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Tém tit

Anh hwong cua nhiét do duong ho dén cac dic
trung co' y ciia bé tong trong thanh phan cdp phoi
sir dung pozzolan tw nhién thay thé xi mang ti 1é
20% dwoc nghién citu trong bai bdo. Cdac mau bé
tong dwoc dudng ho ¢ cac nhiét dj 10°C, 20°C,
30°C va 50°C va duoc nén o 1,3,7 va 28 ngay.
Theo két qua thwc nghiém, bé téng thong thwong
khi duéng ho o nhiét do cao sé co cuong do nén
téi sém (1,3 va 7 ngay tuéi) cao hon nhung
cwong do nén tuéi mudn (28 ngay) lai nhé hon so
voi bé tong dwong ho ¢ nhiét do thép. Nguoc lai,
doi véi bé téng sit dung pozzolan thay thé mot
phdn xi mdng thi bé tong dwdng hé & nhiét dé cao
50°C c¢o cuong do cao hon so voi cuong do bé
tong duong hé o nhiét do tir 10°C dén 30°C 6 cdc
tuéi tir 1 dén 28 ngay tuéi. Do toc dp phan iimg
pozzolanic cua pozzolan tw nhién thuong xdy ra
cham hon so voi phan weng hydrat hoa cua xi mang
nén anh hwong tiéu cuc cua nhiét do dén sw hinh
thanh va phdt trién cuong do ciia xi mang da dwoc
bit ddp béi sw hinh thanh va phdt trién cuong do
cua vat liéu pozzolanic sau 28 ngay duong ho.
Mdc dis, mé dun dan hoi va cuong do kéo khi ép
ché cua bé tong co cung xu huong voi cuong do
nén nhung s chénh léch khéng ré rét nhu két qua
thi nghiém cuong do nén.

Tw khoa: Dac trung co ly bé téng, pozzolan tu
nhién, nhiét dj duong ho.

Abstract

The effects of curing temperature on the
mechanical properties of concrete using natural
pozzolan as cement replacement with the ratio of
20% by mass was investigated. Samples was cured
at various temperatures of 10°C, 20°C, 30°C and
50°C until testing days. It is reported that for
normal concrete without pozzolan cured at high
temperature 50°C will have higher early age
compressive strength (1, 3 and 7 days) than

concrete cured at temperature of 10°C to 30°C
but the late age of 28 days compressive strength is
lower. However, for concrete using pozzolan as a
partial replacement for cement, concrete cured at
a high temperature of 50°C has a higher strength
than that of other concrete cured at a temperature
of 10°C to 30°C at ages from 1 to 28 days. It is
possible that the pozzolanic reaction rate of
natural pozzolan is usually slower than the
hydration reaction of cement, so the negative
effect of temperature on the strength development
of cement was compensated by the strength
development of natural pozzolan after 28 days of
curing. Although the elastic modulus of concrete
has the same trend as the compressive strength,
the variation of elastic modulus is not as clear as
the compressive strength.

Keywords: Compressive strength, splitting tensile

strength, elastic modulus, curing temperature,
natural pozzolan.

1. Gioi thiéu

Su thay d6i nhiét d6 c6 anh hudng 16n dén cac dic
trung co 1y cua bé tong dac biét 1a cuong do cua bé
tong [1, 2, 3, 10, 11, 12]. Cac dac tinh nhu cuong do
nén, cudng do kéo khi ép ché, mé dun dan hdi can
dugc xem xét trong thiét ké va thi cong cac két cau bé
tong. Cu thé, viéc danh gia nut do nhiét cia két ciu bé
tong doi hoi phai xac dinh mé dun dan hdi va cudng
d0 kéo cua bé tong tudi s6m theo nhiét 6. Do d6, anh
huéng cia nhiét do ddi vai cac dic trung co 1y cua bé
tong can phai phai dugc dac biét quan tam.

Céc nghién ctru cho thay khi bé tong dudng ho ¢
nhiét d cao thi qua trinh hydrat héa dién ra nhanh hon
va cac san phdm cua qua trinh hydrat héa phan b
khong dong déu. Diéu nay lam ting cuong do nén &
tubi sém nhung lai tao ra d6 rng 16n do sy hinh thanh
cuong do khong dong déu trong khoang thoi gian
ngén cua hat xi mang dan téi lam giam cuong do bé
tong & tudi mudn [1, 3, 10, 11]. Sw xudt hién cua mot
s6 phu gia khoang dic biét 1a cac phu gia pozzolanic

SO 82 (04-2025)



TAP CHi ISSN: 1859-316X
pagin >
KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

nhu tro bay, silica fume, pozzolan tu nhién hoac xi 10
cao dang hat trong xi ming c¢6 thé lam thay doi dic
tinh hoa ly cua qua trinh hydrat hoa, gidm su giai
phong nhiét va tao ra thém céc san pham hydrat CSH
[2, 12]. Cac phu gia pozzolanic nay dem lai hi¢u qua
dang ké cho hdn hop bé tong dac biét 1a ¢ cac khu vuc
¢6 khi hau néng, gitip giam thiéu cac anh huong tiéu
cuc cua nhiét do ddi véi cac dic trung co 1y clia bé
tong [3]. Hon nita viéc st dung phu gia pozzolanic
thay thé xi mang gop phan giam thiéu tic dong moi
truong do qua trinh san xuat xi mang gay ra dong thoi
tan dung ngudn san pham phu cta cic qua trinh san
xuét cong nghiép nhu cong nghiép san xudt thép, nhiét
dién phat thai ra moi truong.

Trong d6, pozzolan tu nhién la cac loai da co
ngudn gdc tir nii lira (cling nhu mot sb loai dat sét va
da phién tram tich. Nho ¢6 déc tinh pozzolanic tham
gia phan tng v&i portlandite 13 san phdm sinh ra do
qua trinh thuy hoéa xi ming dé tao ra thém CSH gel
lam cau trac vi mo ciia bé tong xi mang thém dic chic,
g6p phan cai thién dic trung co 1y cia bé tong xi mang.
Mot sb co thé duge sir dung nguyén trang, trong khi
nhiing loai khac trai qua qua trinh hoat hoa nhiét (vi
du nhu dat sét nung).

Muc tiéu cta bai bao nay la nghién ctru cac chi tiéu
co hoc déc trung cta bé tong thuong va bé tong co su
dung phu gia c6 tinh pozzolanic 1a pozzolan ty nhién
thay thé mot phan xi mang trong diéu kién dudng ho
& céc nhiét 6 khac nhau. Tir két qua thi nghiém, mot
s6 chi tiéu co hoc dic trung cia bé tong 1a cuong do
nén, mé dun dan hdi va cuong do kéo khi ép ché duoc
xem xét danh gia trong mdi twong quan véi su thay
d6i nhiét d6 ctia moi truong dudng ho xung quanh.

2. Thi nghiém
2.1. Vit li¢u

Xi mang PC 40 va pozzolan ty nhién cé thanh
ph?ln héa hoc duoc thé hién trong Bang 1. Bén canh
d6 trong qua trinh duc bé tong, phu gia si€u déo
Sikament-R7N dugc st dung dé cai thién kha nang
cong tac db bé tong vdi lidu luong 0,4-0,6L/100 kg xi
mang/chat két dinh. Pay 1a phu gia siéu déo gbc
Polycaboxylate, phit hgp véi tiéu chuan ASTM C-494,
¢6 tac dung duy tri d9 sut clia bé tong ma khong can
tang ti 1¢ lugng nudc/ xi mang va khong anh hudng
dén cac dic trung héa hoc cua bé tong xi méing.

2.2. Hén hop cip phéi bé tong

Hdn hop cép phdi bé tong va do sut duoc thé hién
trong Bang 2. Lugng nudc thiét ké 1a 180kg/m3, va ty
1& nude trén xi mang N/X 13 0,40. Ham luong thay thé
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Bing 1. Thanh phdn héa hoc ciia pozzolan tw nhién

va xi mang [*]

Thanh phin (%) Xi | Pozzolan
mang tuw nhién
SiO2 20,38 58,50
AlLO3 5,21 20,55
Fe20s 3,15 8,35
CaO 63,58 2,15
Luong hut khi nung (%) 1,22 2,85
Dung trong (g/cm?) 3,15 2,10
Dién tich b& mat (cm?/g) 3350 4295

[*]: Két qua phan tich EDX do nha phdn phéi cung cdp
Bing 2. Cic cip phéi bé tong va dé sut

Khbi lwgng don vi (kg/m®) | Do

Tén

hon
hop

sut

X N |[NP| C b

NPO 450 | 180 0 682 | 1066 | 21
NP20 | 360 | 180 | 90 | 705 | 1100 | 19
X: Xi mang, N: nude, NP: pozzolan tu nhién,

C: cét liéu min, B: ¢t liéu tho

o s20s

Ty

op_|

5 0 :
Hinh 1. Chu ky xdc dinh mé dun dan hoi [8]

0. :Ung sudt trén; oy, :Ung sudt dudi; c, :Ung sudt dat truée

Hinh 2. Buong dwing hg nhiét im
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clia xi ming bang pozzolan ty nhién 1an luot 14 0 va
20% theo khdi lwong lan luot twong ing v6i miu bé
tong NPO va NP20.

Sau khi duc, cic mau dugc dudng ho trong khudn
¢6 bit kin bang bang dinh nhém va dit trong budng
nhiét am dugc thiét 1ap & cac nhiét d6 10°C, 20°C,
30°C and 50°C va d6 am 95+5% cho dén ngay tién
hanh thi nghiém. Cac budng dudng ho nhiét &m model
LabTech LHT-0500E dugc san xuit boi cong ty
Daihan LabTech Co. Ltd, Han Quéc (Hinh 2). Qué
trinh tién hanh dudng ho bé tong trong didu kién nhiét
4m va cac thi nghiém dugc tién hanh tai Vién vat liéu
xay dung Viét Nam (VIBM).

(1) Thi nghiém nén

Cuong d6 va md dun dan hdi phdi bé tong duoc
tinh bang trung binh coéng cudng d6 3 miu trong d6
gié tri 16n nhat va nho nhat khong léch qua 15% so voi
gia tri cudng d6 mau con lai theo TCVN 3118:2022
[7] & cée tudi 1, 3, 7 va 28 ngay sau khi duc.

Thi nghiém nén miu dé xac dinh mo dun dan hoi
dugc tién hanh véi toc do gia tai (0,6+0,2) MPa/s véi
3 chu ky gia tai nhu trén Hinh 1. Gia tri m6 dun dan
héi duge xdc dinh & chu ky 6n dinh thtr 3 theo tiéu
chuan TCVN 5726:2022 [8].

Sau 3 chu ky gia tai dé xac dinh md dun dan hoi,
tiép tuc gia tai véi toc do (0,6+0,2) MPa/s cho dén khi
mau bi pha hoai dé xac dinh cuong do nén cua bé tong
sao cho thoi gian pha huy vién mau khong nho hon 30
gidy.

(2) Thi nghiém ép ché

Cuong do kéo khi ép ché dugc xac dinh theo
TCVN 8862:2011 [9].

Ep ché miu thir bang cach ting tai lién tuc va déu
cho dén khi mau bi pha huy: Tc d6 bién dang (tdc do
di chuyén ban nén cua may) khi ép ché miu ting déu
v6i toe do (0,5+0,2) MPa/phut sao cho thoi gian pha
huy vién mau khong nho hon 30 giay.
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(3) Thi nghiém quét hinh anh bang kinh hién vi
dién twr (SEM)

Mau bé tong sau 28 ngay dudng hd dugc tién hanh
thi nghiém quét anh bang kinh hién vi dién tir. Mau
dugc cét tir phan 16i cia mau dic (phan vita xi mang).
Sau khi rira sach mau bang dung dich acetone, mau
dugc sdy kho trong budng hit chan khong trong 24h
va sau d6 bao quan trong lo kin trudc khi tién hanh thi
nghiém SEM.

3. Thao luian
3.1. Cuong dp nén

Két qua thi nghiém trén Hinh 3 cho thiy rang d6i
voi bé tong thuong khong chira pozzolan ty nhién
(NP0), ¢ tudi sém cudng do bé tong cao hon khi nhiét
d6 dudng ho cao hon. Cu thé & 1, 3 va 7 ngay tudi, bé
tong dudng hd & nhiét d6 dudng ho cao nhat 1a 50°C
c6 cuong do cao hon so vdi cuong do bé tong dudng
hd ¢ nhiét d6 10°C, 20°C va 30°C. Bé tong dudng hd
& nhiét do thip nhét 10°C ¢6 cudng d6 thdp nhat & 1,
3 va 7 ngay tudi. Tuy nhién xu huéng nay c6 su thay
ddi ¢ cac tudi mudn cua bé tong cu thé sau 28 ngay
tudi sy phat trién cudng do cuia cic mau bé tong dudng
ho6 & nhiét do cao c6 xu huéng phat trién cham dan va
thip hon so v&i cudng d6 bé tong dudng hd & cac nhiét
do thép.

Nhin trén biéu dd Hinh 3 (a), tai thoi diém 1 ngay
tudi bé tong dudng hd & cac nhiét do 50°C c6 cudng
d6 cao nhét 1a 31,3MPa trong khi cuong do bé tong
dudng ho ¢ 10°C 1a thap nhét véi 5,3MPa. Nhung &
28 ngay tudi, cuong do bé tong dudng ho ¢ 50°C lai
¢6 cuong do thap nhat 1a 48 2MPa trong khi cuong do
cua bé tong dudng hd & cac nhiét d¢ 10°C, 20°C va
30°C lan lugt 1a 51,0MPa, 50,4MPa va 49,1MPa.

Dbi v6i bé tong str dung pozzolan ty nhién thay
thé 20% ham luong xi mang (NP20), cuong do bé
tong dudng hd & nhiét d6 50°C c6 cuong d6 cao hon
so v6i cudng d6 cua cac mau bé tong dudng ho & cac

—=10°C =+=20°C =—+30°C 50°C

Tudi bé téng (ngiy)

1 3 ®) 7 28

Hinh 3. Cwong dp nén ciia hén hop bé tong NP0 (a) va NP20 (b)
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nhiét do thap hon. Bén canh dé, cuong do bé tong
dudng ho ¢ nhiét do thip 10°C c6 cudng do thap hon
s0 Vi cudng d6 ctia cac hdn hop dudng 4m & cac nhiét
d6 cao hon 1a 20°C, 30°C va 50°C

Tuy nhién c6 mot két qua dang chi ¥ 1a d6i v6i bé
tong dudng ho ¢ nhiét do 20°C & cac tudi som cudng
d6 thap hon cudng do cua bé tong dudng hd & nhiét
d6 30°C nhung & 28 ngay tudi sy phét trién cuong do
ctia bé tong dudng ho & nhiét do 20°C lai phat trién
toc do cao hon va xdp xi bang v&i cuong do cta bé
tong dudng ho & nhiét do 30°C.

Nhu vay c6 thé thdy rang, d6i v6i bé tong thudng
khong chtra pozzolan ty nhién, nhiét 6 dudng ho cao
lam ting cudng do tudi som (1, 3 va 7 ngay tudi)
nhung lai 1am cham sy phat trién cudng do bé tong &
tudi mudn (28 ngay tudi). Hién twong nay goi 13 hiéu
{ing giao thoa (crossover-effect) da dwoc dé cap dén
trong mot s6 nghién ciru trude d6 [4]. Nhu chung ta
da biét, phan mg hydrat hoa xi ming ciing 1a phan
ung hoa hoc bi anh huong rt 16n béi tac nhan nhiét
d6 va d6 Am. Qua trinh hydrat hoa tao ra cac san phdm
CSH 14 thanh phan tao nén cuong dd cho bé tong.
Du6i tac dung cta nhiét dd cao, trong khoang thoi
gian ngan, cac 16p phia ngoai hat xi mang qua trinh
thity hoa da dién ra hinh thanh cac ving dic chic vo
hinh chung tré thanh hang rao ngén cach, can trd cac
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16p phia trong hat xi mang con chua kip hydrat hoa.
Chinh diéu nay da tao ra cac san pham thily héa phéan
tan khong dong déu, lam ting do rdng va giam cuong
dd cua bé tong xi mang & cac do tudi muodn.

Trong khi d6, di véi cac hdn hop bé tong xi mang
sir dung pozzolan tu nhién thay thé xi ming, pozzolan
ty nhién la vat li€u pozzolanic co tbc do phan g
cham hon nhiéu so v&i xi mang do d6 anh huong hiéu
g giao thoa dién ra tré hon. Hiéu ting giao thoa & bé
tong NP20 khong r6 rang nhu ¢ bé tong thuong NPO
hodc hiéu tng giao thoa dién ra & cac tudi mudn hon
(sau 28 ngay tudi). Hon nita, v6i su c6 mit cua
pozzolan tu nhién gép phan bu dip nhimg hiéu tng
tiéu cyc do nhiét d6 cao gay ra d6i v6i xi mang. Piéu
d6 thé hién ¢ hién tuong, sau 28 ngay, cuong do bé
tong dudng ho ¢ nhiét do cao c6 gia tri 16n hon so véi
cuong do bé tong dudng ho & cac nhiét do thip hon
n6 trai nguoc véi xu thé phat trién cuong do ¢ bé tong
thuong khong st dung pozzolan tu nhién.

Ngoai ra, két qua thi nghiém ciing cho thdy cuong
d6 hdn hop bé tong NP20 thap hon cudong d¢ hdn hop
bé tong thuong NPO. Nguyén nhan cta hién tuong nay
¢6 thé do higu ing pha lodng xi mang [5]. Hiéu ting
pha lodng xay ra khi ham lugng xi mang giam do xi
mang bi thay thé bang vat liéu c6 tinh hydrat cham
hodc khong c6 tinh hydrat. Viéc giam luong xi mang
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Hinh 4. Mé dun dan héi ciia hén hop bé tong NP0 (a) va NP20 (b)
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Hinh 5. Cuwong d¢ kéo khi ép ché ciia hén hop bé tong NP0 (a) va NP20 (b)
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lam giam san pham thily hoa va do d6 anh huong x4u
dén cuong do nén, 1am ting d6 xdp cua bé tong [5].

3.2. M6 dun dan héi bé tong

Mb dun dan hdi ctia hdn hop bé tong NPO va NP20
o cac nhiét 4o dudng ho khac nhau dugc biéu dién trén
Hinh 4. Theo d6, & ca hdn hop bé tong NP0 va NP20,
nhiét d6 dudng ho cao 1am ting mé dun dan hoi & giai
doan tudi som (1, 3 va 7 ngay tudi). Tuy nhién & giai
doan tudi mudn 28 ngay, tbc do phat trién mé dun dan
hdi ciia bé tong dudng hd & nhiét d6 cao ¢6 xu hudng
cham lai so v6i xu huéng phat trién mo dun dan hoi
clia bé tong dudng ho & nhiét d6 thap hon.

3.3. Cuong dp kéo khi ép ché

Cuong do kéo khi ép ché clia hdn hgp bé tong
thuong NPO va bé tong st dung pozzolan ty nhién
thay thé xi mang NP20 dugc biéu dién trén Hinh 5. Tir
két qua Hinh 5 c6 thé thdy rang cudng do kéo khi ép
ché cé cung xu hudng véi cudong d¢ nén va moé dun
dan hdi. Khi dudng hd ¢ nhiét d9 cao, dudi tic dung
cua nhiét do cac phan ung hydrat hoa va pozzolanic

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

hoéa dién ra véi te d6 nhanh va cuong do cao hon &
cac tudi som nhung do hiéu g giao thoa (crossover-
effect) dan dén sy phat trién cudng do khong dong déu
trong cAu triic vi mé ctia bé tong xi mang. Do d6 & tubi
mudn xu thé phat trién cudng d6 kéo khi ép ché cua
bé tong dudng ho ¢ nhiét do cao bi chdm hon so voi
bé tong dudng ho ¢ nhiét do thap hon.

Bén canh do, cuong do kéo ép ché cua bé tong st
dung pozzolan tw nhién thay thé xi ming ciing c6
cudng d6 thap hon so véi bé tong thong thuong khong
st dung pozzolan ty nhién do hi€u tng pha lodng da
dé cap 6 muc 3.1.

3.4. Hinh dnh vi céu tric ctia cdc hén hop bé
tong quét bang kinh hién vi dién tir

Anh mau bé tong quét bang kinh hién vi giup ting
cuong kha ning quan sat cdu trac vi md ciing nhu
nhén biét thanh phén héa hoc cac hop chit do do
tuong phan anh sang khac nhau, d sang cla cac pha
tang theo ty 1& véi s6 nguyén tr trung binh ciia ching.
Dbi v6i xi mang Portland, ¢6 thé phan biét theo thir tu
tang dan vé do tring cua 16 rong, gel CSH, CH, pha

Hinh 6. Hinh dnh quét trén kinh hién vi di¢n tir ciia bé tong thong thwong NPO & 28 ngay tudi dwong hp 6
nhiét dj (a) 10°C va (b) 50°C (CH: portlandite Ca(OH)., C: hat xi mang chwa hydrat hoa hoan toan)

Hinh 7. Hinh dnh quét trén kinh hién vi di¢n tir ciia bé tong thong thwong NP20 tai 28 ngay tudi dwing
ho ¢ nhiét dp (a) 30°C, (b) 50°C (O: hat xi mdang da hydrat hoan toan, CH: portlandite Ca(OH)z, NP:
pozzolan tw nhién, C: hat xi mding chwa hydrat héa hoan toan)
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Hinh 8. Hinh dnh quét trén kinh hién vi di¢n tir ciia bé tong théng thwong NP20 tai 28 ngay tudi dwing hé ¢
nhiét dp 10°C (CH: portlandite Ca(OH)2, NP: pozzolan tu nhién)

khan [6]. Hinh dang vat ly cia ching cling giup nhan
dang chung trong cdu tric vi mo. Pozzolan tu nhién
khan thudng sang hon CSH nhung sdm hon CH va c6
hinh dang goc canh.

Hinh 6b cho thy & cau triic vi mo ctia hdn hop bé
tong thudong NPO xuét nhiéu 16 rdng ¢ bé tong dudng
ho & nhiét dd 50°C. Bén canh do ciu tric bé tong
thuong dudng ho nhiét dd 50°C c6 nhiéu hat xi ming
chua hydrat hda hoan toan (I6p bén ngoai da hydrat
¢6 mau ghi dam, 16p 161 bén trong chua hydrat héa co
mau sang). Céc hat xi méng chua hydrat héa hoan toan
lam giam ham luong chét két dinh (gel CSH) dong
thoi tao ra d6 rong 16n. Piéu d6 lam giam cuong do
va tang do x6p cua bé tong.

Trong khi d6 hinh anh cu triic vi mé ctia hdn hop
bé tong NP0 dudng hd ¢ nhiét d§ 10°C (Hinh 6a) quan
sat dugc khong chura hat xi méang chua bi hydrat hoa
ddng thoi ¢6 chira nhidu portlandite CH. CH 14 san
pham ciia qua trinh hydrat hoa cua xi mang.

Diéu d6 chung to dbi voi bé tong thuong, nhiét do
dudng ho cao can trd qua trinh hydrat hoa ciia xi mang,
lam giam va cham qua trinh tao ra chat két dinh (CSH
gel) trong cdu tric vi md ctia bé tong xi ming giy ra
d6 rdng 16n va giam cudng do ctia bé tong & tudi mudn.

Trong khi d6 d6i v6i bé tong sir dung pozzolan ty
nhién, hinh anh trén kinh hién vi dién t quan sat dugc
cho thdy bé tong dudng ho ¢ nhiét d6 30°C (Hinh 7a)
chu trac lién tuc va it 16 rdng hon so véi cdu triac bé
tong dudng hd ¢ nhiét d6 50°C (Hinh 7b) . Trén hinh
anh mau bé tong NP20 dudng ho & nhiét do 50°C ta
cling thay xuat hién hinh anh hat xi mang chua bi
hydrat hoa hét & goc trén bén trai Hinh 7b. Trong khi
do bé tong dudng ho 10°C va 30°C hat xi mang da
hydrat hoa hoan toan.

Thém vao do, hau hét Portlandite CH da bién méat

& cu tric vi mo bé tong sir dung pozzolan tu nhién
dudng hé ¢ nhiét d6 50°C do phan ung pozzonanic
giita pozzolan tu nhién va CH d¢ tao ra thém céac san
pham CSH gel.

Hinh 8 cho théy 6 nhi¢t d6 dudng ho 10°C, CH
van con xuét hién nhiéu quanh vi tri hat pozzolan tu
nhién. Didu d6 ching té sau 28 ngay dudng ho ¢ 10°C,
phén Ung pozzolanic van dién ra cham,

Trén Hinh 7 mét diéu tha vi khi quan sat hinh anh
hat pozzolan ty nhién c6 mau sic gan nhu la giéng
nhau ¢ cac nhiét 6 dudng hd khac nhau cho du la
30°C hay 50°C trong khi d6 hinh anh cac hat xi méang
da hydrat hoa lai ¢6 mau séc khac nhau & nhitng nhiét
d6 dudng ho khac nhau. P6 1a mau sang hon & nhiét
d6 cao hon.

4. Két luan

T cac két qua ¢ trén, co thé rat ra mot sd két luan
nhu sau:

Nhiét d6 dudng ho bé tong anh hudng rat 1on toi
phan ung hydrat hoa ciia xi mang va phan Ung
pozzolanic cia vat liéu pozzolan ty nhién, do d6 lam
anh hudng dén cac chi tiéu co hoc dic trung cua bé
tong xi mang. Trong d6, bé tong thuong (khong chira
pozzolan tu nhién) dudng ho & nhiét d cao 50°C co
cuong do nén, cuong do kéo khi ép ché va mo6 dun dan
hdi cao hon & giai doan tudi som (1, 3, 7 ngay tudi)
nhung xu hudng phat trién tudi mudn (28 ngay tudi)
ch@m hon so véi bé tong thuong dudng h ¢ nhiét 4o
thap hon. O 1 ngay tudi, cudng do nén bé tong dudng
ho tai 50°C cao hon xép xi 590%; 150% va 150% so
voi cuong d6 nén bé tong dudng hé tai 10°C; 20°C va
30°C. Nhung & 28 ngay tudi, cuong do nén bé tong
dudng ho tai 50°C lai thip hon x4p xi 95%, 96% va
98% so voi cuong do nén bé tong dudng ho tai 10°C,
20°C va 30°C
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O nhiét d6 dudng ho 10°C, phan tng hydrat hoa
cua xi mang va phan ing pozzolanic cua pozzolan tu
nhién & cac tubi som (1, 3 va 7 ngay) dién ra cham
hon dan dén cudng d6 nén, cuong do kéo khi ép ché
va mo dun dan hoi ciia bé tong thap hon so vdi cuong
d6 va mo dun dan hdi cia bé tong dudng hd & cac
nhiét d6 20°C, 30°C va 50°C. O 1 ngay tudi, cuong do
nén bé tong thudng dudng ho & 10°C chi bang 25%,
24% va 17% so voi cuong do nén bé tong dudng hd
tai 20°C, 30°C va 50°C. Sau 7 ngay tudi cuong do bé
tong cudng do bé tong dudng ho & 10°C bang 87%,
90% va 82% so v6i cuong do bé tong dudng hd ¢20°C,
30°C va 50°C

Nhiét d6 dudng ho trong khoang tir 20°C dén 30°C
t6 ra kha pht hop vdi sy hinh thanh va phat trién cia
bé tong thudng va bé tong st dung vat li€u pozzolan
tu nhién xét trén toan bo qué trinh phat trién cuong do
& cac giai doan tudi sém va tudi muodn. O 1 ngay tudi,
cuong do nén bé tong thudng dudng ho tai 30°C xap
xi bang 400%, 105 % va 72% so véi cudong do nén bé
tong dudng ho tai 10°C, 20°C va 50°C. Sau 28 ngay
tudi cudong do nén bé tong thuong dudng ho tai 30°C
xap xi bang 97%, 97% va 102% so véi cudng do nén
bé tong dudng ho tai 10°C, 20°C va 50°C.

Dbi véi bé tong sir dung pozzolan ty nhién dudng
h¢ tai nhiét do cao 50°C c6 cuong do nén, cuong do
kéo khi ép ché va mé dun dan hoi cao hon so voi bé
tong cung loai dudng hd tai nhiét do 10°C, 20°C va
30°C. O 1 ngay tudi, cuong do nén bé tong st dung
pozzolan tuy nhién dudng ho tai 50°C xép xi bang
900%, 300 % va 117% so véi cuong do nén bé tong
cung loai dudng h¢ tai 10°C, 20°C va 30°C. Sau 28
ngdy tudi cuong d6 nén bé tong thudng dudng ho tai
50°C van cao hon xap xi bang 114%, 113% va 110%
s0 voi cuong do nén bé tong dudng ho tai 10°C, 20°C
va 30°C. Trai nguoc v6i xu hudng phat trién cuong do
cua bé tong thuong khong chira pozzolan ty nhién.

Nhu vay, voi su xuét hién cua pozzolan ty nhién
dd gop phan bu dép cac anh hudng tidu cuc do nhiét
d06 cao gy ra ddi v6i sy hinh thanh va phat trién cuong
do cua bé tong xi mang.

Loi cdm on

Nghién ctru nay duoc tai trg bdi Truong Pai hoc
Hang Hai Viét Nam trong dé tai mi s6: DT24-25.96.
TAI LIEU THAM KHAO

[1] E.Garcia, (2001),
mechanical properties
hydrated at various temperatures.
Concrete Research. Vol.31, pp. 695-702.

The microstructure and
of blended cements
Cement

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

[2] R.Chihaoui (2022), Efficiency of natural pozzolan
and natural perlite in controlling the alkali-silica
reaction of cementitious materials, Case Studies in
Construction Materials. Vol.17, e01246.

[3] K. Ezziane (2007), Compressive strength of
mortar containing natural pozzolan under various
curing temperature. Cement Concrete Composite
Vol.29, pp.587-593.

[4]J. Kim (2002), Effect of temperature and aging on
the mechanical properties of concrete, part I:
experimental results, Cement Concrete Research,
Vol.32, pp.1087-1094.

[5] A. Ahmed (2023), Exploring the role of dilutive
effects on microstructural development and
hydration kinetics of limestone calcined clay
cement (LC3) made of low-grade raw materials,
Journal of Clean. Production, Vol.428.139438.

[6] H. Zhao (1992), Quantitative backscattered
electron analysis of cement paste,
Concrete Research, Vol.22, pp.696-706.

[7] Tiéu chuén qubc gia TCVN 3118:2022: Bé tong-
phuong phap xac dinh cuong d6 chiu nén (2022).

[8] Tiéu chuan qubc gia TCVN 5726:2022 xac dinh
md dun dan hdi va hé s6 Poisson (2022).

[9] Tiéu chuin quéc gia TCVN 8862:2011 vé Quy
trinh thi nghiém xac dinh cuong d¢ kéo khi ép ché

Cement

cia vat lidu hat lién két bﬁng cac chat két dinh
(2011).

[10] M.Wang, X Zeng (2020), The impact mechanical
characteristics of steam-cured concrete under
different
Construction and Building Materials. Vol.241.
118042

[11T7Y. Li, Y. Liu, Y Li (2024), Investigation of the
Freeze-Thaw deterioration behavior of hydraulic

curing  temperature  conditions,

concrete under various curing temperatures,
Journal of Building Engineering, Vol.95, 110247

[12] X. Guan, L.Wang, L. Mo (2023), Effects of
ground coal bottom ash on the properties of
cement-based materials under various curing
temperatures, Journal of Building Engineering,
Vol.69, 106196.

Ngay nhan bai: 12/12/2024
Ngay nhan ban sira 1an 01: 24/12/2024
Ngay nhan ban sira 1an 02: 16/01/2025

Ngay duyét dang; 18/02/2025

164

SO 82 (04-2025)



