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TOM TAT

Nghién civu dwa vt liéu dia phwong va chat thai cong nghiép nhw tro bay hay FCC vdo vit liéu xdy
dung sé lam gidam gid thanh va gép phdn bao vé méi triong. Mau vita doi chitng (khéng sit dung tro bay
va FCC) stk dung ty 1é thé tich cdt dia phiong khéng dii tiéu chudn theo ASTM la 0,5 c6 thé tao duwoc vita
c6 cuong dé chiu nén lén dén 44 MPa tai thoi diém 28 ngay. Véi vita c6 ty W/C la 0,4 hodc 0,42, khi xi
mdng dwege thay thé bang tro bay hodc FCC tir 5 dén 10% c6 thé lam cho cuong dd chiu nén cia vita
ting tir 10,8 dén 28,5% tai thoi diém 28 ngay va lam cho tinh cong tdc cia vita giam so méi mau doi
chimg nhung van dam bdo yéu cau thi céng.

Tir khoa: Viva cuong dé cao, tro bay, FCC, thé tich cat, do bet.
ABSTRACT

Experimental study on high performance mortar using local materials and industrial wastes such as
fly ash or FCC results in reducing the price of construction materials and contributing to environmental
protection. Control mortar using volume of local sand, not following ASTM standard, of 0.5 can create
mortar with compressive strength of 44 MPa at 28 days. Mortar with water by cement ratio (W/C) of 0.4
or 0.42 where 5 to 10% of cement is repalced by fly ash or FCC results in increasing compressive
strength from 10.8 to 28.5% within 28 days compared with that of control mortar. Cement replaced by fly

ash or FCC by 5 to 10% induces reducing in slump, but workability.

Keywords: High performance mortar, fly ash, FCC, sand volume, slump.

1. Gigi thiéu

Vit liéu xay dung cdng nghiép trong xay
dung dan dung va giao thong ngay cang duoc
quan tam. Cac tinh nang cta vat liéu xay dung
si dung xi mang nhu vira va bé tdng ngay
cang duoc cai thién. St dung rac thai céng
nghiép nhu 1a mot phu gia dé cai thién cac
tinh nang cua vira va bé tong da va dang duogc
nghién ctru va dua vao ap dung trong thuc té
dé 1am giam gia thanh. Hon nira, st dung cac
réc thai coéng nghiép con c6 thé lam giam
thiéu cac tac hai xau do cong nghiép hda cho
moi truong. Mot trong nhing loai rac thai
cdng nghiép hay duoc ding trong san xuét vat
liéu xay dung la mudi silic, tro bay va xi 10
cao. Nhitng nim gan day mot loai réc thai

TS, Trudong Pai hoc Quéc té - Pai hoc Qubc Gia TP.HCM.

cong nghi¢p nira trong nganh cong nghiép loc
dau la cracking ché d¢ luu thé (FCC) ciing da
va dang dugc nghién ciru nhu mot loai phu
gia trong san xuat vat liéu xay dung, dac biét
la bé tong va vira.

Chen et al. (2004) st dung cac loai FCC
nhu mét phu gia dé xay dung cap phdi vira co
tinh nang cao st dung Cot liéu tiéu chuan, cu
thé 1a cat Ottawa, v&i ty sd nuéc trén xi mang
(WI/C) 14 0,42. Két qua chi ra rang khi thay thé
xi mang bang 10% FCC 1am cho cuong do
chiu nén cua vira tang tir 10 dén 36% va FCC
c6 tac dung nhu khoang vat puzoland
(Pacewska et al. 1998). Trong thuc té, viéc tao
ra cbt lieu co cap phéi tiéu chuan ASTM
C778 (2013) dé ché tao vita s& cd thé 1am cho
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vira cO c4c tinh nang cao hon nhung lai lam
tang gia thanh. Do d6, nghién cutru str dung vat
liéu dia phuong nhu mot wu tién dé giam gia
thanh cua vira ma van dam bao cac yéu cau ky
thuat cua vira. Tuy nhién, cdt liéu ché tao vira
& dia phuong thuong cd cap phdi khong dat
tiéu chuan. Do d6, bai bio nay tap trung
nghién cau thuc nghiém cip phéi vira tinh
ning cao sir dung cdt liéu cat dia phuong dé
lam giam gia thanh cua vira xay dung. Vira
cuong do cao nay co thé ap dung trong cac két
cau lap ghép. Cac théng s6 nhu ty s6 W/C, ty
Ié phan tram thé tich cua cét lidu duoc ding
dé nghién ctru. Hon nita, st dung hai loai rac
thai cong nghiép 1a tro bay va FCC thay thé
mot phan xi mang dé xac dinh cap phdi cua
vira cuong do cao cd kha nang ap dung trong
xay dung cong trinh.

2. Thuc nghiém va phén tich

2.1. Cac logi vt liéu

Cat duoc str dung 1a ¢t liéu dia phuong,
dugc rira sach va say kho dén khéi luong
khong dbi. Po hat nudc cua cat duoc thi
nghiém theo tiéu chudn ASTM C128 (2007) 1a
1,25%. Lugng nudc hut 4m cua cat phai duoc
ké dén trong qua trinh thi nghiém. Cat duoc

Bang 1. Cap phéi cia miu vira déi chirng

dung dé thi nghiém c6 kich ¢& lot qua c& sang
No.10 (2mm) va sét lai trén cd sang No. 200
(0.075mm). Puong kinh 16n nhét 13 2 mm dé
dam bao co thé thi cong trong khong gian nho
nhu vét nat, cac khe ho cua két cAu. Phan tich
cap phdi cua cat chi ra rang, ham luong sot lai
trén ¢& sang No.16 (1,18mm) chi chiém 4%.
Trong khi do, ham lugng sot lai trén c& sang
No.50 (0,355mm) va No.100 (0,15mm) chiém
75%. Puong cong cap phdi clia cat ciing nam
ngoai duong cong cip phdi theo tiéu ASTM
C778 (2013). Mddun do 16n cua cat dugce xac
dinh theo tiéu chuan ASTM CI125 (2007) la
1,61. Vi viée phéi tron dé cat dat cép phéi
theo tiéu chuan ASTM C778 (2013) va co
modun do 16n 16n hon s€ lam ting gia thanh
cua vira.

Xi mang PCB40 trén thi truong dugc st
dung trong thi nghiém nay. Xi ming c6 khoi
lwong riéng 1a 3.15 t/m’. Tro bay va FCC
dugc thu tai cac nha may & trong nude dé lam
thi nghiém. Do hut am cua tro bay 1a 0.33%,
do d6 khi thuc nghi€ém ham lugng nudc hut
am cia tro bay c¢6 thé bo qua. Ham luong con
sot lai trén c& sang 0.045mm cua tro bay la
10%. D6 hiit 4m ctia FCC ciing dugc bo qua.

Bang 2. Cap phéi miu vira sir dung tro bay

Nude, | Xi
W | ming,
(ml) | C(g) | % g

Tysé | Cat Tro bay
WIC | (9)

0.4 | 1959 | 546 | 1164 10 129
042 | 1959 | 555 | 1196 5 63
0.42 | 1959 | 557 | 1133 10 126
0.42 | 1959 | 559 | 1070 15 189
0.42 | 1959 | 561 | 1007 20 252

0.5

04 | 2177 | 501 | 1058 10 118
04 | 2177 | 503 | 1000 15 176
042 | 2177 | 510 | 1087 5 57
0.42 | 2177 | 511 | 1030 10 114
0.42 | 2177 | 513 973 15 172
042 | 2177 | 515 915 20 229

Thé Tosé | car | Nuoe, | Xi Thé
tich vz/c @ | W |mang, tich
cét 9 1 mi | c( cét
0.35 303 | 824
0.38 314 | 789
0.45 1290
0.4 321 | 767 0.45
0.42 328 | 746
0.3 259 | 810
0.35 278 | 749
05 | 0.38 | 1290 | 289 | 717
0.4 295 | 697
0.42 301 | 678
0.35 254 | 674
055 | 0.4 | 1959 | 269 | 627
0.42 274 | 610
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Bang 3. Cap phéi miu vira sir dung tro bay va FCC

Thé Ty 6 cét (g) Nyée, | Ximang, Tro bay FCC
tichcat | WI/C W (ml) C(9) % g % g
1058 10% 118
0% 0
1000 15% 176
0.4 498
941 10% 118
10% 118
882 15% 176
0.5 2177 1030 10% 114
0% 0
973 15% 172
0.42 508 1030 5% 57
973 5% 57 10% 114
915 15% 172

2.2. Thuc nghiém

Ty 1€ W/C duogc st dung trong thi nghiém
nay la 0,35, 0,38, 0,4 va 0,42. Trong gigi han
nay, luong nudc s& khong qua Ion dé do giira
nude va cuong do chiu nén cua vira duge dam
bao, va khdng qua nho dé kho khin cho cong
tac thi cong. Pé xac dinh cap phdi, thé tich cat
trong mot don vi thé tich cua vita ciing duoc
thay doi dé tim ra thé tich cat t6i uu khi vira chiu
lyc. Cu thé trong thi nghiém nay, thé tich céat
chiém lan luot 14 0,45, 0,5 va 0,55. Do sir dung
cat khong dat tiéu chuan so voi nghién ciu cua
Chen et al. (2004) nén tro bay hay FCC dugc su
dung dé thay thé cho xi mang lan lugt duoc thir
nghiém 13 5, 10, 15 va 20% nhu 1a thong s6 dé
xac dinh dic tinh coa vita. Luu ¥ rang thé tich
cat va cac phu gia khoang vat nhu tro bay va
FCC cang lon sé cang lam giam anh hudong caa
co ngo6t, tir bién va gia thanh cua vira.

Vira dugc danh gia thong qua xac dinh
cudng do chiu nén theo mau 5x5x5cm theo
tiu chudn ASTM C109 (2007). Cudng do
duogc xac dinh tai thoi diém 3 ngay, 7 ngay va
28 ngay. Mau ddi chung khdng st dung tro
bay hoic FCC. Bang 1 liét ké cap phdi vat lidu
cac mau vira ddi chimg duogc tién hanh the
nghiém trong bai béo nay. Cac mau su dung
tro bay duoc thi nghiém truéc mau st dung
FCC. Do d6 c6 thé 1am giam s6 lwong mau thi
nghiém. Bang 2 liét ké cap phdi vat liéu cac
mau sir dung phu gia khoang vat tro bay. Bang
3 liét ké cac mau st dung FCC va két hop voi

tro bay. Do bet cua vira dugc xac dinh theo
tidu chuan ASTM C230 (2008). Tuy nhién,
khong st dung ban din dé dam bao tuong tu
nhu diéu kién thi cong vira trong khong gian
chat hep.

2.3. Két qud thuc nghiém

Cac mau vira déi chimg duoc tién hanh thi
nghiém truéc. Mot s dac tinh cua mau vira
dbi chimg duoc liét ké trong Bang 4. Két qua
chi ra rang, ty s6 W/C cang giam thi cuong do
cua vira cang cao hon va do bet cling giam
dan. Déi véi mau co thé tich cat 1a 0,45, do bet
kha Ién, do d6 rat dé dang thi cong. Cac mau
vira c6 thé tich cat 1a 0,5 va 0,55 c6 do bet rat
nho va gay khé khin thi cong. Cha y rang,
duong kinh cuaa cén thir d6 bet 1a 9cm. Cac
mau nay du d dugc thém phu gia siéu déo vai
ham luong tir 1,2% dén 1,6% khéi luong cua
xi mang, nhung do bet van rat nho. Khi thi
cong, dam nhe duoc sir dung dé dam bao vira
vao khudn. Két qua theo cudng do chiu nén tai
28 ngay cho thay cac mau vira co thé tich céat
0,5 cho cudng d6 lén hon cac mau khac. Hon
nira két qua thuc nghiém cho thay vira c6 ty sb
W/C la 0,4 va 0,42 c6 cuong d6 khong qua
nhé so véi mau vita c6 W/C nhé hon 1a 0,3 va
0,35, nhung lai c6 tinh cong tac cao hon. Do
d6 khi sir dung tro bay va FCC, thé tich cat
bang 0,45 va 0,5, ty s W/C bang 0,4 va 0,42
dugc tiép tuc 1am thi nghiém dé dam bao viéc
thi cong khéng qua kho va cuong d6 chiu nén
duoc cao nhat.
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Bang 5 liét ké két qua thi nghiém cua cac
MAau vira str dung tro bay thay thé mot phan xi
mang nhu trong Bang 2. Déi véi mau co thé
tich cat 0,45 va ty s6 W/C 1a 0,4, viéc thay thé
10% khéi luong xi ming béng tro bay lam do
bet giam di 10cm, nhung da lam tang cuong
d6 chiu nén do tai 28 ngay 1én 28,5%. Dbi voi
mau c6 ty sé W/C 1a 0,42, khi thay thé tir 5%
dén 10% xi ming bang tro bay do bet giam tur
3 d&n 12cm. Do bet ndy van nam trong gioi
han yéu cau cua vira thi cdng trong dleu kién
chat hep. Do d6, cong tac thi cong van con dé
dang. Nhung khi ting tro bay tir 15 dén 20%
vira gan nhu khong c6 do bet nén rat kho thi
cong trong cac diéu kién doi hoi tinh cong tac
cao. Cuong do chiu nén tai 28 ngay tang cao
nhat 20,6% doi véi truong hop thay thé xi
ming bang 5% tro bay. Cac truong hop khac
tang khong dang ke.

Bang 5 ciing chi ra rang, d6i voi truong
hop thé tich cét 14 0,5 va ty sé6 W/C 1a 0,4 thi
cuong d¢ chiu nén tai 28 ngay ciling tiang
15,5% khi 10% xi ming duoc thay thé bang
tro bay. Khi lugng tro bay thay thé ting 1én

Bang 4. Mot sé dic tinh caa ddi vira chirng

15% thi cuong do chiu nén giam nhe. Déi voi
ty s6 W/C 1a 0,42 thi cudng do chiu nén ting
I6n nhat 1a 10,8% khi thay thé 5% xi ming
bang tro bay. Khi tro bay duoc thay thé 1én
dén 20% thi cuong d6 chiu nén cua vira giam
31%. Khi thay thé tro bay d6 bet cua vira giam
di va gy rat khé khin cho cong tac thi cong.

Bang 6 chi ra két qua thi nghiém caa mau
vita sir dung két hop FCC va tro bay thay thé
cho xi mang. Ddi véi truong hop thé tich cét
0,5 va ty s W/C la 0,4, khi thay thé xi mang
bang 10% FCC, két qua cua cudng d6 chiu
nén 28 ngay tuong duong vdi viéc thay thé
10% béng tro bay va twong (ng véi mau doi
ching. Khi tang thém FCC, cuong d¢ va do
bet cua vira giam so Vvéi méu ddi chung. Khi
thay thé xi mang bang ca tro bay va FCC tir 20
dén 25%, cudng do chiu nén cua vira va do bet
cua vira giam dang ké. Ddi véi ty s6 WIC 1a
0,42, khi thay thé 10% xi ming biang FCC
cling khong lam giam cuong do chiu nén so
v6i mau ddi chimg, nhung khi lugng cua FCC
va tro bay tang Ién thi cuong do cua vira giam
di déng ké.

Bang 5. Mot sé dic tinh ciaa vira sir dung tro bay

, Cuong do chiu nén ) Cuong do chiu nén
The 1 19 56 | Po bet (MPa) The | 19 66 [Do bet (MPa)
té;? WIC | (cm) - | 28 t(';;? WIC | (cm) X .| 28
ngay | 7 ngay ngay 3 ngay | 7 ngay ngay
0.35 22 28.8 | 36.0 | 40.9 0.4 12 26.7 | 32.1 | 50.0
0.45 0.38 25 29.3 | 37.0 | 40.0 0.42 25 216 | 268 | 46.8
0.4 27 - 35.3 | 38.9 0.45 | 042 16 21.8 | 29.1 | 38.9
0.42 28 - 35.7 | 38.8 0.42 9 205 | 245 | 40.7
0.3 9 - - 47.1 0.42 9 19.1 | 25.7 | 38.2
0.35 9 - - 45.3 0.4 11 240 | 308 | 51.2
0.5 0.38 9 - - 43.3 0.4 9 194 | 249 | 433
0.4 9 - - 44.3 0.42 10 220 | 273 | 49.6
0.42 9 - - 44.8 0 0.42 9 222 | 282 | 414
0.35 9 24.0 - 34.1 0.42 9 164 | 211 | 37.7
0.55 0.4 10 17.8 - 28.1 0.42 9 176 | 234 | 30.6
0.42 9 25.3 - 32.5
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Bang 6. Mét s6 dic tinh caa vira sit dung tro bay va FCC

. , 5 Cuong do chiu nén (MPa
Thé tich cat | Tyséw/c | D2 et \ gL U
(cm) 3 ngay 7 ngay 28 ngay
15 20.3 22 44
9 18.7 24 42
04
9 17.5 28 34
9 15.1 22 28
05 12 18.2 - 42
9 17.6 23 37
0.42 15 18.9 24 36
9 17.6 23 34
9 14.4 28 34

2.4. Phan tich két qud

Cat duoc thi nghiém c6 chét luong khong
dap ung véi yéu cau theo tiéu chuan ASTM
C778 va&i ham lugng cua ¢ hat ¢6 kich thudc
nhé chiém 75%. Nén khi thé tich cét la 0,45
thi dién tich bé mit cua cat giam so véi mau
c6 thé tich cét 16n. Lugng nudc con lai tac
dung véi xi mang 16n hon so cac mau co thé
tich cat 16n hon va ty I¢ vira xi mang trong
MAu Vvita ciling 1én hon. Do d6 lam cho do bet
ctia mau co thé tich cat nho I6n hon cac mau
khac. Trong khi do, thé tich cét 1a 0,55 s& lam
tang dién tich bé mat. Luong nuéc mang thi
nghiém sau khi bao pha hét cac hat cét va tro
bay hay FCC thi luong nudc con lai dé phan
ung voi xi mang giam di. Do d6 lam vira Xi
ming kho hon cac miu c6 thé tich cat it hon,
dan dén lam cho kho khin trong cong tac thi
cong. Db voi truong hop thé tich cét 1a 0,45
va 0,55, cudng do cua vira nhé hon so véi mau
vira c6 thé tich cét 12 0,5. Tur két qua cua thi
nghiém nay cd thé thiy thé tich cat chiém 0,5
1a cap phéi thich hop cho loai cét nay.

Vira su dung cat dia phuong trong thi
nghiém nay va xi mang duoc thay thé bang tro
bay hoic FCC di lam ting dién tich bé mait
cot liéu va giam luong vira xi ming. Do do,
d6 bet giam di dang ké va s& gdy kho khin
cho thi cong. Cudng do chiu nén tai thoi diém
28 ngay tang 1én dang ké khi cd cap phéi thich
hop. Vira c6 thé tich cét 14 0,5, ty s6 W/C Ia
0,42 va xi ming duoc thay thé bang tir 5 dén

10% tro bay hay FCC déu 1am ting cudong do
chiu nén tai thoi diém 28 ngay tir 10,8 dén
28,5%. Khi 15% xi mang dugc thay thé bang
tro bay va FCC c6 thé dam bao cudng do nhu
d6i véi vira khong st dung tro bay hay FCC.
Khi lugng tro bay hay FCC dé thay thé xi
mang tang 1én 20% thi cuong do chiu nén cua
vira giam di dang ké. Hon nita, viéc thay thé
tro bay va FCC tir cac nha may trong nudc sé
lam giam gia thanh cua vira va giai quyét
duoc van dé réc thai cong nghiép lam sach
moi trudng.

3. Két luan

Nghién ctru dua vat liéu dia phuong va
chat thai cong nghiép cua Viét Nam nhu tro
bay hay FCC vao vat liéu xay dung sé lam
giam gia thanh va giai quyét van dé moi
truong. Cat dia phuong khong cé du cac dac
tinh nhu cac yéu cau trong céc tiéu chuan cua
ASTM, nhung van c6 thé tao duoc vira co
cudng do chiu nén cao. Ty 1& thé tich cat dia
phuong trong thi nghiém nay téi uu 1a 0,5,
Véi ty 1é cat nay co thé ché tao mau vira ddi
chimg c6 cudong d6 1én dén 44 MPa. Khi xi
ming dugc thay thé bang tro bay va FCC tir 5
dén 10% va ty s6 W/C khoang 0,4 dén 0,42 c6
thé 1am cho cudng do chiu nén cua vira ting
tir 10,8 dén 28,5% so véi mau ddi chiang.
Viéc thay thé xi mang bang tro bay va FCC tir
5 dén 10% ciing 1am cho tinh cong tac cua
vita giam so véi mau déi ching nhung van
dam bao yéu cau thi cong trong diéu kién chat
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hep. Khi 15% xi ming duoc thay thé bang tro  thi cong. Khi xi ming duoc thay thé I6n hon
bay hay FCC c6 thé dam bao cuong do nhw  15% c6 thé 1am cho cudng do chiu nén giam
dbi vé6i vira khong st dung tro bay hay FCC,  di va tinh cong tic cia vira ciing giam di déng
nhung d6 bet giam 1am khé khan cho cong tic  Ké.
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