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Anh huéng cua xi mang xi lo cao PCBBFs 40%
dén nhiét thay héa caa beé tong khéi lan

Effect of PCBBFs 40% blast furnace slag cement on the heat of hydration of mass concrete
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TGM TAT

Vigc kiem soat nhigt thiy hoa trong bé tang khdi lan la mat thach
thire ky thuat quan trong nham han ché nguy co nirt nhigt trong giai
doan dau sau khi dd bé tang. Nghién ciu nay danh gia anh hwang
ciia vigc thay the 40% xi mang PCBAD béng xi | cao (PCRBFs 40%)
den su phat trign nhigt da, tng suét nhiét va chuyén vi trong bé tong
khai lan. Phan tich duge thye hign bang phuang phap phan tir hir
han thang qua phan mém Midas Civil, vai ma hinh bé try cdu ca kich
thude thue t8 8 m x 4 m x 2 m. K&t qua cho théy viec sir dung
PCBRFs 40% giap giam nhigt do tdi da tai tam khdi bé tong tir
70.08°C xuting 92.1°C (giam 25,66%), tng suat kéo lén nhat tai bé
mat giam tir 7,94 MPa xuding 4,76 MPa (giam 40.05%) va chuyén vi
gidm khoang 0.5 mm. Nhitng phét hién nay khéng dinh higu qué cia
xi mang xi |o cao trong viéc kiém soét nhigt thay hoa, giam ing suét
kéo va nang cao tinh dn dinh cdu kign. K&t qua nghién ciu ndy cung
cép co st khoa hoc quan trong cho vigc thigt k& va thi cong bén
vitng céc cang trinh bé tang khdi lan trong diéu kign khi hau ndng
dm coa Viet Nam.

Tir khaa: Nhigt thiy haa; bé tdng khdi lan; itng sust thiy nhigt; xi
méng xi Io cao; PCBBFs 40%.

ABSTRACT

Controlling the heat of hydration in mass concrete is a critical
engineering challenge to minimize the risk of early-age thermal
cracking. This study investigates the effects of replacing 40% of
PCBA40 cement with blast furnace slag cement (PCBBFs 40%) on the
development of temperature, thermal stress, and displacement in
mass concrete. The analysis was conducted using the finite element
method via Midas Civil software, with a full-scale bridge pier footing
model (8 m x 4 m x 2 m). The results show that the use of PCBRFs
40% reduced the peak core temperature from 70,08°C to 52.1°C (a
2a,66% decrease), the maximum surface tensile stress from 7,94 MPa
to 4,76 MPa (a 40.05% decrease), and displacement by approximately
(0.5 mm. These findings confirm the effectiveness of blast furnace slag
cement in controlling heat of hydration, reducing tensile stress, and
enhancing the structural stability of mass concrete. The results of this
study provide a valuable scientific basis for the sustainable design and
construction of mass concrete structures, especially under hot and
humid climate conditions in Vietnam.

Keywords: Hydration heat; mass concrete; stress; blast furnace

slag cement; PCRBFs 40%.

1. GIGI THIEU CHUNG

Su phét trién nhanh chéng clia nganh Xay dung, dac biét trong linh
vuc cau duding va cac cdng trinh ha tang quy mé 16n, da dat ra yéu cau
ngay cang cao déi véi viéc sit dung bé téng khéi I6n trong nhiing két
cau quan trong nhu bé try cau, dap thay dién, méng cong trinh cao
tang va cac cong trinh giao thoéng. Tuy nhién, mét trong nhiing thach
thuic ky thuat quan trong khi thi cdng bé téng khéi 16n 1a kiém soat nhiét
thuy hda, tuic qua trinh sinh nhiét trong bé tong do phan ting héa hoc
gilra xi mang va nudc. Su chénh léch nhiét d6 gitia 16i va bé mat bé tong
6 thé tao ra tng sudt nhiét 16n, dan dén nguy co xudt hién cac vét nat
trong két cau, lam suy giam d6 bén lau dai va khd nang chiu tai ctia cong
trinh [1], [2]. Nhiéu nghién cttu da chi ra rdng cac vét nit do nhiét khong
chi lam gidam dé bén két cau ma con lam tang kha néng tham nudc, tir
d6 thic ddy suxam thuc clia cac ion c6 hai nhu CI~ va SO,*7, anh hudng

tiéu cuc dén tudi tho clia cong trinh [3], [4].

DE kiém soat nhiét thily hda trong bé téng khéi I6n, nhiéu gidi phap
da dugc dé xuat. Mot s6 phuang phap phé bién bao gém st dung hé
théng lam mat trong khéi bé tdng bang cac 6ng nudc luan chuyén,
gilip gidm nhiét do 16i trong qua trinh déng ran [5]; diéu chinh thanh
phan hén hop bé tong bang cach giam ty 1& xi mang hodc st dung c6t
litu co kich thuéc I6n han nham han ché nhiét sinh [6]; tng dung
phuang phap thi cong theo giai doan nham kiém soét su gia ting nhiét
dd mét cach cé kiém soat [7]; va thay thé mét phan xi mang podc lang
bang cac vat liéu b8 sung nhu tro bay, silica fume, metakaolin hodc xi 16
cao [8[, [9]. Ngoai ra, phuong phap lam lanh vat liéu trudc khi tron, nhu
st dung ¢t liéu hodc nudc tron da duoc lam lanh, cling dugc ap dung
nham gidm nhiét dé ban dau ctia hén hop bé téng, nham han ché dinh
nhiét do trong qua trinh thay héa va gidm nguy co nut nhiét. Trong cac
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gidi phap ké trén, viéc thay thé xi mang podc lang bang xi 16 cao dugc
xem |a mét trong nhiing phuong an t&i uu dé kiém soét nhiét thiy héa
ma van dam bao tinh chat ca hoc va dé bén lau dai cta bé téng [10].

Xi mang podc lang xi 16 cao dugc ché tao bang cach nghién min
hén hgp clanhke xi mang podc lang vdi xi hat 16 cao va mét lugng thach
cao thich hgp; hodc tron déu xi hat 16 cao da nghién min véi xi mang
podc lang. Xi 16 cao la san phdm phu clia qua trinh luyén gang thép, véi
thanh phan chd yéu gobm Ca0, SiO, va Al,O;. Viéc sir dung xi 16 cao
khong chi gitp gidm ham lugng clanhke trong xi mang, gidm nhiét thiy
ho6a, ma con cai thién kha nang chéng xam thuc, téng do bén sunfat va
gidm tinh thdm nudc ctia bé téng [11], [12]. Cac nghién ctu trén thé gidi
da chi ra rang khi thay thé mét phan xi mang podc lang bang xi 6 cao,
nhiét dé t6i da trong bé téng cé thé gidm dang ké, giup han ché tng
suat nhiét va gidm nguy cao nut [13], [14]. Ngoai ra, bé toéng st dung xi
mang podc lang xi 16 cao con co tinh bén viing cao hon so vdi bé téng
thong thudng nho vao kha nang giam phat thai CO, trong qua trinh san
xudt, gop phan vao xu hudng phat trién vat liéu xay dung than thién vai
moi trudng [15], [16].

Mac du cac nghién ctu trén thé gisi da danh gia tac dong cta xi lo
cao dén nhiét thiy hoa bé téng khéi I6n, tai Viét Nam, s6 lugng nghién
ctu thuc nghiém va mé phéng [17] vé anh hudng clia xi mang xi 1o cao
dén su phat trién nhiét do, (ng suat nhiét va nguy co nit trong bé téng
khoi I6n van con rat han ché [18], [19]. Phan I6n cac nghién ctu trong
nudc tap trung vao anh hudng cla tro bay hoac cac phu gia khoéng
dén tinh chat co hoc clia bé téng, trong khi d6, tac dong clia xi mang xi
16 cao dén nhiét thay hoa va tng suat nhiét trong bé toéng khéi I6n chua
dugc phan tich chi tiét [20], [21]. Diéu nay tao ra mét khoang tréng
trong nghién ctu va thuc tién (ng dung tai Viét Nam, dac biét trong
diéu kién khi hau néng 8m, noi nguy ca ndt nhiét trong bé téng khéi
I6n c6 thé xdy ra & muc d6 cao han so véi cac khu vuc ¢6 khi hau én dai
[22], [23].

Nghién ctu nay dugc thuc hién nham danh gia anh huéng cua viéc
thay thé& 40% xi mang podc lang bang xi 16 cao d6i véi su phat trién nhiét
do, ing sudt nhiét va chuyén vi trong bé tong khaéi I6n. Ty 1& thay thé
40% dugc lua chon dua trén co s& thu vién vat liéu hién co trong phan
mém Midas Civil va xi mang podc lang xi 16 cao thuong pham cé trén
thi trudng, trong d6 ty & nay la muc sén c6 &€ mo phéng, déng thoi
cling la ty 1& phd bién dugc khuyén nghi trong thuic t& nhdm can bang
gilia hiéu qua gidm nhiét thlly hoéa va duy tri cac déc tinh co hoc can
thiét clia bé tong [24]. Phuong phép phan tr hiu han (FEM) dugc ap
dung dé mé phong va phan tich qua trinh nay théng qua phan mém
Midas Civil, véi mé hinh mé phdng bé tru cau c6 kich thudc thuc té. Két
qua nghién ctiu khong chi gidp xac dinh mic gidm nhiét do 16n nhat
trong bé tdng khi st dung xi mang xi [6 cao, ma con cung cap dit liéu
chi tiét vé su phan b6 (ing suat nhiét trong két cau, gitp danh gia muc
do6 gidm Uing suat kéo - yéu té chinh gay ra nut nhiét [26]. Dong thai,
nghién ctiu cing dua ra cac khuyén nghi ki thuat nham téi uu hoa viéc
st dung xi mang xi 16 cao trong thi cdng bé téng khéi 16n tai Viét Nam
[27-31].

Nhiing két qua dat dugc tirnghién ctru nay khong chilam rd thém vé
anh hudng clia xi mang xi 16 cao dén nhiét thay héa trong bé tong khéi
I&n, ma con cung cap cd s& khoa hoc quan trong dé t6i uu hoa thiét ké va
thi cong céc cong trinh ha tang tai Viét Nam. Viéc st dung xi mang xi 10
cao trong bé tong khéi I6n hia hen sé [a mét giai phap ky thuat hiéu qua
gitp gidm thiéu rdi ro ndit nhiét, nang cao tudi tho cong trinh, ddng thoi
g6p phan vao xu hudng phat trién bén viing trong nganh xay dung.

2.CO'SGLY THUYET TINH TOAN THUY HOA

2.1. Phén tich truyén nhiét [32]

2.1.1. Dén nhiét: 1a mét dang truyén nhiét cé quan hé vdi su trao déi
nang lugng tir viing cé nhiét dé cao dén ving cé nhiét do thap. Toc dé
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dan nhiét ty & véi dién tich vuéng goc véi phuong dan, gradient nhiét
theo phuong dé. Theo dinh luat Fourier:

O = —kAa—T M
Ox

Va6i: Q«la lugng nhiét dugc truyén, don vi la kcal/h.m.°C; k 1a hé s6
dan nhiét, doi vai béténg bao hoa, k=1,21-3,11; A la dién tich dan
nhiét, vudng goc phuong dan nhiét; Z—)TC: la gradient nhiét

2.1.2. Béi luu nhiét: nhiét dugc trao déi tir bé mat cac khéi ran 1én
méi trudng chat 1dng hay chéat khi théng qua chuyén déng clia cac
phan ti chat long hay khi. Lugng nhiét dugc truyén g do doi luu trén
mot don vi dién tich khéi ran duogc tinh toan nhu sau:

q=hT-T,) 2

Vi he la hé sé truyén nhiét gilfa chat ran va chat long/chat khi. he
phu thudc vao nhiéu yéu t6 nhu cau tao hinh hoc clia bé mat, tinh chat
vat ly ctia chat 16ng/chat khi, nhiét dé trung binh ctia bé mét chat long,
v.v... khitinh toan cac khéi bé téng trong khéng khi, he 6 thé dugc tinh
toan nhu sau: he = 5,243,5v (v la van toc gid; dugc tinh bang m/s). T la
nhiét dé bé mat chat ran va T la nhiét d6 maéi trudng chat 1ong/khi.

2.1.3. Ngudn nhiét: nguén nhiét thé hién lugng nhiét phat sinh trong
qua trinh thdy héa. Lugng nhiét bén trong bé tong phat sinh do qua
trinh thay héa trong mét dan vi thdi gian va don vi thé tich la:

1
=— pCKoe 3)
g 4 P
Phuong trinh tdng nhiét d6 doan nhiét la:
T=K(l—-e") 4)

Trong dé: T la nhiét d6 doan nhiét (°C); K la su tang nhiét doé doan
nhiét I6n nhat (°C); a la hé s8 t6c d6 phan ing; e la khéi lugng thé tich
cla bé tong (kg/m®; t la thdi gian (ngay); C: ty nhiét cla bé tong
(kcal/(kg-°C)).

2.2, Phan tich ing suat nhiét [32]

Ung suét trong bé téng khéi Ién tai méi giai doan thi cong dugc tinh
toan véi viéc st dung cac két qua clia phan tich truyén nhiét, su phan
bé nhiét d6 theo nut, ciing nhu xét dén su thay déi cac thudc tinh vat
liéu theo thai gian va nhiét do, su co ngot theo thdi gian, ti bién phu
thudc thdi gian va ting suat, v.v...

Cudng dé chiunén ctia bé tong tinh theo tudi tuong duong va nhiét
d6 cong don, dugc tinh theo cong thuic sau:

Theo AIC: £ (£) = —— £/ (28) ©)
a+bt,,

Véi: £ (t) la cudng d6 bé tong tai thi diém tinh toan; £ (28):la
cudng do bé téng tai tudi 28 ngay; g, b : la cac hé s6 phu thudc vao loai
xi mang; t 1a thai gian tinh toan (ngay); te la tudi tuong duong clia bé
tong.

3.PHAN TiCH NHIET THUY HOA TRONG BE TONG KHOI LGN

3.1. Xac thuc mo hinh

DE dam bao do tin cay clia mé hinh phan tich, nghién cu nay tién
hanh xéac thuc m6 hinh mé phong nhiét thiy hoa va ting suat nhiét cda
bé tdng khéi I6n bang phuang phéap phan tihitu han (FEM) thong qua
phan mém Midas Civil. M6 hinh dugc kiém tra bang céch so sanh két
qua phan tich sé vai dit liéu thuc nghiém thu thap tir cac nghién cdu
trudc day, trong d6 c6 nghién cdiu ctia Ho Ngoc Khoa va Vi Chi Cong vé
phan tich trudng nhiét do va ling suat nhiét trong bé téng khéi 16n
bang phuong phap phan ti hiu han [1]. Chi tiét cac tinh chat co ly ctia
bé tdng va méi trudng xung quanh dugc trinh bay 6 Bang 1.

M6 hinh bé t6ng dugc xdy dung véi kich thudc 4,6 m x 4,6 m x 4 m.
Mé hinh strdung cac thong sé vat liéu thuc té cda bé téng bé try, trong
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d6 xi mang pooc lang dugc dung lam chat két dinh chinh. Phuong phap
xac thuc dugc thuc hién thong qua cac budc sau: (i) Thiét [ap mé hinh
phan tr hitu han véi cac thong sé nhiét va co ly phu hgp; (i) Tién hanh
phan tich nhiét do va (ng suat nhiét trong bé tong khéi 16n; va (jii) So
sanh két qua mé phdng vdi dit liéu thuc nghiém dé danh gia dé chinh
xac ctia mo hinh.

Bang 1. Cac théng s6 tinh todn vat liéu st dung trong phan tich [1]

trén thuc tién thi cong clia cac cdng trinh cé két cau tuong tu, nhu bé
tru cau Giao Thay Quang Nam (ct), nham dam bao mé hinh phan anh
chinh xac diéu kién thuc té. M6 phong dugc thuc hién vaéi hai trudng
hop: bé tong st dung xi mang podc lang théng thuong PCB40 va bé
tong st dung PCBsrs 40%. Cac dac tinh ca ly cla vat liéu dugc xac dinh
dua trén cac tiéu chudn thiét ké va két qua nghién cdu thuc nghiém
truéc day [1], [32].
Bang 2. Théng s6 dau vao mo hinh FEM

pic diém Phan BétongB40 | Nén dit
Ty & nhiét C, [keal/kg.’C] 0,27 02
Khéi lugng thé tich, [kG/m?] 2400 1800
Hé s6 dan nhiét, [kcal/m.h.°C] 2,5 1,7
Hé s6 trao d6i nhiét, [kcal/m? h.°C] 12 12
Cudng d6 chiu nén, [kG/ m?] 6000000
Hé s6 gian nd nhiét 1,0x10°

Hé s6 Poisson 0,2 0,2

Bd phan két cau
Pac trung coly Bétru
Loai bé téng C3000
Nhiét dung riéng, [kcal.g/kg.’C] 0,25
Khéi lugng riéng, [kg/m?] 2400
Hé s6 déi luu nhiét, Van khuodn thép 12
[kcal/m2.°C] Khong khi cé gié 15
Nhiét dé moi truong, [°C 25
Nhiét @6 ltic d6 bé tong, [°C] 20
Cudng do chiu nén bé tong 28 ngay, [kG/m?] 3.e°
M6 dun dan hoi clia bé tong 28 ngay, [kG/m?] 2,8.e°
Hé s6 gian ng nhiét 1,0.e°
Hé s6 Poisson 0,18
Ham lugng xi méng, [kg/m?3] 400

Loai xi mdng Toda nhiét thap
Ham lugng xi méng, [kG.m?] 445
Ty 16 N/X 0375
Nhiét d6 bé tong khi d6, [°C] 30
Mé dun dan hoi, [GPa] 35,2
Hang s6 ham tang nhiét d6 doan K=59,6 °C
nhiét a=1,113
Nhiét d méi trusng, [°C] 28,7

Hinh 1 thé hién so sénh gitia két qua thuc nghiém va mé phéng. Két
qua so sanh gitta md hinh va dir liéu thuc nghiém [1] cho thdy mé hinh
¢6 @6 chinh xac cao, véi cac chi s6 théng ké danh gia sai s6 bao gém hé
s6 tuong quan R* = 0,9616, sai s6 trung binh binh phuong (RMSE) =
2,19°C, sai s6 tuyét doi trung binh (MAE) = 1,44°C; va sai s6 phan tram
trung binh (MER) = 1,96%. Nhiing gia tri nay chiing minh rang mé hinh
md phdng c6 kha nang du doan chinh xac su phéat trién cta trudng
nhiét dé va ting suat nhiét trong bé tong khéi 16n theo thai gian, qua
d6 dam bao d6 tin cdy khi ap dung vao cac phan tich tiép theo. Viéc xac
thuc mé hinh khong chi ddm bao tinh chinh xac ctia phuong phép phan
tich ma con cung cp co s& khoa hoc viing chc & ap dung mé hinh
vao viéc danh gia dnh hudng ctia xi mang xi 16 cao trong kiém soat nhiét
thay héa. K&t qua thu dugc tir qua trinh xac thuc cho phép ma rong
nghién ctiu bang cach mé phong va so sanh hai trudng hop: Bé tong st
dung xi mang podc lang thong thuong PCB40 va bé tong st dung
PCBer;s 40%.

Hinh 1. Két qué so sénh su thay ddi nhiét df tai tam giita thuc nghiém va md hinh

3.2. Phan tich anh huéng cta xi 16 cao dén nhiét thily héa
trong bé tong khéi 16n

3.2.1. Thiét Igp mé hinh

Mé hinh phan tich dugc thiét lap nham danh gia anh hudng ctia
nhiét thily hda dén bé tong khéi I16n khi sir dung PCBgrs 40%. Phuong
phép phan t& hitu han dugc ap dung théng qua phan mém Midas Civil
d€ mo phéng qua trinh phat trién nhiét d9, ting sudt nhiét va chuyén vi
trong bé tong bé tru cau c6 kich thudc thuc té 8 m x 4 m x 2m, véiténg
khéi lugng bé téng khoang 64 m?. Kich thudc nay dugc lua chon dua

Cac thong s6 quan trong bao gém: cudng dé chiu nén bé téng 30
MPa, hé s6 dan nhiét 2,5 kcal/m.h.°C d6i vai bé tdng thong thudng va
2,0 kcal/m.h.°C. D6i véi bé tong xi 16 cao, hé sé gian ng nhiét 1,0 x
107%/°C, nhiét d6 moéi truding 25°C, nhiét dé bé téng khi d6 20°C, hé s6
d6i luu nhiét 12 kcal/m?.h.°C d6i véi van khuén thép va 15 kcal/m*h.°C
déi véi khong khi co gid [11. Bé tong trong mé hinh dugc chia thanh cac
phan td hitu han nhd nham dam béo tinh chinh xac trong mé phong
qua trinh truyén nhiét va phat trién (ng suat nhiét. Qua trinh phan tich
dugc thuc hién theo cac budc gém thiét Idp mé hinh 3D cuia bé tru cau
véi cac dac tinh vat liéu phlu hgp, gan céac diéu kién nhiét d6 ban dau
vao mo hinh, xac dinh nguén nhiét phat sinh do phan ting thay héa clia
xi mang thong qua ham tang nhiét dé doan nhiét, thiét [ap diéu kién
bién moé phong sutruyén nhiét qua bé mat bé tong ra moéi trudng xung
quanh, tinh toan su thay d8i nhiét dé theo thai gian, xac dinh viing c6
nguy co xudt hién ing suat kéo I16n nhat va so sénh hai moé hinh dé danh
gia hiéu qua clia xi mdng xi 10 cao trong viéc gidm nhiét d6 cuc dai va
Ung sudt nhiét trong bé tong khai I6n.

3.2.2. Nhiét thily héa va ting sudt nhiét ciia bé téng thong thuding

Hinh 2 minh hoa qua trinh phét trién nhiét d6 theo thdi gian trong
khéi bé téng st dung xi mang podc lang thong thudng. Két qué cho
thay nhiét do tai tam khoi bé tong tang nhanh chong va dat gia tri cuc
dai 70,08°C sau khoadng 50 gid k& tir thai diém d6 bé téng, trong khi
nhiét d6 tai bé mat chi dat 38,0°C. Su chénh léch nhiét do gilia 16i va bé
mat Ién tGi 32,08°C da tao nén mét do déc nhiét 16n trong khéi bé téng.
Day la nguyén nhan chinh dan dén tng suét kéo dang ké tai bé mat va
lam tdng nguy ca nut nhiét trong giai doan dau dong ran. Budng cong
nhiét do cho thay hon 85% nhiét dé cuc dai dugc hinh thanh trong 30
gi¢ dau tién, phan anh téc dé thily hda nhanh va cudng do phat nhiét
I16n cia xi mang podc lang.

Két qua mo phong ting suat do thiy nhiét dugc trinh bay trong
Hinh 3. Su chénh léch nhiét d6 gilra 16i va bé mat khién bé tong gian n&
khéng déu, dan dén ting suat nén trong l6i va (ing suat kéo tai bé mat.
Tai thdi diém 50 gid, Uing suat kéo cuc dai tai bé mat dat 7,94 MPa - vugt
qua kha nang chiu kéo sém clia bé tong, tao diéu kién phat sinh cac vét
nut nhiét. Cac vi tri chiu (ng suat kéo I6n nhat thudng xuat hién tai cac
canh va goc bé try, noi kha ndng tan nhiét cao hon. Sau giai doan dinh
nhiét, ting suit cé xu hudng gidm dan nhung van tén tai  muc dang ké
trong suot qua trinh lam nguoi.
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NGHIEN CUU KHOA HOC

Hinh 4 cho thay chuyén vi I6n nhat ctia khéi bé tdng xay ra trong
giai doan phat trién nhiét manh nhat, véi gié tri Ién dén 1,26 mm tai cac
vi tri bién va goc bé mat bé tdng trong khoang thai gian tir 20 dén 50
gi& sau khi d6. Chuyén vi nay la hé qua truc tiép clia bién dang nhiét
khéng déng déu, chti yéu do su chénh léch nhiét d6 gitra 16i va bé mat.
Khi nhiét d gidm, chuyén vi ciing giam theo. Két qua nay cho thay bién
thién nhiét dé trong qua trinh thay héa anh hudng dang ké dén bién
dang cau truc, dic biét tai cac khu vuc dé tén thuong nhu bé mat va goc
canh két cau.

EEREBI

ke |

Hinh 4. Biéu do chuyén vi bé try i 50 gis

3.3. Phan tich anh huéng ctia xi mang xi 16 cao ham lugng thay
thé 40%

3.3.1. M6 hinh hod kh6i BTCT st dung PCBers 40%

Pé phan tich anh hudng clia viéc st dung xi mang xi 16 cao véi ham
luong thay thé 40% xi mang PCB40 dén qua trinh phat trién nhiét do,
Ung suat nhiét va chuyén vi trong bé téng khéi 16n, mot mé hinh phan
td hitu han da duoc thiét 1ap trén phan mém Midas Civil (2004) phién
ban 7.0.1. Mé hinh mé phdng bé tru cau cé kich thudc thuc té 8 m x 4
m x 2 m, vdi cac diéu kién bién va tai nhiét tuong tu nhu trong trudng
hgp mé phéng st dung xi mang PCB40 théng thudng. Cac thong s6
dau vao nhu hé s6 dan nhiét, hé s6 gian nd nhiét, nhiét dung riéng, hé
s6 doi luu va diéu kién méi trudng déu dugc gilr nguyén, nham dam
bao tinh so sanh gilta hai phuong an vat liéu. Khac biét duy nhat nam &
viéc thay thé thanh phan xi mang trong mé hinh bang PCBBFs 40%, véi
ham déc trung nhiét thdy héa phan anh ding dac tinh sinh nhiét thap
va phan ting cham clia xi mang xi 16 cao. Cach tiép can nay cho phép
danh gia mét cach toan dién hiéu qua clia PCBBFs 40% trong viéc kiém
soat nhiét thay héa, gidm ting suat kéo va han ché bién dang sém trong
bé tong khéi lon.

3.3.2.Két qua phan tich

a.Nhiét thiy hoa
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Hinh 5 thé hién qua trinh phat trién nhiét d6 trong khéi bé téng st
dung xi mang xi 16 cao PCBBFs 40%. K&t qua cho thdy phan ting thuy
héa dién ra cham hon va nhiét d6 cuc dai thdp hon dang ké so véi
trudng hop st dung xi mang PCB40. Cu thé, tai thai diém 50 gid, nhiét
d6 I6n nhat tai tam khoi bé tong chi dat 52,1°C (so véi bé téng st dung
xi mang podc lang théng thudng la 70,08 °C), trong khi tai bé mat la
33,1°C, tao ra dé chénh léch nhiét d6 la 19,0°C - thap han 40,8% so véi
muic chénh léch 32,08°C 8 mo hinh s dung xi mang thong thuong. Su
gidm ca vé gia tri nhiét d6 cuc dai l1an dod chénh léch nhiét do gitta tam
va bé mit cho thay kha nang kiém soét t6t hon clia PCBBFs 40% d6i véi
hién tugng tich nhiét trong khéi bé téng. Trong 30 gid dau tién, nhiét
doé trong bé tong chi dat khoang 70% gia tri cuc dai, phan anh qua trinh
thiy héa dién ra cham - dic diém dién hinh clia xi mang xi 16 cao do
ham lugng Clanhke thap va phan (ing pozzolanic cham. Ngoai ra, viéc
bé& mat bé tdng c6 nhiét dé thap hon (33,1°C so vai 38,0°C & bé téng
podc lang thong thudng) cho thay hién tugng tan nhiét ra méi truong
dién ra hiéu qua hon va khéng bi can tré boi toc do phat nhiét noi tai
qua nhanh. K&t qua nay khang dinh rang viéc st dung PCBBFs 40%
khéng chi gitp gidm nhiét d6 t6i da trong khoi bé tdng, ma con gop
phan giam d6 déc nhiét, tir 6 han ché phat sinh ting suat nhiét va nguy
€d nut trong giai doan dau sau khi thi cong.

b. Ung suat thay nhiét

Hinh 6 thé hién so sanh gia tri Ging suat kéo I6n nhat do thiy nhiét
gilta hai loai bé téng sau 50 gid ké tur thai diém dé. Véi bé tong st dung
xi mang podc lang théng thudng, ing suét kéo cuc dai tai bé mat dat
7,94 MPa. Trong khi d6, khi s& dung xi mdng xi 16 cao véi ham lugng
thay thé 40% (PCBBFs 40%), (ing suat kéo gidm con 4,76 MPa, tuong
ting muc gidm khoang 3,18 MPa (gidm 40,05%). Két qua nay cho thay
rang PCBBFs 40% c6 hiéu qua rd rét trong viéc lam gidm Ung suat kéo
phat sinh trong qué trinh thly hda, tir d6 han ché nguy co xuat hién nt
nhiét.

Hinh 5. Thay d6i nhiét d tai tam bé tru va tai bién bé tru khi st dung PCBBFs 40%

Hinh 6. So sanh (ing sudt kéo I nhat trong
khdi bé tong bé tong
Nguyén nhan chinh la do PCBBFs c6 téc d6 phat nhiét cham va gia
tri nhiét d6 cuc dai thap hon, gitp lam gidm su chénh léch nhiét d6 gitia
tam va bé mat khoi bé tong - yéu t6 truc ti€p gay Ung suat kéo noi bo.
Su suy giam rd rét vé ing suat kéo cho thay tiém nang ting dung cda xi
mang xi 16 cao trong viéc cdi thién dé bén, dd 6n dinh va tudi tho cla
cac két cau bé téng khéi ln, dac biét trong méi trudng nhiét dé cao va
d6 &m |6n nhu & Viét Nam.
c. Chuyén vi do nhiét thay héa
Két qua phan tich chuyén vi tai thdi diém 50 gid sau khi d6 bé
téng dugc thé hién trong Hinh 7. Theo d9, khi st dung xi méng podc
lang thong thudng, chuyén vilén nhat trong khéi bé tong dat gid tri
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1,26 mm. Trong khi d6, véi trudng hgp st dung xi mang PCBBFs
40%, chuyén vi I6n nhat gidm xudng con 0,76 mm, tuong Ung véi
muc gidm khoang 0,5 mm. Su gidm nay phan anh ré hiéu qua cda
viéc st dung PCBBFs 40% trong viéc han ché bién dang téng thé clia
két cau bé tdng trong giai doan dau sau khi thi cong. Nguyén nhan
cht yéu dén tir kha nang kiém soat nhiét dé t6t hon cta xi mang xi
16 cao, lam gidm chénh léch nhiét dé gilia 16i va bé mat khéi bé tong,
tu do giam Uing suat noi sinh va bién dang nhiét. Biéu nay cé y nghia
quan trong trong viéc nang cao d6 6n dinh ban dau cdia cong trinh
va gidm thiéu nguy co xuét hién cac khe nut do chuyén vi khéng
déu trong qua trinh dong ran.

4, KET LUAN

Nghién ctiu da ti€n hanh mé phdng qua trinh phat trién nhiét thay
hoa, Ung suat nhiét va chuyén vi trong bé téng khéi 16n khi thay thé
40% xi mang PCB40 bang xi mang xi 16 cao (PCBBFs 40%) théng qua
phuong phap phan t& hiiu han bang phan mém Midas Civil. Mé hinh
mé phdng dugc thiét lap vdi cac théng s6 thuc t€, phan anh dung diéu
kién thi cong va dac tinh vat liéu, cho phép danh gia hiéu qua cta viéc
st dung xi mang xi |6 cao trong viéc kiém soat hién tugng nut nhiét -
mot trong nhiing van dé thudng gép trong thi cong bé tong khai l6n.
Két qua cho thdy bé téng st dung PCBBFs 40% c6 nhiéu uu diém vuot
troi so véi bé tong st dung xi mdng podc lang thong thuong. Nhiét do
cuc dai tai tam khéi bé téng giam tur 70,08°C xudng 52,1°C, tuong tng
muc gidm 25,66%. Dong thai, chénh léch nhiét d6 gitia 16i va bé mat
gidm dang ké tlr 32,08°C xuéng con 19,0°C, gép phan lam gidm do6 déc
nhiét trong két cdu - nguyén nhan chinh gay ra (ng suat kéo nguy hiém
tai bé mat. Ung suat kéo I6n nhét tai bé mit bé téng sir dung PCBBFs
40% cling giam 40,05% (tur 7,94 MPa xu6ng con 4,76 MPa), cho thay kha
nang han ché rui ro nut nhiét rat ré rét. Vé bién dang két cau, chuyén vi
I6n nhat gidm 39,7% (tUr 1,26 mm xuéng con 0,76 mm), phan anh hiéu
qua clia vat liéu trong viéc ki€m soat bién dang va duy tri tinh 6n dinh
cla khéi bé téng trong giai doan dau déng ran.

Cac két qua dat dugc khang dinh rang viéc st dung xi mang xi
16 cao khong chi gitip kiém soat tét han qua trinh phat trién nhiét
d6 bén trong két cau ma con gép phan gidm tng suat noi sinh va
han ché& chuyén vj, tir d6 nang cao tudi tho va dé bén clia cong trinh.
Day la mot gidi phap vat liéu pht hgp cho cac két cau bé téng khéi
I6n, dac biét trong diéu kién khi hau nhiét déi néng am nhu tai Viét
Nam, ngi ma nguy co nut nhiét va bién dang sém la rat cao néu
khéng c6 bién phap kiém soat hiéu qua. Ngoai gia tri ting dung thuc
tién, nghién ctiu con déng vai trd lam ca sé khoa hoc cho viéc dé
xuat cac giadi phap thiét ké két cau, lua chon vat liéu va ky thuat thi
c6ng phu hgp nham gidm thiéu rdi ro do nhiét thily hda gay ra trong
cac coéng trinh quy mo 16n. Trong thai gian tdi, viec két hgp mé
phdng s6 véi cac thi nghiém thuc nghiém |a can thiét dé hiéu chuan,
xac thyc mo hinh va mé réng kha nang tng dung clia xi mang xi 1o
cao trong cac loai két cdu khac nhu dap bé tong, mong tru cau, hay
kh6i méng nha cao tang. Dong thai, nghién ctu cing maé ra hudng
ti€p can tich hgp gitta m6 hinh nhiét - ca va mé phong nit nham du
bao chinh xac han su phat trién vét nit trong bé téng khéi 16n theo
thai gian.

TAILIEU THAM KHAO

[1] H6 Ngoc Khoa, Nghién ciits bién dang Idp ctia két cdu bé téng, thi cng theo phuong phdp
toan khdi trong thoi gian ddu déng rdin, Bao cdo tong két dé tai NCKH cdp Truting, Trudng Dai hoc
Xdy dung, 2011.

[2] Nguyén Tién Bich, (dng tdc bé téng trong diéu kién khi hdu néng dm Viét Nam, Nha Xudt
ban Xy dung, Ha N, 2010.

(3] Bazenov IU.M., Bach Dinh Thién, Tran Ngoc Tinh, (Gng nghé bé tdng, Nha xudt ban Xay
dung, Ha Ni, 2004,

[4] Doan Viét Long, Nguyén Van Hudng, V6 Thi Thu Hién, "Nghién ctu anh huing ctia tro bay
dén nhigt thay hda va cudng do nén clia viia", Tap chi Khoa hoc va (6ng nghé Dai hoc Ba Ndng, s6
1(98), 2016.

5] Nguyén Thanh Bang, Nguyén Tién Trung, Dinh Hoang Quan, "Nghién ciiu danh gia chdt
Iwigng tro bay, xi 10 cao clia nha mdy nhiét dién va luyén kim & Viét Nam", Tap chi Khoa hoc Cong
nghé Thiy loi, s6 57, 2019.

[6] Hoang Minh Biic, Tran Qudc Toan, "Nghién ctiu dnh huéng cia xi hat 1 cao nghién min va
tro bay dén tinh chdt cia hon hap bé tong", Tap chiKhoa hoc Céng nghé Xdy dung, s6 3, 2020.

(7] ACl Committee 318, Building Code Requirements for Structural Concrete (ACI 318-05) and
Commentary (ACI 318R-05), American Concrete Institute, 2005.

[8] ASTM (150-02, Standard Specification for Portland Cement, Annual Book of ASTM
Standards, vol. 4.02, 2002.

[9] ASTM (305-02, Standard Practice for Mechanical Mixing of Hydraulic Cement Pastes and
Mortars of Plastic Consistency, Annual Book of ASTM Standards, vol. 4.02, 2002.

[10] ASTM (204-02, Standard Test Method for Fineness of Hydraulic Cement by Air-Permeability
Apparatus, Annual Book of ASTM Standards, vol. 4.02, 2002.

[11] Abdllah I. Husein Malkawi et al., "Thermal-Structural Modeling and Temperature Control
of Roller Compacted Concrete Gravity Dam", Journal of Performance of Constructed Facilities, vol. 17,
no. 4, pp. 177-187,2003.

[12] M. Ahmaruzzaman, "A review on the utilization of fly ash", Progress in Energy and
Combustion Science, vol. 36, pp. 327—363, 2010.

[13] M. Broda, E. Wirquin, B. Duthoit, "Conception of an isothermal calorimeter for concrete -
Determination of the apparent activation energy", Materials and Structures, vol. 35, pp. 389-39%4,
2002.

[14] G. Baert, S. Hoste et al, "Reactivity of fly ash in cement paste studied by
thermogravimetry and isothermal calorimetry", Journal of Thermal Analysis and Calorimetry, vol.
94, no. 2, pp. 485-492, 2008.

[15] Y. Ballim, P.C. Graham, "Early-age heat evolution of clinker cements in relation to
microstructure and composition", Cement and Concrete Composites, vol. 26, pp. 417—426, 2004.

[16] ).E. Akin, Finite Element for Analysis and Design, Academic Press, 1994.

[17] Ho Ngoc Khoa, Vi Chi Cong, "Phan tich trutng nhiét o va ting sudt nhiét trong bé ting
khdi 16n bang phuong phdp phén ti hitu han", Tap chi Khoa hoc Cong nghé Xdy dung, 6 14,
12/2012.

[18] B. Gebhart, Heat Conduction and Mass Diffusion, McGraw-Hill, 1993.

191 JCI, VICA, Huténg dén kiém sodt niit trong bé téng khdi Ion - Phién bdn 2008, VCA, Ha Noi,
2011.

[20] JSCE, Standard Specifications for Concrete Structures - 2007 “Materials and Construction”,
Japan Sodiety of Civil Engineers, 2007.

[21] P.P. Bamforth, D. Chisholm, J. Gibbs, T. Harrison, Properties of Concrete for Use in Eurocode
2, The Concrete Centre, 2008.

[22] MIDAS Information Technology, Heat of Hydration Analysis Manual, Version 7.0.1, 2004.

[23] A. Oner, S. Akyuz, R. Yildiz, "An experimental study on strength development of concrete
containing fly ash", Cement and Concrete Research, vol. 35, no. 6, pp. 11651171, 2005.

[24] TCVN 4316:2007 — Xi mding podc ling xi 1o cao, Tng cuc Tiéu chudn Do luting Chét lugng
Viét Nam, 2007.

[25] V.G. Papadakis, "Effect of fly ash on Portland cement systems: Part I, Cement and
Concrete Research, vol. 29, no. 11, pp. 1727-1736, 1999.

[26] M. Thomas, Supplementary Cementing Materials in Concrete, CRC Press, p. 179, 2013.

[27] M. Sharig, J. Prasad, A. Masood, "Effect of GGBFS on time dependent compressive
strength of concrete”, Construction and Building Materials, vol. 24, no. 8, pp. 1469—1478, 2010.

[28] V.G. Papadakis, S. Tsimas, "Supplementary cementing materials in concrete: Part I",
(Cement and Concrete Research, vol. 32, no. 10, pp. 1525-1532, 2002.

[29] H.S. Chore, M.P. Joshi, "Strength evaluation of concrete with fly ash and GGBFS",
Advances in Concrete Construction, vol. 3, no. 3, pp. 223-236, 2015.

[30]Y.Jin, N. Yazdani, "Substitution of Fly Ash, Slag, and Chemical Admixtures in Concrete Mix
Designs", Journal of Materials in Civil Engineering, vol. 15, no. 6, pp. 602—608, 2003.

[31]N. Bouzoubad, S. Foo, Use of Fly Ash and Slag in Concrete: A Best Practice Guide, MTL (TR-
R), p.40,2005.

[32] MG hinh héa va phan tich két cdu cdu véi MIDAS/Givil, Ngd Dang Quang (chd bién); Tran
Ngoc Linh, Bui Cong D, Nguyén Trong Nghia, Tap 2.

ISSN 2734-9888 | 03.2026 XAY1DUNG |137



