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Tém tit

Bai bao nay tac gia trinh bay két qua nghién ciru thyc nghiém vé viéc str dung khdi xay gach d6 lam ct liéu
nho tai ché cho bé tong tu 1én c6 ham lugng tro bay cao. Nghién ctru sir dung 100% khdi xay gach do tai ché
lam ct liéu nho cho bé tong tu 1én, ham luong tro bay ap dung 50% khdi lugng bot. Két qua nghién ciru cho
thiy so v6i bé tong tu 1én sir dung cat tw nhién, viée sir dung 100% cdt liéu nho tai ché tir khdi xay gach do c6
thé ché tao bé tong ty 1én c6 tinh cong tac dap umg yéu cau thi cong bang cach ting ham luong phu gia siéu
déo, cuong d6 nén giam 16,60%, cuong do udn giam 5,82%, d6 thAm ion clorua tang 164,6%, d0 mai mon tang
22,9%. Tuy nhién, chi phi vat liéu san xuit bé tong tu Ién sir dung c6t liéu nho tai ché tir khdi xay gach do thap
hon so v&i bé tong tu Ién sir dung cat tu nhién khoang 6,10%. Dong thoi, so sanh véi bé tong truyén thong co
cuong d6 nén tuong dwong (M250), chi phi vét liéu san xuat bé tong tu 1én sir dung cdt liéu nho tai ché tir khdi
xdy gach d6 thdp hon khoang 10,88%.

Tuwr khod: bé tong tu 1én; tinh cong tac; cuong do bé tong; do thdm ion clorua; cbt liu nho tai ché; tro bay ham
luong cao.

EXPERIMENTAL STUDY ON USING RECYCLED FINE AGGREGATE FROM RED BRICK WALL FOR
SELF-COMPACTING CONCRETE WITH WITH HIGH VOLUME FLY ASH

Abstract

This paper presents experimental research results on utilizing red brick wall as recycled fine aggregate for self-
compacting concrete with a high volume of fly ash. The study employed 100% recycled red brick wall as fine
aggregate for self-compacting concrete, with the fly ash content comprising 50% of the powder volume. The
research results show that compared to self-compacting concrete using natural sand, using 100% recycled fine
aggregate from red brick wall can produce self-compacting concrete with workability meeting construction
requirements by increasing the amount of superplasticizer and utilizing a high volume of fly ash. This results
in 16.60% reduction in compressive strength, 5.82% reduction in flexural strength, 164.6% increase in chloride
ion permeability, and 22.9% increase in abrasion resistance. Nevertheless, the material cost of producing self-
compacting concrete using recycled fine aggregate from red brick wall is approximately 6.10% lower than using
natural sand. Furthermore, compared to traditional concrete with equivalent compressive strength (M250), the
material cost of producing self-compacting concrete using recycled fine aggregate from red brick wall is about
10.88% lower.

Keywords: self-compacting concrete; workability; concrete strength; chloride ion permeability; recycled fine
aggregate; high volume fly ash.
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1. Mé dau

Bé tong 1a loai vat liéu dugc sir dung phé bién nhét trong xay dung cong trinh. Hién nay, co dén
80% luong bé tong str dung cdt licu ty nhién [1]. Tuy nhién, ngudn cdt liéu ty nhién dang dan can kiét,
khién nganh cong nghlep bé tong dang phai tim kiém cac giai phap thay thé. Trong khi do, tai cac do
thi 16n & Viét Nam, chat thal ran tir hoat dong xay dung cling dang ngay cang gia tang. Theo [2] tai
dia ban thanh pho Ha Noi, mdi nim luong chit thai rén tir hoat dong xay dung khoang tir 2,7 tridu tAn
dén 6,2 triéu tn. Luong chét thai ran tir hoat dong xay duyng thuong bao gom dét, da, bé tong, khdi
xdy gach do, gb..., trong d6, khdi xay gach do thuong chiém khoang 31% [3]. Do do, viéc nghién ciru
tai ché cac phé thai khdi xay lam cdt lidu nho cho bé tong khong nhimng gdp phan quan trong trong
viéc giam chit thai ran tir hoat dong xay dung ma con gitip giam viéc tiéu thu tai nguyén tu nhién va
gidm lugng khi thai carbon trong nganh cong nghiép bé tong.

C6t 1iéu nho tai ché (RFA) tir khdi xay gach do 1a cdt lidu co kich thudce hat nho hon 5 mm, san
xuét bang cach nghién cic phé thai khdi xay gach do ldy tir hoat dong xay dung. Céc nghién ciru vé
viéc st dung cbt liéu gach nghién da duge thyuc hién tir nam 1928 va di ¢6 nhiéu ung dung thanh cong
trén thé gidi. Tai Dirc, sau thé chién thir 2, viéc tai sir dung cac phé thai xdy dung lam cdt lidu dd mang
lai két qua tich cuc, voi hang trim nghin ngdi nha dugc xay dung bang cot lidu tai ché [1]. Dén nay,
da c6 nhiéu nghién clru vé st dung cdt liéu tai ché tir khoi xay gach do, cu thé: cdt lieu gach tai ché
¢6 kha ning hap thu nudc cao. Pong thoi, 16p vira cii bam dinh trén cdt lidu tai ché c6 xu hudng hit
nudc tir hon hop bé tong [4]. Sy hap phu nude cao, két hop véi hinh dang khong déu cua cbt lidu tai
ché 1am giam tinh cong tac ciia hdn hop bé tong [5, 6]. Lop vita cii ¢ cb tinh xdp va nhiéu 16 réng
cling 1a nguyén nhan khién loai cbt lidu nay c6 kha ning hat nuéc cao [7]. Nghién ciru ctia Debieb
va Kenai [8] dé cho thay cuong d6 nén thap hon 30% khi thay thé cat bang cbt liéu gach min. Nguogc
lai, nghién ctru ctia Khatib [9] cho thiy sir dung cbt liéu gach nghién min thay thé 25% lugng cat tu
nhién cho két qua cuong do nén & tudi 90 ngay tuong duong véi mau sir dung hoan toan cat tu nhién.
Nghién ctru ciia Mora-Ortiz va cs. [10] cho thiy sir dung RFA tai ché tir gach do va vira xdy dé thay
thé mot phan cho cat ty nhién (lan lugt 20% va 30%) dap tng yéu cau vé cudong do nén va do bam
dinh dé str dung lam vira xay cho cac két cdu trong nha. Trong khi d6, Bektas va cs. [1] nhan thay
rang viéc thay thé téi 30% cat ty nhién bang cdt liéu gach min nghién s& lam tang phan tng kiém -
cbt lieu. Nghién ctru cia Ge va cs. [11] da chi ra viéc st dung gach nghién lam c6t liéu nho san xuét
bé tong ty len (BTTL) lam tang do thAm ion clorua. Tuy nhién, d¢ thdm ion clorua ctia BTTL duoc
danh gia 1a thap khi ty 1é thay thé 50%, va co gié tri trung binh khi ty 1& 75% va 100%. Hoang va cs.
[12] nghién ctru st dung cbt lidu cat tai ché tir phé thai gach d6 va bé tong cho thiy cac tinh chat co
ly ctia bé tong cudong do cao bi gidm khi sir dung cat tai ché. Bén canh d6, theo Lei va cs. [13], viéc
tang ham lugng RFA trong san xuét bé tong co tac dung giam lugng khi thai carbon.

BTTL 1a bé tong c6 do chay loang cao, khong bi phan tang, c6 thé ty chay va lam day van khuon
ké ca khu vuc ¢ cbt thép day dic ma khong can dén sy tac dong ngoai luc bén ngoai [14]. BTTL
khong chi nang cao hi¢u suat lao dong va chat luong cong trinh ma con gitip cai thién diéu kién lao
dong [15]. Tuy nhién, chi phi san xuit cia BTTL van con cao hon so véi bé tong dim rung truyén
thong do sir dung ham lugng bot min va phy gia hda hoc cao [16]. Do vay, &é BTTL phat huy tdi da
cac wu diém voén c6, cAn nghién ctru cac giai phap phu hop vé vat liéu str dung. Tai Viét Nam, gia
thanh tro bay thip hon nhiéu so véi xi ming nén st dung tro bay ham luong cao thay thé mot phan
xi ming ciing 1a mot giai phap hop Iy nham giam chi phi san xuat BTTL. DPong thoi, viéc sir dung
ham lugng tro bay cao lam phuy gia min s& giup cho viéc giam lwong xi méing st dung cho san xuét bé
tong. Qua do, gop phan quan trong trong viée giam khi thai CO, phét sinh va giam tiéu thy tai nguyén
tho trong qué trinh san xuét xi ming. Nhu vay, viéc két hop sir dung RFA vdi tro bay ham luong cao
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trong san xuat BTTL s& gitip cho viéc tiét kiém ngudn tai nguyén tu nhién va cé tac dung to 1on trong
viéc bao vé moi truong.

Céc nghién ctru hién nay tap trung chu yéu vé cac dic tinh ciia bé tong hodc vira xay tuong khi st
dung RFA tir phé thai gach do hodc vira xy. Tuy nhién, viéc nghién ctru st dung RFA tir khdi xay
gach d6 (gdm gach do va vita xdy) trong ché tao bé tong tu 1én 1a rat han ché. Trong nghién ctru nay,
tac gia da tién hanh nghién ctru sir dung RFA tir phé thai khdi xay gach d6 dé 1am c6t liéu nho ché tao
BTTL c6 ham lugng tro bay cao. Ham lugng RFA dugc sir dung thay thé 100% thé tich cat tw nhién,
ham lugng tro bay sir dung 50% khdi lugng bot. Muc tiéu ciia nghién ctru 1a st dung RFA tir khoi
xdy gach do ché tao BTTL c6 ham luong tro bay cao sir dung cho cac cong trinh c6 yéu cau chiu luc
khong cao nhu mit dudong giao thong néng thon, hodc via he, dudng dao. Do d6, cac dac tinh dugc
danh gia trong nghién ctru bao gdm: tinh cong tac, cudng d6 nén, udn, do chéng thim ion clorua, do
mai mon va hiéu qua kinh té cia BTTL.

2. Vit li¢u, cAp phoi, quy trinh tron BTTL va phwong phap thi nghiém
2.1. Vat liu sw dung

- Xi mang: Vicem But Son PCB40 (XM), lugng nudc tiéu chuén: 28,5%, lwong sot trén sang 0,09
mm: 2,4%, d6 on dinh thé tich: 1,8 mm, thoi gian bt ddu ninh két: 120 phut, thoi gian két thic ninh
két: 240 phut, cudng do nén & tudi 3 ngay: 22,8 N/mm?, cudong do nén ¢ do6 tudi 28 ngay: 45,2 N/mm?.
Xi mang phu hgp TCVN 6260:2020 [17].

- C6t lidu nho ty nhién: Cat vang Song Lo, modul d6 16n 2,1, khdi luong riéng 2,60 g/cm?, khbi
luong thé tich 1,49 , do hit nudc 1,1%. CHt liéu nho dap tmg yéu cu k¥ thuat TCVN 7570:2006 [18].

- C6t liéu nho tai ché (RFA): modul d6 16n 3,8, khi lugng riéng 2,51 g/em?, khéi lugng thé tich
1,14 g/em?, d6 hat nu6e 28,4%. Bang 1 thé hién thanh phin hat ciia RFA va cat ty nhién.

Bang 1. Bang thanh phan hat ciia RFA va cét ty nhién

Luong sét tich iy cua cat, %

Loai cat
0,14 (mm) 0,315 (mm) 0,63 (mm) 1,25 (mm) 2,5 (mm)
RFA 99,0 94,8 85,1 65,4 35,7
Cat ty nhién 92,5 68,1 37,4 17,2 2,3

- C6t liéu 16n tu nhién: Pa Ha Nam, Doy = 20 mm, khdi luong riéng 2,75 g/cm3, khéi lugng thé
tich 1,54 g/cm®. C6t lidu 16n dap g yéu cau ky thuat TCVN 7570:2006 [18];

- Tro bay (TB): str dung tro bay nhiét dién Pha Lai, tro bay loai F theo tiéu chuan TCVN 10303:2014
[19]. Bang 2 thé hién thanh phin héa cia tro bay Pha Lai.

Bang 2. Thanh phan hod cua tro bay Pha Lai

Thanh phan Si0; AlLO; Fe,03 CaO MgO SO3
% 54,38 18,96 6,23 2,8 1,05 0,3

- Phuy gia siéu déo (SD): st dung phu gia siéu déo thé hé méi loai BiFi-HV298, gbc Polymer cai
tién, co ty trong 1,05. Phu gia siéu déo phu hop tiéu chuan ASTM C-494 loai G.
- Phy gia bién tinh d§ nhot (VMA): sir dung loai Culminal loai MHPC400.
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2.2. San xudt RFA tir khoi xdy gach do

RFA str dung trong nghién ctru ¢6 ngudn gbc 1a phé thai khdi xay gach do thu dugc tir pha do cac
cong trinh. Céac phé thai khdi xay duoc phén loai riéng, sau d6 dugc dap nho thanh cac khdi c6 kich
thudc cac canh nho hon 25 cm. Sir dung may xuc dua cac khéi tuong xay gach do vao hé thong may
nghién. Cac cbt lidu thu duoc sau khi qua hé thdng méay nghién gém cdt liéu 16n tai ché c¢6 kich thudc
hat > 5 mm va ct liéu nho tai ché (RFA) c6 kich thudc hat < 5 mm. Hinh 1 thé hién RFA duoc nghién
tir phé thai khéi xay gach do.

(a) Phé thai khéi xay gach do (b) RFA tai ché tir phé thai khéi xay
Hinh 1. RFA dugc nghién tir khéi xay gach do

2.3. Cdp phoi bé téng thi nghiém

Thiét ké thanh phan cip phdi BTTL duoc thyc hién bang phuong phap thuc nghiém theo huéng
dan [20] va sir dung 1y thuyét thé tich tuyét dbi tinh toan. Trong d6, ¢t liéu 16n dugc cb dinh 50% thé
tich bé tong, cbt liéu nho chiém 40% thé tich vira, ty 1€ Nudc/Bot (N/B) va ham luwong phu gia si€u
déo duoc diéu chinh dua trén cac yéu cau dam bao tinh cong tac. Ty 16 N/B theo thé tich thong thudng
tir 0,9—1. Hinh 2 thé hién nguyén 1y xac dinh thanh phan cap phdi BTTL theo huéng dan [20].

Dé & trang thi lén chat  Thé tich bé tng Thé tich bé téng Thé tich vira
. Vinrdie
Vvira Vhot
50% Vda Vcat :
40%
Thé tich da & trang thé Thé tich cat chiém 40%
1n chat chiem 50% the thé tich vita

tich bé tong
Hinh 2. Ty 1¢ theo thé tich cua cac thanh phan trong hdn hgp BTTL
Trong nghién ctru ndy, muc tiéu thiét ké cap phdéi BTTL sur dung RFA dat gia tri cuong do nén
tir 20-30 MPa. Trén co so tham khao két qua khao sat thuc nghiém cudng do nén theo ty 1é tro bay
thay thé xi ming & nghién ctru [21]. Qua khao st so bo tinh cong tac ctia hon hgp BTTL tai phong
thi nghiém, tac gia chon ty 1€ theo khdi lugng tro bay/bot (TB/B) = 0,5; ty 1€ theo khdi lugng N/B =
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0,4. Trong nghién ctru ndy, st dung 2 cap phdi dé danh gia cac tinh chat cia BTTL. Trong d6, mot
cap phoi stt dung cat tir nhién (RFAQ) va mot cap phoi stt dung cat tai ché¢ (RFA100). Thanh phan cap
phdi BTTL dugc thé hién & Bang 3.

Bang 3. Thanh phan cdp ph6i BTTL

Cép phéi XM (kg) TB(kg) ba(kg) Cat(kg) RFA (kg) Nudc (kg) SD (kg) VMA (kg)

RFAO 264,1 264,1 770 748,8 0 2113 2,64 0,25
RFA100  264,1 264,1 770 0 7229 211,3 4,71 0,25

2.4. Quy trinh trén hon hop BTTL

Tién hanh tron hdn hgp BTTL bang may tron bé tong tur do c6 dung tich 150 lit. Trén co s& tham
khao quy trinh trén néu & tai liéu [15], két hop v6i danh gia thyc nghiém & phong thi nghiém, quy
trinh tron BTTL duoc thuc hién nhu thé hién Béng 4.

Bang 4. Quy trinh tron hén hgp BTTL

Buédc Noi dung quy trinh Thoi gian tron
1 Cap 50% (nudc + phu gia héa hoc) + 100% da 1 phut
2 Cép tir tir (xi mang + tro bay), tron déu 1,5 phut
3 Cép 100% cat + 50% (nude + phu gia hoa hoc), tron déu 5 phut
4 Dirng, kiém tra danh gia chat luong bang truc quan 5 phut
5 Tron lai hdn hop néu chua dat yéu cau 5 phut
6 D6 hon hop bé tong ra mang

2.5. Phuong phdp thi nghiém
a. Thi nghiém tinh cong tac hdn hgp BTTL duoc thuc hién theo TCVN 12209:2018 [22]
Céc chi tiéu thi nghiém tinh cong tic gdm: do chay loang S F, thoi gian chay Tsqp, thoi gian chay
V funnet, kha nang vuot qua Jine, Lpox va do phan té”mg S . Trong d6: d0 chay loang S F dugc xac dinh
bﬁng duong kinh trung binh cia hdn hop BTTL khi chay loang tur con do d9 sut ti€u chu’fm; Ts500 duoc
xéac dinh bang thoi gian chay loang ctia hdn hop BTTL dat t6i duong kinh 500 mm khi thi nghiém
bé'tng con do do syt tiéu chuan; kha nang chay vuot qua (J,i,e) duoc xac dinh bﬁng chénh léch chiéu
cao hon hop bé tong & gitta tAm vong va mép ngoai vong Jring; kha nang vuot qua (Lp,x) dugc xac
dinh bang ty 1é giira chiéu cao hdn hop bé tong do ¢ diém cubi (H2) va diém dau (H1) cua canh nim
ngang hop Ly, (H2/H1) sau khi hén hgp BTTL chdy qua; Kha nang vuot qua Ve duge xac dinh
bang thoi gian hdn hop BTTL chay hét qua ddy phéu V; kha nang khang phén tang (S ,) cua hdn hop
BTTL dugc xac dinh bang ty 1& khdi lugng hdn hop BTTL chay qua 1 sang vuéng 5 mm. Bén canh
d6, d6 6n dinh cua hon hop BTTL duoc két hop danh gia théng qua chi s6 6n dinh tryc quan (VSI)
theo huéng din ASTM C1611 [23]. Bang 5 thé hién chi s6 6n dinh truc quan (VSI).
b. Thi nghi¢m xéac dinh cudng d6 nén: Bé tong dugc duc va bao dudng theo TCVN 3105:2022 [24]
Mau bé téng co kich thudc 10 x 10 x 10 cm. Cac mau diic va bao dudng ngay dau & diéu kién

tiéu chuén, sau d6 dugc ngdm trong nudce tir ngay thir 2. Thi nghiém cudng d6 chiu nén theo TCVN
3118:2022 [25]. Méu duoc nén & d6 tudi 28 ngay.
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Bang 5. Bang gia tri chi s6 6n dinh truc quan (VSI) [23]

Giatri VSI D¢ 6n dinh Tiéu chuén
0 On dinh cao Khong c¢6 ddu higu phan tang hodc tach nudc
1 On dinh Khong c6 diu higu phan ting rd rang
2 Phén ting Vira tach & mép nho (< 10 mm) hodc cbt lidu 16n xép chdng & tim
vong vira
3 Phan ting manh  Vita tich & mép 1on (> 10 mm), hodc cdt lidu 16n tap trung & tim

vong vira dién rong

c. Thi nghiém xac dinh cuong d6 chiu kéo khi udn: Bé tong duoc duc mau va bao dudng theo TCVN
3105:2022 [24]
Céc vién mau c6 kich thude 150 x 150 x 600 mm. Thue hién xac dinh cudng do chiu kéo khi ubn
ctia bé tong theo hudng dan cua tiéu chuan TCVN 3119:2022 [26]. Hinh 3 thé hién thi nghiém udn
mau BTTL.

d. Thi nghiém tinh thim ion clorua: Thuc hién theo phuwong phap RCPT theo huéng dan TCVN
9337:2012 [27]

Thi nghiém dugc tién hanh bang cach cho dong dién mot chidu chay qua mau hinh try c6 duong
kinh 100 mm va cao 50 mm. Mot mét cua mau thu tiép xuc voi dung dich NaCl 3% ndi véi dién cuc
am, trong khi mat con lai tiép xuc véi dung dich NaOH ndi véi dién cuc duong. Kha nang thdm ion
clorua dugc danh gia bang cach do dién luong truyén qua mau trong khoang thoi gian 6 gio.

e. Thi nghiém kha ning chéng mai mon: Bé téng dugc diic mau theo TCVN 3105:2022 [24]

Céc vién mau c6 kich thudc 70 x 70 x 70mm. Thuc hién xac dinh dd mai mon ciia bé tong theo
hudng din cua tiéu chudn TCVN 3114:2022 [28] tiéu chudn Viét Nam vé phuong phap xac dinh do
mai mon. Hinh 4 thé hién thi nghiém xac dinh d6 mai mon cua BTTL.

= L AR

s \\\ />

(a) Thi nghiém uén méu RFA100 (b) B& mit pha hiy mau RFA100

Hinh 3. Thi nghiém uén mau BTTL
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(a) Thi nghiém mai mon miu RFA100 (b) Bé& mit sau mai mon mau RFA100
Hinh 4. Thi nghiém mai mon mau BTTL

3. Két qua thi nghiém va binh lun
3.1. Thi nghiém tinh cong tic hon hop bé tong tir len

Két qua thi nghiém céc thong so tinh cong tac ctia hdn hop BTTL hai cap phdi RFAO va RFA100
c6 gid tri trong Ung lan luot 1a: d6 chay loang SF: 710 mm va 680 mm; thoi gian chay Tspp: 3,3 s va
4,2 s; kha nang vuot qua Jjue: 9,3 mm va 9,8mm; kha nang vuot qua Ly,,: 0,92 va 0,85; thoi gian
chay Viuumer: 9,7sval1,9s; S ,: 8,5% va 6,7% (Bang 6). Theo [29] gid tri S F cho phép 650+800 mm,
Ts00 cho phép 2+5 s, Jying cho phép 010 mm, Ve cho phép 6+12 s, d§ phan tﬁng S cho phép
5+15%. Cac két qua thi nghiém cho thiy ca hai cip phdi RFAO va RFA100 déu co tinh cong tac dap
g yéu cau thi cong. Cac cap phdi déu c6 tinh chay kha tot va khong bi tic nghén khi vuot qua cac
vat can trong thi nghiém Jying, V fumner V& Lpoy. DOng thoi, danh gia tinh 6n dinh ciia hdn hop BTTL
qua quan sat vong vira trong thi nghiém do d6 chay loang, cho thiy cac hat ¢t liéu phan bd déu trén
dién tich vong vira, khong c6 bot nudce va tach nude. Poi chiéu véi hudng dan ¢ bang danh gia VSI
theo huéng dan [23] c¢6 thé xép hdn hgp BTTL c6 VSI = 1, hdn hop 6n dinh va khéng c6 dau hiéu
phan tang 1 rang. Hinh 5 thé hién thi nghiém do cic thong sb tinh cong tac hdn hop BTTL.

(a) Do d9 chay loang (SF) (b) Do thoi gian chay (Vsummer)

Hinh 5. Thi nghiém do c4c thong s tinh cong tac hdn hgp BTTL
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Dé dam bao tinh cong tac tinh cong tac hdn hop BTTL theo yéu ciu thi cong [29], trong nghién
ctru nay cip phdi RFA100 da duoc ting dang ké ham luong phu gia siéu déo. Cu thé lugng phu gia
siéu déo da dugc didu chinh ting so voi cAp phéi RFAO khoang 68%. Bén canh do, viéc sir dung tro
bay ham luong cao véi dic diém hinh dang tron ctia hat tro bay c¢6 tac dung gép phan ting cudng tinh
cong tac hdn hop BTTL do hiéu tng ‘6 bi’. Két qua thi nghiém & Bang 6 cho thiy do chay loang cua
hdn hgp BTTL cép phdi RFA100 dat 710 mm, chi giam so véi RFAO khoang 4,22%. Tuy nhién, viéc
sir dung RFA 1am giam d6 nhét ctia hn hop BTTL thé hién qua thong sb thoi gian chay T'sgo ting tir
3,3stanglén 4,2 s; Vyyune tang tr 9,7 s 1€n 11,9 s; d(‘Sng thoi kha nang vugt qua cua hén hop BTTL
¢6 xu huéng giam thé hién qua thong ) Jring tang tr 9,3 mm 1én 9,8 mm va Ly, giam tir 0,92 xuéng
con 0,85. Tinh cong tac hdn hop bé tong giam khi sir dung RFA nguyén nhan do d6 hiit nude cao cia
gach d6 va 16p vira cii (d6 hit nudc RFA 28,4%) lam cho hdn hgp BTTL mét nu6c nhanh, dan dén
giam d6 nhét. Pong thoi voi bé mit goc canh khong déu cia RFA 1am ting ma sat han ché do chay
loang va kha ning vuot qua ctia hon hgp BTTL [5, 6].

Bang 6. Két qua kiém tra tinh cong tac BTTL

Cap phdi SF (mm) Ts00 (S) V funnet (S) Liox Jring (mm) S, (%)

RFAO 710 3,3 9,7 0,92 9,3 8,5
RFA100 680 4,2 11,9 0,85 9,8 6,7

Bén canh do, quan sat tryc quan bé mat cua ca hai cép phéi RFAO va RFA100 duoc cit & do tudi
28 ngay (Hinh 6) c6 thé thiy cac hat c6t 1iéu phan b kha ddng déu trén mit cét. Didu d6 cho thiy hdn
hop BTTL duy tri duoc tinh 6n dinh va c6 d6 khang phan ting kha tdt.

(a) Cip phéi BTTL RFA0 (b) Cép phbi BTTL RFA100

Hinh 6. Mit cit mau BTTL & d6 tudi 28 ngay

Theo TCVN 12209:2018 d6 chay loang cuia cap phdi RFA100 thudc loai SF2 (660+750 mm), cb
d6 chay loang trung binh; d6 nhét thudc loai VS2/VF2 (VS2 > 2s va VF 9+25 s), d6 phan tang thudc
loai SR2 (< 15%). Tinh cong tac cua hon hop BTTL sir dung RFA c6 thé phu hop cho cac ung dung
thong dung trong xay dung, c6 yéu cau vé han ché ap luc 1én van khudn hoic yéu cau can ting cudng
vé d6 6n dinh.
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3.2. Két qua thi nghiém cwong dé nén va uén BTTL

Két qua thi nghiém cudng do chiu nén thé hién ¢ Hinh 7 cho théy viéc sir dung RFA lam giam
cudng do chiu nén ciia BTTL. Cudng d6 nén ctia mau RFA100 co gia tri 24,5 MPa, giam so véi mau
d6i chimg 16,60%. Nguyén nhan cuong d6 nén giam khi st dung RFA cho BTTL do cudng d6 cua
gach do va 16p vira sot lai trén bé mat RFA thap hon so véi cat ty nhién.

Twong ddng véi viée giam cudng do nén khi sir dung RFA, cuong d6 chiu kéo doc truc (Ry) va
cuong do kéo khi udn (Ryy) cia BTTL giam khi st dung RFA. Cuong d6 chiu kéo doc truc (Ry) va
cuong do kéo khi udn (Ry,) ciia cip phdi RFA100 lan lugt 1 3,15 MPa va 1,82 MPa. Cudng d6 chiu
kéo doc truc ctia cdp phdi RFA100 thip hon 5,82% so véi cip phdi RFAO. Theo TCVN 3118:2022
[25] cép phdi RFAO va RFA100 c6 gia tri cuong do chiu nén cia bé tong lan lugt 1a 29,4 MPa va
24,5 MPa thi yéu cau gia tri cuong do chiu udn tuong quan lan lugt 1 3,53 MPa va 2,94 MPa. Két
qua thi nghiém cho thiy cac cip phdi RFAO va RFA100 c6 gia trj cudng do chiu kéo khi udn 1an luot
1a 3,78 MPa va 3,56 MPa, 16n hon khoang 6,6+17,3% so véi gia tri tiéu chuan yéu cau nén déu dap
{mg duoc diéu kién can thiét vé twong quan giita cuong d6 chiu udn va nén. Hinh 8 thé hién két qua
thi nghiém cudng do chiu kéo khi ubn va chiu kéo doc truc ctia BTTL.

35 3

-
= 30 294 - s g EBRk
S 2 2 . 329 |mRku.
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Cap phéi Cap phéi
Hinh 7. Cuong d6 chiu nén BTTL Hinh 8. Cuong d¢ chiu kéo khi uén va chiu kéo

doc truc BTTL

Quan sat mit cat pha hily cac dam bé tong trong thi nghiém uén BTTL cho thy ca hai cap phi
RFAO va RFA100 mat cat pha hiy déu di qua cdt lidu. Didu d6 cho thay sy lién két tdt gitra 16p ho xi
ming va cdt liéu cia BTTL ngay ca khi str dung hoan toan RFA thay thé cat tw nhién.

3.3. Két qua thi nghiém tham ion clorua va do mai mon ciia BTTL

Dién luong truyén qua cac mau RFAO va RFA100 Ian luot 1a 768C va 2032C (Béang 7). Két qua thi
nghiém cho thay viéc sir dung RFA 1am ting gia trj dién luong truyén qua bé tong. Pién luong truyén
qua mau RFA100 ting khoang 164,6% so v6i mau RFAO. Nguyén nhan d6 thdm ion clorua ting do
RFA tai ché tir khéi xay c6 thanh phan gach do 1a mot loai cdt liéu rong nén lam ting tong do rong
clia mau bé tong, dan dén cac dién luong d& truyén qua bé tong nhidu hon [11]. Dién luong truyén qua
BTTL cua cép phdi RFA100 c6 gid tri ndam trong khoang 2000+4000C, theo TCVN 9337:2012 [27]
cép phdi RFA100 thude loai ¢6 mirc d6 thim trung binh.

bo mal mon ciia cac cip ph01 RFAO va RFA100 1an luot 14 0,227 g/em? va 0,279 g/m? (Bang 7)
So v6i mau dbi chu'ng (RFAO) cip phbi RFA100 c6 d6 mai mon ting 22,9%. D6 mai mon cua cap
phéi RFA100 thdp hon mau ddi chimg duoc giai thich do d6 mai mon cia bé tong chu yéu phy thude
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vao do mai mon cua cbt liéu ma it phu thudc vao méc bé tong [30]. Trong khi do, cat ty nhién cé
cuong d6 cao hon so véi gach dé nén d6 mai mon cho gia tri thap hon. Tuy nhién, theo [30] ca hai
cép phdi RFAO va RFA100 déu thudc loai bé tong co do mai mon thap (gia tri 0,1-0,3 g/cm?).

Bang 7. Bang két qua do d¢ thim ion clorua va do mai mon cia BTTL

Cib bhéi bién luong D6 mai mon % tang dién luong % tang do
PP truyén qua (C) (g/cm?) truyén qua mai mon
RFAO0 768 0,227 0 0
RFA100 2032 0,279 164,6 22,9

3.4. Pdnh gid chi phi san xudt BTTL

Chi phi san xuit 1a mot yéu té quan trong dé danh gia tinh hiéu qua ciia BTTL sir dung RFA. Tac
gia da tién hanh tinh toan chi phi san xuat BTTL cac cap phdi RFA0, RFA100 va bé tong truyén théng
¢6 cuong do nén M250 (BT250). Binh muc c?ip phéi vat liéu cho bé tong BT250 (ma hi¢u 11.11224)
tra theo DM 12/2021 [31] ciia Bo Xay dung (Bang 8). Gia vat tu dugc 1ay theo cong bd gia quy 1 nim
2024 trén dia ban tinh Ha Nam va tham khao gia vat tu trén thi truong tai thoi diém tinh toan gé)rn: X1
ming PCB40: 1.680.000 dong/tin, cat vang: 503.580 dong/m?, da 1 x 2: 254.000 ddng/m?, tro bay:
250.000 dong/tan, phu gia siéu déo: 25.000 dong/lit, VMA: 100.000 dong/kg. Chi phi san xuit RFA
bao gdm chi phi bc xép, van chuyén, phan loai phé thai va nghién. Tinh toan chi phi san xuat RFA
duoc van dung theo hudng dan [32], két qua co gia tri khoang 318.438 ddng/m>. Bang 9 thé hién chi
phi vat lidu trude thué san xudt BTTL va bé tong truyén théng. Bang 10 thé hién chi phi trude thué
san xuat RFA.

Bang 8. Pinh muc cip phdi vat liéu bé tong truyén thong BT250 [31]

M3 hiéu Xi ming (kg) P4 (m?) Cat (m®) Nuée (lit)
11.11224 356 0,808 0,495 183

Bang 9. Chi phi vat liéu cia BTTL va bé tong truyén thong (don vi: dong/m?)

Cipphéi Ximing Trobay  Pa  Cathoic RFA Siéudéo VMA Nudc  Tong

RFAO0  127.000 66.025 127.000 283.875 66.000 25.000 951 1.012.532
RFA100 127.000 66.025 127.000 170.085 117.750 25.000 951 950.498
BT250 205.232 0 205.232 262.721 0 0 824  1.066.857

Két qua tinh toan chi phi cho thy chi phi vét lidu san xuit bé tong ciia cac cip phdi RFAO,
RFA100, BT250 1an luot 13 1.012.532 ddng/m?, 950.498 ddng/m?>, 1.066.857 ddng/m>. St dung RFA
giam dang ké chi phi vat liéu san xuat BTTL, cu thé: cap phdi RFA 100 chi phi giam so véi RFA100 1a
6,10%. Pong thoi, so voi bé tong truyén théng c6 cudng do nén trong duong (BT250), chi phi vat liéu
san xuat cip phéi REA100 giam 10,88%. Nguyén nhan giam chi phi san xuat BTTL str dung RFA do
gi cat ty nhién kha dat (khoang 503.580 dong/m>). Trong khi d6, chi phi san xuat RFA chi c¢6 khoang
318.438 ddng/m>. Bén canh do, viéc sir dung ty 18 tro bay ham lwong cao c6 gia thanh kha thap so véi
xi mang cling gop phan dang ké trong viéc giam chi phi san xuat BTTL so véi bé tong truyén thong
¢6 cuong d6 nén tuong duong.
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Bang 10. Chi phi truée thué san xuit RFA tir khéi xay gach do

TT Thanh phan hao phi Ponvi Pinhmic Pongia  Thanh tién
1 May nghién 125 m*/h ca 0,0019  8.356.914 15.878
2 Chi phi xtc 1én phuong tién van chuyén m’ 1 33.810 33.810
3 Chi phi van chuyén (tam tinh 26 km) m? 1 251.993 251.993
4 Nhan cong 3/7 cong 0,01196 267.026 3.194
5  May dao 1,25 m* ca 0,00328  3.802.802 12.473
6  May i 110CV ca 0,00057  1.912.099 1.090

Téng cong ddng/m’ 318.438

4. Két ludn

Két qua nghién ctru cho thdy c6 thé ché tao dugc hdn hop BTTL véi cdt liéu nho hoan toan bang
RFA tir khdi xdy gach d6 c6 tinh cong tac dap tng t6t cic yéu cau thi cong bang cach sir dung ting
ham lugng phu gia siéu déo. Cac dic tinh cia BTTL str dung RFA tir khéi xay gach d6 nhu sau:

- Cuong d0 chiu nén co gia tri 24,5 MPa, thép hon khoang 16,60% so voi BTTL st dung cat tu
nhién. Cuong do chiu kéo khi udn co gia tri 3,56 MPa, thép hon khoang 5,82% so vi BTTL st dung
cat tu nhién.

- B6 tham ion clorua thudc loai trung binh, cao hon khoang 164,6% so voi BTTL str dung cét tu
nhién. P6 mai mon mau thudc loai thép, co giatrila 0,279 g/cmz, cao hon khoang 22,9% so v6i BTTL
st dung cat ty nhién.

- Chi phi vat liéu san xuét thap hon BTTL sir dung cét ty nhién khoang 6,10%. So véi bé tong
truyén thong c6 cudng do nén twong duwong (M250), chi phi vat liéu san xuit BTTL sir dung RFA thap
hon khoang 10,88%.

BTTL sir dung RFA tir khdi xdy gach d6 két hop véi tro bay ham lugng cao 4p dung phii hop cho
céc két cau c6 yéu cau cuong do chiu luc khong cao nhu dudng giao thong nong thon (cudng do chiu
nén yéu cAu tir 20+30 MPa, 36 mai mon nho hon 0,6 g/cmz) hoac hé théng via he, duong dao. Viéc st
dung RFA nay s& gop phan quan trong trong viéc giam chi phi san xuét, tiét kiém ngudn tai nguyén
tu nhién va gop phin bao vé méi trudng sinh thai.
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