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Hoat dong xay dung va cai tao cong trinh d4 thai ra méi trudng mot lwgng 16n khéi xdy gach dé. Trong
khi d6 céc nghién cttu trén thé giGi da cho thay phé thai khéi xay gach do6 c6 thé duge st dung dé lam cbt
liéu cho bé téng nham giam chi phi, tiét kiém tai nguyén v bao vé moi trudng. Trong bai bdo nay, tic gia
trinh bay két qua nghién citu thic nghiém vé viéc st dung gach do6 tai ché 1am cbt liéu 16n cho bé tong tw
1én c6 ham lwgng tro bay cao. Nghién cttu stz dung 100 % gach d6 tai ché 1am cét liéu 16n cho bé tong tu
1én, ham lwong tro bay 4p dung 50 % thé tich bot. Cac dic tinh duge danh gia va so sanh v&i bé tong ty
lén (BTTL) st dung ¢bt liéu 16n ty nhién bao g6m tinh cong tac, cuong do chiu nén, cuong d6 chiu ubn, do
thdm ion clorua, dé hit nwdc va hiéu qua kinh té. Két qua nghién cttu cho thdy so véi miu dbi ching
(RBCAO) viéc st dung 100 % cbt liu gach do tai ché c6 thé ché tao bé tong tu len c6 tinh cong tac dép
ttng yéu cau theo huéng din Chau Au bing cach ting ham lugng phu gia siéu déo va st dung tro bay ham
lwong cao, cudng dd nén giam 13,62 %, cidng d6 ubn giam 19,4 %, d6 thim ion clorua ting 62 %, d6 hit
nuée ting 39 %. Bdng thoi chi phi vat liéu va thi céng giam so véi bé tong truyén théng (BTTT) c6 mac
twong dwong 1an lugt 14 5,95 % va 10,04 %.

ABSTRACT

Self-compacting concrete
Encompass workability
Concrete strength

Chloride ion permeability
Water absorption

Recycled Coarse Aggregate
Recycled red brick

High volume fly ash

Construction and renovation activities have resulted in a significant amount of red brick waste being
generated into the environment. Meanwhile, global research has indicated that waste from red bricks can
be utilized as aggregate for concrete to reduce costs, conserve resources, and protect the environment. In
this paper, the author presents the results of experimental research on the use of recycled red bricks as
aggregate for self-compacting concrete with a high proportion of fly ash. The study utilizes 100 % recycled
red bricks as coarse aggregate for self-compacting concrete, with a 50 % volume fraction of fly ash. The
properties are evaluated and compared with self-compacting concrete (SCC) via the use of natural stone,
workability, compressive strength, flexural strength, chloride ion permeability, water absorption, and
economic efficiency. The research results indicate that the use of 100 % recycled brick aggregate can
produce self-compacting concrete that meets European guidelines. This can be achieved by increasing the
dosage of superplasticizer and utilizing high-content fly ash. The compressive strength decreases by
13.62 %, the flexural strength decreases by 19.4 %, the chloride ion permeability increases by 62 %, and
the water absorption increases by 39 % compared to the control sample. Material and construction costs
are lower and reduced compared to traditional concrete with the same strength, with reductions of 5.95 %

and 10.04 %, respectively.

1. M& diu

qué trinh hoat dong xay dung da thai ra moi treong mot lwgng 16n
chét thai rén, trong d6 lugng gach dAt sét nung chiém mét ty trong

Bé tong 1a mét loai vat liéu duge sit dung phé bién nhéat trong
nganh xdy dung cong trinh [1]. Hang ndm, lvgng bé tong trén toan
ciu st dung khoang 35 ty tin. Trong d6, lwvgng xi mang tiéu thu 4,2
ty tAn, lugng cbt lidu 28 ty tin va 2,8 ty tAn nudc cong véi phu gia
[2]. C6t liéu 16n 1a thanh phin quan trong va chiém khéi lugng 16n
trong san xuét bé téng. Tuy nhién, viéc khai thac va st dung cbt liéu

16n ty nhién dang din dén can kiét ngudn tai nguyén. Trong khi dé,
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16n. Uéc tinh & Anh luwong gach thai trong qua trinh xay dung hang
niam 1a 380.000 tAn va & Hoa Ky 1a 120.000 tin [3]. Nghién citu cta
[4] & Hong Kong cho thdy gach thai trong qua trinh xiy tudng va
khéi xay chiém khoang 4-8 %. Hién nay, phén 16n lvong gach thai
dwgc xit 1y chén 14p hodc duge cdc nha thiu xdy dung db trai phép
khéng diing quy dinh. Biéu d6 gay sy lang phi tai nguyén, anh hudng
dén moi triedng va canh quan d6 thi. Do dé, viéc nghién citu tan dung
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ngudn gach do thai tai ché 1am cbt liéu 16n trong ché tao bé tong cho
cic két cAu dang dugc nhidu nuéce trén thé gidi quan tam. Vi duy,
Trung Quéc di ban hianh hwéng din sit dung cbt lidu tai ché cho bé
tong va quy dinh bét budc st dung cbt liéu tai ché dbi v6i bé tong cb
cuong do chiu luc thép [5]. Viét Nam da ban hanh chién luge phat
trién vat liéu xay dung, trong d6 khuyén khich ting cuwong st dung,
tan dung, tai ché phé thai cong nghiép, xiy dung, giao thong lam cbt
liéu thay thé mét phin d4 tu nhién [6].

C6t lidu 16n tai ché tir gach d6 (RBCA) 1a cbt lidu ¢6 kich thude
hat 16n hon 4,75 mm, san xuét bing cich nghién va sdy trong 16 cc
phé thai gach dét sét nung ldy tit hoat dong xay dung [7]. Cac hat
RBCA kich thuwéce 16n thudng c6 bé mit phing, nhidu 16 rdng. RBCA
kich thuéc nhé hon c6 nhidu géc canh, bé mit gd ghé va cac vét nift
nho. Hién nay, RBCA chti yéu st dung cho cac két ciu khéng chiu luc
nhiéu nhv khéi bé tong 14t duong [8] hodc bé tong rdng [9]. Theo
[10], cwong dd nén ctia bé tong st dung RBCA giam 10-35 % so v&i
bé tong thong thudng. Cudng dd nén bé téng phu thudc vao cuong dd
ctia gach ban dAu va c6 thé san xuét dugc bé téng c6 cuwong d6 nén 28
ngay dat cudng dé 20-40MPa. Nghién ctu cta Khalaf [11] cho thiy
hinh dang géc canh va d6 nham bé& miit ctia gach c6 loi cho lién két
gitta ¢t liéu va hd xi ming. Cuwong do udn cta bé tong st dung cbt
liéu gach thip hon so v&i bé tong thidng khoang 8-15 % va gia tri co
ng6t cua bé téng ting 1én khi sit dung RBCA. Téc gia Debieb [12]
nghién cttu vé& trong quan giita ctdng d6 nén va udn cta bé tong sit
dung RBCA d3 két luin sy giam cudng d6 ubn tuwong tw nhu cudng
d6 nén. Pdng thoi, do hit nude clia bé téng st dung RBCA 16n hon
déng ké. T4c gia da chi ra nuée trong bé téng c6 thé chita cac yéu tb
in mon nhu clorua hay sunfat sé gy anh huéng dén d6 bén bé téng.
Nghién ctu ctia Correia [13] chi ra modun dan hdi ctia bé tong st
dung RBCA th4p hon so v&i bé tong thong thudng 30-40 %. Ruhl [14]
cho thiy bién dang ctia bé tong sit dung RBCA ting 30-40 %. Tac gia
Pinchi [15] d4 chitng minh viéc sit dung 21 % RBCA, bé tong c6 bién
dang déo, cudng d6 nén va ubn ting do qua trinh thily héa xi ming
duogc thic diy boi lwong nuwée bd sung duge vtu giit trong RBCA. Tac
gia Iffat [16] d& xuét st dung gach vun vi hiéu qua ctia né nhu mot
phuong phép tw bao dudng bén trong, tic gia da st dung 20 % gach
vun 1am c6t lidu 16n thay thé cbt liéu 16n ty nhién dé dat dugc kha
nang chiu nén 16n hon cua bé téng. Ciing theo tac gia Iffat [3] viéc s
dung mot phin RBCA 1am cbt liéu 16n cho bé tong sé c6 tac dung giam
viéc st dung nuwée cho cho cong téc bao dudng bé tong dan dén don
gi4 bé tong giam. St dung RBCA 1am cbt liéu 16n trong bé tong 1a mot
giai phép thay thé hiéu qua v& miit chi phi.

Bé tong ty lén (BTTL) 1a loai bé téng déc biét c6 dd chay cao va
tinh cong téc tét, c6 thé ty chay qua cac géc hep van khuon hoic cbt
thép dan day bing chinh trong litc ban than ma vin dam bao d6 dic
chic va ddng nhét t6t [17]. Do BTTL phai st dung ham lwgng bot va
phu gia héa hoc cao nén chi phi vat liéu va kiém soét chit ligng ciia
BTTL van cao hon so véi bé tong truyén théng [18]. Do viy, can thiét
phai nghién citu giai phap vt liéu thay thé nhu st dung RBCA va tro
bay ham ligng cao nhim giam t6i da chi phi san xuét BTTL.

Dbi v6i BTTL, tac gia Shaon [19] da tién hanh nghién citu anh
hudng clia viée sit dung RBCA 1én céc tinh chét luu bién va co hoc.
Trong nghién ciu, phan cbt liéu 16n sit dung gach do duogc thay thé &
céc mtic 0 %, 25 %, 50 %, 75 % va 100 % bing RBCA. Két qua cho thiy
khéng ¢6 sy thay dbi 16n nio duge phat hién vé tinh cong tac clia hdn
hop BTTL khi thay thé cbt liéu 16n tit gach do bing RBCA. Cuong do
chiu nén ctia BTTL khi thay thé 75 % cbt liéu gach d6 bing RBCA c6 gid
tri dat 35 MPa, twong dwong gid tri cwong do chiu nén ctia miu dbi
chitng (st dung cbt liéu gach dé). Trong truong hop st dung 100%
RBCA cudng d6 nén BTTL dat gia tri khoang 29MPa, giam so v&i mau
dbi chitng khoang 17,1 %. Cuong d6 chiu kéo BTTL & mifc thay thé cbt
liéu gach d6 75 % va 100 % bing RBCA khong c6 thay dbi dang ké. &
mifc thay thé 25 % va 50 % cudong d6 chiu kéo ting khoang 20 % so véi
mAu d6i chiing. Két qua khing dinh viéc stz dung RBCA 1am ¢t liéu 16n
cho BTTL 13 hoan toan kha thi. Bén canh d6, tro bay ciing 1 phé thai tir
nganh san xuit nhiét dién. Cic nghién ctu cho thiy st dung tro bay
ham Iwgng cao giam dang ké chi phi san xuét BTTL [5]. Pdng thoi, tro
bay c6 tac dung lam gidm kha ning thdm, giam nhu cAu nude va nhiét
d6 thity héa, ting tinh cong tic ctia BTTL [6]. Do d6, khi két hop ddng
thoi viéc st dung RBCA véi st dung tro bay ham lwgng cao trong san
xult BTTL cho céc két cAu khong yéu ciu cudng d6 cao cé thé khic
phuc dugec mét phin cac nhuge diém ctia RBCA. Qua d6, c6 thé tao ra
duwoc loai BTTL ¢6 chi phi thip, giam tiéu hao tai nguyén va c6 tic dung
to 16n trong viéc bao vé moi trudng.

Hién nay, céc nghién citu vé céc dic tinh ctia BTTL khi stz dung
ddng thdi RBCA va tro bay ham lwgng cao con rit han ché. Trong
nghién ctu nay, tic gia di tién hanh nghién ctu RBCA tit phé thai
gach dit sét nung va tro bay loai F theo TCVN 10302:2014 dé ché tao
BTTL. Ham lvong RBCA duge khao sat gdm 0 % va 100 % thé tich c6t
liéu 16n, ham lugng tro bay st dung 50 % thé tich bot. Cac déc tinh
dwge danh gi4 bao gdm tinh cong tic, cudng d6 nén, udn, dd chéng
thdm ion clorua, d6 hiit nwéc va hiéu qua kinh té cia BTTL. Qua d6,
cac déc tinh cta BTTL s dung RBCA dugc lam rd.

2. Vat liéu va cip phdi thi nghiém
2.1. Vit liéu st dung

Vat liéu st dung trong thi nghiém bao gdm: xi ming Vicem Bt
Son PCB40 (XM); cat vang S6éng Lb, modul d6 16m 2,1; bt liéu 16n tw
nhién: (coarse aggregates-CA) c¢6 D,,,=20 mm, la da nghién, khéi
lugng riéng 2,75g/cm? RBCA c6 D,,,=2 cm, d0 hiit nuéc 14,2 %,
khéi lugng riéng 2,07g/cm? ; tro bay (TB): stt dung tro bay nhiét dién
Pha Lai, tro bay loai F theo tiéu chudn TCVN 10302:2014; phu gia siéu
déo (SD): sit dung phu gia siéu déo thé hé méi loai BiFi-HV298, gbc
Polymer cai tién, c6 ty trong 1,05, phit hop tiéu chudn ASTM C-494
loai G; phu gia bién tinh d6 nhét (VMA) sit dung loai Culminal loai
MHPC400.

Cét liéu 16m tai ché (RBCA) trong nghién citu dwgc ché tao bing
cach sit dung phé thai khéi xay gach dé tit pha d& cong trinh tai thanh
phd Ha Nbi. Sau d6, phé thai khéi xay gach d6 dugc tién hanh nghién
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va sdy kho tai tram nghién. Hinh 1 thé hién RBCA dwoc nghién tit phé
thai khéi xay gach do.

(a) Phé thai gach d6 (b) Nghién RBCA
Hinh 1. RBCA duoc nghién tir khéi xay gach do.

Bang 1. Thanh phin cip phdi BTTL.

2.2. Cdp phdi bé tong thi nghiém

Thiét ké cAp phéi ctia BTTL dugc thyc hién theo phuong phéap
dugc d@ xuét béi Akamura va Ozawa [20], cu thé: cbt liéu 16n dugc cb
dinh 50 % thé tich bé tong, c6t liéu min chiém 40 % thé tich vita, ty 1&
Nude/Bot (N/B) theo thé tich dwge didu chinh tit 0,9-1. Trong thi
nghiém, s dung 2 loai cAp phéi khac nhau dé danh gid. Cac cip phéi
dugc tao ra bing cach st dung RBCA thay thé cét liéu 16n tu nhién gdm
0 % va 100 %; cb dinh ty 1é tro bay/bdt (TB/B)=0,5; ty 1& nuwdc/bot
(N/B) theo khéi lwgng = 0,38. Trong d6 bot gdm xi ming vi tro bay.
Thanh phin cip phéi BTTL dwoc thé hién chi tiét trong Bang 1.

Ky hiéu RBCA/Pa XM TB Cat RBCA ba Nuéce SD VMA
(%) (kg) (kg) (kg) kg) kg) (kg) kg) (kg)
RBCAO 0% 282,4 282,4 748,8 0 770 214,6 2,86 0,21
RBCA100 100% 282,4 282,4 748,8 770 0 214,6 4,95 0,21
3. Két qua thi nghiém
3.1. Thi nghiém tinh cong tdc hén hop bé tong tir lén
Bang 2. Két qua kiém tra tinh céng tac BTTL.
K}” hléu SF TSOO Vfunnel Lbox Jring Sr
(mm) | (second) | (second) (mm) (%)
RBCAO 720 3,1 9,5 091 | 96 8,7
RBCA100 | 710 47 11,7 1087 ] 99 6,1 (a) Thi nghiém do SF (b) Thi nghiém do L-box

Thi nghiém tinh céng tic hdn hop BTTL dugc thyc hién theo
huténg din TCVN 12209:2018 [21]. Céc chi tiéu thi nghiém tinh céng
tac gébm: kha ning chay loang khong c6 vat can (SF), thoi gian chay
khong vat can T500, thoi gian chay cé vat can V-funnel, kha néng
vugt qua vong Jy,, (J-ring), hop L-box (L) va do phan t?ing (Sr). Két
qua thi nghiém cho thdy d chay loang ctia RBCA100 dat 710 mm,
giam so v&i RBCAO 1,38 %. Pidu nay 1a két qua cua viéc ting ty 16
phu gia siéu déo 1én dén 73 % so véi RBCAO nhim khic phuc hiéu
ng hit nwée manh va nhanh tit gach dé va 16p vita cii. Pong thoi,
viéc sit dung RBCA ciing 1am ting d6 nhét ciia hén hop BTTL thé hién
qua céc thong sb: thoi gian chay T500 ting tit 3,1 gidy 1én 4,7 gidy; V-
funnel ting tit 9,5 gidy 1én 11,7 gidy; kha ning vugt qua J-ring tang
ti 9,6 mm 1én 9,9 mm va L-box giam t& 0,91 xuf)ng 0,87. Tuy nhién,
¢6 thé thdy d6 hiit nwéc 16n hon ctia RBCA din dén d6 phén ting ctia
cAp phbi RBCA100 c6 xu hudng giam so v&i cip phdi RBCAO. Céc két
qué thi nghiém vé& dd chay loang (SF), th&i gian chay Tsoe Jring Lbox,
Viue V@ d0 phéan t?mg Sr dugc thé hién trong Bang 2. Hinh 2 thé hién
thi nghiém tinh céng tdc hén hop BTTL.

Hinh 2. Thi nghiém tinh c6ng tac hén hgp BTTL.

“""w J-J -

(a) Cp phdi BTTL RBCAO (b) Cip phéi BTTL RBCA100
Hinh 3. Mit cit BTTL & d6 tudi 28 ngay.

Quan sat mit cit ctia ca hai cAp phéi RBCAO va RBCA100 (Hinh
3) cho thiy khéng c6 hién tugng phan ting xay ra trong bé tong. Cot
liéu ctia ca hai cAp phdi phan bd déu trén mit cit bé tong. Pidu dé da
chitng té céc cp phdi c6 tinh cong tac tot.

Két qua thi nghiém cho thdy nhd st dung ham lwong tro bay
cao 1a yéu t6 c6 tinh chét ting cuwdng tinh c6ng tac hén hop BTTL va
st dung ting cudng lvong phu gia siéu déo két hop véi phu gia bién
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tinh d6 nhét nén hoan toan cé thé ché tao hdn hop BTTL st dung
100 % RBCA ma van dap ting tét cic yéu ciu tinh céng tic theo yéu
clu [22]. Theo hwéng din Chau Au [22] vé phén loai va chi dan st
dung BTTL, v&i d6 chay loang SF, BTTL thudc loai SF2 (660-750 mm)
pht hop cho céc két cAu nén ddc tai chd; do nhét theo thi nghiém V-
funnel thudc loai VF2 (9-25s) phit hop cho két cAu c6 d6 phing va d6
nhén khéng cao, d6 6n dinh cao; gia tri do phan téng SR thudc loai
SR2 phit hop cho céc két ciu thi cong theo chidu doc véi khoang chay
>5 m, khoang cach c6t thép >80 mm. Nhv véy, hén hop BTTL ¢6 cac
chi tiéu tinh cong tac kha phit hop dé thi cong céc cong trinh ha ting
nhv nén nha, nén dudng bing bé téng toan khdi hodc cic két ciu

gach dic sin tu chén.
3.2. Két qud thi nghiém cuong do nén va uén BTTL

Thi nghiém xac dinh cwong d6 nén: Bé téng dugc dic va bao
dudng theo TCVN 3105:2022 [23]. MAau bé tong cé kich thuéc
10x10x10cm. Céc méu diic va bao dudng ngay dau ¢ diéu kién tiéu
chudn, sau d6 dugc ngdm trong nudc ti¥ ngay thi 2. Thi nghiém
cidong d6 chiu nén duge tién hanh theo TCVN 3118:2022 [24]. Miu
duwge nén & do tudi 28 ngay. Trong nghién citu nay, thi nghiém nén
dugc thire hién bing may nén thiy lyc 200 tAn DHR 200. Hinh 4 thé

hién th{ nghiém nén mau BTTL.

(a) Chuén bi mAu nén (b) Thi nghiém nén mau

Hinh 4. Thi nghiém nén mau BTTL.

32
30,9
31

(MPa)

30

29

0 nén

28
26,7

Cuong d

27

26
25

24

RBCAO RBCA100

Hinh 6. Két qua thi nghiém cuwdng d6 chiu nén

Thi nghiém xéc dinh cuwong d6 chiu kéo khi udn: Bé téng dugc
diic mau va bao dudng theo TCVN 3105:2022 [23]. Céc vién miu c6
kich thuéce 150x150x600 mm. Thyc hién xac dinh cuong do chiu kéo
khi uén cua bé tong theo hwéng din cta tiéu chudn TCVN 3119:2022
[25]. Hinh 5 thé hién thi nghiém uén m4u BTTL.

Két qua thi nghiém cho thdy cuwong do nén cua cac cAp phdi
RBCAO va RBCA100 (Hinh 6) 14n luot 1a 30,9 MPa va 26,69MPa & d6
tudi 28 ngay. Viéc sit dung RBCA100 1am giam cuwdng do ctia BTTL so
v6i cAp phéi st dung dé tu nhién 12 13,62 %.

Cuong do chiu kéo doc truc (R,) va cudng do kéo khi udn (Ry,,)
ctia RBCA100 lan lwot 1a 3,15MPa va 1,82MPa, ¢6 két qua thdp hon
19,4 % so v&i RBCAO, gia tri (Ry,) va (Ry,) 1in lugt 1a 3,91 MPa va
2,26 MPa. Hinh 7 thé hién két qua thi nghiém cudng do chiu kéo khi

uon cua bé tong.

(b) B& mit pha hty
méu RBCA100
Hinh 5. Thi nghiém u6én miu BTTL.

(a) Thi nghiém uén mau RBCA100

C6 thé thiy do sy lién két tbt gitta 16p hd xi ming va cbt liéu cta
BTTL nén sv pha hity qua quan sat tric quan ctia ca hai cip phédi chu
yéu xay ra & cbt liéu (Hinh 5.b). Trong khi d6, d4 tu nhién c6 cwong do
cao hon gach do6 nén cho gia tri cudng d6 chiu nén va chiu kéo khi uén
cta BTTL st dung d4 ty nhién sé cao hon so v&i st dung RBCA.

5
E 1Rk Rku
\E/ 3,91
2 3,15
-~ >
£ 3 :
=
:8.
o o 1,82
5
=1
i}
1
0
RBCAO RBCA100

Hinh 7. Két qua thi nghiém cwdng d6 chiu kéo khi ubn va

chiu kéo doc truc.
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3.3. Két qud thi nghiém thdm ion clrorua va d hit nwéc BTTL

Thi nghiém tinh thdm ion clorua: Thyc hién theo phuong phéap
RCPT theo huéng din TCVN 9337:2012 [26]. Thi nghiém dugc tién
hanh bing cach cho dong dién mét chidu chay qua mau hinh tru ¢é
dwong kinh 100mm va cao 50 mm. Mot mit ctia mau thit tiép xtc véi
dung dich NaCl 3 % ndi v6i dién cye am, trong khi mit con lai tiép
xtic v6i dung dich NaOH nbi véi dién cuic duong. Kha ning thAm ion
clorua duge danh gia bing cich do dién tich truyén qua miu trong
khoang thdi gian 6 givr. Hinh 8 thé hién qua trinh thi nghiém RCPT.

(a) Chu4n bi miu

(b) Thi nghiém do RCPT

Hinh 8. Thi nghiém do d6 thim ion clorua.

Thi nghiém ¢ hit ni6c: Bé téng dige dtic miu va bao dudng theo
TCVN 3105:2022 [23]. Cic vién mau c kich thude 100x100x100 mm.

2000
1776

1500

1096

1000

500

bién tich truyén qua (C)

RBCAO RBCA100
Hinh 9. Két qua thf nghiém RCPT

3.4. Pdnh gid hiéu qud kinh té

BTTL trong nghién cu c¢6 cuong d6 nén dat 26,7MPa, tuong
duwong v&i bé tong mac M250. Pé danh gia vé tai chinh ctia BTTL st
dung RBCA, nghién cttu di tién hanh phén tich va tinh chi phi san
xut, thi céng loai bé téng nay va so sanh vdi loai bé tong truyén
théng (BTTT) ¢6 mac M250, do sut 6-8cm 4p dung cho cong tic thi
cong bé tong nén nha tai dia ban huyén Péng Anh, thanh phé Ha Noi.
Cong tac tinh todn chi phi dugc thuc hién theo dinh mdc PM-
12/2021 [28]; quyét dinh s& 934/QD-SXD [29]; quyét dinh sb

Thue hién xac dinh d6 hit nide dige thie hién theo huéng dan TCVN
3113:2022 [27].

Két qua thi nghiém RCPT (Hinh 9) cho thdy & do tudi 28 ngay,
dién tich truyén qua cic miu RBCAO va RBCA100 lan lugt 13 1096C
va 1776C. Nhu viy, gid tri dién tich truyén qua miu RBCA100 ting
62 % so v&i miu RBCAO. Ly do d¢ thdm ion clorua ting nhidu 13 do
RBCA ¢6 d6 x6p ctia gach va vita cil sét lai trén bé mit gach d6 16n
nén ting tinh thim trong BTTL din dén cic dién tich dé truyén qua bé
tong nhidu hon. Tuy nhién, dién tich truyén qua mAu BTTL clia ca hai
cAp phbi RBCAO va RBCA100 déu c6 gia tri nim trong khoang 1000-
2000C, theo TCVN 9337:2012 ca hai cip phdi thudc loai c6 mitc do
thim thép.

Do hit nwde clia cac cAp phdi RBCAO va RBCA100 1an lugt 12
2,2 % va 3,06 %. So v&i mau dbi chitng (RBCAO), cic cip phdi sit
dung ham lvgng RBCA100 c6 do hit nuéce tang 39 %. Do hit nudce
BTTL téng cao la do RBCA c6 do hit nuwéce 16n (khoang 14,2 %) nén
céc 16p RBCA phia ngoai ciing clia mau bé téng c6 kha ning dé hit
nwée vao bén trong. Tuy nhién, c6 thé thiy so véi bé tong truyén
théng thi d6 hit nuwée 3,06 % la kha bé. C6 duge diéu nay 1a do ban
chét 16p hd xi ming ctia BTTL dic chic va khé thim nuée. Do d6, khi
16p ho xi ming ctia BTTL bao boc quanh RBCA sé 1am cho nudc trong
thoi gian ngin khé x4m nhép vao cac 16p bén trong bé tong. Hinh 10
thé hién két qua thi nghiém dé hit nude.

3,06

2,5 2,2

Do hat nude (%)

RBCAO RBCA100

Hinh 10. Két qua thi nghiém d6 hat nuwde

935/QD-SXD [30]; coéng bd gia sb 02.02/2023/ CBGVL-SXD ngay
29/5/2023 cong b gia vat lieu xdy dung quy 2 nim 2023 trén dia
ban thanh phé Ha Noi. Theo d6, tai thoi diém nghién ctu, gia thanh
clia vét lidu, nhan céng va ca may cu thé nhu sau: xi ming PCB40:
1.372.000 ddng/tin, tro bay: 270.000 ddng/tin, siéu déo: 28.000
ddng/lit, VMA: 200.000 ddng/kg, Pa: 1x2: 315.000 ddng/m? RBCA:
136.048 d/m?, cat: 491.000 ddng/m? nhan cong: 267.026 ddng/cong,
may tron bé tong: 336.171 ddng/ca, may ddm ban: 289.370 ddng/ca.
Bang 3 thé hién hao phi vat liéu, mdy, nhin cong theo dinh mitc
12/2021.
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Bang 3. binh mic vét liéu, mdy, nhan cong thi céng bé tong (ma dinh
muc: AF.113).

TT | Thanh phén hao phi bon vi BTTL BTTT
1 Vita bé tong m? 1,025 1,025
2 Nhén cong cong 0,9 1
3 | May trén 250 lit ca 0,095 0,095
4 | May dim diii 1.5KW ca 0 0,089
5 | May d¢Am ban 1KW ca 0 0,089

Két qua tinh toan chi phi (Bang 4) cho thiy BTTL va BTTT c6
chi phi vat liéu 1an lvot 1a 917.206 déng/m? va 975.249 ddng/m?. Chi

Bang 4. Bang tinh chi phi vt liéu va chi phi thi cong BTTL va BTTT.

phi vat liéu ctia BTTL thip hon so v&i BITT M250 1a 5,95 %. C6t liéu
trong BTTL chiém ty 1& khoang 50 % thé tich bé téng, nén anh hudéng
khé 16n dén chi phi san xudt SCC. St dung RBCA 1a phé thai x4y dung
nén chi phi ché tao RBCA chit yéu 1a chi phi nghién, béc xép va van
chuyén. Chi phi san xult d4 1x2 ngoai chi san xult nhit khoan phé da,
bbc xép, nghién va vén chuyén thi con chiu cac loai thué phi v& moi
triedng nén gia thanh d4 ty nhién sé cao hon nhidu so v&i RBCA. Theo
gia thi truong ndm 2023 tai dia ban Ha Noi, gia da ty nhién la
315.000 ddng/m?. Trong khi d6 gid RBCA c6 136.048 ddng/m? (Bang
5), chi bing khoang 43 % gia ctia da ty nhién. Do d6, viéc st dung
RBCA di ha gi4 thanh san xuit SCC thip hon so v&i BTTT.

T Loai bé 15 Vit liéu Nhan cong | Méay thi cong | Pon gi4 téng hop Chénh 1éch don gia Chénh 1éch don gia
oai bé ton, .
’ & (@/m3) (@/m3) (@/m?3) (@/m3) vat liéu (%) tong hop (%)
BTTL 917.206 285.985 31.936 1.235.127
-5,95 -10,40
BTTT 975.249 317.761 85.516 1.378.525
Bang 5. Chi phi san xuét RBCA. - Cuong do nén cta BTTL st dung 100 % RBCA c6 gié tri 26,69
T N bon N MPa, thip hon so v&i BTTL st dung 100% cbt liéu 16n tu nhién
Thanh phan hao phi Hao phi| Don gia Thanh tién X
T vi khoang 13,62 %.
. _ N A . 2 . A 3 > 0, 2
1| Méynghin125m*h | m® | 0,0019 | 8.356.194 15.878 Cuong do ch}u kéo khi uon cua BTTL st dl{ng 100 % RBCA c6
= 7 . 3 gié tri 3,15 MPa, thap hon so v4i BTTL st dung cot liéu 16n ty nhién
2 | Boc xép 1én 6 to m 1 33.810 33.810 I ,
T ohi vin chuvd 3 ) 69,603 9,603 100% ty nhién khoang 19,4 %.
3¢ 1Ap 1Avan idyen rAn . . - P6 thim ion clorua ctia BTTL sit dung 100% RBCA thudc loai
4 | Nhan cong 3/7 cong |0,01196] 267.026 3.194 thdp va cao hon so v6i BTTL sit dung 100% c6t liéu 16n ty nhién
5 | Mdy dao 1,25 m’ ca |0,00328| 3.802.902 | 12.473 khodng 62%.
6 | Mdy i 110CV ca |0,00057 | 1.912.099 1.090 - P hiit néc cta BTTL st dung 100% RBCA 1a 3,06 %, cao
. ddn: / . ) 0p Rt 1A 14 A 2 o
Téng cong ) g 136.048 hon so v&i BTTL st dung 100 % cot liéu 16n tu nhién khoang 39 %. )
m - Chi phi vt liéu va chi phi thi cong BTTL st dung RBCA thap

Pon gia tdng hop thi céng nén nha bing BTTL va BTTT lan lvgt
12 1.235.127 ddng/m? va 1.378.525 ddng/m3. Nhu vay, so véi BTTT
don gi4 téng hop BTTL thdp hon 10,04 %. Pon gi4 téng hop thi cong
BTTL giam nhiéu 14 do loai bé tong niy khéng cin phai ¢dm rung nén
giam dugc chi phi nhan céng ddm va chi phi méy thi céng. Theo [24]
st dung RBCA hiit nhidu nuwéc nén ¢ hiéu qua nhv phwong phap ty
bao dudng bén trong, din dén sé giam chi phi bao dudng bé tong sau
khi thi cong. Do d6 trén thuc té, viéc st dung RBCA ché tao BTTL con

c6 thé giam chi phi thi cong nhidu hon két qua tinh toan & trén.
4, Két luan

Két qua nghién ctu cho thiy c6 thé ché tao dwgc hdn hop BTTL
v6i cbt liéu 16n hoan toan bing RBCA c¢6 tinh cong tac dép ng tot cic
yéu cAu theo huwéng din Chau Au bing céch st dung ting ham lugng
phu gia siéu déo va st dung ham lugng tro bay cao. BTTL st dung
RBCA c6 cac dac tinh nhu sau:

hon so v&i bé téng truyén théng c6 cudng d6 nén twong duong
(M250) 14n 1ot 14 5,95 % va 10,04 %.

BTTL st¢ dung RBCA phit hgp cho cic tng dung cho cac két
cdu c6 yéu ciu chiu lyc khong cao nhu cdc cong trinh nén nha,
duong giao théong néng thon hodc cong trinh via hé. Ngoai ra viéc
stt dung RBCA 13 mét yéu t6 quan trong dé c6 thé san xuit BTTL
phat trién bén vitng.
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