BAI BAO KHOA HOC

ANH HUONG CUA TRO BAY DEN KHA NANG NUT CUA BE TONG
TRONG PIEU KIEN BI KIEM HAM

Nguyén Vin Huéng'

Tém tit: Bé tong nirt sém la mot trong nhitng nguyén nhdn chu yeu dain den giam tinh tham my,
giam kha ning chiu liec va do bén, ton chi phi sira chita, gidm tudi tho va tiém an nguy co pha hoai
cong trinh. Nutt som cua bé tong la mot hién twong phirc tap va phu thugc vao mgt so yéu to nhu:
thanh phan bé tong, qud trinh thi cong, diéu kién moi truong, ddac diém cia két cdu,... Bai bdo
nghién civu tng xir ciia bé tong khi sw co ngot ciia né bi kiém ham bang thiét bi thi nghzem ring-test
va hiéu qua ciia tro bay (thay thé 15% va 25% xi mdng bang tro bay) dén kha nang chong nirt cia
bé téng. Két qua nghién citu cho thdy viéc sir dung tro bay sé cdi thién dwoc kha nang chong nirt

sém cho bé tong bi kiém ham.
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1. PAT VAN PE

Bé tong la loai vat li€éu khong déng nhit
dugc hinh thanh boi sy tuong tac ctia cac thanh
phﬁn bao gém ximang, cdt liéu, nudce va phu gia
(néu co),... sau khi xi ming dong két va rin
chic. Qué trinh thuy héa xdy ra ngay khi chét
két dinh tuong tac v6i nude, san pham bé tong
thu duogc khong 6n dinh vé mit thé tich, su thay
d6i thé tich ciia bé tong dién ra ngay khi qua
trinh thay hoéa cia chat két dinh bat dau.
Khuynh huéng thay doi thé tich ciia bé tong
thudng biéu hién dudi dang co ngét, néu co ngdt
bj kiém ham (do cbt liéu, cbt thép va do lién két
ctia két cdu,...) thi s& phat sinh ra tmng suit kéo
va c6 thé dan dén nut. Hién tuong nit som cia
bé tong s& lam méat tinh thim my, giam kha
nang chiu lyc va do bén, tdn chi phi stra chira,
giam tudi tho va tiém an nguy co pha hoai cong
trinh. Cac vét niit thuong bat dau xay ra trén bé
mit theo cac phuwong bat ky (ddi véi bé tong
khong cdt thép) va s& phat trién sdu vao bén
trong két cau bé tong.

Cac loai co ngdt c6 thé gay niit cho bé tong
gdm: co ngdt déo (plastic shrinkage): su giam
thé tich khi bé tong con & trang thai déo, do mat
nude & bé miat bé tong. Khi lugng mat nude trén
bén mit bé tong 16n hon 0.5 kg/m*/h thi nit do
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co ngét déo co thé xay ra, khi lugng mat nude
tang 1én 16n hon 1.0 kg/m*/h thi hién tuong nit
do co ng6t déo chic chin xay ra (Uno 1998); co
ngot tu sinh (autogenous shrinkage): 1a su glam
thé tich biéu kién (apparent volume) cua hd xi
mang trong sudt qua trinh hydrat (Tazawa
1999); co ngo6t kho (drying shrinkage): do su
mét nude tir trong bé tong thoat ra moi truong
xung quanh. Nguyén nhan chinh ctia co ngot
kho 13 sy mat nudc tir 16 rdng mao dan ton tai
bén trong thong qua bé mat ra moi truong co do
am tuong d6i thip hon. Nudc ton tai trong cac
16 rong mao dan duoc goi 1a nudc tu do (free
water) va duoc giit lai trong céc 16 rdng bang luc
mao dan (capillary pores), luc mao dan nay ty 1é
nghich vo&i dudng kinh 16 rong. Theo thoi gian,
g suét kéo cuc bd sinh ra boi luc 16 rdng trong
cAu triic bé tong vuot qua cuong do chiu kéo thi
nut do co ngdt kho s€ hinh thanh (Aitcin et al.
1997). Do vy, su co ngét ctia bé tong xay ra bat
dau ngay khi nd con & trang thai déo (fresh
concrete), trong sudt qua trinh dong két va kéo
dai sau do, su co ngoét nay phu thudc vao tinh
chit ciia bé tong (cip phdi, nhiét d6 cua bé tong
twoi, thi cong va dudng ho), hinh dang két cau va
diéu kién moi truong (nhiét do, do 4m twong ddi
va van tdc gi6) (Yousefich et al. 2017).

Viée str dung hop 1y tro bay dé thay thé cho
modt phin xi ming s& maing lai hiéu qua nhu:
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gop phan bao vé moi truong, cai thién tinh cong
tac cua bé tong tuoi, cai thién cuong dd, gidm
d6 rong, ting do bén,... (Thomas 2007). Ngoai
ra, trong nghién ctu cta minh, Akkaya va cac
cong su di chi ra rang viéc dung tro bay trong
hén hop chit két dinh voi xi ming s& gop phan
gidm co ngoét ndi sinh va tang co ngoét kho,
nhung khong thiy sy khac biét trong co ngot
tong thé (Akkaya et al. 2007).

Cho dén nay, di c6 mot s6 phuong phép thi
nghiém da dugc dé xuat dé danh gia kha ning
nirt s6m cua mau bé tong bi kiém ham co ngot,
cac phuong phap nay khac nhau chi yéu ¢ hinh
dang miu va mic d6 kiém him (degree of
restraint): kiém him mot truc (restrained
uniaxial), kiém ham dang tim (restrained slab),
kiém him dang dim (restrained beam), kiém
him dang vong tron (restrained ring) va kiém
ham dang elip (restrained ellipse) (Dong et al.
2019). Tuy nhién, do vi¢c thyc hién thi nghi€ém
don gian ciing nhu ¢6 thé diéu chinh duoc mirc
d6 kiém ham nén thiét bi thi nghiém ring-test
dugc st dung rong rai dé kiém so4t chit lugng
va danh gia kha ning nat do co ngét bi kiém
him cta cac cip phdi bé tong. Hién nay,
phuong phap thi nghiém ring-test da trd thanh
tiéu chuan ctia Hoi giao thong va xa 10 My
ASSHTO (Association of State Highway and
Transportation Officials - ASSHTO PP34-99)
va tiéu chuan ASTM C1581/ C1581M - 18* ctia

Hoi thi nghiém vat liéu My ASTM (American
Society for Testing and Materials - ASTM
C1581, 2018). Su khac nhau trong phuong phap
thi nghiém ring-test cia ASSHTO va ASTM la
& mirc @ kiém ham co ngét (mic do kiém him
duoc tinh bang ty sb gitra d6 clmg cta vong tron
thép bén trong va tong do cimg cua vong tron
thép bén trong va vong bé tong). Mitrc do kiém
ham ring-test cia ASTM la (70+80)%, trong khi
doé ring-test cia ASSHTO la (50+60)% (See et
al. 2003). Do véy, trong cung diéu kién thi
nghiém nhu nhau cho cing moét cip phdi bé
tong thi thi nghiém theo ring-test cua ASTM s¢
thuc hién nhanh hon.

2. NGHIEN CUU THUC NGHIEM

2.1. Vit liéu thi nghiém

- Xi ming (XM): loai xi ming dugc dung dé
thi nghiém la xi mang Pooclang Song Gianh
PC40 c6 khdi lugng riéng 3.09 g/em’ va cuong
d6 nén 28 ngay 1a 52 N/mm’. Loai xi ming
dung trong nghién cuu phu hgp véi TCVN
2682:2009 va ISO 9001-2008.

- Tro bay (FA): dung loai tro bay nhiét dién
ldy truc tiép chua tuyén c6 d6 4m 2.8%, c6 khoi
luong riéng 2.08 g/cm’ va thanh phan héa hoc
cua loai tro bay nay nhu ¢ Bang 1. Cac chi ti€u
& Bang 1 cho thiy loai tro bay nghién ctru phu
hop véi tro bay hoat tinh loai F dung cho bé
tong, vira xdy va xi mang theo TCVN
10302:2014.

Bang 1. Thanh phéin héa hoc ciia tro bay

Thanh phan Si0, | ALO; | Fe,03

SO3

Na,O | K,O Cl CaOy | LOI

% theo khdi lwong | 56.3 | 22.62 | 5.91

0.49

0.15 | 0.19 | 0.007 0.0 2.94

- Phy gia hoa hoc: nham phat trién cuong do
som, nghién cuu da sir dung loai phu gia siéu
hoéa déo, giam nudc bac cao loai Lotus-301M
gbc polymer thé hé 3 phu hop véi tiéu chuin
ASTM C494 loai G.

- Cat va da: dung loai cat song tu nhién & mé
cat Tuy Loan — Pa Nﬁng, cat ¢c6 md dun hat
2.65, khdi luong riéng 2.64 kg/dm’ va d6 am
3.6%; da dung dé thi nghiém 1a loai d4 1x2 lay
tai mo6 da Hoa nhon — Da Néng, chi lay phan da
lot qua san 12.5 mm (nhim phi hop véi thi

nghiém ring-test ASTM C1581, 2018), da thi
nghiém cé khéi lugng riéng 2.66 kg/dm’, do hut
nude 0.32% va do am 0.3%.

- Nude dung dé tron va bao dudng bé tong
thoa man yéu cau k¥ thuat theo Tiéu chuan
TCVN 4506:2012.

2.2. Cip phoi miu thi nghi¢m

Cép phdi bé tong d6i chimg (ky hiéu: Ref)
dugc thiét ké thanh phan sao cho cuong do & 28
ngay dat khoang 60MPa va dg sut ctua bé tong
tuoi ban dau (17 + 1) cm. Két qua nghién ctru
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cua Marceau (Marceau et al. 2002) va (Thomas
2007) cho thay: luong sir dung tro bay cho bé
tong thay doi trong pham vi rong tiy thudc vao
tinh chét cua tro bay va loai bé tong. Theo ty 1&
sir dung tro bay (theo khéi lugng) trong hdn hop
chit két dinh duoc chia lam bdn mirc: mirc thap
khi ty 1€ sir dung tro bay nho hon 15%, mic
trung binh 13 tr 15% dén 30%, mirc cao tir 30%
dén 50% va khi ty 1& 16n hon 50% duoc xép vao
murc rat cao. Trong pham vi bai bdo ndy, tac gia

nghién ctru anh hudng cua tro bay loai F & murc
thay thé trung binh dén kha ning nit ciia bé
tong o tudi sém, nén chon thi nghiém trén hai
cap phdi st dung tro bay dé thay thé 15% va
25% xi mang (ky hi¢u tuong ung la: FA15 va
FA25), d6i véi hai cap phdi FA15 va FA25 van
giit ty 16 N/CKD giébng nhu cap phdi Ref va
dung phu gia Lotus-301M dé diéu chinh dat do
sut (17 £ 1) cm. Thanh phan vat lidu cac cip
phdi duoc thé hién nhu ¢ Bang 2.

Bang 2. Cap phdi bé tong thi nghi¢m

Cép phii Thanh phéin (kg)
Ximang | Tro bay | Cat DPa | Nwoc | Lotus-301M | N/CKD
Ref (0 % FA) 470 0 770 | 1065 162 5.17 0.34
FA15 (15% FA) 399.5 70.5 746 | 1065 162 4.70 0.34
FA25 (25% FA) 352.5 117.5 730 | 1065 162 4.23 0.34

2.3 Thiét bi va quy trinh thi nghi¢m

Thiét bi thi nghiém ring-test tai phong thi
nghiém Cong trinh thay - Truong Dai hoc
Bach khoa Pa Ning (Hinh 1). Thiét bi nay
phtl hop v6i Tiéu chuan ASTM C1581- 2018,
bo thiét bi ring-test gdm: hai vanh tron dong
tam bang thép cd chiu cao 152 mm (vong
tron trong c6 duong kinh ngoai 330 mm, day
12.5 mm, d6 nhan mat trong va mit ngoai dat
1.6 um, vong tron ngoai c6 dudng kinh trong
406 mm, chiéu day 3 mm); hai vanh tron thép
dugc dit trén tam day thép phang day 3 mm
phu son epoxy nho cac chét dinh vi; bdn cam

Quy trinh d6 bé téng vao giita hai vong thép dé
do qua trinh bién dang va thoi diém nit dugce thuc
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Hinh 1. Thiét bi thi nghiém ring-test

bién (CB1, CB2, CB3 va CB4) loai SGT-
2DD/350-SY11 OMEGA® duoc gian vao mit
trong cua vong tron thép trong & vi tri gilra
chiéu cao cach déu nhau theo duong kinh dé
ghi nhin bién dang cua vong tron thép bén
trong (do co ngdét cia vong bé tong xung
quanh) qua mé dun NI9237 va két ndi vdi
may tinh théng qua cong NI USB9162. S6 liéu
thi nghiém dugc thu nhan mét cach ty dong va
lién tuc qua chuong trinh dugc lap trinh trén
nén ngdn ngit LabVIEW.

Thi nghi¢m dugc thyc hi€n trong phong &
nhiét d6 (27 + 2)°C, d6 am (75 = 80)%.

hién theo ASTM C1581 - 2018: mdi cap phdi thuc
hién ba mau do; viéc d6 mau bé tong dugc thuc
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hién trén ban rung (phu hop Tiéu chuin TCVN
3015:1993), mau dugc d6 thanh hai 16p c6 chiéu
cao tuong dwong nhau, mdi 16p d6 duge dam 75
lan xung quanh bing thanh sit tron tron duong
kinh 10mm va tién hanh rung sau mdi 16p db.

Qua trinh do bién dang dugc thyc hién trong
vong 10 phut sau khi cong viéc d6 mau thuc
hién xong, sau 24 gid thi vong tron ngoai dugc
thio d&. Tan suit liy két qua bién dang 1a 30
phat va do dén khi nao vong bé tong bi nirt thé
hién trén bé mit mau va di cing sy giam dot
ngdt gia tri bién dang ciia vong tron thép ma
cam bién ghi nhan dugc (ASTM C1581, 2018).

3. KET QUA THi NGHIEM VA NHAN XET

Két qua thi nghiém cudng do nén ciia ba cip
phdi nghién ciru (Ref, FA15 va FA25) tai cac
thoi diém 3 ngay, 7 ngay va 28 ngay dugc trinh
bay nhu ¢ Hinh 2. Két qua cho thay: ¢ thoi diém
3 ngay thé hién su giam cudng do khi thay mot
phin xi ming bang tro bay (thay xi ming bang
15%FA va 25%FA), két qua nay hop 1y va duoc
giai thich 1a do lwong xi ming cua cip phdi
FAI5 va FA25 giam so voi mau d6i chimng Ref.
Tuy nhién su suy gidm cudong d¢ khong lon, cu
thé cudng do nén chi giam 3.2% va 4.5% tuong
mg d6i voi mau FA15 va FA25, diéu nay co thé
giai thich la do phu gia siéu hda déo gidm nudc

bac cao Lotus-301M va tro bay gép phan phat
trién cudng dd sém bu cho phan xi ming bi suy
giam. Theo thoi gian, cudng do nén tiép tuc
phat trién, & thoi diém 28 ngay thi cudng do nén
ctia FA15 da vuot 0.8% so v6i Ref, diéu nay c6
dugc 1a do hi¢u qua puzolanic (pozzolanic
effect) va hiéu qua lip day (filler effect) cua tro
bay gop phan phat trién cuong do cua bé tong.
Tuy nhién, cudng d6 nén cua FA25 & thoi diém
28 ngay van con thap hon 2.1% so v6i Ref, két
qua nay 1a do hiéu qua puzolanic va lap day cua
tro bay trong phat trién cuong do khong bu dip
da sy gidm cuong d¢ do lugng xi mang giam.
Két qua cudong do nén ¢ 28 ngdy twong Ung cia
cac cip phdi Ref, FA15 va FA25 tuong ung la
64.4 MPa, 64.96 MPa va 62.3 MPa.
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Hinh 2. Két qua phdt trién cwong dg theo thoi
gian cua mau doi chung va mau chira tro bay

Hinh 3. Vét nitt trén mau bé tong

Bién dang nén phat trién trong vong tron thép
gay ra do co ngot cua vong bé tong bén ngoai s€
duogc ghi nhan bang bon cam bién (CB1 + CB4).
Két qua thi nghiém qua trinh co ngét va thoi
diém nut bang thiét bi ring-test cho ba cap phdi
nghién ciru Ref, FA15 va FA25 tuong tiing duoc
biéu thi nhu & Hinh 4a, 3b va 3c. Két qua trén

cac hinh ndy gom quaé trinh phét trién bién dang
tai bén cam bién (vi du ky hiéu cho cép phdi
Ref 1la RefCBI1, Ref(CB2, RefCB3 va
Ref.CB4) va gia tri bién dang trung binh cua
b6n cam bién (vi du ky hiéu cho cip phdi Ref 1a
Ref). Két qua cua ca ba cép phdi cho thiy bién
dang nén ghi nhan dugc & cac cam bién cang
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ting va dén mot thoi diém nao dé (tuy theo cap
phdi) thi bién dang dwoc giai phong hoan toan
(gia tri bién dang giam dot ngdt vé tri s6 ~ 0),
day dugc xac dinh 14 thoi diém nit ciia bé tong
theo ASTM C1581 - 2018. Két qua nay la do
theo thoi gian co ngdt cua bé tong cang tang
(trong diéu kién thi nghiém nay chu yéu 1a co
ngo6t hoa hoc va co ngot khd), co ngot cua bé
tong s& gy ra bién dang nén 1én vong tron thép,
ciing chinh vong tron thép da ngin can (kiém
him) sy bién dang nén di sinh ra Gng suét kéo
trong vong bé tong va khi img suit ndy vuot qua
cuong d6 chiu kéo cho phép ciia bé tong thi vét
nit s& xat hién (thé hién nhu & Hinh 4).

Steel ring strain (L-strain)

00 05 1.0 15 20 25 30 335 40 45 50 3535 60 635 70 73

Thoi gian (ngay)
a. Ket qua phat trien bien dang trén bon cam
bién cho mau doi chung (Ref)
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b. Két qua phat trien bien dang trén bon cam

bién cho mau chira 15% tro bay (FA15)

—--FA25.CBl

—-— FA25.CB2

------ FA25.CB3

- .- FA25.CB4
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c. Ket qua phat trien bien dang trén bon cam

bién cho mdau chira 25% tro bay (FA25)
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Steel ring strain (U-strain)
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d. So sanh trién bién dang ciia mau doi chirng
(Ref) va mdu chira tro bay (FA15 va FA25)
Hinh 4. Két qua phat trién bién dang ciia mdu
bé tong Ref, FA15 va FA25

Két qua ¢ Hinh 4d cho thdy: khi thay thé
15% va 25% tro bay cho xi ming di gop phan
kéo dai thoi diém bat dau nut hay cai thién kha
ning chéng nit cia bé tong. Cu thé, thoi diém
nirt mau ghi nhan dwoc cua cic cip phdi Ref,
FA15 va FA25 tuong Gng la 6.98 ngay, 8.19
ngdy va 8.96 ngay. V& gi tri bién dang nén tai
thoi diém nut giita cdp phdi FA15 va Ref gan
nhu khong c6 sy khac biét (chi 0.4%), trong khi
d6 bién dang nén ciia FA25 giam 4.1% so vdi
mau dbi ching Ref. Dé giai thich cho két qua
nay, co thé vién dan mot sb két qua nghién ctru
d3 cong bd: theo See va cong su (See et al.
2003) thi cac yéu td quan trong anh huéng dén
kha ning niit ciia bé tong trong diéu kién kiém
him gém: toc do phat trién tng suat kéo va
cuong do chiu kéo, kha ndng co ngot va muc do
giai phong ung suit kéo; con theo Altoubat va
cong su (Altoubat et al. 2016) thi tbc do giai
phéng tng sudt déng mot vai trdo quan trong
trong xac dinh kha ning gdy nat cua bé tong.
Két qua & Hinh 4 cho thdy: ¢ thoi diém 7 ngay
(gan thoi diém nit cia cac cdp phdi nghién
ctiru), cuong do nén cua mau FA15 va FA25
thip hon so voi Ref twong tng chi 1.7% va
2.1%, do vay mtc do kiém him (degree of
straint) cia nd ciing chi 16n hon mot it so voi
mau Ref nén téc do phat trién tng suit kéo trong
vong bé tong ctia mau FA25 va FAIS 16n hon
khong dang ké so v6i mau Ref. Trong khi d6, két
qua nghién clru cua Altoubat va cong su
(Altoubat et al. 2017) chi ra rang viéc thay thé
mot phan tro bay cho xi ming s& giam co ngét tur
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do (unstrained shrinkage) va ting tinh dan hoi
(ting kha ning giai phong mg suit kéo) cua bé
tong, hidu tmg tich cyc nay s& ting lén néu thoi
gian dudng 4m cho miu dugc kéo dai. Diéu nay
s& cai thién kha ning chdng nit hay tri hodn thoi
diém nurt cho bé tong FA15 va FA25 so véi Ref.

4. KET LUAN

Tur céc két qua nghién ciru thyc nghiém xem
xét hiéu qua ciia tro bay dbi v6i qua trinh phét
sinh ng suat va kha ning nit cua bé tong
trong diéu kién bi kiém ham bang thiét bi ring-
test pht hop tiéu chuan ASTM C1581, két hop
v6i két qua thi nghiém cudng d6 nén cua bé
tong & tudi 28 ngay co thé dua ra mot sd két
luan nhu sau:

- Su thay thé mot phan xi ming bang tro bay
s& anh huong dén sy phat trién cuong d6 cia bé
tong, dic biét khi ty 1¢ thay thé cang 16n s& lam
cham phat trién cuong do ¢ giai doan dau. Do
vay, viéc dung phu gia si€u héa déo gidm nudc

TAI LIEU THAM KHAO

bac cao gdc polymer thé hé 3 (Lotus-301M hodc
loai phu gia khiac tuong duong) dugc xem la
giai phap dé phat trién cudng do sém cho bé
tong. Ngoai ra, do hiu qua gidm nudc bac cao
ctia loai phy gia nay s& gop phan giam co ngot
kho, do vay gop phin giam kha ning giy nut
cua bé tong;

- Thay thé mot phan xi ming bang tro bay
(v6i cip phdi bé tong nghién ctru) s& gop phan
cai thién kha ning chdng niit cho bé téng, cu thé
kéo dai thoi diém nat cia bé tong 17.3% va
28.4% tuong Ung khi 15% va 25% xi ming
bang tro bay;

- Két qua ciia nghién ciru nay phu hop ap
dung cho céc cAu kién bé tong c6 muc do kiém
him tuong dwong (mic d6 kiém him 70% +
80%), trong trudng hop ciu kién bé tong co
murc d6 kiém ham thap hon thi nén thi nghiém
trén thiét bi ring-test pht hop véi tiéu chuan
AASHTO PP34.
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Abstract:
INFLUENCE OF FLY ASH ON RESTRAINED CRACKING POTENTIAL OF CONCRETE

Premature cracking of concrete is a one of primary cause of loss of issuses such as lossing of
aesthetics, reducing in bearing capacity and durability, costing of repair, declining service life and
increasing in potential risks. The premature cracking is a complex phenomenon and depended on a
number of factors: concrete components, construction works, environmental conditions, structural
properties and other factors. This paper will study the restrained shrinkage behavior with the ring
test method and effectiveness of fly ash (replace cement by 15% and 25% fly ash) on cracking
resistance of concrete. The results revealed that the addition of fly ash improves the premature
cracking resistance in restrained concrete.

Keywords: concrete, fly ash, shrinkage, cracking, restraint, ring-test.
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