O
Nghién citu khao sat kha nang tan
dung cat tai ché tur phé thai bé téng,
dé ché tao vira xay dung khong sut
dung xi mang

Tom tat: Ngay nay, viéc stf dung cac loai vat lieu bén ving, vat liéu xanh trong cac cong trinh ngay cang
dugc quan tam. Bai bao nay trinh bay cac két qua nghién ciu thyc nghiém khao sat kha nang tan dung
cat tai ché ti phé thai be tong xi mang (cat BTN), cing véi xi 1o cao nghién min (XLCNM) hoic tro bay
nhiét dién (TBND), dé ché tao vira xay dyng khong st dung xi mang. Loai vira nay dong thei tan dung ca
hailogi vat liéu ti ché ti phé thai xay dung va phé thai cong nghiép ma khang can thém xi mang, Bén
canhhoat tinh thuy hc ctia xi va tro bay, cac phan ting puzolan ctia chung con dugc kich hoat bang kiém
va Ca(0H)2 co san trong cat BTN ciing dugc nghién cuu dé cap. K&t qua thi nghiém sa b cho thay, cac
hén hop viia chia xi ¢6 cuong do 28 ngay cao hon 23 Ian, so véi vira st dung tro bay. Viec st dung cac
logi viia nay c6 thé phu hgp cho nhiéu dang ung dung khac nhau trong cong trinh xay dung.

Tukhoa: Cot ligu be tong tai ché, viia khong ximang, xilo cao hat hoa nghién min, tro bay
@NCS.THS, TONG TON KIEN; KHOA VAT LIEU XAY DUNG, TRUONG DA HOC XAY DUNG
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Hinh 1. Biéu 86 thanh phan hat ca XLCNM, TBND va cit BTN

1. Gigi thiéu

Hién nay, viéc gidm thiéu cac tac dong
moi truoing cUa vifa va bé tong khi st

dung trong céng triinh xay dung dang |

ngay ¢ang trd nén quan trong, do su
can kiét 13i nguyén thién nhién, cing

nhu céc téc dong cua hiéu Ung nha

kinh ngay cang trynén rd rang [7, 141.Vi
vay, viEc tai st dung cac loai vat héu nay

¢én duoc tinh dén ngay 1l khi thiétké, |

ché tao vat liéu Diéu nay dor hoi phai
thyc hién déng thon hai bién phap: thu
nhat 13 16i da tinh bén vimg cda vifa va
bé tong, thif hai 13 tiét kim va bao t6n
8¢ ngudn nguyén liéu tu nhién bang
céch tai ché céc loai phé thai xy dung
(PTXD), tan dyng céc vat héu thay thé
xI mang nhu: o bay, xi 1 cao nghién
min, silicafume, tro trduy, . [1].

NGi chung, vija va bé 1ong c6 thé chiém
X3p xi 75% 16ng IUoNg CAc vat liéu siy
dung trong cong tinh xay dung. Theo
bio cao Mo tudng quéc gia, tdng
{ugng PTXD trén ca nudc nam 2009 xap
«i 2 tnéu 18n, chiém khodng 10-15%
18ng luong chdt théi tdn hang nam
(4] Bén canh d, theo Nghi quyét cla
Chinh phu dén ndm 2015 s& co bén
hoan thanh viéc phd dd, ¢di tao cic khu

chung cu cu ta1 cc do thi 16n trén cd !
nudc, cho nén luong PTXD sé con tép |
tuc tang manh trong nhing nam té1. |
Nam 2012, 86 xdy dung da giao Vien |
vét idu xdy dung va cong ty ¢ phan
Co dién xay dung cdng trinh thyc hién
d6é t& hoan thién day chuyén 1di ché
phé thai pha da cong trinh lam cét
liéu xdy dung ¢6 cong sudr 40 tan/ .
913 (10] Tuy nhién tif 6 dén nay, viec
nghién cdu s dung cac loai cot hidu
18i ché & nudc ta vén chua dugc phd

I bién va quan tam nghién cuu. Vi vy,

viéc nghién clu, tim kiém dang Ung
dung m&i cho cac loar ¢t liéu 181 ché
13 rét can thiér. Diéu nay via lam gidm
b viee khai thac va st dung cot liéu
1y nhién (CLTN), bdo 16n dugc ngudn
t31 nguyén thién nhién, visa giam thiéu
dién tich céc bai chon 1ap PTXD, gay &
nhiém mai truding 15, 8].

Trén thé gidy, ¢St liéu bé tong tai ché 43
duoc nhiéu tac gia nghién cdu suf dung
cho Iép nén, méng dudng giao théng
hodc cling véi CLTN su dung trong bé
©ng (1, 2,12, 8] Déi vai bé tong su
dung cho cdc két cdu chiu luc, nhiéu
nghién cuu chira rdng khi st dung 30%
COtigul6n BTN va 703 CLTN ¢6 thé ché

Hinh 2. Thén gian b8t d3u dong két cba cac loal hdn hop vira

130 GUgC bé tong co cudng do tong

duong nhu bé tang chi st dung CLTN

{6). Tuy nhién, véi céc loar bé t6ng sis

dung ¢6t héu téi ché tu be tong nghién

& phong thi nghiém sé cho cudng do

nén giam khoang 10% so vdi bé tong

thuang (S), nhung khi st dyng c6t litu

BTN dugc gia cong tai cac tram 1 ché
PTXD thi cudng 66 bé 16ng c6 thé thap
hon nhiéu (12), d6 co kho va tinh t
bién cua bé 1ong su dung cét liéu BTN
a0 hon W 10-30% so véi bé 1ng st
dung c6t liéu ty nhién (17).L6 rdng cba
c6t liéu BTN cang cae thi 36 co kho va
tinh tf bién cdng tang, dac biét khi bé
16ng suf dung ca cat BTN [9, 8]. Hon thé
nifa, do cot liéu BTN ¢6 mé dun dan
héi thdp hon nhiéu so v CLTN cho
nén cong lam 1ng @6 co khé va tinh
W bign. Vi thé, c6 thé nén han ché su
dung cdt BTN trong két cdu bé tong
chiu luc, do ching thuding géc canh va
tho hon cat t nhién, nén sé 1am gidm
manh tinh cong téc ciing nhukha néng
hoan thién bé mat ctia hon hop via va
hén hap bé 16ng (2, 8], cét BTN con lam
gtdm khd ndng bén bang gid clng nhu
kha ndng chdng an mon ca via va bé
16ng [2) Theo quan diém bén viing va
cdc phan tich & rén, viec nghién cuu
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céc loar vat liéu xdy dyng bén viing

hon, 6 st dung ¢6t liéu BTN la rdt quan 1

trong. Diéu ndy dic biét quan trong ddi
Vi cdc loai ¢6t lidu nhd BTN va 8t liéu
16n BTN ¢6 chat luong thap, hien dang
¢cdn bi han ché st dung trong két cau
bé 16ng. Mot trong ¢ac loar vat liéu xay

dung 6 thé tan dyng lugng lon cat

BTN chinh I3 vira xdy dung.

Via xdy dung 13 vét liéu dd nhan tao,
duoc ché tao tir hdn hop clia mét hodc

gy Chit két dinh vo co, ¢t Iéu nhé |

V& nude, c6 thé c6 hodc khong ¢6 phu
gia. Vita thuding dugc ding dé xdy va
hoan thién cac cong trinh xdy dung
(13). Chat két dinh thudng st dung
trong vira 13 ca¢ loai xi mang podc 18ng.
Ngoai fa ¢6 thé st dung céc loai chat
két dinh khac nhu: voi can xi, hén hap
Xi mang va voi, hon hop dat sét va xi
mang. Vida xdy dung ciing ¢6 thé su
dung xi mang k&t hgp véi cic loal vt
liéu thay thé x1 mang nhu tro bay [16],
1o bay va xi thép {3). Nhu ching ta
da biét, trong qué trinh sén xudt 1 tan
clanhke xi mang , sé thai ra xap xi 1
tn khi CO2 [14), chiém khodng 5-10%
t6ng luong khi CO2 do con ngudi 1ao
13 Urén 10an cdu (1), 13 nguyén nhén
chinh gdy hiéu Ung nha kinh va su
néng Ién coa 1t dat Trong khi do &
Viét Nam, c4c loai vat iu c6 thé thay

163

1,08 162
075 152
0,58 158
05 153
2,75 140
1,35 165
0,93 162
0,73 158
0,66 171
0,47 166

thé xi mang t phé thar cong nghigp

nhy 110 bay nhiét dién, xi 10 cao dang

120 ra ngay cang, chua duac tén dung
mot cach hiéu qua

Muc dich bai bdo nay 13 tan dung cat |

BTN va céc vat liéu thay thé xi méng, cu
thé 14 xi 16 cao nghién min va tro bay
nhigt dién, nham ché 1ao cac loai vila
xay dung bén vimg khéng s dung xi
mang Tinh bén ving cba vat liéu nay c6
duoc khong chi nhd vao viec s dung
Bt héu 18 ché, ma con tan dung cd
cdc loar phé thdi cong nghidp. Y tutng
st dyng céc chdt kiém va Ca(OH)2 c6
sdn trong dé xi mang ca ¢t BTN 13m
nguyén litu cho phan Ung puzolan két

haop véi hoat tinh thiy luc cla xi va tro

bay sé thuc ddy qua trinh ddng rn va
phdt trién cung 6 clia vila.

2.Vat liéu sir dung va Phuong
phap nghién cifu
2.1.Vatliéu va thanh phén vita

Xi16 cao s dung trong nghién cuu la xi
16 cao hat hda ctia nha mdy luyén gang
thép Hoa Phar, xi hat Guac 1y vé, sdy
kho va sau 86 dugc nghién min bang
méy nghién bl & phdng thi nghiém dén

66 min wong duong xi mang podc
18ng thugng. Loai tro bay s dyngtrong

nghién cdu 13 tro bay thudng cda nha

1320
1260
170
1140
125
1485
1350
1305
1290
1245
1215

mady nhiét dién Pha Lai. Khéi luong riéng
cUaxi 1o cao nghién min (XLCNM) va tro
bay nhiét dién (TBND) lan luot 1 2,899/
cm3 va 2,14 g/cm3, K&t qué phan tich
thanh phan hat béng phuong phép
laser cho thdy: dudng kinh hat trung
binh cta XLCNM va TBND 1an luot la
11,325 4 va 24,996 #m (Hinh 1). D6
min blaine clia XLCNM va TBND 13 3200
va 2150 cm2/g. Thanh phén héa cta xi
va tro bay st dung dugc néu G bang 1

Theo két qua phan tich thanh phén héa
thi hé s6 kiém tinh cua xi 13

_ CaO+MgO

= =1,01
5i0, + ALO,

nén loai xi sU dung thudc loai x trung
tinh. TBND c6: S102+ Al203+ Fe203=
90,06 >70% nén TBND thudc loal F
theo uéu chuan ASTM C618. Chi s6 do
hoat tinh cuding d6 vdi xi mang poéc
18ng clia XLCNM va TBND fan luot sau
28 ngay 1a 82.6% va 66,5%.

C4t bé tong téi ché (cat BTN) dugc gia
‘ c6ng bdng ddy chuyén 1di ché PTXD
b cong ty ¢6 phén Co dién xdy dung
cong tinh . C&t BTN trudc khi st dung
trong nghién cdlu dugkc sang loai bd cac
[ hat 6 kich thuéc >5mm. Cac tinh chdt
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Hinh 3. Cuémg dé nén ctia vita VBTN-TBND

o ban cva cat BTN duoc xdc dinh dua
theo TCVN 7572 2006. Khéi lugng riéng
va dd hut nudc cva cat BTN (3 2,61 g/
¢m3 va 8,45%. Bidu dd thanh phan hat
cUa cat BTN dat yéu cdu cua cat nghién
sirdung cho visa va bé 1dng theo TCVN
92052012 (Hinh 1); m dun @6 l6n cta
cétBIN I3 2.43.

Dé khio sét khd nidng ché tao vila
khong sif dung xi mang, tén dung cét
BTN va cac vét liéu thay thé xi mang.
Céc hdn hgp via duac tao t hdn hop
cdt BIN ton var XLCNM (v BTN-
XLCNM) hodc TBND (via BTN-TBNO)
& cac ham luong khdc nhau (5, 10, 15,
20, 30 va 40%) theo khéi lugng cat BTN.
Bén canh d6, cac méau vija khong c6 vét
liéu thay thé xi mang (chi c6 cat BTN va
nuéc- vira BTN) cang duoc ché tao va
thi nghiém, nhdm danh gid cudng do
vifa 6 duge tif sy thiy héa cia xi méng
con lai chua thiy hda trong cat BTN.
Lugng nuéc trén dudc diéu chinh bang
mat thusng ¢é hdn hop vida ¢6 tinh
cong 18¢ tuong tu nhau, 86 luu dong
trong khodng 145-175mm va khong bi
phan ting, tach nugc [13].

2.2. Phuong phap nghién ciu

Céc tinh chét coly cla cat BTN duoc xac
dinh theo tiéu chudn Viét Nam TCUN
7572 2006 D& 8énh gid Iuang kiém c6
trong ¢t BTN do xi mang da thiy héa
va phan clanhke con Jai tiép tyc thiy
héa, 1 mau cat BTN da duoc nhing
Va0 nudc cat vaI ty 1é Rn/ Nude=1:10
11]. Sau 28 ngay, nuéc dugc phan tich
va xéc dinhion (Na+, K+, Ca2+) bang

Hinh 4, Cuding d6 nén cia vira VBTN-XLCNM

phuang phép quang phd Plasma cam
Ung ICP - MS. Luong kiém duoc gidi

phong tir cdt BTN vao nudc sau dé duge

tinh quy déi vé NaOH hoac Ca(OH)2, so
vén khor luang kho cua ct BTN.

Chi 56 hoat tinh cung d6 voI xi mang
cla XLCNM va TBND duoc xdc dinh
theo TCUN 6882: 2001,

D6 luu dong cta hdn hap vira duoc xéc
dinh béng phuong phap ban dén theo
TCVN 3121-2: 2003. Cudng do6 uon va
cuding 4o nén cla viia & twéi 7 va 28
ngdy duoc xac dinh trén cac mau lang
tru 40x40x160mm theo TCVN 3121-11:
2003,

3. Két qua va thao luan
3.1. Tinh chdt cua hdn hgp via khong
Xt mang

Két qué 46 luu dong (O, mm), khéi

Iugng thé tich (¥ , kg/m3) va thor gian
bt dau dong ket (t,,.. phit) cla cdc
loai hdn hop vira duoc néu & Bang 2 va
Hinh 2.,

Turkét qua 6 Bang 2, 1a thdy dé dam bao
d6 Ivu dong cua hén hap vida thi ty 1é
NUG/XLCNM ludn cao hon so vty 1é
NUGU/TBND Ung vér méi ham luang
vat liéu thay thé xi mang (XLCNM hoac
TBND). Diéu ndy 6 thé do XLCNM ¢6
cdu tac thiy tnh nén hat ¢6 hinh dang
goc canh, bé mat nhdm 1dp hon so vér
cac hat TBND ¢6 dang hinh céu da lam
gidm noi ma sét trong hdn hop visa,
cho nén hén hap vita st dyng TBND
€6 luong cn nudc € d3m bdo 06 luu

86ng it hon so vét hdn hop vifa st dung
CLCNM. Khi ham luang vat liéu bot thay
thé xi mang trong via it (t S=15%),
sy chénh lech ty 1é N/bot trong hai loal
hon hop vifa cang 16 rét. Nhung khi
ham luong bét tang I6n hon 20% thi su
chénh léch ty 1& N/ bor it hon Bang 2

Khéi Iuong thé tich cta hdn hop via
BTN-XLCNM (udn cao hon so véi vita
BTN-TBND va vira BTN ¢ tét ¢ cc ham
lugng vat liéu thay thé xi mang, khodng
W 4,7+158% van vira BTN-XLCNM va
4,3+13,8% vai visa BTN-TBND. Biéu nay
c6 thé gidi thich do cdc hat XLCNM,
TBND c6 kich thudc nho da chui vao cac
khe nut trong hat cGt liéu va cac 16 rong
giia cac hat cot lidu, kér qua lam ting
36 dac cu tao va vi cdu tric, 1ang khéi
lyong thé tich ctia hdn hop vita.

Tu Hinh 2 cho thdy, thdi gian bt déu
d6ng két clia cac loar hén hop vira
khong st dung xi mang déu lon hon
150 phut, thda man yéu cdu cta TN
4314 2003. Khi ham luong cac vat lidu
thay thé xi mang tang (i 0-20% thi téc
@6 gidm thai bat déu dong két giam
manh, nhung khi ham [yong XLCNM
hoac TBND I6n hon 20% thi téc do gidm
914 tri ndy lar chdm 6 rét. Thar gian bt
dau dong két nhd nhét cba hon hop
via BTN-XLCNM 13 1125 phut (18.8 i),
cUa vfa BTN-TBND 13 1215 phat (20,3
gi&), trong khi d6 tbddk cua hon hap
vira BTN 13 1515 phut (25,3 gic). Diéu
nay chung 10 viéc st dung céc loar vét
liéu thay thé xi mang (XLCNM va TBND)
da thuc ddy qua tinh dong két cla
hén hap vira khong sif dung si mang.
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Hinh 7. So sénh cuding 46 nén & 28 ngay ca vita BTN-XLCNM va Hinh 8.
BND BTN

BTN-TI

Hon thé nia, véi cling mot gia tri ham
luong vat ligu thay thé x1 mang, t6¢ dd
rin chic cva hdn hop visa BTN-XLCNM
ludn nhanh han so vé hon hop viia
BTN-TBND

32 Tinh chét ca hoc cla via khong xi
mang

Két qua cuding dd nén cla cac loai vira
khong st dung xi méng duoc thé hién
G Hinh 3 va Hinh 4

Cuting do nén cua vira khong xi mang
chii yéu phy thuéc vao luong ding
vt liéu thay thé xi mang, ham luong
XLCNM hodc TBND téng thi cudng do
nén cua via tang (Hinh 3 va Hinh 4).
D61 vei mau vira BTN khong st dung
vat héu thay thé ximang, cuing do nén
& 28 ngay 13 0,36 MPa. Trong khi d6,
mau vt BTN-XLCNM, BTN-TBND c6 thé
dat cuding do nén 1én luot t&n 6,0 MPa
V3 2,5MPa. Cuting do mau vira BTN chu
yéu c6 duoc do su thty hda cia phan xi

mang chua thiy hda trong cat BTN RS

rang, viéc st dung XLCNM hodc TBND
da gop phén lam tang déng ké su phét
tnén cubng do nén. Su phét tnén cudng
a0 nay xudt phat tlr hoat tinh thuy lyc
cla XLCNM va TBND Ngoai ra, hoat
tinh puzalan cing cd thé 6 Guac kich
hoat bang céc chat kiém (nhu Ca(OH)2)
€6 sdn trong ¢4t BTN, Diéu nay dugc
minh chung béng két qua thi nghiem
luong kiém gia phéng khi nhing cat
BTN vao trong nudc Lugng NaOH va
Ca(OH)2 quy ddi do cét BTN téch ra khi
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ngam nuc 28 ngay ldn lugt 1a 6,08% va
0,019 so vén khéi luong cét BTN Nhu
ching ta 83 biEL trung binh im3 hon
hop vita si dung khodng 1600kg cat
BTN, thi luong kiém sinh ra trong viia
& 28 ngay dau sé 1a 9,73kg/m3, lugng
kiém nay cao hon nhiéu 50 vé luong
kiém do x1 mang podc 1ang trong cac
loai vifa xi mang cat tu nhién Vi the,

luong kiém cao trong visa st dung cat !

BTN s& tao mai truéng thic ddy sy phat
trién phan Ung puzalan cing nhu nang
€30 cudng d ca via BTN.

Cudng ¢4 nén cla visa tdng 18 (&t nhat
khi ham lugng XLCNM hoac TBND
sir dung 1 10-30%. D6i vai visa BTN-
XLCNM, cudng 66 nén lai gan nhu
khéng tang, khi luang dung xi I6n hon
30%, con cuding Ao cva vira BTN-TBND
van tang khi lugng dung tro bay lon
16n 30%. D1éu ndy ¢4 thé do khdi luong
thé tich cua hédn hap vita st dung 40%

XLCNM th&p hon hén so véi hon hop -

v{fa sir dung 30% XLCNM.

Cuong do nén va cutng do udn cua
via BTM-XLCNM luén cao hon so véi
via BTIN-TBND (Hinh 5, Hinh 6). Biéu
nay thé hién 16 khi luong duing xi hodc
1o bay 16n hon 10%, cusng db nén
cda visa BTN-XLCNM cao hon khodng 3
13n 50 v&1 cudng d6 nén cua vira BTN-
TBND. Két qua nay cing phi hop véi

két qué cla Achtemichuk Sasha, et al. !

{1), diéu ndy c6 thé do ham luong CaO
trong xi cao han nhiéu so van trong tro
bay d3 13m tang hoat tinh thiy luc cua

So sanh cuding 46 udn & 28 ngay cha vifa BTN-XLCNM va

xi (Bang 1). T Hinh 5 ta thdy, cuong Ao

nén cla vifa BTN-XLCNM dat méc cao

nhat la M5,0 khi luong diing xi khodng

229%, con vira BTN-TBND chi dat dugc

| méc cao nhat 1a M2,5 khi luong diing
tro bay 8én 38%

Trén Hinh 6, & cac ham luong xi= 5%
va tro bay=5, 10, 15% khéng c6 gid tri
cudng 86 uén U 28 ngdy, do méu bi
gay trong qud trinh théo khuon. Cing
wong tu nhu cudng d nén, cudng
86 un cia mau via si dung xi 1 cao,
3o hon khodng 4 lan so vér mdu vira
su dung tro bay. Véi ham luong vat liéu
thay thé xi mang béing 30%, ty Ié cuang
86 nén 5o v cuang do udn cua cc
mau vifa BTN-XLCNM 13 69; cdn vila
| VBTN-TBND chi dat 7,7.

‘ 4, Két lugn

- Trén ca s& cac két qua khdo sét cho
thdy: hoan toan 6 thé ché tao duoc
céc loar vita tir hdn hgp cét bé tong tdi
ché va cac loai vat liu thay thé xi mang
W phé théi cdng nghiép ma khong cén
st dung thém xi mang pooc lang. Vigc
nghién cdiu st dung cdc loai vira nay sé
g6p phén nang cao kha nang phat trén
bén ving trong nganh cong nghiép
xay dyng.

+ 61 vé hdn hop visa st dung 10%,
\13% va 229% xi 10 cao nghién min, ¢6
thé ché tao viia dat cic méc tang Ung
1a M1,0; M2,5 va M5,0.

‘ + D3i véi hdn hop vdia st dung 16%,



38% tro bay nhiét dién chi ¢ thé ché
120 duoc vifa dat mc tuang Ung la
M1,0vaM2,5

- 8 xi 16 cao nghién min v& vo bay
nhiét dién déu cé thé tao ra cuding
d6 nha hoat tinh thuy lyc va cac phan
Ung puzolan clia ching. Sy phat trién
cudng do cla cac mau vira st dung xi
16 cao nghién min ludn cao hon so véi
mau vifa su dung tro bay.

- Do ¢4 ham luong cac chdt kiém c6
s3n trong phén vifa x1 mang clia cat bé
tong 11 ché, cho nén, lugng kiém cao
trong hdn hop vida st dung cét BTN sé
tao méi truding thic ddy cac phan Ung
puzolan, déng thai nang cao cudng do
cla via BTN khong st dung xi mang.

5.Lai cdmon

Céc 1éc gid xin chan thanh cam on
Cong ty €4 phan Co dién va Xay dung
cdng trinh da gia cong i ché cdt ligu
catBTN cho dé tai.
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Utilisation of fine recycled concrete
aggregate 10 produce mortars without
using portland cement

Abstract: Now a days, using greener
and more “sustainable’ materials have
been paid attention to construction
applications. This paper reports the

| results of an expernmental study that

investigated the feasibility of using
fine recycled concrete aggregate
(FRCA) with ground  granulated

. blast-furnace slag (GGBS) or fly ash

(FA) to produce cement-less mortar.
This mortar can utlise both fine
recycled concrete aggregate from
consstruction demolition waste and
industry wastes without the need to

| add Portland cement. In addition to
| the hydraulic activity of GGBS and fly

ash (FA), their pozzolanic reaction was
activated by the alkalis and calcium
hydroxide present in the residual
paste of the RCA was investigated.
Preliminary tests showed the mortar
with slag to have 28-day compressive
strengths 2-3 times higher than that
with fly ash. The results also showed
that the developed these mortar
are very suitable for a wide range of
construction applications

Keywords Fine Recycled Concrete

- Aggregate (FRCA); cement-less mortar;

Ground Granulated Blast Furnace Slag
(GGBS); Alkali-Activated Slag (AAS); Fly
Ash (FA), <
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