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Vita thai tit qué trinh xdy dung 12 mét trong nhitng rac thai rin cin dugce xit Iy. Nghién citu nay tip trung
st dung vita thai thay thé mot phin cbt liéu nhé trong vita trvong né. Tinh céng tic, cudng do chiu nén,
d6 gidn n& va dic biét 1a kha ning tu lidn vét niit clia vita triong nd dugce khao sat. Cot liéu tai ché nay
dugc thay thé 0, 10%, va 20% theo thé tich cat trong vita. Két qua thi nghiém thé hién d6 chay xde cua
vita sit dung cbt liéu tai ché cao hon so v&i mau dbi chiing. Cuong d6 chiu nén ¢é xu hwéng giam nhe khi
st dung cdt liéu tai ché do ciu tric rdng ctia cbt liéu nay. P gidn nd clia vita ting 1én khi st dung cbt liéu
tai ché. Pidu nay gitip nang cao kha ning tu lién vét niit trong vita triong nd. Dya theo két qua thu dwgc,
viée sit dung cbt liéu tai ché dé thay thé cat dén 20% theo thé tich 13 kha thi va hiéu qua dbi véi vita
treong né.

ABSTRACT

Fly ash

Expansive agent
Recyled aggregate
Compressive strength
Self cracking ability

Mortar waste from construction is one of the solid wastes that need to be managed. This study focuses on
using mortar waste to partially replace fine aggregate in expansive mortar. The compressive strength,
expansion, and especially the self-healing cracking ability of expansive mortar were investigated. The
recycled aggregate replaced 0, 10%, and 20% by volume of sand in the mortar. The tested results showed
that the compressive strength tended to decrease slightly when using recycled aggregate due to its porous
structure. The expansion of the mortar increased with the use of recycled aggregate. The enhanced
expansion helps to improve the self-healing cracking ability of the expansive mortar. Based on the obtained

results, using recycled aggregate to replace sand up to 20% by volume is feasible and effective for

expanding mortar.

1. Giéi thiéu

Trong nhitng thap ky gin day, v&i tée do ting tridng kinh té va
x4 hoi cao, thue trang nhu ciu x4 hoi va co s& ha tAng ¢ Viét Nam
dang trong thyfc trang cAu vuegt xa cung, dic biét 14 nhitng thanh phé
16n nht H6 Chi Minh va Ha Néi. Nhitng thanh phé 16n nay véi mat
d6 dan sb déng diic cling v&i sy gia ting dan sé co hoc da giy ra mét
sitc ép rét 16n dén sy phat trién v& nha & va co s& ha ting. Theo Bio
dién tit chinh phil, ngay 21,/12/2025 théng ké trong nim 2025, Viét
Nam da hoan thanh hon 102 nghin cin nha ¢ xa hoi va huéng t6i
hoan thanh 1 tri€u cdn nha sém hon 2 nam (2028) [1]. Pac biét, a6i
v6i nhitng thanh phé 16n tai Viét Nam nhw HS Chi Minh va Ha Nbi,
nhitng thanh phé 16n nay véi mat d6 dan sb déng diic ciing véi su gia
tang dan sé co hoc dd gy ra mot sttc ép rat 16n dén sy phat trién vé
nhi & va co s& ha ting. Theo Bdo dién tit chinh phi chuyén trang
Thanh phé Hb Chi Minh, Thanh phd dit muc tiéu dén nam 2030, sé
phét trién khoang 199.400 cin nha & x3d hoéi [2]. Ngoai ra, muc tiéu
xiy dung co s& ha ting ctia thanh phd tip trung nang cao ti 1& dit
giao thong trén dét xiy dung do thi, hoan thién céc tuyén dudng vanh
dai, cac tuyén dudng st do thi, cao 16 lién viing. Trong qué trinh xiy
dung va hoan thién lwgng cong trinh dd s6 d6, mot lugng 16n nguyén
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liéu du nhu vita thita hodic khong st dung bi loai bé cin thiét dugc
xt¢ 1. Ngudn vita du thita hodic c6 tén goi 12 vita thai cin c6 phwong
an xtt 1y triét dé, day 12 mot trong nhitng yéu cu dé nghiém thu céng
trinh va cfing hudng t&i xay dung nhitng cong trinh xanh. Viéc quan
ly phé thai x4y dung (PTXD) va ph4 d& & Viét Nam di dugc nghién
cttu. Giai phap quan trong dugc dé xuét 1a cic chién lwge quan 1y va
tai ché PTXD phii hop véi cac didu kién nay, véi lgi ich da dugce
chting minh cho tit ca cic bén lién quan [3]. Phé thai xay dung ciing
da duoc nghién ctu va ché tao nhitng vat liéu xay dung nhu gach bé
téng réng véi dic trung k§ thuat phit hop dé @ng dung tai c4 bai 46
xe, via he, 16i di bo, tranh dwoc hién tuong ngap lut, dong nudce ciing
nhu ¢6 tic dung giam hiéu ¢ng nhiét do thi [4].

Ngoai viéc chi trong sé luwgng cong trinh xdy dung theo muc
tiéu d& ra thi chit lvgng céng trinh ciing cAn duge dam bao. Trong
nhitng hw héng, s ¢b ctia cong trinh thi hién twong nit 13 mét trong
nhitng hién twgng phd bién nhit. Co ché hinh thanh vét nift trong
cong trinh cht yéu do noi ng sudt kéo vieot qua gii han chiu kéo
ctia vat liéu. Nguyén nhén chinh 14 do qué trinh co ngét thudng la do
mét nuwée, chénh léch nhiét do trong cAu kién, hay do qué tai [5]. Khi
céng trinh hinh thanh vét nét, nhitng hién twgng nhu thdm nudec,

xam nhdp cdc tdc nhdn gy dn mon nhu ion clo, ion sulfate, ion
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carbonate sé dién ra nhanh hon va gy hau qua nghiém trong. Ching
lam giam chét lvong va tudi tho ctia cong trinh.

Dé han ché vét nitt xuit hién, trong thi céng c6 st dung lwéi
thép chéng nit hay kiém soat chit lvong bé tong nhu kiém soét ti 16
nuéc trén xi ming, chit lvong cia hé nguyén vit liéu, ciing nhu ¢6
qua trinh duwdng hé 4m cho bé tong mot cich phit hop. Tuy nhién,
trong nhidu tredng hop, vét nit van xuit hién gdy méit thim my va
anh hwong téi chit lwvgng cong trinh. Phiong phap bom keo epoxy
hay tram keo x@ ly thuwdong duoc 4p dung trong thuc té. Ngoai ra,
phuong phap st dung phu gia trvong né dé chita lién vét nit ciing da
dugc ng dung c6 hiéu qua [6-8].

Phu gia trwong n& (expansive agent - EA) thuong & dang bot
min, dwgce diing dé thay thé mot phin nho xi méng nhim gitip thé tich
bé tong gidn no trong thoi diém sém. Phu gia trvong nd gdm c6 hai
loai chinh 12 phu gia géc Calcium Sulfoaluminate (CSA) v6i san phdm
hinh thanh cht yéu 14 ettringite va gbc Calcium oxide véi san phdm
hinh thanh 12 Porlandite. Ca hai san phim nay déu c6 ti 1é gidn n& thé
tich 16n hon nhidu so véi thé tich vat liéu ban diu. Do gian n& thé
tich nay bit vio phin thé tich bi gidm do hién twong co ngét kho.
Bing viéc st dung phu gia triong nd, ciu tric dic chic hon va ting
kha ning chéng thidm cho bé tong, dic biét 13 hién twong nit do co
ngdbt cling giam [9, 10]. Ngoai ra, phu gia trwong nd két hop vdi tro
bay ciing cai thién d4ng ké do gidn né thé tich ciia bé téng két qua
lam giam kha ning xudt hién vét nit [11, 12].

Trong xiy dung hién nay, thyc trang thiéu cat song trong xiy
dung hay lam vét liéu 14p déy dang ¢ mtic bdo dong. Mot sb vat lieu
duwge nghién citu va ding dé thay thé mét phan cét séng nhyt tro xi, xi
10 cao, cdt liéu tro bay...Chting déu c6 nhitng tic dong tich cuc nhit
dinh t&i cwdng d6 hay d6 bén ctia vita hay bé téng [13-15].

Vita thai sau khi duwgce dap vun ciing c¢6 kich ¢& hat twong
dwong cbt liéu nhd va hoan toan c6 thé ding dé thay thé mét phin
cét. Viée nghién cttu st dung cbt lidu tai ché duge 1am tit vita thai dé
thay thé mét phan cat trong bé tong trivong né van chira diige nghién
cttu. Do d6, nghién cifu nay mudn thye hién buéc diu khao sat anh
huéng clia cbt liéu vita thai téi cuong dd chiu nén, d6 gidn nd, va kha
ning ty lién vét nift ctia vita st dung phu gia trong nd. Dua trén két
qua nghién ctu, diy dugce xem 1 tién d& dé ¢ng dung cbt liéu vira
thai trong ché tao bé tong trvong nd hay nhitng loai bé téng khéc.
bidu nay c6 déng gbp 16n t6i viee giai quyét vin d@ giy 6 nhiém moi

treong va hudng tdi st dung vét liéu xanh trong linh vye xay dyng.

2. Vat liéu va phuong phap thi nghiém
2.1. Hé vt liéu

Hé vat liéu duogc st dung trong nghién ctu nay la xi mang
Portland, tro bay, phu gia triong né loai K, cat, cbt liéu tai ché va
nuée. Khdi lvgng riéng clia xi ming, tro bay va chét phu gia triong
nd 13n lwot 14 3,1 g/cm?, 2,27 g/cm® va 2,24 g/cm?. Thanh phin héa
hoc ctia xi ming, tro bay va phu gia tritong né dwgc thé hién trong
Bang 1. Chét phu gia treong né cht yéu chita AL,O,;, CaO va SO, nén

day 13 loai Canxi Sulfoaluminat (C-S-A). San phdm chinh ctia phu gia
trivong nd nay 12 ettringite, chit nay c¢6 thé tich gidn né 16n va do én
dinh thé tich 1au dai.

Bang 1. Thanh phin héa hoc ctia vat liéu bot.

Thanh phin héa hoc | Ximing | Trobay | Phu gia triong né
Sio, 18,15 50,26 0,25
AL,Oq4 3,15 22,51 10,64
Fe,O; 3,23 6,96 0,04
CaO 70,12 2,58 46,49
MgO 1,32 1,17 0,19
Na,O 0,04 0,31 0,09
K,O0 0,52 3,98 0,07
SO, 2,84 0,55 41,24
LOI - 9,70 0,99

Vita thai duge thu gom tit qua trinh x4y dung cong trinh, dap
nho va sang qua sang sb 5, dugc ding 1am cbt lidu tai ché dé thay thé
mét phin cét trong vita. Khéi lwong riéng clia cat va cbt liéu tai ché
1an Iwot 1a 2.58 g/cm® va 2.14 g/ecm?. Trwde khi st dung trong vita,
cbt lidu tai ché duge ngadm trong nudce va chuén bi t6i trang thai bao
hoa kho bé mit. Do cbt liéu tai ché c6 ciu tric 16 réng 16n nén d6 hit
nuwée bao hoa cia cbt liéu tai ché 1a 18.24 %, trong khi d6 hit nude
béo hoa cta cat chi la 1.05 %.

Trong nghién cifu nay, tit ca mAu vita cling duwgc kiém sodt ti 18
nuwée/xi ming 1a 0.35, ti 1& theo khéi lugng cbt liéu nhé véi xi ming
la 3:1. Dva trén nhitng nghién ctu vé cbt liéu nhe, ti 18 thay thé cat
duge khuyén cdo nhé hon 20 % dé khong anh hwéng qué x4u t6i tinh
chét ctia vita hay bé tong. Cbt liéu tai ché thay thé cat theo thé tich
véi ti 1é 0, 10 %, va 20 % trong nghién ctu nay. Phu gia trwong nd 1a
loai Canxi Sulfoaluminate (C-S-A) ciing dugc khuyén dung véi ti 1é
5 % v&i khéi lwgng xi ming dé dam bao vé ca cwong do nén va do
giin nd ctia vita trtong nd. Trong nhiéu nghién ctiy, ti 1é tro bay thay
thé 30 % khéi Ivgng xi ming khi két hop ciing phu gia trivong nd cai
thién 16 d6 triong nd thé tich [16]. Ti 1& cAp phéi ctia hé nguyén vat
liéu dwgc thé hién & Bang 2.

Bang 2. Ti 18 cAp phdi vita trivong nd.

Tén mau N/X EA/X FA/X CLN/X | RA/CLN
EA5 0 0
EA5RA10 0 10 %
EA5RA20 0 20 %
EA5FA30 0.35 30 % 0
EA5FA30RA10 5% 30 % 3 10 %
EA5FA30RA20 30 % 20 %
Trong dé:

N/X: 1a ti 1&é nuwée/xi méng;
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EA/X : 1a ti 1€ phu gia treong nd/xi mang;
FA/X :1a ti 1é tro bay/xi mang;

CLN/X : 1a ti 1& c6t liéu nho/xi ming;
RA/CLN : 1a ti 1& cbt liéu tai ché/cbt liéu nho;

2.2. Phuong phdp thi nghiém

Pé 1am 16 anh hwong cta cbt liéu tai ché t6i tinh chét cta vita
triong nd, nghién cifu niy st dung nhitng cip phéi vita vi kiém soat
ti 16 N/X bing 0.35, ti 1& EA/X bing 5 %, va ti 16 CLN/X bing 3. Cuong
d6 nén, d6 gidn nd, va kha ning lién vét niit ctia vita trivong ngd.

MAu vita 1ap phuong kich thude 5x5x5 em duge chudn bi cho
thi nghiém x4c dinh cudng d6 nén. Quy trinh thuc hién thi nghiém
duwge tudn theo tiéu chudn ASTM C109 [17]. Miu vita dwgc dudng hd

hoan toan trong nude va do cudng do tai 7, 28, va 91 ngdy tubi.

Hinh 2. Quy trinh chu4n bi mAu kiém tra kha ning lién vét nit.

Dé khao sat kha ning lién vét nit, mau thi nghiém duge chudn
bi nhu sau: vita dugc cho vao khuén hinh tru duong kinh 10 cm va
chiéu cao 20 cmj; sau 1 ngay trong khuén, miu duoe thio ra va dudng
ho trong nuwéc 28 ngay; miu vita duge cit thanh 14t v&i chidu day 5
cm; lat vita dugc biza lam d6i sau d6 dugc gén chat lai nh® vong kim
loai; cudi ciing, bé rong vét nitt ctia mau vita duge xac dinh trede khi
mau duge dudng ho Am. B& rong vét nitt ban diu duoc khéng ché tr
0.1 dén 0.2 mm. Mdi cAp phéi vita gdbm 4 vién miu. Trén bé mit mdi
vién miu dugc danh diu tai 5 diém cach déu nhau. Quy trinh chudn
bi mAu duge thé hién & Hinh 2. Hinh anh vét ni¢t dugc khao sét tai 2
thang tudi bing thiét bi chup anh dién tir. B& rong vét nitt dugc do tai
nhiing diém da danh diu tai 1 tuln, 4 tudn, 8 tuln, va 12 tuln tinh ti
khi bit diu tao vét nt.

Thi nghiém xéc dinh d6 gidn né theo chidu dai st dung miu 1a
hinh léng tru vé&i kich thudc 25x25x285 mm, xem Hinh 1. Céc buéc

tao hinh va tién hanh do d6 bién dang tuan theo tiéu chudn TCVN

12003:2018 [18]. Sau khi tao hinh va dudng hd 1 ngay trong khuon,
miu vita duge dudng hé trong nude va do dé bién dang mbi ngay
bing thiét bi do d6 dai thanh mau. Thoi gian dudng hd nude kéo dai
6 ngay. Ly do lwa chon 6 ngay 1a do dd giin né& cia miu git & mic
twong dbi 6n dinh, khéng ¢6 xu hudng ting hay giam.

3. Két qua va thao luan
3.1. Anh hwéng ciia cdt lidu tdi ché t6i cudng do nén

Anh huéng cua cbt liéu tai ché t&i cudng d6 nén cua vita
trivong n& duge thé hién ¢ Hinh 3. Két qua thi nghiém khao sat hai
nhém miu gdm nhém mAu khong st dung tro bay va nhém miu st
dung tro bay. Khi ham Iwgng cbt liéu tai ché ting tit 10 % 1én 20 %,
cudng do cia vita ¢6 xu huéng giam. Xu huwéng nay xuit hién & ca
hai nhém vita. C6t lidu tai ché duge lam tit vita thai c6 ciu tric rdng
hon so vé6i cat sdng. Vi ban chét vita thai dugce thu gom tif qua trinh
hoan thién c6ng trinh. Thanh phin chinh ctia vita 13 xi ming, cat, va
nuée. Tuy nhién, cudng d6 ctia cbt lidu vita thai rat thip do qué trinh
thity héa ctia xi ming khong duwge dam bao. Két qua 14 ham lwgng 16
réng 16n bén trong cAu tric cbt lidu tai ché. Pay 1a nguyén nhan chinh
din t6i sy giam sut cuong do nén cta vita. Ti 1& cudng dd giam cta
vita st dung c6t liéu tai ché dwoc thé hién & Hinh 4. Cuwdng do nén
clia vita st dung cbt liéu tai ché tai 28 ngay tudi ¢6 ti 1& giam manh
hon so v&i két qua tai 91 ngay tudi. Tai 28 ngay tudi, ti 1& giam cua
cdc miu hiu hét trén 10 %, dic biét 12 miu EASFA30RA20 lén tGi
15.66 %. Tuy nhién, tai 91 ngay tubi, ti 1é giam cuwdng d6 da duge thu
hep lai gAn nhu thdp hon 10 %. Nhw da d@ cap, vita thai 1a vat liéu
composite gdm nén chit két dinh 13 xi ming. Khi ¢t liéu vita thai
duoc st dung thay thé cét, qui trinh thay héa ctia xi méing trong cbt
liéu vita thai vin tiép tuc dién ra dit téc do va hiéu sult khong cao
nhtt qué trinh thiy héa ctia xi ming bét. Tuy nhién, didu nay ciing cai
thién cuwong do ctia bé tong va lam gidam khoang cach chénh léch
cwdng d6 so v&i mau khong stt dung cdt lidu tai ché. Dua trén két qua
thi nghiém, hau hét ti 1& cuwong d6 khi sit dung cbt liéu tai ché nhé
hon 10 % tai 91 ngay tudi, nén ti 1é 20 % cbt lidu tai ché ding dé thay
thé cat c6 thé chip nhan duge.

7 ngay

28 ngay 91 ngay
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Hinh 3. Anh hwéng ctia cbt lidu téi ché t&i cudng d6 chi nén ctia vita.
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Hinh 4. Ti 1é giam cudng do ctia miu sit dung cbt lidu tai ché.

3.2. Anh hwéng ciia cdt lidu tdi ché t6i d6 gian né
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b. Nhém mau s dung tro bay
Hinh 5. Anh hudng cua cbt lidu tai ché t&i bién dang dai.

Anh huéng ctia cbt lidu tai ché t6i do giin né cla vita duge thé
hién & Hinh 5. Muc dich chinh cta viéc st dung phu gia trvong né la
lam ting thé tich ban diu cta miu thi nghiém. D6 giin né thé tich
ndy sé bt dip lwgng thé tich bi co ngét trong qua trinh co ngét khd
ctia mau. Két qua bién dang dai ctia hai nhém vita st dung va khéng
st dung tro bay dugc thé hién 1in lwgt tai Hinh 5a va 5b. Khi mAu st
dung cbt lidu tai ché, d6 bién dang dai cu thé 1a db trwvong n& clia

mAu ting 1én. Mau vita st dung 10 % cbt liéu tai ché c6 do gidn nd
tang rat nho so véi miu khong sit dung cbt lidu tai ché. Tuy nhién, tai
mau st dung 20 % cbt liéu tai ché, d6 gidn né ting 1én rd rang. Cot
lidu tai ché ¢6 chu tric khong dic chic, tai tudi sém, qua trinh thiy
héa ctia xi ming va phu gia treong n& dién ra rit nhanh va ménh liét
lam thé tich ctia miu gian n& 16n. Theo thoi gian, cAu triic cta vita st
dung cbt lidu tai ché c6 do réng 1én, cudng d6 nho hon nén thé tich
ctia vita d& dang gidn no hon. Két qua thu dwoc dé gidn dai 16n hon.

—o—Nhom khong tro bay =#—-Nhom tro bay

50
—_ 40 \
=< ¢ —
=
E« 30 ’4-5.?
=
k=
o 20
k=]
g
o 10
=
®]

0 T T r r
210 220 230 240 250 260

D9 gidn dai (micron)

Hinh 6. Mébi twong quan gitta cudng do nén va do gian dai cia miu vita.

Hinh 6 thé hién méi twong quan giita gié tri cwdng d6 nén tai 7
ngay tudi va d6 gidn dai ctia mAu vita tai 6 ngdy dudng ho trong nude
(twong dwong v6i 7 ngay tudi, do 1 ngy dudng hd trong khuén). Két
qua thé hién rit ro rang ring cudng d6 nén cang thép thi gia tri do
gidn dai cang ting. MAu c6 cwdng d6 nén thip c6 nghia 13 d6 cting
clia mAu ciing thip, khi san phdm thity héa ctia xi ming va phu gia

trvong né ting lén, din dén thé tich ctia mAu dé dang gidn ra.
3.3. Anh huéng cua cbt lidu tdi ché t6i khd ndng lién vét nive

Mot trong nhitng hiéu qua ctia phu gia trwong nd chinh la kha
ning ty lién vét niit cta vita hay bé téng. Bén miu vita dugce Iva chon
dé khao sat gdbm miu EA5, EASRA20, EASFA30, va EASFA30RA20 dé
danh gi4 anh huwdng ctia bt lidu tai ché t¢i kha ning 1am lién vét nit.
Mbi miu vita duge tao vét nitt nhan tao bing cach nén bita miu
thanh 2 phn, sau d6 ép chit 2 nita mau lai, giit c¢6 dinh va dudng ho
Am t6i thoi diém xac dinh lai vét nit. Vét nitt ban diu duge tao ra cé
bé rong khoang 0.1 dén 0.2 mm. Hinh 7 thé hién hinh anh ctia vét nit
mAu vita tai 56 ngay. Viéc khao sat kha ning lién vét niit nay mang
tinh chit dinh tinh nhiéu hon dinh lwvgng do vét ntit dai, tdc d6 phan
ttng thiy hoéa tai moi diém trén vét nitt khac nhau. Nén hinh anh
dugc lya chon trong Hinh 7 ciing mang tinh chat ngiu nhién. Mdi vi
tri duge quan sat véi 6 phéng dai 50 1an va 120 1an. Bing trye quan,
ca 4 mAu déu c6 san phim thity héa hinh thanh tai vi tri vét nit. Mau
st dung cbt liéu tai ché c6 kha ning lidn vét nit cao hon miu khong
st dung cbt liéu tai ché, quan sat Hinh 7¢,7d v&i Hinh 7a, 7b, va quan
sét Hinh 7g, 7h v&i Hinh 7e, 7f. RAt nhiéu tinh thé dugc hinh thanh
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bén trong khe nift, gitip vét nit c¢6 kha ning lién lai nhanh hon. Hai
gia thuyét dwgc dwa ra dé 1y giai hién twong nay 1a kha ning dudng
ho trong ctia cbt lidu tai ché va qud trinh thiy héa cta chinh cbt liéu
tai ché. Trong gia thuyét diu tién, cbt liéu tai ché c6 do rdng 16n, khi
mau thi nghiém duge dudng ho Am, lugng nudc bén trong cbt lieu tai
ché ¢6 tac dung duy tri qué trinh thay héa ctia xi ming va phu gia
triong no. Két qua thu dugce nhidu san phim thuy héa dugc hinh
thanh va ting toc d6 lidn vét nitt. Gia thuyét tht hai chinh 1a qua
trinh thuy héa cta chinh cbt liéu tai ché. C6t lidu tai ché 13 vita thira
gdm xi ming, cit, v nudc. Xi ming méi duge tron thanh vita chua
qua qua trinh dudng hd nén téc d6 thity héa ctia xi ming trong vita
thai bi han ché. Khi duoc st dung 1am cbt liéu tai ché va duoe dudng
hé Am, lvong xi ming trong vita thai c6 co hdi tiép tuc qué trinh thiy
héa. Qué trinh nay ciing gép phan hinh thanh cac san phdm thiay héa

va lam lién vét nit.

Pé d4nh gia anh hwéng clia hé nguyén vat liéu téi kha ning
lidn vét nitt, bd rong vét nitt dwge khio sét theo thoi gian. Cu thé, méi
miu vita duge xdc dinh bé rong vét nit tai 1, 4, 8, va 12 tudn. Anh
hwéng ciia tro bay, va cbt liéu tai ché dwoc thé hién & Hinh 8. B2 rong
vét nitt ban dAu ctia cic miu c6 thé khong gibng nhau, nhung vét nit
ban dAu duge kiém soét tit 0.1 dén 0.2 mm. Két qua cho thay hiu nhw
trong 4 tudn du tién, bé rong vét nift clia ca 6 miu déu khong thay
dbi. Tuy nhién, tai 8 tuin va 12 tuln, bé rong vét nitt bét diu duge
thu hep. Hinh 9 thé hién rd ti 18 lién vét nitt so véi bé rong vét nitt tai
tudn diu tién. Mau st dung cbt lidu tai ché c6 tde d6 lidn vét nit cao
hon so véi miu khéng st dung cdt lidu tii ché. Pic biét, nhém cép
phéi miu st dung tro bay két hop v6i phu gia trvong né cé tée do
lién vét nitt rit cao trén 40 % tai 12 tudn. K&t qua nay phit hop véi
hai gia thuyét vita dugc trinh bay & phin trén, va ciing twong dbng
v6i nhitng nghién ciu st dung phu gia trvong né [19, 20].

¢. Mau EA5RA20 (x50 14n)

e. MAu EA5FA30 (x50 14n)

d. Mau EASRA20 (x120 14n)

f. MAu EASFA30 (x120 14n)
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g. MAu EASFA30RA20 (x50 14n)

h. MAu EASFA30RA20 (x120 14n)

Hinh 7. Vét nitt miu vita tai 56 ngly tudi.
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Hinh 8. Bé rong vét niit theo th&i gian.
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Hinh 9. Ti 1¢ lién vét nitt so v&i tun dau tién.
4. Kétluan

Nghién ctu tip trung khao sat anh hudng cta cbt lidu tai ché
t&i cuong d6, d6 gidn nd, va kha ning lién vét nift cla vita sit dung
phu gia trtong nd. Két qua thu duge tit thie nghiém duge trinh bay
duéi day:

- Cuong d6 clia vita c6 xu hiéng giam din khi sit dung cbt liéu
tai ché. Xu huéng nay dién ra & ca nhém vita khong st dung tro bay
va nhém vita ¢6 tro bay. Tuy nhién, tai 91 ngay tudi, ti 1& giam cudng
d6 ctia vita stt dung c6t liéu tai ché hiu hét nho hon 10 %.

- b6 gidn nd cha vita truong nd dugce cai thién khi st dung tro

bay, dic biét dbi véi nhitng miu st dung cbt lidu tai ché. Vita c6 cbt
liéu tai ché c6 cuong d6 thip dan téi d6 cing ciing nho hon. Pay 1a
didu kién thich hop dé thé tich ctia vita d& thay ddi. Két qua, mAu vita
triong né st dung cbt liéu tai ché ¢6 do giin né 16n.

- C6t liéu tai ché c6 tic dung d4y nhanh qué trinh ty lién vét
niit cia miu vita triong no.

Duwa vao két qua thi nghiém, viéc st dung cbt liéu tai ché dugc
lam ti vita thai thay thé cat v&i ham lwgng t&i 20 % cét ¢6 tinh kha
thi trong linh vuc xay dung.

Trong nghién cttu ndy, qua trinh danh gia kha ning lién vét niit
clia vita vin mang tinh dinh tinh hon dinh lwgong. Pay 1a mot didu

han ché cta nghién ctu.
Tai liéu tham khao

[1]. Hoan thanh vugt chi tiéu xay dyng 100 nghin cin nha ¢ xa hoi trong nam
2025, Bdo dién a¢ Chinh Phu, 21 thiang 12 nam 2025,
https://baochinhphu.vn/hoan-thanh-vuot-chi-tieu-xay-dung-100-nghin-
can-nha-o-xa-hoi-trong-nam-2025-102251221124014493.htm

[2]. Thanh phd d4y manh wu tién phat trién nha & xa hoi, Bdo dién tir chinh phit
chuyén trang Thanh phé HO Chi Minh, 6 thang 10 nim 2025,
https://tphcm.chinhphu.vn/thanh-pho-day-manh-uu-tien-phat-trien-nha-o-
xa-ho0i-101251005174746352.htm

[3]. N.K Tuén, et al., Nghién cttu hién trang quan ly phé thai xay dung va pha
dg ¢ Viét Nam, Tap chi Khoa hoc Céng nghé Xay dung, 12(7V), 2018.
https://doi.org/10.31814/stce.nuce2018-12(7)-12

[4]. N.K Tuan, et al., Nghién ctu st dung phé thai xiy dwng va thai céng
nghiép ché tao gach bé téng rbng, Tap chi Khoa hoc Cong nghé Xay dung,
14(4V), 2020. https://doi.org/10.31814/stce.nuce2020-14(4V)-10

[5]. Z. Qu, et al, A review on early-age cracking of concrete: Causes and
control, Case Studies in Construction Materials, 21, 2024.
https://doi.org/10.1016/j.cscm.2024.e03848).

[6]. D. Shen, et al., Restrained cracking failure behavior of concrete containing
MgO compound expansive agent under adiabatic condition at early age,
Cement and Concrete Composites, 135, 2023.
https://doi.org/10.1016/j.cemconcomp.2022.104825.

[7]. J. Du, et al.,, Reducing the cracking potential of ultra-high-performance
concrete (UHPC) with the prewet expansive agent, Construction and
Building Materials, 431, 2024.
https://doi.org/10.1016/j.conbuildmat.2024.136597.

JOMC | 24



Tap chi Vat liéu & Xdy dung Tdp 16 $6 04 ndm 2026

[8].

[9].

[10].

[11].

[12].

[13].

Y. Zhang, et al., Shrinkage behavior of ultra-high-performance concrete
(UHPCQ) in cold winter conditions with shrinkage reducing agent (SRA) and
expansive agent (EA), Construction and Building Materials, 436, 2024.
https://doi.org/10.1016/j.conbuildmat.2024.136645.

Z. Pan, et al., Effect of expansive agents on the workability, crack
resistance and durability of shrinkage-compensating concrete with low
contents of fibers, Construction and Building Materials, 259, 2020.
https://doi.org/10.1016/j.conbuildmat.2020.119768.

L. Liu, et al., Effect and mechanism of compound expansive agent on
rheological, mechanical, and shrinkage properties of UHPC, Construction
and Building Materials, 444, 2024.
https://doi.org/10.1016/j.conbuildmat.2024.137730.

K. Liu, et al., Effects of combined expansive agents and supplementary
cementitious materials on the mechanical properties, shrinkage and
chloride penetration of self-compacting concrete, Construction and Building
Materials, 211, 2019, pp. 120-129.
https://doi.org/10.1016/j.conbuildmat.2019.03.143.

K. Aghaee and K. H. Khayat, Effect of shrinkage-mitigating materials on
performance of fiber-reinforced concrete — An overview, Construction and
Building Materials, 305, 2021.
https://doi.org/10.1016/j.conbuildmat.2021.124586.

T. B. T. Nguyen, W. Saengsoy, and S. Tangtermsirikul, Influence of Bottom

Ashes with Different Water Retainabilities on Properties of Expansive

[14].

[15].

[16].

[17].

[18].

[19].

[20].

Mortars and Expansive Concretes, Engineering Journal, 23 (5), 2019.
https://doi.org/10.4186/€j.2019.23.5.107.

Z. Zhang, et al.,, Development of high-strength engineered cementitious
composites using iron sand: Mechanical and shrinkage properties, Journal
of Building Engineering, 95, 2024.
https://doi.org/10.1016/j.jobe.2024.110272.

N. T. B. Thuy, D. T. T. Vi, and B. A. Kiet, Ché tao cdt liéu tro bay va ting
dung cbt liéu tro bay trong vita xi mang, Tap chi Xdy dung, 6, 2024.

K, Aghaee, R. Sposito, and K. Khayat, Synergistic effect of shrinkage
mitigating materials on rheological properties of flowable and thixotropic
cement paste, Cement and Concrete Composites, 133, 2022.
https://doi.org/10.1016/j.cemconcomp.2022.104686.

ASTM C109/C109M-20, Standard Test Method for Compressive Strength of
Hydraulic Cement Mortars (Using 2-in. or [50-mm] Cube Specimens),
ASTM International, West Conshohocken, PA, USA, 2020.

TCVN 12003:2018, Xi ming — Phwong phép xac dinh d nd thanh vita
trong moéi tredng nudc, Tiéu chudn Quic gia.

J. Li, X. Guan, and C. Zhang, Inorganic capsule based on expansive mineral
for self-healing concrete, Cement and Concrete Composites, 2023,
https://doi.org/10.1016/j.cemconcomp.2023.105305.

S. Jeon, et al., Self-healing characteristics of cement concrete containing
expansive agent, Case Studies in Construction Materials, 17, 2022,

https://doi.org/10.1016/j.cscm.2022.e01609.

JOMC | 25



