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Tom tit:

Str dung tro triu thay thé mot phan xi ming trong san xuat bé tong lam dudng giao théng ndng thdn 1a mot
giai phap hiéu qua, gilp giai quyét cac van dé& méi trudng va giam gia thanh bé tong trong xay dung hién nay.
Bai béo trinh bay két qua thi nghiém xac dinh cudng d6 chiu nén, cuong d6 chiu kéo udn va mé dun dan hoi
ctia bé tong xi mang ¢ sir dung tro trau. Két qua thi nghiém cho thiy, céc chi tiéu cuong do cua bé tong giam
khi ham lwong tro trau ting. Khi thay thé xi mang bang tro trau véi cac ham luong 5%, 15%, 20% va 25%,
cuong do chiu nén cua bé tong giam lan luot 5,41%, 6,51%, 7,49% va 13,91%, cuong d6 chiu kéo udn giam
lan Tuot 0,47%, 1,18%, 2,61% va 4,98%, md dun dan hdi cua bé tong giam lan luot 5,51%, 10,19%, 11,85%
va 12,4% so v6i mau déi chieng. Tuy nhién, tit ca cac cap phéi bé tong déu dat mac M300 va co cudng do
chiu kéo udn Rk, > 4,0 MPa, do dé, phui hop dé 1am tang mit cho tat ca cac cip dudng giao thdng ndng thon
va duong c6 quy md giao théng cip nhe khong cd xe nang véi truc don >100kN Iuu thong.

Tir khoa: Bé tong; Cudng do chiu kéo udn; Cudng do chiu nén; Mt duong; Mo dun dan hdi; Tro triu.

Abstract:

An efficient method to address environmental issues and lower the price of concrete in modern construction is
to use rice husk ash to partially replace cement in the manufacturing of concrete for rural roads. This study
used experimental data to calculate the modulus of elasticity, compressive strength, and flexural tensile
strength of cement concrete utilizing rice husk ash. Based on the obtained results, the strength parameters of
concrete decreased as the rice husk ash content increased. When replacing cement with rice husk ash with the
contents of 5%, 15%, 20%, and 25%: the compressive strength of concrete decreased by 5,41%, 6,51%, 7,49%
and 13,91%, flexural tensile strength decreased by 0,47%, 1,18%, 2,61%, and 4,98%, and the elastic modulus
of concrete decreased by 5,51%, 10,19%, 11,85%, and 12,4%, respectively, compared to the control specimen.
However, all mixture types have a compressive strength of M300 grade and flexural tensile strength, Ry, > 4,0
MPa. This indicates that the mixtures containing rice husk ash are suitable to be used as a surface layer for all
grades of rural roads and highways with light traffic without heavy vehicles with a single axle >100kN in
circulation.

Keywords: Concrete; Flexural tensile strength; Compressive strength; Pavement; Modulus of elasticity; Rice
husk ash.
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1. Giéi thigu
Viét Nam la mét nude néng nghiép véi san lugng
ltia trung binh hang nam dat trén 40 triéu tin. Theo
[1], trung binh mai tan lta khi ché bién c6 thé tao ra
khoang 200 kg vé triu va 40 kg tro. Nhu vay, luong
tro triu duoc tao ra & Viét Nam Ia rét 16n, khoang
1,6 triéu tAn/nam. Theo [2], tro trau chia khoang
63+98% silica, 3+6,5% carbon va mét lugng nho
céc oxit K20, Na20, CaO, MgO va Fe>Oz. Cac hat
tro triu ¢ ciu trdc rdng, ty dién tich bé mat 16n va
ham lugng SiO2 v6 dinh hinh cao nén ¢6 do hoat
tinh puzolan rat cao. Vi vay, tro trau dong mot vai
trd kha quan trong trong san xuét bé tong, 1am ting
d6 déo cuia hd xi mang va giam ti 1é tham nudc cia
bé tong [3]. Viéc st dung tro trdu dé thay thé mot
phan xi ming trong bé tong vira gilip ha gia thanh
vat liéu, vira dam bao dau ra cho ngudn phé thai
nong nghiép nay, dong thoi giam lugng khi CO2
thai ra moi trudng trong qué trinh san xuat xi mang.
Di c6 nhiéu nghién ciu vé bé tong xi mang str dung
tro trau duogc thuc hién va hau hét déu cho két qua
kha quan [3]-[8].

Nghién ciru [3] cho thiy, cudng do cia bé tong
¢6 sir dung tro trau va phu gia siéu déo cao hon so
V6i bé tong dbi chiing, ¢ ty 16 N/CKD = 0,3 va ham
lwong tro triu 25%, c6 thé dat 1000 daN/cm? & 28
ngay tudi. Ngoai ra, bé tng tro trau c6 toc do phat
trién cuong d6 nhanh hon va hé s6 tham nho hon so
v6i mau ddi chimng. CAc tac gia tai [4] chi ra rang,
ham luwong tro trdu thay thé xi mang co thé Ién tGi
30% van khong lam anh huong xau téi cuong do va
kha niang chong thdm ciia bé téng. Trén co so tong
quan cac nghién ctru da duoc thuc hién, nhém tac
gia tai [5] da di dén két luan rang, tro trau c6 thé lam
giam hiéu trng nhiét d6 xay ra trong qua trinh hydrat
hoa xi mang, giap cai thién cuong do chiu nen,
cudng do chiu kéo udn cua bé tong. Ngoai ra, cuong
do ctia bé tng tro trau cling phat trién nhanh hon so
v4i bé tong thong thuong. Cac tac gia tai [7] da
nghién ctu anh huong cua nhiét do dén cuong do
chiu nén ciia bé tong tro trau. Két qua cho thay, cac
mau bé tong tro trau va bé tong thong thuong déu
c¢6 cudong do bang 0 & nhiét do 1000°C. Didu do
ching t6 bé tdng khéng thé chiu duoc nhiét do tir
1000°C tr¢ 1én. Nhom téc gia tai [8] da nghién cuu
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anh huong cua kich thuéc hat xi méng va tro trau
dén cudng do chiu nén cua bé tong tinh ning cao.
Céc két qua nghién cau chimg minh rang viéc thay
thé mot phan xi mang bang tro trau dan dén lugng
nudc can st dung ting 1én, tuy nhién didu nay co
thé duoc bu dap bang viéc st dung phu gia siéu déo.
Ngoai ra, d6i véi xi mang va tro trdu cang min, hiéu
(ng bét loi nay cang rd rét. Bai bao nay trinh bay
két qua thi nghiém trong phong xac dinh cuong do
chiu nén, cuong do chiu kéo udn va mé dun dan hoi
cta bé tong xi mang co sir dung tro trau vai cac ham
luong khac nhau. Qua do, céc tac gia kién nghi ham
luong tro trau hop 1y dé thay thé xi ming trong bé
tong lam duong giao thdng ndng thon.

2. Nghién ciu thuc nghiém
2.1. Vat liéu thi nghiém

D4 dam duoc ldy tir mo da Phudce Vinh, huyén Phi
Gido, tinh Binh Duong vai cac kich & 5x10 mm va
10x20 mm. Cong tac ldy mau da thi nghiém duoc
thuc hién theo cac yéu cau trong tiéu chuan TCVN
7572-1:2006 [9]. P4 dam c6 thanh phan hat dugc
thé hién trong bang 1 va cac chi tiéu co 1y trong bang
2. Két qua thi nghiém cho thay, da dam dat cac yéu
cau theo TCVN 7570:2006 [10] dé lam cét liéu cho
bé tong.
Bang 1. Thanh phan hat cua d4 dam.

Cé Lu’(:rng Luong Lu’({’ng §0t tich liuy
san lot sin trén sang Theo
g PLSANg  TCoVN 7570:06
mm (%) (%) (%).
40 0,0 100,0 0
20 4.7 95,3 0-10
10 59,5 40,5 40-70
5 95,7 43 90 - 100

Bang 2. Tinh chat co Iy ciia da dam.

Chi tiéu thi nghiém Do:n Kef

vi qua
Ham Iuong hat thoi det % 11,41
Khdi lwong riéng glem® 2,737
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Chi tiéu thi nghiém Don — Ket
vi qua
Khéi lugng thé tich xp glcm® 1,476
C}Ion{g d6 da theo thi nghiém MPa 100
nén dap
Ham lugng chung bui, bun sét % 0,43
Hé s6 hoa mém - 0,98

Cat séng duoc lay tir moé cat & huyén Dau Tiéng.
Viéc ldy mau thi nghiém dugc thuc hién theo céc
quy dinh coa tiéu chuan TCVN 7572-1:2006 [9].
Két qua thi nghiém céc chi tiéu co 1y cta cat duoc
t6ng hop trong bang 3. Céc két qua thi nghiém cho
thdy, mau cat dung trong nghién ciru ndy théa man
theo yéu cau ciia TCVN 7570:2006 [10].

Bang 3. Tinh chat co 1y cua cét.

Chi tiéu thi nghiém B‘Z’n ;(lf;
Do 4m % 4,82
M6 dun d6 16n - 2,38
Khéi lugng riéng glcm® 2,613
Khdi lwong thé tich xp glem?® 1,386
Sét cuc va tap chat dang sét % 0
Ham lugng chung bui, bun sét % 1,60
Ham lugng mi ca % 0,71
Ham luong chit hitu co - bat
Thanh phan hat - Dat

Xi mang Ha Tién Becamex PCB 40 c6 cac chi tiéu
co ly trong bang 4, théa man céc yéu cau cua TCVN
6260:2020 [11].

Bang 4. Tinh chit co 1y clia xi mang.

Chi tiéu thi nghiém Ponvi e
qua

Do déo tidu chuan N/XM % 30
Thoi gian bat dau ninh két Pht 112
Thoi gian két thuc ninh két Pht 199
D0 min (phan con lai trén sang % 0,862
0,09 mm)
Khdi lwong riéng g/lem® 3,097

Vo trau tir co s xay Xat lia gao & tinh Long An
dugc dem d6t, sau d6 nghién tro triu bang may
nghién bi rung trong thoi gian 30-35 phit cho dén
khi min va déu.

2.2. Thanh phan cip phéi bé tong

V6i mong mudn sir dung tro triu thay thé mot phan
Xi mang trong san Xuat bé tong lam duong giao
thong néng thon, nghién ciru nay dugc thuc hién voi
bé tong mac 300 (M300) va do sut 8+10 cm. Thanh
phan cap phdi bé tong dugc thiét ké theo chi dan ky
thuat tai Quyét dinh 778/1998/QD-BXD [12].
Tham khao céc nghién cuau [5], [7], [8], cAc tac gia
lya chon ham luong tro trau lan luot 12 5%, 15%,
20% va 25% so vai khdi lugng ciia xi mang. Trén
co s& d6, nhém tac gia da tién hanh tinh toan thanh
phan vat liéu cho 1m® bé tdng mac M300 vai cac
ham luong tro trau khac nhau nhu sau: CP1: 100%
xi ming (mau dbi chimng), CP2: 5% tro triu va 95%
xi ming, CP3: 15% tro tru va 85% xi ming, CP4:
20% tro trau va 80% xi mang va CP5: 25% tro trau
va 75% xi mang. Két qua tinh toan thanh phan cip
phéi bé tong dugc tdng hop trong bang 5.

Bang 5. Thanh phan vat liéu cho 1m? bé téng M300.

Cép Tro trdu  Tro triu XM Cat ba 1x2 Nuée Do sut
phoi (%) (kg) (kg) (kg) (kg) (kg) (cm)
CP1 0 0 444 587 1190 199 9,5
CP2 5 22.2 421,8 587 1190 199 8,9
CP3 15 66.6 3774 587 1190 199 8,7
CP4 20 88.8 355,2 587 1190 199 8,6
CP5 25 111 333 587 1190 199 8,2
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2.3. Ché bi miu va thi nghiém

Céc tac gia da tién hanh tron va thi nghiém kiém tra
do sut cia cac cap phéi bé tong nhu d tinh toan &
trén. Két qua thi nghiém cho thiy cac cip phéi bé
tong thiét ké déu co gia tri do sut nam trong khoang
da Iya chon thiét ké 12 8+10 cm. Cong tac ché bi va
bao dudng mau thi nghiém xac dinh céc chi tiéu
cuong do cua bé tbng duoc thuc hién theo tiéu
chuan TCVN 3105:1993 [13] (hinh 1).

Wity

Hinh 1. Btic mau thi nghiém.
Mau thi nghiém cudng d6 chiu nén (Rnen) 1a mau 1ap
phuong véi cac kich thudc 15x15x15 cm. Mau thi

nghiém cudng do chiu kéo udn (Rw) 12 mau ling tru
c6 cac kich thudc 15x15x60 cm. Mau thi nghiém
mo6 dun dan hoi tinh (Ez) 12 mau hinh tru c6 duong
kinh 15 cm va chiéu cao 30 cm. Sé luong mau thi
nghiém duoc téng hop trong bang 6.

Bang 6. Tong hop mau thi nghiem.

Loai cAp phdi bé tong

Chi tiéu
CP1 CP2 CP3 CP4 CP5
Rinen 3 3 3 3 3
Rku 3 3 3 3 3
Ean 3 3 3 3 3

Céc tac gia da tién hanh thi nghiém sau khi cac mau
duoc bao dudng du 28 ngay theo quy dinh cua tiéu
chuan TCVN 3105:1993 [13].

3. Két qua thi nghiém va danh gia

Téng hop két qua thi nghiém céc chi tiéu cudng do
cua bé tdng véi cac ham lugng tro trau khac nhau
duoc thé hién trong bang 7 va cac hinh 2 — 4.

Bang 7. Tong hop két qua thi nghiém céc chi tiéu cuong do ¢ 28 ngay tudi cia bé tong.

Loai cip phdi bé tong

Chi tiéu CP1 CP2 CP3 CP4 CP5
cudng 49 Tuwng Trung Tung Trung Tung Trung Tung Trung Tung Trung
miu  binh  miu binh miu binh mwiu binh miu binh
33,6 32,3 31,8 30,9 29,6
Rnen, MPa 36 3380 324 3197 31,1 3160 31,3 3127 287 29,10
31,8 31,2 31,9 31,6 29
4,25 4,23 4,16 4,11 4,01
Rk, MPa 4,23 4,22 4,21 4,20 4,2 4,17 4,15 4,11 4,01 4,01
4,17 4,15 4,15 4,08 4,01
3,63 3,41 3,2 3,2 3,18
Eas x10°MPa 3,61 3,63 345 343 326 326 318 3,20 3,16 3,18
3,65 3,44 3,31 3,23 3,19
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Hinh 4. Két qua thi nghiém

mo dun dan hoi cua bé tong.
Két qua thi nghiém trong bang 7 va cac hinh 2 — 4
cho thay céc chi tiéu cudng do cua bé tong giam khi
ham luong tro triu ting trong khoang 0-25%. Cu
thé, khi thay thé xi mang bang tro triu véi cac ham
luong 5%, 15%, 20% va 25%:

e Cudng d6 chiu nén cua bé tong giam lan luot
5,41%, 6,51%, 7,49% va 13,91% so véi mau doi
chang. Tuy nhién, tat ca céc cap phdi bé tong déu
dat méac M300 (Rnen > 28,90 MPa), do d6, phu hop
dé lam tang mit cho tat ca cac cp dudng giao thong
nong thon theo [14];
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e Cuong do chiu kéo udn cua bé téng giam lan
luot 0,47%, 1,18%, 2,61% va 4,98% so v&i mau doi
ching. TAt ca c&c cap phdi bé tong déu c6 cudng do
chiu kéo uén Ry, > 4,0 MPa, vi vay, phil hop dé lam
tAng mit cho tat ca cc cip duong giao thong nong
thon theo [14] va dudng c6 quy md giao théng cip
nhe khéng c6 xe nang vai truc don >100kN luu
thong theo [15];

e M6 dun dan hoi cua bé tong giam lan luot
5,51%, 10,19%, 11,85% va 12,4% so véi mau dbi
chang.

4. Két luan
V6i cac didu kién vé vat liéu va thi nghiém nhu tbai
bao, nhom tac gia rat ra mot s6 két luan sau:

e Bé tong xi mang s dung tro trau véi ham
luong trong khoang 5-25% thoa man yéu cau ky
thuat dé 1am I6p mit cho tt ca cac cip duong giao
théng néng thon theo [14];

e VViéc sir dung tro trau thay thé xi mang trong
san xuat bé tong lam duong giao théng ndng thén 1a
mét giai phéap hiéu qua, vira gép phan giai quyét cac
van d& vé& méi truong, vira giam gia thanh bé tong
trong xay dung hién nay;

o Trén co s& két qua nghién cau ciia nhom va
tham khao céc tai liéu [5], [7], [8], nham dam bao
hiéu qua kinh té - ky thuat, nhom kién nghi sir dung
tro trau thay thé xi mang voi ham luong 15-25%
trong hdn hop bé tdng lam dwong giao théng ndng
thon.
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