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Abstract. Cement production is causing serious impacts to the environment due to CO»
emission to the atmosphere. The utilization of mineral admixtures, sourced from industrial,
agricultural processes such as slag, fly ash, rice-husk ash...in blends with Portland cement has
been widely accepted to lessen that concern. Sugarcane bagasse ash (SBA) —a by product of
combustion of bagasse in boiler, is potentially used in that way. The present study addresses
to enhance suitability of SBA as a partial cement replacement (5%, 10%, 15%, 20%, by mass)
concrete compositions. For this purpose, SBA was treated by burning in a furnace at 700 °C
for 1 h before use. Physical and chemical characteristics of the resulting ash were
characterized, and engineering properties of the SBA-blended concretes have been
investigated. The testing results show that, treated SBA is silica-rich in amorphous form.
Portland cement being replaced by SBA at level of 10% or greater causes a significant drop in
slump of blended concrete. Increasing amount of SBA to replace cement results in reduction
of mechanical strengths at any testing ages. In addition, there is minor difference in water
absorption among all concrete mixtures after 91 days of curing. The mechanical strengths and
the internal porosity of concrete are inversely correlated.

Keywords: sugarcane bagasse ash, mineral admixture, compressive strength, water
absorption, porosity.
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Tém tit. San xuat xi mang tir clinker thai ra nhiéu khi cacbonic (CO2) vao khi quyen gdy 0
nhiém moi truong. Su dung két hop vat liéu phu gia khoang, c6 ngudn gbe tu phu pham cua
qué trinh san xuat céng, ndng nghiép nhu xi 16 cao nghién min, tro bay, tro trau...véi xi mang
gop phan giam phat thai khi nha kinh. Tro ba mia (SBA) —mot phé pham cta qua trinh d6t ba
mia trong 10 cao, 12 mot vt li¢u co thé st dung véi muyc dich nhu vay. Trong bai bao nay, tro
b mia, sau khi nung & nhiét d6 700 °C trong 1 gid, dugc dung thay thé xi méing véi cac ty 18
khéi lugong khac nhau (5%, 10%, 15% va 20%) dé ché tao bé tong. Mau vat liéu tro dugc phan
tich déc tinh 1y hoa, va mot sb dic tinh ky thuat cua bé tong dugc khao sat. Két qua cho théy,
vat liéu SBA chira nhidu thanh phan silic hoat tinh, ¢é cdu triic vo dinh hinh. Thay thé xi
ming bai SBA tir 10% khdi luong tré 1én 1am cho tinh cong tic clia bé tong giam nhanh.
Tang dan ty 18 SBA trong hdn hop dan dén giam dan cuong d6 chiu kéo, nén ¢ tat ca cac thoi
diém thi nghiém. Ngoai ra, d6 hat nudc cua cac cap phdi bé tong sau 91 ngay tudi khong cd
su thay ddi 1om. Cuong d6 kéo, nén cta bé tong chira vat licu SBA dugc xac nhan c6 quan hé
ty 1& nghich v&i do rong bén trong cu truc.

Tiwr khéa: tro ba mia, phu gia khoang, cuong d¢ chiu nén, d¢ hut nudc, do réng.

© 2022 Truong Pai hoc Giao thong van tdi

631



Tap chi Khoa hoc Giao thong Vian tai, Tap 73, S66 (08/2022), 630-646

1. PAT VAN DE ‘

Xi mang Pooc lang 1a mdt trong nhitng thanh phan vat li€u quan trong trong linh vuc xay
dung n6i chung. San xuit xi mang tir clinker thai ra nhiéu khi CO, vao khi quyén, giy 6
nhidm méi trudng, Udc tinh c6 khoang 8—10% lugng CO> trén thé gidi sinh ra tir nganh cong
nghiép xi ming [1]. Gan day, viéc nghién ciru st dung vat liéu thay thé xi mang boi thanh
phan phu gia khoang, c6 ngudn gdc tir phu pham ciia cac nganh cong, néng nghiép nhu xi 16
cao nghién min, tro bay, tro triu, tro bi mia dwoc nhiéu nha nghién cru quan tdm, nham gian
tiép giam lugng phat thai khi nha kinh, hudng dén phat trién “xanh” va bén viing [1, 2]. Nhiéu
nghién ctru chi ra rang, d6 bén lau va d6 bén co hoc cua bé tong chira thanh phan phy gia
khoang (xi 10 cao, tro bay) dugc cai thién dang ké; khic phuc dugc nhiing nhugc diém c6 hitu
ctia bé tong xi mang nhu téa nhiéu nhiét, co ngdt 16n va suy giam do bén lau trong moi truong
xam thuc [3].

Cay mia dudng 12 mot trong nhitng cdy trong truyén thong va phd bién & Viét Nam ciing
nhu mot s6 nude nhiét déi khac. Theo hiép hoi mia dudng Viét Nam (VSSA) [4], mdi nim
nudc ta co khoang 15 tridu tin mia nguyén liéu va c6 khoang 40-45% (twong dwong khoang
6,0-6,7 triéu tén) ba mia tuoi dugc tao ra sau qua trinh ép léy nudc duong tu cdy mia; va co
khoang 80% trong sb nay dugc dot trong cac 1o hoi cua cac nha may dudng dé san xuat dién
sinh khéi [5]. Chat thai ran trong qué trinh ndy 1a tro bd mia (sugarcane bagasse ash —SBA).
Udc tinh c6 khoang 50 ngan tan tro bi mia dugc thai ra tir cac nha may duong trén ca nudc,
chat dong ngoai ty nhién va chua c6 nhu cau sir dung phu hop, gy 6 nhiém méi truong va
chiém nhiéu dién tich d4t chira chat thai. Gibng nhu nhiéu loai tro khac (tro bay, tro trau), tro
ba mia chira cdc thanh phan 6-xit quan trong nhu silic, nhém, canxi. Viéc nghién ctru tmg
dung tro ba mia ¢ vao san xuat vat liu xay dung (gach, xi mang, bé tong) da duoc mot s6 nha
khoa hgc trong va ngoai nudc thuc hién, mang lai méot s6 két qua budc dau [6-8]. Khao sat
cho thay, thanh phan héa hoc, tinh chit vat 1y cua tro bd mia c6 sy thay ddi 16n, tiy vao diéu
kién thd nhudng noi trong mia va nhiét o/ diéu kién d6t [7]. V& co ban, tro ba mia tir cac bai
thai chtra thanh phén tro dd chay hét va chua chay hét, d6i khi con pha I4n tap chét hitu co
khac. Luong mat khi nung (MKN) thuong tim thdy véi ty 18 cao trong thanh phan tro thd do
chira nhiéu cacbon chua chay hét, c6 thé 1én dén 20% [9]. Pa sb tro nay déu khong phu hop
dé sir dung tryc tiép nhu mot thanh phan cua hdn hop bé tong (giy phan ting, chira nhiéu 15
rong va cuong do thap). Mot sé phuong phép nang cao d6 hoat tinh cta tro bd mia trudc khi
sir dung nhu xtr 1y nhiét (nung), nghién min, rdy sang hoic két hop gitra cac cach trén da dugc
nghién curu thanh cong [7, 10, 11]. Tuy nhién, cdc phuong phap xir Iy tro néu trén thuong lam
tang chi phi vat liéu va tiéu thu nhiéu niang lugng xir 1y.

Heé chit két dinh xi ming —tro bd mia c¢6 lugng nudc tiéu chudn cao hon so v&i xi mang.
Vi thé, hdn hop bé tong chua vat licu SBA ¢6 nhu cAu lugng nudc tron nhiéu hon dé duy tri
d6 luu dong can thiét [7]. Ly do duoc giai thich 13 tro thuong c6 ty dién 16n hon xi mang va
dic tinh hit nude vao cc ciu trac rSng. Mot sb nghién ctu chi ra rﬁng, st dung voi mot ty 1€
vira phai tro ba mia thay thé xi mang (thuong tir 5-10%) c6 thé nang cao do bén co hoc so véi
mau bé tong xi ming dbi chimg. Chang han, Amin [12] cho rang bé tong sir dung hé chat két
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dinh xi mang —tro ba mia dat cuong do nén cao nhét khi lugng SBA dat mirc 10%. Tuong tu,
mot nghién ctru cia Jagadesh va cong sy [13] cho thdy, cdp phdi bé tong chira 10%
SBA+90% xi mang c6 cuong do tdng 27,8% (khi nén) va 13,8% (khi kéo) so véi bé tong xi
ming. Ngoai ra, do bén lau cia bé tong ciing dwoc cai thién khi c6 mit thanh phdn SBA trong
hdn hop. Gan day, nghién ctru ciia Bayapureddy va cong su [6] dd khao sat anh hudng cua ty
1€ vat licu SBA (thay ddi tir 5-20%, murc tang 5%) dén do hat nude, dd xam nhap va dich
chuyén ion clo. Két qua thu duoc cho thiy, mau bé tong chira 15% SBA c6 do bén cao nhit &
28 va 56 ngay.

O Viét Nam, hién c6 rit it nghién ctru vé loai tro phé thai rén nay ap dung trong linh vuc
xay dung dugc ghi nhan; phan 16n tro ba mia dugc dung lam san xuat phan bon [5]. Trong bai
bao nay, tro ba mia thu thap tor mot nha may duong ¢ phia Nam dugc thu thap va nghién ctru
str dung nhu mot thanh phan thay thé xi ming trong hdn hgp bé tong. Trong nhiéu nghién ctru
trudce, tro duoc xir 1y bang cach két hop nghién min dén rat min va nung dén nhiét do khoang
600-800 °C, da dugc chung minh nang cao tinh ning cta bé tong. Tuy vay, cach xu ly nhu
trén ton nhiéu chi phi va nang lugng. Trong nghién ciru nay, két hop bién phéap ray sang (qua
rdy c¢6 duong kinh 0,15 mm) va nung dén nhiét d6 700 °C trong 1 gid dugc dé xuat dé xir 1y
tro trude khi dung chung véi xi méng. Cac chi tiéu ky thuat (& trang thai uot va kho) cua bé
tong chira cac ty 1¢ tro bi mia thay thé xi ming khac nhau dugc khao sat. Tir d6, nghién ctru
s& @& xudt cach xir Iy va ty 18 st dung hop Iy cuia tro ba mia.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu sir dung

Vit liéu st dung trong nghién cltu nay bao gom: xi mang Podc lang, tro ba mia, cat song,
da dam, phu gia héa déo va nudc.

2.1.1. Tro ba mia (SBA) va phwong phdp nghién citu cdac dac tinh cia SBA

Trong nghién ciru nay, tro bd mia duoc thu thap tir bii tro phé thai 16 thién ciia nha may
duong Soc Trang (Tinh Séc Tring). Mau tro dugc sdy kho ¢ 110 °C trong 24 gid dén khdi
luong khong ddi, truée khi rdy qua sang c6 kich thudce 16 0,15 mm nhim loai bo tap chat va
thanh phan tro chua chay hét. Phan tro min thu duoc (lot qua sang 0,15 mm) dem xir 1y nhiét
bang cach nung trong 16 kin & 700 °C trong 1 gid' dé ning cao do hoat tinh cua tro. Cach thirc
xtr 1y tro bi mia nay dugc nhom nghién ctru tham khao tir nghién ciru trude [11], ¢ diéu
chinh nhiét do va thoi gian nung cho phi hop. Tiép theo, tro duoc lam ngudi nhanh vé nhiét
d6 phong, va chira trong céc tai ni 16ng cach 4m dung cho nghién ctru.

Céc dic trung 1y, hoa clia tro bd mia sau khi nung dwoc khdo sat, bao gdbm: phuong phap
chup anh hién vi dién tr quét (Scanning Electron Microscope —SEM) dé xéac dinh trang thai
bé mit vat liéu; phan tich huynh quang tia X (X-ray fluoresce —XRF) x4c dinh thanh phéan 6-
xit va phuong phap nhidu xa tia X (X-ray diffraction —XRD) dé phan tich c4u truc tinh thé cua
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vat 1li€u SBA. Ngoai ra, d0 min, lugng nudc ti€u chuan, khoi lugng riéng... cla tro ba mia
cling dugc xac dinh.

2.1.2. Cot liéu cho bé tong

Cbt 1iéu 16n bé tong lam tir ¢4 ddm nghién, c6 thanh phan cip phdi hat phit hop cho san
xuét bé tong. P4 dam c6 kich thudc hat 16n nhét (Dmax) 37,5 mm. Cot lidu nhé sir dung tir cat
song c6 thanh phan hat phu hop cho bé tong, véi mo-dun d6 16n 2,2. Thanh phan hat cia da
dam va cat dugc biéu dién & Hinh 1. P4 dam va cat st dung c6 d¢ hut nude lan luot 13 1,36%
va 1,6%; ty trong da dam 2,65 va cua cat 1a 2,64.

100 T -—a-
80 1

60 1

[| —o— P4 dam

L[| —=—Cat song

Luong lot qua sang (%)

100 0.1

Kich thwéc 16 sing (mm)

Hinh 1. Thanh phan cdp phdi hat ciia ¢4 dam va cat ding cho thi nghiém.
2.1.3. Xi mang: st dung xi mang PC40 Nghi Son, ¢6 ty dién 3480 cm?/g va ty trong 3,15.
2.1.4. Phu gia siéu déo: phu gia Sika Plast 204 ¢6 ngudn gbc polycarboxylate, phu hop vé6i
ASTM C494 loai G, c6 khdi lugng thé tich 1,105—1,125 kg/lit (tai 20 °C), pH =4,5-6,0 duoc
sir dung dé duy tri tinh cong tac cta hdn hop bé tong.

Nuée tron bé tong 1a nude sach, lay tai voi nudc trong phong thi nghiém.

2.2. Thanh phén cip phdi ciia bé tong va chuin bi miu thir

Bang 1 trinh bay thanh phan vét liéu cho 1 m?® bé tong ding cho nghién ciru. Ty s6 khdi
luong nudc/ chét két dinh (N/CKD) dugc chon 0,5 cho tat ca céc cép phéi. Vat liéu SBA duoc
str dung thay thé xi ming véi cac ty 16 khéi luong 5%, 10%, 15%, va 20%. Lugng phu gia
dugc st dung ¢ dinh cho cac hdn hop voi ty 18 1,2% khéi lugng chét két dinh dé danh gia
anh huéng cua vat liéu tro dén tinh cong tac ciia hdn hop bé tong.

Bang 1. Thanh phan vat liéu cho cac hdn hop vita va bé tong dung trong thi nghiém.

Thanh phan vat liéu Thanh phan vt liéu cho 1 m’ bé

Kyhiéuhdn N/ SBA XM  hdnhop vira (g) tong (kg/m®)
h KD (° 0 ] ]
o c @) O kp cat Cit pidam  Nuse TV
song song gla

SBAO00 0,5 0 100 500 1375 674 1201 164 3,94
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(d6i chirng)
SBAO5 5 95 500 1375 670
SBAI10 10 90 500 1375 666
SBAIS5 15 85 500 1375 662
SBA20 20 80 500 1375 658

Ghi chu: N/CKD, ty sb nudc/chat két dinh (gdm XM+ SBA); SBA —vit liéu tro bd mia; XM —xi méng.
2.3. Cac phwong phap nghién ciru
2.3.1. Thi nghiém bé tong ¢ trang thai uot

Ngay sau khi tron xong mdi hdn hop bé tong, do sut va khdi luong thé tich cia bé tong
twoi dwgc xac dinh 1an lugt theo céc tiéu chuan ASTM C143 va ASTM C138. Cén hinh nén
cut o kich thudc tiéu chuan 100 x 200 x 300 mm duoc st dung dé xac dinh do sut cua khoi
bé tong sau khi rut dung cu con cé chira bé tong theo phuong thing ding.

2.3.2. Thi nghiém xdc dinh cuong do chiu nén va kéo cia bé tong

Mau tru tron dudng kinh 100 mm va chiéu cao 200 mm duoc sir dung dé xac dinh cuong
d6 chiu nén va kéo khi ép ché ctia bé tong theo tiéu chuan ASTM C39 [14] va C496 [15], nhu
trén Hinh 2. Cac thi nghiém trén duoc tién hanh trén may nén UTM (Universal Testing
Machine) & cac thoi diém mau dat 7, 28, 56, va 91 ngay tudi. Toe do gia tai khi nén dugc thiét
1ap & mirc 0.9 kN/giay. Mdi thi nghiém duoc tién hanh trén 3 lan thir va két qua dugc lay theo
gia tri trung binh cua céac 1an thyuc hién. Téng cong co 120 mau (=2x3x4x5) dugc chuén bi dé
xac dinh cuong do chiu kéo va nén.

Hinh 2. (a) Mau try tron 100 mmx 200 mm; (b) thiét thi nghiém bi nén; va (c) dung cu ép ché
mau tru tron.

2.3.3. Van toc song siéu am

Trudce khi tién hanh thi nghiém nén mau, do véan téc séng siéu am (ultrasonic pulse
velocity ~UPV) truyén tryc tiép xuyén qua mau thir dugc tién hanh voi thiét bi Pundit Lab
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(Proceq, Thuy S¥), phti hop v&i ASTM C597 [16]. Thoi gian truyén cua xung (T) qua mau bé
tong do dugc nho cac mach dién dém thoi gian. Van tde xung dugc tinh theo cong thure,

IHEFV =

L A s X \ A A A X1, N -4
=, (m/s) (v6i L chiéu dai mau ma xung si€u am truyén qua). Moi thi nghiém duoc tién

hanh trén 3 mau thir va két qua duoc lay theo gia tri trung binh ctia cac 1an do.
2.3.4. Bé hut nuoc

Do hat nudc duge xac dinh theo ASTM C642 [17]. Mau tru tron ¢é dudng kinh 100 mm
va chiéu cao 200 mm dugc sir dung dé danh gia d6 hut nude cho cac cap phdi bé tong & 7, 28,
56, va 91 ngay tudi. Theo do, khi dén thoi diém thi nghiém, mau léy ra tir bé dudng ho duogc
sdy trong tu sdy & nhiét d6 105—-110 °C dén khdi lwong khong ddi (thuong mat khoang 48
gid). Mau sdy kho dwoc 1am ngudi va can trude khi ngdm trong nude trong 24 gio tiép theo.
Do hit nude duoc tinh bang phan traim khdi luong nudc bi hap thu so véi khdi lugng mau
kho. Mbi phép do dugc thuc hién trén 3 mau thir va gia tri trung binh cua cac 1an do dugc ghi
nhan.

2.3.5. D¢ rong

Do rong cua vat liéu c6 lién quan truc tiép dén do bén co hoc va do bén theo thoi gian.
Kich thuéc, phan bb va mic d6 lién théng nhau cua hé théng 15 rdng lién quan truc tiép dén
tinh thim cua bé tong. Do d6, anh huong dén d6 bén lau khi tiép xtc v6i moi truong xam
thyc. Trong nghién ctru nay, d6 rong bén trong cau triic ciia bé tong sau 56 ngay tudi dugc
danh gia bang k¥ thuat hién vi quang hoc (optical microscopy —OM). Mot thiét bi kinh hién vi
Monocular Microscope (FRS-1000, c6 d phong dai dén 400X) két ndi véi bo xtr 1y k¥ thuat
s6 duoc s dung dé danh gia dinh lugng ty $6 rSng bé mat mau (pore ratio), dugc dinh nghia
1a ty s6 phan tram giita tong dién tich bé mat cac 16 rong dbi véi tong dién tich bé mat mau
trong pham vi quan sat. Mau dung dé x4c dinh d6 rong lay tir manh v& bé tong sau khi nén
mau try tron va gia cong voi kich thude khoang 2 cm x 3 cm, day 10-15 mm (lay bang nira
dudng kinh mau). Mau duoc danh bong dé loai bo cac vét xude tao ra tir cong doan mai mau.
Trudce khi danh bong min, mau phai dugc rira k¥ bang nude xa phong 4m va sau d6 1a con.

3. KET QUA VA CAC PHAN TiCH

3.1. Phan tich dic tinh tro ba mia trudc/ sau khi nung

Bang 2 trinh bay thanh phan 6-xit ¢ trong tro bd mia dung trong thi nghiém, so sanh véi
thanh phan ctia xi ming. D& thiy rang, SBA c¢6 diy dul cic thanh phan 6-xit quan trong cua
vat lidu pozzolan thong thuong nhu: 6-xit silic (SiO2), 6-xit nhém (ALO;3), 6-xit sat
(Fe203)..., va thanh phan cacbon chua chay hét (danh gia thong qua ham lugng mat khi nung
—~MKN). Trong d6, thanh phan SiO; 1a chu yéu (chiém trén 75%), do dic diém tich liy silic
cua cay mia duong [18]. Tro ba mia trong dung trong nghién ctru nay c¢6 lugng MKN kha cao
so voi qui dinh cia ASTM C618 ddi vai vat lidu pozzolan (< 10%). Luong MKN dbi v6i mau
tro trude khi xir Iy nhiét 1a 19,7% va giam xudng con 14,3% sau khi nung & 700 °C trong 1
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gio (xem Bang 2). Ham luong MKN cao duoc giai thich do chtra nhiéu thanh phan cacbon
chua chay hét —dic trung béi miu tro thd c6 mau den. Két qua phan tich nay tuong dong voi
tro bi mia dung trong nghién ctru trude & trong nude [18] va & Thai Lan [9]. Céc tinh chét vat
1y khac cua vat lidu SBA trinh bay trén Bang 3. So voi xi ming, SBA ¢6 ty dién bé mit nhod
hon (2260 cm?/g so v6i 3480 cm?/g cua xi mang), ty trong nho hon (2,44 so voi 3,15). Luong
nudc tiéu chudn dugc xac dinh theo ASTM C187 d6i v6i hdn hop tro ba mia va xi mang tron
theo ty 18 khéi lugng 0,2N:0,8 (v6i N 1a ty sé khdi luong riéng gitta SBA va xi ming). Lugng
nudce tron (tinh bang phan traim khéi luong hdn hop xi ming va SBA) khi hd xi ming—tro ba
mia dat d6 déo tiéu chuan (xac dinh bang dung cu Vicat) duoc xem 13 luong nudce tiéu chuan.
Két qua Bang 3 cho thay lugng nudc tiéu chuan 29% ddi véi miu xi ming va 55% dbi voi
mau hdn hop xi mang—SBA. Su c¢6 mit ciia thanh phéan tro chua chay hét c¢6 thé 1a nguyén
nhan lam tang luong nudc tron yéu ciu dé hon hop dat dugc do déo tiéu chuan [11].

Anh SEM trén Hinh 3(a) mo ta hinh thai bé mat hat tro b3 mia. Puong kinh hat c6 kich
thudc pm khong dong déu, hinh dang khong dong nhét (khac biét véi tro bay), cdu trac xop
va c6 nhiéu 16 réng. Vi thé, vat liéu tro bi mia hap thu nhiéu nudc (“hdo nudc™).

Hinh anh phé nhiéu xa tia X ctia vat liéu tro trén Hinh 3(b) cho théy pha tdn tai chinh cta
Si0, dang quartz (a-SiO») va Cristibalite (3-Si02), ¢6 dinh phd nam trong khoang 20-30°
(goc 20). Vit liéu SBA cau tric tinh thé v6 dinh hinh, c6 d6 hoat tinh cao, nén d& tham gia
cac phan g pozzolanic [11, 19].

Bang 2. Thanh phan hoa hoc cta xi méng va tro bi mia dung trong thi nghiém.

Vit Thanh phin 6-xit (%) MKN @
lié , ,

S0, ALOs Fe0y CaO MgO TiO; P,Os  SfO  MnO; NaxO  K.O (%)
OPC 207 45 33 630 18 - - ] - 010 074 2,8

SBA 74,94 6,48 2,14 142 1,13 040 0,78 0016 056 0,78 2,75 19,7(14,3%

* MKN (lugng mat khi nung, nhiét d6 nung 950 °C d6i vdi xi mang va 750 °C doi voi tro ba mia);
® MKN dbi v&i mau tro trude khi xtr 1y nhiét 13 19,7% va giam xubng con 14,3% sau khi nung & 700
°C.

Bang 3. Tinh chat vat 1y ctia xi ming va tro ba mia dung trong thi nghiém.

, £ Vit liéu xi Vit liéu SBA (sau khi
Tinh chat U , .\
mang nung & 700 °C trong 1 gio)

Khoi lugng riéng, g/cm? 3,15 2,44

Ty dién (D6 min Blaine), cm?/g 3480 2260

Luong nudc tiéu chuén, % 29 55

Thoi gian bét dau ninh két (phut) 136 -

Thoi gian két thiic ninh két (phut) 185 -
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Hinh 3. Anh hién vi dién tr quét (SEM) va phd nhidu xa tia X (XRD) cta vt liéu tro bd mia ding
trong thi nghiém.

3.2. Chi s6 hoat tinh cwong dd cia vira xi ming—SBA

D0 hoat tinh cua vat liéu SBA trong hé chét két dinh xi mang —SBA dugc danh gia thong
qua chi s hoat tinh cuong d6 vira (strength activity index —SAI), theo ASTM C311 [20]. Chi
s6 SAI duogc xac dinh bang phan trim cudng do trung binh ctia mau vita sir dung chét két dinh
hdn hop xi ming —~SBA so véi miu vira xi mang ddi chimg (khong chira vat liéu SBA), xéac
dinh ¢ 28 ngay tudi. Bang 1 trinh bay khéi lwong vt lidu can thiét mdi mé tron dé dic 6 mau
vira 1ap phuong canh 50 mm. Ty 1& nudc/chat két dinh 0,5, ldy theo ty 1é tvong Ung cta hdn
hop bé tong. Ty 18 chat két dinh: cat song lay bang 1:2,75 (theo khdi lugng), theo ASTM
C109 [21]. Chuén bi khudn, dtic mau vira theo huéng din ASTM C109. Sau 24 gio ké tir khi
duc, miu dugc thao khoi khuon va ngdm dudng ho trong nude voi dén khi thi nghiém (28
ngay tudi).

Béng 4. Két qua chi s6 hoat tinh cudng d (SAI) ctia vira xi mang—SBA.
Chi s6 hoat tinh, SAI (%)

% Xi mang % SBA N/CKD .
28 ngay
100 (dbi chimg) 0 100,00
95 5 98,52
90 10 0,5 90,66
85 15 80,27
80 20 67,14° (< 75%)

Két qua thi nghiém chi s hoat tinh cudong d6 vira (SAI) v6i cac thanh phan SBA khac
nhau & 28 ngay duoc liét ké & Bang 4. Nhan xét rang, mau chira 5% SBA dat c6 chi sé SAI
cao nhat 98% va giam dan xudng 67% d6i voi mau vita chira 20% SBA. Két qua nay tuong
ddng v6i nghién ciru cia Arif va cong sy [22]. Cac tic gia da co bao cdo rang chi sb SAI thay
dbi tir 96% xudng 72% khi tang ty 16 SBA thay thé xi mang trong hdn hop tir 5% dén 20%. Su
“pha lodng” do thiéu hut xi mang, 1am cham lai qua trinh thiy hoa xi mang tao canxi hydroxit
cho phan tmg véi SBA c6 thé duogc giai thich cho hién twgng giam chi sé SAI néu trén.
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Tiéu chuian ASTM 618 yéu cau vat lidu pozzolan phai c6 chi sé SAI tdi thiéu dat 75%.
Do véy, gidi han st dung nhu vét li¢u thay thé cho xi mang cua vat liu SBA 1a 15% (véi
20% SBA, chi sé SAI dat 67%).
3.3. P sut va khoi lwgng thé tich wét ciia bé tong
Bang 5. Két qua thi nghiém d¢ sut va khdi luong thé tich u6t cta cac hdn hop bé tong.

Ky hiéu hon hop D¢ sut (cm) Kho;(l;tx (zlil:/rtrlllf) "
SBA0O 20 2257
SBAOS 22 2243
SBA10 17 2239
SBAI15 12,5 2236
SBA20 9 2224

Két qua ¢ Bang 5 cho thay hdn hop chira 5% SBA c6 d6 linh dong cao nhét (d¢ sut 22
cm) tiép theo dén mau tham chiéu véi 100% xi mang (46 sut 20 cm). Didu nay cho thiy c6 thé
sir dung vat liéu SBA véi ty 1é phu hop dong vai trd nhu mét loai phu gia ting ¢ déo cho hdn
hop bé tong. Tinh chit nay twong tu nhu déi vdi tro bay, véi cdu triic hat hinh cau. Tuy c6
hinh déang trang thai bé mat khac véi tro bay, hat SBA c6 céu trac bé mat nhin (glassy), co thé
1a nguyén nhan lam tang tinh cong tac cta hdn hop [23]. Tuy nhién, khi luong SBA thay thé
Xi mang tiép tuc tang (tir 10% trd 1én), hdn hop co do sut giam sau. Cap phdi chira 20% SBA
c6 do sut thip nhit (9 cm). Ly do cho sy giam trén duoc giai thich do hinh dang da dang va
kich khong ddng nhit cia vat liéu SBA, 1am ting ma sét giira cac hat thanh phan. Thém vao
d6, bé mat v4i nhiéu 15 r6ng trong cAu tric cta hat tro ba mia 1am cho vat liéu nay hut nhiéu
nuée. Tir d6, d sut hdn hop giam. C6 thé tim thdy két qua twong tu trong cac nghién ctru
trudc day [7].

Hdn hop bé tong tuoi c6 khdi lugng thé tich trong khoang 2224-2257 kg/m?, nhu trinh
bay trén Bang 5. D& thiy rang, khbi luong thé tich giam khi ty 16 SBA ting 1én, do ty trong
ctia SBA (2,44) nho hon so v&i xi ming (3,15). Khi thay doi xi mang boi vat liéu SBA cing
khéi lugng thi thé tich chiém chd ctuia SBA trong hdn hop nhiéu hon.

3.4. Cuwong do chiu nén ciia bé tong

Két qua thi nghiém cuong d6 chiu nén (f..) ciia mau bé tong chira cac thanh phan SBA
khac nhau duoc thé hién trén Bang 6. Tat ca cac cap phdi bé tong co chira thanh phan SBA
dat cuong do trén 40 MPa sau 7 ngay va trén 50 MPa sau 91 ngay. Cac hdn hop déu ¢ cudng
d6 tang dan theo thoi gian do qua trinh hydrate hoa ciia xi ming hoic cia t6 hop chét két dinh
xi mang—SBA. Nhom mau ddi chimg (ky hiéu SBA00) c6 cuong do sau 7 ngay dat 85% so
v6i gia tri cuong d6 28 ngdy. Trong khi 6, nhém mau chira 20% SBA thay thé xi ming sau 7
ngay c6 cuong do chiu nén dat dugc 97% cuong dd sau 28 ngay, thé hién su phat trién nhanh
cuong d6 hon so v6i bé tong thudng, ngay ca khi dudng ho trong diéu kién binh thuong.

639



Tap chi Khoa hoc Giao thong Vian tai, Tap 73, S66 (08/2022), 630-646

Bang 6. Két qua cuong do chiu nén [% giam cudng do so véi mau dbi chung].

Ky hicu Cuong do chiu nén (MPa)
i 7 ngay 28 ngay 56 ngay 91 ngay
SBAO0O 48,73+3,99 [01 57,234£3,58 [0] 58,9444,17 [0] 65,7545,26 [0]
SBAOS 43,6943,50 [10] 47,48£3,60 [17]  49,62+3,26 [16] 61,30£4,04 [7]
SBA10 42,93+3,43 [12] 47,08£3,77 [18]  48,84£3,21 [17] 55,91+4,47 [15]
SBAI1S5 42,3443,39 [13] 45,15£3,46 [21]  46,38+3,27 [21] 55,4144,53[16]
SBA20 42,0943,37 [14] 43,58+£3,49 [24] 45,98+£3,27[22] 53,93+4,31[18]
Ghi chu:

@ Gia tri d6 1éch chuan cua két qua thi nghiém;
®) Gia tri trong dau ngodc vudng [-] chi phan traim giam cudng do so voi mau ddi ching (SBA00) khi
thay doi ty 1€ SBA. ) o )
So voi bé tong doi chung chi cé xi mang 1a chat két dinh, bé tong chita SBA thay thé xi
méng c6 cudng do thip hon & cac thoi diém thi nghiém; gia tri £, giam dan cing véi sy ting
1én cua thanh phan SBA trong hdn hop. Bang 6 trinh bay phan trim muc giam cudng dé chiu
nén ciia bé tong chira tro bi mia so v4i bé tong d6i chimg, véi mirc giam ghi nhan duoc trong
khoang 7-24%. MAau chtra 20% SBA c¢6 cudng do chiu nén giam 24% va 18% so véi mau dbi
chimg 1an luot sau 28 va 91 ngay. Két qua nay pht hop véi su giam din do hoat tinh cua tro
ba mia khi ty 1€ SBA ting 1én, xac dinh ¢ trén va tuong tu nhu ddi voi mot sb nghién cuu
trudc day [24].

Tuy nhién, mot s6 nghién ciru khac [10, 22] chi ra ring, td hop chat két dinh xi mang véi
dudi 10% SBA (tham chi dén 15%) c6 thé nang cao cudng do va do bén viing theo thoi gian
ctia bé tong. Trong hé chét két dinh xi miang —SBA, hydroxit canxi [Ca(OH),, portlandite]
sinh ra tur thuy hoa xi mang phan tmg vdi silic 6-xit (SiO2) hoat tinh c6 trong tro ba mia (phan
g pozzolanic), b sung san phdm hydrate (ching han nhu C-S-H gels) va thanh phin nay
lam ting tinh chat co hoc va bén 1au cua bé tong. Ngoai ra, su lap day 16 rdng ctia ma tran hd
Xi ming va bé mat hat ¢t liéu (viing chuyén tiép giita hd xi ming va cdt liéu) boi cac hat tro
min ciing duoc xem 13 mot nguyén nhan khac 1am ting tinh bén viing cua bé tong do giam
dang ké thé tich 15 rdng bé trong cau trac. Tuy thé, trong thi nghiém ndy, sy ¢6 mit cua thanh
phan SBA lam cho cuong d6 suy giam khi so sanh véi mau di ching. Sy thiéu hut Ca(OH),
(do giam thanh phan xi mang) can thiét cho phan tng pozzolanic, giam luong san pham thay
hoa c6 thé dugc coi 1a nguyén nhan giam cudng do [13].

3.5. Cwong do chiu kéo khi ép ché
Thi nghiém cudng do chiu kéo khi ép ché (fit5) dugc thuc hién trén miu try tron 100 mm
x 200 mm (dudng kinh x chiéu cao). Gid tri f,,. duoc xac dinh bai cong thirc (1):
fats = 2P [uld (1)

Trong d6, P- tai trong gay pha hoai mau; / va d 1an lugt 14 chiéu cao va dudng kinh mau.
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Hinh 4. Cuong do chiu kéo cta bé tong vai cac ty 1€ vat liéu SBA khac nhau.

Két qua thi nghiém cuong do chiu kéo khi ép ché (f.z.) O cac do tudi khac nhau (7, 28, 56
va 91 ngay) dugc trinh bay trén Hinh 4. D& thy rang, xu hudng su thay ddi 7. kha twong
ddng véi cudng do chiu nén f.,, nhu da phan tich & trén. Tic 13, f,., cling c6 xu thé giam dan
khi ty 1& SBA ting 1én. Piéu nay c6 thé duoc giai thich do SBA chua phan tng hét véi
hydroxit canxi hodc do thiéu hyt hydroxit canxi cho phan tmg pozzolanic, tir d6 giam di luong
san pham hydrat hoa va giam d6 bén co hoc (kéo, nén) cta bé tong [25]. Mot diém khac dang
lru ¥ 1a mirc d6 giam f... nhanh hon so véi f... Cu thé, khi luong SBA ting tir 5%, 10%, 15%
va 20% cudng do chiu kéo mau & 28 ngay tudi giam lan lugt 11%, 31%, 32%, va 36% so voi
cudng d6 mau ddi chimg. Trong khi d6, d6 giam tuong tmg ctia cudng do chiu nén 1a 17%,
18%, 21% va 24%. Mt khac, két qua thi nghiém cho théy, ty sd % duoc danh gia trong

[
khoang 12-18% sau 56 ngay va 14-22% sau 91 ngay. S6 liéu nay 16n hon dang ké khi so

sanh v6i cac nghién ctru trén bé tong sir dung tro bd mia nhu mot thanh phan thay thé xi mang

hodc bé tong thudng. Nhiéu nghién ctru [19, 23, 26, 27] di xac nhan ring ty sd % nim trong

khoang 6—8% d6i véi mau sau 28 ngay tudi.

3.6. Van toc song siéu 4m

Bang 7. Két qua do vén tdc séng siéu am (m/s) va do rdng cua bé tong.

Ky hiéu Vin toc song siéu am, UPV (m/s) Do rong (sau 56
) 7 ngay 28 ngay 56 ngay 91 ngay neav)
SBA0OO 4658 4762 4819 4825 2,16%
SBAO05 4501 4625 4739 4791 2,75%
SBA10 4419 4545 4668 4735 3,73%,
SBAI15 4370 4520 4663 4723 3,95%
SBA20 4307 4420 4561 4572 4,17%

Chi sb van toc song siéu am truyén qua vat liéu (UPV), thudng duoc xem c6 lién quan
dén dd bén co hoc cua bé tong. Cu thé, bé tong c6 cuong do cang cao, gia tri UPV cang 16n va
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nguoc lai. Cac yéu té anh huong dén cuong do ciia bé tong (nhur lugng xi ming, ty sé nude/xi
mang, cbt ligu,...) cling co thé anh huong dén UPV, nhung véi cdc mue do khac nhau [28].
Két qua do dac UPV ddi véi cac cap phdi bé tong khac nhau dugc trinh bay & Bang 7. Tir
bang nay cho thdy chi s6 UPV ting dan theo thoi gian ciing v&i qua trinh thity hoa hé chét két
dinh xi ming-SBA. Qu4 trinh ndy 1am giam d6 rdng ctia ciu truc bdi cac san pham hydrate
hoa, tir d6 chi s UPV ting 1én. Sau 56 ngay, tat ca cac mau c6 van tde song do duge co gia tri
l6m hon 4500 m/s, dugc phéan loai thudc loai bé tong c6 do déng nhét (chét lugng) cao [2].
Bén canh do, ty 1€ vat licu SBA thay thé xi mang c6 anh hudng dén chi s UPV, tuong tu nhu
anh huong ddi voi do bén co hoc. Khac voi cuong do chiu nén/kéo, ting ty 16 SBA dén 20%
lam cho tri s6 UPV giam nhe, khoang 5% i v6i mau sau 28 va 91 ngay tudi. Thay doi giam
UPV nhu trén phan anh mau chita SBA s& c6 nhiéu thé tich 18 rdng hon so v&i mau dbi
ching; do d6, d6 bén co hoc cua bé tong chira thanh phan SBA giam theo. Tuy vay, giita
UPV va cuong d chiu nén (hoac kéo) khong nhét thiét giam theo cung mot ty €. That vay,

dua trén két qua thi nghiém, tuwong quan gitra UPV va f_, duoc thiét 1ap theo da thirc bac hai,
nhu trén Hinh 5.

70
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3.7. Pg hut nuéc cia bé tong

Véi vat liéu gbe xi ming nhu bé tong, dd hut nude 1a mot chi sd thé hién do rdng cua cu
tric vat lieu. O trang thai bao hoa, nudc dugc hép thu vao cac 16 bén trong mau bé tong. Sy
thay d6i do hit nude cua cac hdn hop bé tong theo ty 16 SBA va thoi gian duoc biéu dién trén
Hinh 6. D& nhén thiy rang, khi tudi bé tong ting 1én, d6 hiit nudc giam rd rét & tat cac cac cip
phéi bé tong, do 16 rong dugc dién ddy boi san pham cia phan tng thiy hoa hé chat két dinh
xi mang-SBA (C-S-H, C-A-S-H) va thanh phan hat min cuta tro bd mia (hiéu tmg “dién day”)
[25]. Vi su hién dién ctia hat min SBA, cac 16 rong c6 duong kinh 16n s& bi chia cit thanh
nhiéu 156 réng c6 dudng kinh bé hon, 1am ting kha ning c6 mit cta san phdm hydrate hoa
[29]. O 7, 28, va 56 ngay tudi, mau bé téng chira 5-15% SBA c6 d6 hit nude nho hon so vai
méu dbi chimg (c6 d6 hut nudce 3,52-4,56%). Trong sb cac mau thi nghiém, mau c6 cip phdi
bé tong chira 10% SBA (+ 90% xi mang) c6 d6 hut nudc nho nhat. Tuy vay, o thoi diém 91
ngay, d6 hiit nudc cua cac cap phdi bé tong khong cé su thay ddi 1on (trong pham vi 3-3,3%).
Tic 13, anh hudng cia thanh phan SBA dén do hit nuée khong dang ké. Piéu nay cho théy,
vai trd ciia SBA trong viéc giam 15 réng chii yéu dong gop tir hiéu tng dién dy hon 1a tir
phan tng thuy hoa.

3.8. P9 rong ciia bé tong c6 chira thanh phin SBA

(a) MAu dbi ching (0% SBA)

Hinh 7. Hinh anh quan sat d6 rdng (mau sim) quan sat qua kinh hién vi quang hoc (D6 phong dai x
800).

Trong thi nghiém nay, d6 rdng (trén bé mit) cua bé tong duoc xac dinh bang mot thiét b
quan sat kinh hién vi quang hoc Olympus BX51-P ¢6 két ndi v6i cong cu ki thudt sé phan
tich hinh anh (digital acquisition). Theo d6, d6 rong ciia mau vat liéu dugc danh gia dinh
luong bang ty s6 dién tich bé mat cua 16 rdng (danh déu bing mau sim trén Hinh 7) so voi
dién tich bé mat mau quan sat. Két qua do d6 rong mau bé tong thudc cac cap phdi khac nhau
sau 56 ngay tudi thé hién trén Bang 7. Tir két qua nay, mau ddi ching c6 d6 rdng thdp nhat
2,16%; khi ty 186 SBA ting 1én 5%, 10%, 15% va 20%, ty s6 rong xac dinh dugc 1an luot 14
2,75%, 3,73%, 3,95% va 4,17%, muac tang tuong tng 27%, 73%, 83%, 93% so véi mau bé
tong dbi ching.
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Hinh 8. Quan hé giita do réng véi cudng d6 chiu nén, kéo cia bé tong.

V& mat vat ly, do réng cAu trac cua ¢o quan h¢ ty 1€ nghich véi cuong do va do bén theo
thoi gian cia vat liéu bé tong [30]. Tir két qua thi nghiém, quan hé giita cuong do chiu nén/
kéo v6i d6 rdong dugc mo ta trén Hinh 8; trong d6, cuong do kéo/ nén giam dan theo sy ting
1én d6 réng. C6 thé nhan thiy riang, két qua do d6 rdng phi hop vé6i sy suy giam dé bén co
hoc ctia mau bé tong khi ty 1¢ SBA ting lén. Tuong tu, mau bé tong chira ty 18 SBA cao c6 do
rong tang. Két qua la do hat nude ting 1én va chi s6 UPV giam (Bang 7).

4. KET LUAN

Dua trén két qua thi nghiém va cac phéan tich néu trén, rit ra mot so ket luén nhu sau:

(1) Mau tro b mia sau khi nung dér} 700 °C chira thanh phan silic hoat tinh ¢6 cdu trac vo
dinh hinh. Vit licu SBA c6 thé xem la mét phu gia khoang, st dung chung véi xi
mang.

(2) Thay thé 10% tré 1én khdi lwong xi ming boi vat lieu SBA da xtr 1y nhiét dan dén
y ng g y
giam nhanh tinh cong tac ctia hon hop bé tong.

(3) Tang dan ty 16 SBA thay thé xi mang din dén giam dan cuong do chiu kéo, nén ¢ tat
ca cac thoi diém thi nghiém. Cap phdi bé tong chira 20% SBA c6 cuong giam lan lugt
24% va 18% & 28 va 91 ngay, so voi mau dbi chung.

4) 07, 28, va 56 ngay tu01 mau bé tong chira 5-15% SBA ¢6 do hit nude nho hon so
v6i mau dbi chung va miu cap phdi bé tong chira 10% SBA ¢6 d6 hat nuéc nho nhat
Tuy vay, ¢ thoi diém 91 ngay, khong c6 sy thay doi 16n vé do hat nude giita cac cap
phdi bé tong.

(5) Cuong CIO kéo, nén cia h@n hop bé tong chira vat liéu SBA duoc xac nhan ty 1€ nghich
véi d6 rong bén trong cau truc bé tong.
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