, the
correlation of the two methods. The content of the
study mentions the influence of some actual factors
on this crack index according to the two methods
above. The results of the analysis can be used to
predict the cracking index for the design of
appropriate concrete construction and maintenance
plans to control the cracking of reinforced concrete
structures, and to assess the degree of correlation
between the two methods to determine the crack
index and indicate the that has the greatest
influence on the crack index of the member.

Keywords: Mass reinforced concrete,
curing time, thermal cracking index,
evaluation method, finite element method.
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1. Pat van dé

O thoi gian bt ddu dong rén, trong cau kién bé
téng cbt thép hinh thanh trwéng nhiét do béi nhiét
sinh ra tlr phan (rng thay héa xi méng va s trao dbi
nhiét gira bé tbng v&i mobi trwdng bén ngoai.
Trwdng nhiét d6 nay tao ra trwdng ng suat nhiét
dan dén sw thay ddi thé tich va phat sinh tng suét
kéo trong cau kién, khi (rng suét kéo nay vuot qua
kha nang chiu kéo cla bé tong sé xay ra hién twong
n&t. Qua dé chi sé nit sé dwoc xac dinh thdng qua
&ng suét nhiét dwa trén cac co sé ly thuyét truyén
nhiét, (r’ng suat nhiét phu thudc téi cac chi tiéu co' ly
cla vat liéu, yéu t6 céng nghé thi cong, tinh chat
moi trwdng thi cdng. Trong bai béo, chi sb nit nhiét
dwoc xac dinh theo ca hai phwong phap la phwong
phap danh gia don gidn va phuwong phap phan ti
hiru han.

2. Co s& khoa hoc vé truyén nhiét va chi sé nt
do nhiét

2.1 Phwong trinh Iy thuyét truyén nhiét

Theo [7,9] qua trinh truyén nhiét ba chiéu trong
méi trwong bat dang hwéong dwoc md td bdi
phuwong trinh:

ARy RLE PP LB A
ot ox "ox oy oy’ oz
trong d6: p - khdi lwong thé tich cta bé tong,

(kg/m®);

2y +qm @
0z

C - ty nhiét clia bé tdng, (kcal/kg.’C);

T(x,y,z,t) - nhiét do tai toa do (x,y,z) tai thoi diém
t, °C);

Ax Ay, Az - hé s6 dan nhiét cla vat liéu theo cac
phwong x,y,z;

q(t) - nhiét sinh ra trong mét don vj thé tich tai
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thoi diém t, (kcal/m®).
Céc diéu kién bién:
- Tai mét tiép xic cha khéi bé tdng véi nén dat:
oT oT

/1X—nx+/1y—ny+/11ﬂnz+q(t)=0 voit>0;
OX oy oz

- Tai mét tiép xac v&i van khuon (bién dbi lwu):

PR oT
oX Y oy

trong d6: n,; ny; n, - Cosin chi phwong cta mat
truyén nhiét dang xét;

q(t) - nhiét sinh ra trong mét don vi thé tich tai
thoi diém t, (kcal/m®);

he - hé sé dbi lwu, (kcal/m®.h.°C);
T.. - nhiét d tai mat déi lwu, (°C);
2.2 Céac dédc trung co’ ly vé nhiét cda bé tong

Bé tong la vat lieu co6 tinh dan nhiét thap nén
lwgng nhiét thdy héa clia xi mang khong kip thoat ra
ngoai va tich tu trong long khéi bé tong. Téc do tda
nhiét ty l& thuan véi ty sb dién tich bé mét thoat
nhiét trén khdi tich bé téng, nén déi véi bé tong khdi
I&n tbc do thoat nhiét 1a cham hon rat nhiéu so voi
cac céu kién bé téng théng thwdng. Vi vay co thé
xem qua trinh trao ddi nhiét trong khéi bé tong khi
di&n ra phan &ng thdy héa clta xi mang va déng rén
cla bé tong la qua trinh doan nhiét [1,2]. Theo [8]
lwgng nhiét sinh ra trong qué trinh thay hoa trong
mot don vi thé tich bé téng va nhiét do clta bé tong
tai mot thoi diém trong qua trinh doan nhiét dwoc
xac dinh theo cbng thic (5) va (6).

—at

1 —at
t)=—.pC.Ke? (5)
At =-,-»
T, =K.(l-e*) (6)
trong dé:  q(t) - Nhiét sinh ra trong mét don vi thé

tich tai thoi diém t, (kcal/m®);
p - khéi lwong thé tich cta bé tong, (kg/m?);
C - ty nhiét ctia bé téng, (kcal/kg.’C);
t - thoi gian, (ngay);
a - hé sb thé hién mre do thay hoéa;

K - nhiét do tbi da cGa bé téng trong diéu kién
doan nhiét, (°C);

Taq - Nhiét dd cha bé téng trong diéu kién doan
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—ny+lZa—nz+hc(T—Tw)=0 voi t>
Z

TX Y, 2z1t)=Ty véit>0 (2)

- Tai mét thoang clia khdi bé tong (bién truyén
nhiét):

®3)

0. (4)

nhiét & tudi t (ngay), (°C).
Su gia tang nhiét dd doan nhiét tai thoi diém t

(ngay) dwoc xac dinh bang phwong phap thuc
nghiém theo céng thwc (7) [10]:

Q(t) =Qw-[1—e““‘”°'°’5” } @

trong do: t - tudi bé tdng (ngay);

Q(t) - sw tang nhiét do doan nhiét tai thoi diém t
(ngay), (C);

Q.. - sw tdng nhiét dd doan nhiét cubi cung, (OC);

rat, Sar - CAc thong sb thé hién toéc do thay dbi
nhiét do;

too - tudi bé tong bat dau nang tang nhiét,
(ngay).

Cac dai lwvong Q..; rat; Sat; too trong cong thirc
(7) dwoc thiét 1ap 1a ham sb cuta nhiét dd bé téng khi
dd va ham Iwong tuy theo loai xi mang s dung.

Theo [8,11] nhiét d& ban dau cta hén hop bé
tong dwgc tinh theo nhiét d6 trung binh cla céac
thanh phan vat liéu tai thoi diém tron, bao gom:
nwéc, xi mang va cbt liéu (thd, min), xac dinh theo
cbng thire (8):

C, (Tg .Wg +T,. W) +T,.W,
T CUW, + W)+ W,

trong d6: T, - nhiét d6 trung binh cla bé téng sau
khi dwoc tron véi cac vat liéu da lam mat (°C);

(8)

C, - ty nhiét cGia xi méng va cbt liéu co tinh dén
nwéc (lay C = 0,2);

W, T, - khéi lvong rieng (kg/m®) va nhiét do
(°C) cuia cét lieu;

W,, Tc - khéi lwong riéng (kg/m®) va nhiét do

(°C) ciia xi méang;
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W,, T, - khéi lwong riéng (kg/m3) va nhiét do
(°C) ctia nwérc.

Nhiét d6 méi trwdng trong tinh toan dwoc lay la
nhiét dé trung binh ngay trong 3 nam tai coéng
trwdng hodc st dung sb liéu quan tréc khi twong tai
khu vwe thi cong [8,10]. Tai bién khong thay ddi
nhiét d, nhiét d6 dwoc Iéy theo nhiét d6 trung binh
cb dinh tai mat tiép xtc d6. Tai bién ddi lwu, nhiét do
phu thudc vao loai cdp pha, thoi gian thao khuon,
vat liéu bao dwdng, phwong phap va thdi gian bao
dwéng [9].

2.3 Chisé nat do nhiét cda bé tong

Khi chénh léch nhiét d6 AT cang I&n thi ng
suét nhiét trong khdi bé téng cang I&n, theo [7] mbi
quan hé gitra (’ng suét nhiét va nhiét do trong khoi
bé tdng thé hién trong cong thire (9):

{o} = [RI.E.B{AT} 9)
trong dé: {0} - Vécto (rng suét tai diém khao sat,
(Kgfim?);

[R] - ma tran can bién dang cla bé tong;

E - moédun dan hdi ctia bé téng, (Kgf/m?);

{AT} - véc to gradient nhiét do;

B - hé sé gidn n& nhiét ctia bé téng.

Theo [10], chi sb nit ctia ciu kién bé téng dwoc
xac dinh theo céng thire (10):

_AE)
A
trong d6: f, (t,) - gia tri thiét ké cuong @6 kéo tach
cla BT tai thoi diém t, (Kgf/mz), x&c dinh theo (11);
o, (t,) - tng suét kéo trong cau kién bé tong tai
thoi diém t, (Kgfim?).

f (t,)=Cxf, (t,)" (11)
trong doé: C,, C, - Cac hang so phu thudc vao loai bé
téng;

f. (t,)- cwong d6 nén cia bé tong tai thoi diém
te (Kgf/m?), xac dinh theo (12).
. t,—-S, .
fo(t.)= a5y < ® (12)
trong do: t. - tudi chinh nhiét d6 (ngay);

(10)

t, - tudi kiém soat cwdng d6 cia bé tong dwéng
ho dwéi nwec & 20°C (ngay);
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a, b - cac théng sb thé hién phat trién cuwdng do,
phu thudc loai XM va tudi bé téng;

S;. tudi chinh nhiét 6 twong (ng bét dau dong
rén, phu thudc loai XM (ngay);

f.(t,)- cuong d6 nén cla bé tong tai t,
(Kgfim?).

Khi gia tri |, < 1 thi cAu kién bé téng bat dau
nirt. Xac suat nirt do nhiét ctia cAu kién bé tong xac
dinh theo cdng thire (13):

P(,) = [1— exp {— (EJH x100 (13)

trong do: P(l,) - Xac suét nirt do nhiét (%);
I, - Chi sé nirt ctia cAu kién bé tong.

Déi v&i cac cau kién bé téng, chi sé nit an toan
la = 1,85, khi dé xac suat nivt do nhiét < 5%. Khi xac
suat nit > 5% thi ciu kién c6 nguy co nit cao. Gia
tri gi¢i han cda chi sé nit do nhiét twong &ng
trwong hop nay duworc tinh theo (14):

i)

trong d6: |, - Gia tri gi6i han cta chi s6 nit véi
XA&c suat nirt do nhiét vwot 5%;

P. - X&c suat nirt do nhiét vwot 5%.

3. Quy trinh xac dinh chi sé n&t do nhiét cta cau
kién bé téng c6t thép dang céng hdp trong thoi
gian dau déng ran

3.1 Theo phwong phap danh gia don gian

Theo [10], phwong phap danh gia don gian chi
ap dung cho tirng ciu kién c6 hinh dang dac thu:
dang tdm, dang twéng va dang cot tru. Dé ap dung
dwoc phwong phap nay can phan chia céu kién
thanh cac phan c6 hinh dang twong &ng véi cong
thirc cho trwdc va xac dinh chi sé nit riéng ré cho
tirng phan. So dd thuat toan cac budc xac dinh chi
s6 nit theo phwong phap danh gia don gian thé
hién & hinh 1.

Trong phuong phap nay, chi sb nit |, cta cau
kién dwoc xac dinh theo hai dang ciu kién chinh la
cau kién dang twong va ciu kién dang tAm véi cac
cbng thirc dwoc xac dinh theo [10] nhw sau:
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CAu kién dang twéng:
lmraowt= -1.93x10%T4 — 2.8x10°°D — 1.17x107°Q.. + 1.55x10°rar™*" + 8.72x10%log(Hg) + 0.476f;
— 0.165l0g;0(L/H) + 0.224l0gy0(Ec/ER) + 0.015

Icr: Imra—WT -03

CAu kién dang tam:
lnraL7= -4.32X107°T4 + 1.03x107°D — 9.3x10%Q.. + 0.149r,:™*" — 0.312log(Hg) + 0.142f,
— 0.236l0g;0(L/H) — 7.67x10%log10(Ec/ER) + 5.98
le= lmraLt — 0.3
trong do:

To. Nhiét do bé tong luc dd, [°C];
D- Do day téi thidu cla chi tiét; dd day twong ctia cau kién dang twdng; chidu cao cla bé
téng méi dé dang tAm va dang cot, [m];
Q.. Su gia ting nhiét do doan nhiét, [°C];
rar.Sar- Céc thong sé thé hién toc do thay ddi nhiét do;
Hg - Gia tri biéu hién anh hwdng birc xa nhiét tir b& mat ctia cau kién, [W/m?.°C];
f,- Cuwdng dd kéo tach cla bé tong 28 — 91 tudi ngay dwéng hd phil hop, [N/mm?;
L, H- La kich thwéc chidu dai, rong dbi véi tAm bé tdng va |a chiéu rong, chiéu cao dbi voi
twong, [m];
Ec, Er- Mb6-dun dan hdi cta ciu kién va moé-dun dan hdi cla nén bén dwsi d& cau kién,

[N/mm?.
 oz. 1=z )
l_ Bat dau J l
Khai bdo théng Khai bao kich thwéc Khai bao thong
s6 co' ly phan ciu kién s6 nhiét

,, l

- Cworng dé kéo tdch cua Bé

| - Sy tdng nhiét dé doan nhiét

téng - Téc d6 tdng nhiét d6 doan

- Mé-dun dan héi phén céu - Chidu dai nhiét ,

kién - Chidu cao - Hé sé burc xa nhiéE

( tinh phén bé téng mdi va cii ) - B& day nhé nhét - Ham déi lwu va dan nhiét ]
- Mé-dun dan hoi nén dét - Nhiét dé Bé tong luc mdi dé

Cong thire chi sé nirt

Hinh 1. So’ dd thuat toén xéc dinh chi sé nit theo phuong phap danh gia don gian

3.2 Theo phwong phdp phan ti hdu han tong, tr d6 xac dinh chi sé n&t cha ciu kién &

Trong nghién cteu nay, phdn mém MIDAS Civil  hhing vi tri va thoi diém khac nhau cla giai doan
dwoc st dung d& khao sat mé hinh tinh toan, phan  dau dong ran. Cac bwaéc thyc hién theo [2] nhu sau
tich trwong nhiét do, wng suét trong cau kién bé  (hinh 2):
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- Khéi lwgng riéng

- M&-dun dan hdi

- Hé s8 dan nhiét

- Hé s6 gidn n& nhiét

- Ham co ngét, tir bién

- Ham phét trién cwong do

Khai bao théng sé co’
ly

[ S

Dién bién thay d6i nhiét
do, rng suat nhiét, chi

s6 nirt theo thoi gian

- Gan thudc tinh co' ly

( _ ) [-Nhietdd mai truong
Khai bdo théngs6 | | - Ham sy ting nhiét d6 doan nhiét
nhiét - Nhiét d6 bién
. J, J - Ham d6i lvu va dan nhiét
( ) Thiét 13p mé hinh theo kich thuoc
Thiét 1ap mé hinh 'etlap mo hind
PRI [—1 - Phan chia phan t&r
cau kién

Biéu dd nhiét do, irng
suat nhiét, chi s6 nirt tai
céc diém khao sat

— 1

Gan thudc tinh nhiét
dé

- Gan thong s& nhiét tai bién
—1 - Gan ham sy tdng nhiét d6 doan nhiét
- Gan thudc tinh ddi lwu va dan nhiét

-Trwong nhiét do

f

Gan diéu kién bién ]—

- Diéu kién bién chuyén vi
- Diéu kién bién nhiét do

doan

- Diéu kién bién d6i luu theo tirng giai

- Trwdrng (rng suit nhiét
- Trworng chi s6 nirt

)

[ Gan dieu kien phan
L tich

- Gén céc giai doan thi cong
- G&n cac thoi diém thi céng va khao sat

J

Tién hanh phan tich /

[

Hinh 2. So dé thuat toén xéc dinh chi sé nit theo phurong phép phéan td hiiu han

4. Thwe hanh tinh toan va thao luan chi sé not
cua cau kién bé téng cét thép dang céng hop
trong th&i gian dau déng ran
4.1 Kiém chung phan mém mo phéng sé -
Phwong phap phan te hdu han

Hién nay rat nhiéu cac nghién ctru trong va
ngoai nwéc da st dung phwong phap phan t& hivu
han cua chwong trinh Midas Civil dé phan tich
trwdng ng suét — nhiét do trong khdi bé tong [2-6,
14-22]. Bén canh do6, trong mét nghién ctru da cong
bd [3], nhém tac gid da tién hanh thwc nghiém do
nhiét do cta mot khdi bé téng véi kich thuwéc 1,2 x
1,2 x 1,2m va mé phéng lai khbi bé téng d6 véi cac
diéu kién thuc t& dé& kiém ching va két luan tinh
chinh xac gitra m6 hinh va thyc té. Két qua nghién
ctu trong [3] cho thdy sy phat trién nhiét do do

1,50

| | on

12m

1m,

\ 2m

2 5m,
\\\\?5

duoc tr khdi bé téng thwe nghiém va mé phdng sb
la twong dbi gan nhau. Sw twong déng vé quy luat
phat trién nhiét cling nhw gia tri nhiét do 1&n nhat tai
cac diém khao sat cho thdy d tin cay, tinh twong
thich gitta cach thirc mo6 phdng va thwc nghiém,
khang dinh qué trinh phan tich bang phwong phap
phan t& hiru han s& dung céng cu Midas Civil cta
nhom tac gia la dang tin cay. Do d6, cac két qua thu
dwoc tr qua trinh md phdéng sb - phwong phap
Phan t& hiru han trong bai bao nay la cé gia tri,
phan anh dwoc ng x&r thuwe té clha trwéng (ng suét
— nhiét d6 trong khéi bé téng.

4.2 M6 hinh phan tich cda mau vét liéu

Tién hanh phan tich mét block cdng hop bé téng
cbt thép 6 kich thwée nhu sau:

23m

9,5m

—————————————————————————————

_______________

Hinh 3. M6 hinh block céng hép bé téng cét thép

Tap chi KHCN Xay dung - sé 1/2022
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Cé4c thong sé tinh chét co' ly va nhiét d6 cla cac vat liéu, véi cac thong sb phan tich nhiét duwoc quy doi
tr cAp phéi va ham lwong xi mang cla bé tong theo [10].

Bang 1. Bang théng sé phan tich nhiét

Cac didu kién phan tich &ng suét

Chisb co ly Bé tong cap bén B40 Nén dat
Md-dun dan hoi, [MPA] 36000 20
Hé sb gidn nd nhiét, [1/°C] 1x10” 1x10”
Cuwong do kéo [N/mm?] 2.1
Cuong d6 nén ngay 28 [N/mm-] 22 '
(dung XM podc lang téa nhiét thap)
Hé s6 n& ngang Poisson 0.2 0.3
Céc didu kién phan tich nhiét
Chi sb nhiét Bé tong cap bén B40 Nén dat
Nhiét d6 bé téng khi d6, [°C] 28
Nhiét d6 khong khi, [°C] 25
Su tang nhiét dé doan nhiét, [’C] Q.= 40
Hang sb thé hién téc dd tang nhiét rar =11
dd doan nhiét (XM podc lang tda nhiét thap)
Anh hwéng birc xa nhiét tlr bé mat Hr =56
céu kién, [W/m>.°C] (XM podc l&ng tda nhiét thap)
Nhiét dung riéng, [J/g.°C] 0.25 0.2
Hé sb dan nhiét, [W/m.°C] 2.7 1.7
Hé s6 dbi lwu nhiét bé mat Cbp pha thép, dwéng ho phun: 14

W/m%.°C]

Khoéng khi: 12

Cap phéi bé téng

Loai XM XM podc ldng tda nhiét thap
Cbt liéu I&n nhét, [mm] 20
Do sut, [cm] 10
Ty |é nwdc trén xi mang 0.435
Ham lwgng khdng khi, [%] 2.5
Ty |& céat trén cbt lieu [%] 0.4
Cap phéi, [kg/m?], [I/m?] Nwéc: 165.3
Xi mang: 380

Cét lieu nhd: 532

Cét liéu I&n: 1330

Phu gia h6éa hoc: Glenium SP8S

4.3 Két qua tinh toan chisé nit do nhiét

4.3.1 Két qua chi sé nut do nhiét theo phuwrong phép dénh gia don gian

Xac dinh chi sb n&t do nhiét cho phan cAu kién dang twéng va phan ciu kién dang tdm trén clng.

Bang 2. Két qua chi sé ni#t tinh theo phuong phép dénh gié don gian

Céu
kién

Kich thuwéc

Théng sb

Chi s6 niet
Icr

6m
Twdng
ngoai

T 20m

TUONG NGOAI

Tq = 28°C

D=15m

Q.= 40°C

rATsAT 11

Hg = 5.6 W/m°.°C

fi= 2.1 N/mm”

L =20m
H=6m

Ec = 36000 N/mm?
Eg = 20 N/mm?

0.514
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6m

Twdng
trong

TUGNG TRONG

T, = 28°C
D=1m

Q.=40C

rATsAT 11

Hg = 5.6 W/m°.°C
fi = 2.1 N/mm°*

L =20m
H=6m

0.516

Ec = 36000 N/mm?
Er = 20 N/mm?

Tam
trén .
cung

v

TAM TREN CUNG Q.= 40°C

Tq=28°C
D=15m

I’ATSAT =1.1
Hg = 5.6 W/m°.°C
fi= 2.1 N/mm”®
L=33m
H =20m

0.368

2om
Ec = 36000 N/mm?
ER =20

Két qua tinh toan cho phép thé hién chi sé nut
duwoc coi la nguy hiém nhét cda toan mau céu kién
bé téng céng hdp. Theo [10], khi chi sé nit ler < 1
thi bat dau co6 hién twong nt xay ra trong két ciu
bé tong (v&i xac suét Ién). Nhw vay theo két qua
phan tich & trén thi c6 thé két luan céu kién bé téng
cbng hdp cla mau tac gia nghién ciu sé c6 nguy
co bi nit trong thei gian dau déng rén.Tuy nhién
phwong phap danh gia don gidn chwa thé hién
dwoc vi tri va thei diém co xac suét xay ra nit hay
vung c6 nguy co nut cao.

Két cau dang tudng ( twdng ngoai) -CS4
Diém 2: toa 6 22118

22118

4.3.2 Két qua chi sé nixt do nhiét theo phuwong phap

phén tr hitu han

Tién hanh phan tich chi sb n&t cta cu kién
cbng hop bé téng cbét thép theo so dd thuat toan
dwoc dwa ra. Dwa vao cac trwdng chi sd nirt theo
thdi gian déng ran bé téng, xac dinh dwoc hai diém
nguy hiém dai dién cho phan ciu kién dang tdm va
céu kién dang twong.

Két cau dang tam -CS5
Diém 1: toa dd 36196

36196

Hinh 4. M6 hinh phan tich va diém khao séat

Biéu dd chi sé nirt theo thoi gian ctia 2 diém khao sat:
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Biéu db chi s& nirt
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S0

100 110 120 130 140 150 160 170 180 190
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Hinh 5. Biéu dé két quéa chi sé nit theo théi gian cda 2 diém khao séat

Ké&t qua trwdng chi s6 n&rt nhd nhét ctia cAu kién trong thdi gian déng ran

MIMAS/ CIVIL
POST - PROCESSOR
CRACK RAT IO
2.00000e+001
1.81823e+001
1.63646e+001
1.45469¢+001
1.27293e+001
1.09116e+001
—  9.09388¢+000
7.27619¢+000
5.45851e+000
3.64082e¢+000
1.82313e+000
5.44618e-003

Min/ Max Stage

Hydration
L} | HY Step(min)
MAX : 1098
MIN : 11269
FILE : TN1
UNIT : ratio

Hinh 6. Trirong chi sé nit nhé nhét cda céu kién (Biéu dién ¥ c4u kién)

Két qua phan tich chi sé nit cdu kién bé téng
mau céng hdp cho thay, xac suét xay ra hién twong
nét cao tai phia twéng vach bén trong gan tam khoi
bé téng trong khodng 140h dén 160h va tai bién cAu
kién tAm xay ra n&t cao nhat trong khoang 170h-
190h. Cho thay dbéi v&i cau kién bé tong cbt thép
dang cbéng hop nhw trén, kha nang nit & khe vach
twdng bén trong sé sém hon.

Trong giai doan tang nhiét chi sb nit cla cac
I&p & tai phia twong vach bén trong gan tam khéi bé
tong gidm dan va dat gia tri nhé nhat & thoi diém
nhiét d6 thdy hoa dat gia tri cwc dai va chénh Iéch
nhiét do AT dat gia tri I&n nhat. Pay chinh la thoi
diém bé téng cac Iép & twong vach bén trong gan
tam khdi bé téng két cAu c6 nguy co nit cao nhét.
Bé tong cac I&p & bién twong vach va tm cla két
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céu déu c6 nguy co nit trong giai doan ha nhiét, khi
bé téng ngudi dan. Chi sb nit nhd dan dat gia tri
cwce tiéu & cudi giai doan gidm nhiét cta bé tong.

4.3.3 So sanh két qua ch/ sé nut do nhiét theo hai
phwong phap

Pé so sanh sw twong quan gia tri chi sd nut
theo hai phwong phap néu trén, tién hanh danh gia
chi sé nirt cho tirng phan c4u kién c6 hinh dang dac
thu la dang tAm va dang twéng, véi cac théng sb vé
co ly, nhiét dd va cdp phdi nhw nhau. DBéi voi
phwong phap danh gia don gian, viéc str dung céng
thrc sé& cho két qua chi sb nit dwoc coi 1a nguy
hiém duy nhat. Déi v&i phwong phap phan ti hiu
han, chi sé nit nguy hiém nhat dwoc xac dinh théng
qua trwdng chi s nat.

Tap chi KHCN Xay dung - sé 1/2022



KET CAU - CONG NGHE XAY DUWNG

Bang 3. So sanh chi sé nit tinh theo phurong phap danh gia don gian va phuong phap phéan ti hitu han

Loai Két qua chi sb nivt I
Phan cau kién cua két cau cau theo phwong phap
- R « % V4 A A ’a e
(Biéu dién ¥4 cau kién) kién banh gia PTHH
don gidn
MIMAS/ CIVIL
POST - PROCESSOR
CRACK RAT 10
2.00000e+001
E 1.82350e+001
1.64700¢+001 - Twong - Twong
1ar0s0er00t | Dang | trong day | trong day
129400e+001 | TPONQ [ 1m 1m
L11750e+001 ler = (ler)min =
9.40995e+000 0.516 05§l
(Biém 3)
7.64494e+000
_ 5.87993e+000 _ Tu(‘)’ng
| 4.11492e+000 ngoai day - Tuong
! 2.34991e+000 1.5m ngoai dé.y
5.84906e-001 ler = 1.5m
0514 (Icr)min =
0.581
(Diém 2)
Min/ Max Stage
[Hydration
[HY Step(min)
MIMAS/ CIVIL
POST - PROCESSOR
CRACK RAT 10
2.00000e+001
1.82368e+001
1.64735e+001
1.47103e+001
1.29470e+001
1.11838e+001
9.42054¢+000 D?ng o =0.368 (lcr)min =
7.657300+000 tam 0.604
5.894050+000 (Dlém 1)
4.13081e+000
2.36757e+000
6.04325e-001
Min/ Max Stage
Hydration
HY Step(min)

Theo [10] thi khi chi sé nit <1 thi ciu kién bét
dau nit chi sb nit cang bé thi xac suat nit xay ra
cang lén. Qua két qua tinh toan trong bai bao thi chi
sb6 nit tinh theo phwong phap danh gia don gian
ludn thap hon phwong phéap phan t& hivu han. Déi
véi cau kién dang twdng, sw chénh léch gia tri chi
s6 nit theo hai phwong phéap sé& nhé hon so véi cau
kién dang tAm. Phuong phap phan tl hiru han phan
tich va thé hién dworc vj tri cu thé, thoi diém cu thé
c6 thé xay ra hién twong nt hay xac suét nit cao
cho céu kién trong subt dién bién cta quéa trinh
dong rén thi cong theo phwong phap toan khéi,
phwong phap danh gia don gian chi tinh dwoc chi
sb nit dwoc coi 1a nguy hiém nhét cta toan mau
céu kién bé téng ma chwa thé hién dwoc dién bién
cla qua trinh déng ran bé téng, chwa thé hién duwoc
vi tri cling nhw thdi diém cu thé xay ra hién twong
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n&t, nhw vay cho thdy phwong phap danh gia don
gidn chi c6 thé dung trong giai doan danh gia so bd
chi s nut.

5. Sw anh hwéng ctia mot sé yéu té thi cong té&i
chi sé n&rt do nhiét

Thyc hién danh gia me do anh hwdng ctia mét
s6 yéu tb thi cong va vat ligu téi chi sb nirt clia phan
cau kién dang twdng ctia cdng hop bé téng cbt thép,
c6 kich thuwdc 1.5x6x20m. Bé don gian hoa viéc so
séanh, ta gitr nguyén cac théng sé phan tich bai toan
tr muc 4 va thay ddi riéeng ré trng yéu tb, tuy nhién
dé dam bao viéc so sanh c6 hiéu qua, can giéi han
gia tri cla tirng yéu tb trong khoang cho phép dwoc
khuyén céo va phu hop véi tinh chét, cap phéi thuc
té cla vat liéu.
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Bang 4. Chi sé nit tinh theo phuong phép danh gié don gidn va phuwong phép phén td hiu han
khi thay déi théng sé dau vao

- N Lan Lan Ly | Ciatri chi sb n&t nguy hiém nhat theo phuong phap
Yéu t6 thay doi 1 5 3 Phan t&r hiru han, (Ie)1- | Béanh gia don gian, (ler)1-
(Icr)Z'(Icr)B (Icr)Z'(Icr)S
Ham lwong XM, [kg/m3] 380 400 420 0.581 - 0.497 - 0.411 0.514 - 0.365 - 0.276
Ty 1€ nwéc trén XM 0.435 0.53 0.6 0.581 - 0.667 - 0.745 0.296 - 0.404 - 0.514
l})lhiét dd bé tong khi thi cong, 28 30 32 0.581 - 0.581 - 0.577 0.514 - 0.453 - 0.395
[C]
Nhiét dd méi trwong, [C] 25 28 35 0.585 - 0.587 - 0.589
Dbi lwu van khuon, [keal/m?. °C) 14 8 0.585 - 0.595
(Thép) (Gd)

Ham lwong cbt thép, [%] 0.1 0.22 0.46 0.583 - 0.787 - 0.589

*Chu thich: (Ie)1-(Ie)2-(Ier)3 1& gid tri chi s6 nit 1an lwot cta lan 1, 1an 2, 1an 3

Tdng hop két qué phan tich trén véi sy thay dbi
cép phéi va nhiét d maéi trwedng ta nhan thay rang:

- V& thoi diém c6 xac suét niet xay ra 1én va quy
luat thay déi gia tri chi sé nt khé la gidng nhau theo
cd 2 phwong phap khi ta thay dbi cac yéu té dau
vao (dbi véi cuing mét dang céu kién);

- Théng qua viéc thay ddi cac yéu t vé vat liéu,
diéu kién thi cong, diéu kién méi trwong va ham
lwong cbt thép, ta nhan xét thay:

+ Ham lwgng xi mang, ty 1é nwédc voi xi mang
trong cap phéi bé tdng c6 &nh hwédng Ién nhat téi
sy bién thién gia tri chi s nt tai cac vi tri nguy
hiém trén cau kién déi véi ca 2 phwong phap. Ham
lwong xi mang va ty |&é nwdc trén xi mang 1a yéu td
chinh phét sinh ra nhiét do thay héa bén trong céu
kién bé téng cbt thép. Nhiét do thay dbi rd rét khi chi
thay déi ham lwong xi mang trong cép phdi tir 380
t&i 420 (kg/m®) hay giam ty 1& N/X (nwéc trén xi
mang) tlr 0.6 — 0.4, chi s6 nirt sé bi gidm dang ké va
nguy co nit cha két cAu cao lén nhiéu khi tinh theo
ca 2 phuong phép, tuy nhién chi sé nit tinh theo
phwong phép danh gia don gian thi gidm nhiéu
hon;

+ Mot yéu td co anh hwdng dang ké t6i gia tri
chi sb nirt d6 1a ham lwong cbt thép bén trong két
cau cbng hop. Trong mau nghién ciru, phan tich
theo phwong phap phan t& hitu han, ta lwa chon
ham lwong cbt thép dao ddng trong khoadng ® = 0.1
— 0.46 (%) nham dam bao diéu kién lam viéc clha
cau kién céng hop. Sw bién thien ham lwong cét
thép tac dong dang ké tdi chi sé nit cia mau. Khi
ham lwong cét thép bi gidm t&i gan ® (min), &ng
suéat kéo cla bé tdng c6 xu huwéng tang Ién, chi sb
nt bi gidm va lam tang nguy co nit cta két clu .
Khi ham lwong cbt thép ting lén gan ® (max), ng
suét kéo clia bé tdng gidm, nhwng theo sw lam viéc
& trang thai gi¢i han 2 (Bién dang cho phép) cla két
clu bé tong cbt thép, ham lwgng thép Ion cd xu
hwéng 1am tang bé rong vét nt sinh ra, lam tang
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nguy co nirt va dan dén pha hoai cta két cau. Qua
hai trwdng hop trén, ta nén thiét ké két ciu bé téng
cbt thép dang cdng hop véi ham lwong cbt thép
trung binh. Phwong phap don gidn khéng dé cap
dwoc téi sw anh hwdng cta ham lwong cbt thép;

+ Chung loai van khuén chuyén dung nhw van
khuén thép, van khuén gbé dan (hoac gé ép) cé hé
s6 ddi lwu chénh léch khong 1&n, thay déi hé sb dbi
lwu &nh hwéng khoéng dang ké tdi bién thién nhiét
do, tng suét va chi sé nirt ciia mau phan tich theo
phwong phap phan t& hiru han. Phwong phap don
gian khéng dé cap duoc téi sy anh hwéng cla
chung loai van khuon;

+ Ngoai ra yéu t6 tac dong gitra nhiét dd ban
dau luc d6 bé téng va nhiét dd méi trwéng thi cong
c6 gay anh huwdéng téi sy chénh léch nhiét d6 cta
khdi bé téng gitra bén trong va bén ngoai, lam gia
tdng rng suat kéo va tang kha nang nt. Tuy nhién
nhiét dd modi trwdng thwdng bién déong nhd va
chénh léch khéng qua I&n so v&i nhiét d6 bé tong
khi @6 nén anh huéng cta 2 yéu td nay so véi cac
yéu t6 khac la khéng lén theo cé hai phwong phap,
phwong phap don gidn khéng dé cap duoc téi sw
anh huéng yéu té nhiét dd méi truong.

6. Két luan

Phwong phap phan t& hiru han s& dung trén
MIDAS Civil 2011 v7.2.1 cho phép xac dinh hinh
thai thay dbi va gia tri chi s6 nét cta céu kién bé
téng, thi cdng theo phuong phap toan khdi, & cac vi
tri va thoi diém khac nhau trong giai doan dau dong
rén, phwong phap nay cé dd tin cay cao hon.

Phuwong phap danh gia don gian c6é phwong
thire tinh d& dang va st dung it sé liéu hon phuong
phép phan t& hiru han, tuy thuan tién tinh toan
nhwng tinh chinh xac sé khéng cao nhuv phwong
phéap phan t& hi*ru han va khéng phan anh dwoc sy
anh hwéng clta nhiéu yéu té khac nhu: nhiét d6 moi
trwong, dbi lwu van khudn, ham lwong cbt thép...
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Déi voi cau kién dang tuwong, sw chénh léch két
qua theo hai phuong phap sé& nhé hon so véi cau
kien dang tAm. Phwong phap danh gia don gian
dwoc thiét lap dwa trén qua trinh da héi quy dbi voi
céac chi sé nit do nhiét tinh theo phwong phap phan
t htbu han, va cho gia tri gi¢i han thap hon cla
phwong phap phan t& hiru han.

Gia tri chi sé6 nit do nhiét phu thudc phan 16n
vao nguyén nhan sinh ra ngudn nhiét, chinh vi vay
yéu té ham lwong xi mang, ty 1& nwéc trén xi mang
c6 tac dong lon nhéat t&i gia tri chi sé nit do nhiét
theo ca hai phwong phap. Sw bién thién gia tri chi
s6 nit do nhiét phi hop véi sy bién thién cac théng
sb dau vao vé mat ly thuyét.

Két qua phan tich chi sé nit cia bé tong theo
hai phwong phap cho thdy phwong phap danh gia
don gian c6 thé dung trong giai doan danh gia so
bd chi sb nirt d& dwa ra cac phwong an bao dwéng,
cbng nghé thi céng hop ly. Tuy vay, viéc danh gia
lai chi s6 nirt ctia cAu kién theo phwong phap phan
tr htru han la can thiét dé dbi chiéu két qua tinh
toan so bd va tdng do chinh xac chi sd nirt do nhiét.

TAI LIEU THAM KHAO

1. BDich, N.T. (2010), Cong tac bé téng trong diéu kién
khi hau nong Am Viét Nam, NXB Xay dung, Ha Néi.

2. Khoa, H.N., Cbng, V.C. (2012), Phan tich trwong
nhiét d6 va &ng suat nhiét trong bé téng khédi Ién
bang phwong phap phan t& hiru han, Tap chi Khoa
hoc Céng nghé Xay dung, BHXD, sé 14/12.

3. Khoa, H.N., Minh, L.V. (2014), X&c dinh chi s6 nit
cta két cdu bé tong toan khdi trong thdi gian dau
doéng rén bang phwong phap phan t& hivu han, Tap
chi Xay dung, Bé Xay dung, sé 8.

4. Dung, B. T. M, Chtec, N. T., Khéi, L. T. Q. (2020).
Anh hwéng cua kich thuéc két ciu bé tong khéi Ion
dén sw hinh thanh trwéng nhiét d6 va vét nit & tudi
s&ém ngay. Tap chi Xay dung Viét Nam, (1):11-14.

5. Tang, L. V., Nguyen, C. T., Bulgakov, B., Pham, A. N.
(2018). Composition and early-age temperature
regime in massive concrete foundation. MATEC Web
of Conferences, EDP Sciences, 196:04017.

6. Thuc,L. V., Trung, L. Q., Hung, N. M. (2019). Nghién
ctru kidm soat nit do nhiét trong bé téng khéi Ién bang
co ché s dung 6ng 1am lanh. Tap chi Khoa hoc Céng
nghé Xay dung (KHCNXD)-DHXD, 13(3V): 99-107.

7. J.E Akin (1994), Finite Element for Analysis and
Design, Academic Press.

8. P. P. Bamforth, D.Chisholm, J.Gibbs, T.Harrison
(2008), Properties of Concrete for use in Eurocode 2,
The Concrete centre.

Tap chi KHCN Xay dung - sé 1/2022

9. B. Gebhart (1993), Heat Condtion and Mass

Diffusion, McGraw-Hlill.

10. JCI, VCA (2011), Hwéng dan kiém soéat nit trong bé
tong khéi I1&6n — phién ban 2008, VCA, Ha Noi.

11. JSCE (2007), Standard specifications for concrete
structures — 2007 “Materials and Construction”.

12. H. Krisnamoothy (1996), Finite Element Analysis-
Theory and Programming, Tata McGraw Hill.

13. MIDAS Information Technology (2011), Heat of
Hydration- Analysis Analysis Manual Version 7.2.1.

14. Khalifah, H. A., Rahman, M. K., Zakariya, A.-H., Al-
Ghamdi, S. (2016). Stress generation in mass
concrete blocks with fly ash and silica fume-an
experimental and numerical study. Proceeding 4th
International Conference on Sustainable Construction
Materials and Technologies, 7-11.

15. Wang, F., Chen, C. (2012). Temperature Sensitivity
Analysis of Massive Concrete Mixing with Slag
Powder and Fly ash. Advanced Materials Research,
Trans Tech Publ, 594:804-807.

16. Zhou, M. R., Shen, Q. F., Zhang, Z. N., Li, H. S,,
Guo, Z. Y., Li, Z. B. (2013). Based on MIDAS/CIVIL
theanchorageofmassconcretetemperaturefieldandstre
ssfieldsimulationanalysis. AdvancedMaterials
Research, Trans Tech Publ, 724:1482-1488.

17. Yunchuan, Z., Liang, B., Shengyuan, Y., Guting, C.
(2012). Simulation analysis of mass concrete temperature
field. Procedia Earth and Planetary Science, 5:5-12.

18. Liu, W., Cao, W., Yan, H., Ye, T., Jia, W. (2016).
Experimental and numerical studies of controlling
thermal cracks in mass concrete foundation by
circulating water. Applied Sciences, 6(4):110.

19. Li, C.-R., Du, J.-L. (2011). The application of
Midas/Civil software in mass concrete pile cap
hydration heat control. Shandong Transportation
Science and Technology, 1.

20. Wang, J,, Li, F., Wang, S.-X. (2007). A Study on 3-
dimensional FEM Analysis of Massive Concrete
Hydration Heat of Cable-stayed Bridge Platform [J].

Highway, 11:173-176.
21. Xingang, W., Wei, Z., Shiguang, F., Huaishang, Q.
(2010). Study of Layout for Water-cooling Pipes in
Based on MIDAS [J]. Port

Mass Concrete

Engineering Technology, 6.

22. Yu, R.,Wang, X., Liu, T. (2010). Admixtures on Mass
Concrete Temperature Crack Control Study and
Numerical Simulation. 2010 International Conference
on E-Product E-Service and E-Entertainment, |IEEE,
1-8.

Ngay nhén bai: 23/3/2022.

Ngay nhén bai stra:13/4/2022.

Ngay chdp nhén ding:14/4/2022.

37






KET CAU - CONG NGHE XAY DUWNG

Tap chi KHCN Xay dung - sé 1/2022



