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TOM TAT: Tinh cong tic ctia hdn hgp bé tong c6 thé duoc déanh gia bang nhiéu phuong phap tiéu chuén
khéc nhau nhu chi s6 Vebe, do sut va do chay ban dan... Nghién ctru nay dugc thuc hién tai Vién Khoa
hoc Cong nghé Xay dung nham phan tich mbi quan hé giita d6 sut va d chay ban dan trén co s s lidu
thi nghiém. Két qua cho thdy mdi twong quan giita hai chi tiéu nay phu thuéc manh vao dic trung luu
bién va mirc d6 linh dong ciia hdn hop. Trong ving do sut thip dén trung binh, tdn tai mbi twong quan
tuyén tinh 1o rét. Nguoc lai, & vung d9 sut cao hon 20 cm, phép thur do sut gidm d¢ nhay, trong khi do
chay ban din van phan anh tét sy khac biét gitta cac hdn hop, thé hién ding hon hanh vi bién dang duéi
tac dong va dap nhe. O ving trung gian véi do sut tir 14 cm dén 20 cm, quan hé giira hai dai luong bién
thién khong 6n dinh, chiu anh huong dong thoi ciia ing sudt chay va do nhét déo, phi hop véi cac két
qua nghién ciru qubc té. Két qua nghién ctru khing dinh wu thé cta phép thir ban dan trong danh gia hdn
hop c¢6 do linh dong cao va cung cép co so thuc nghiém quan trong cho viéc lua chon phuong phap kiém
tra phu hop theo tung dai do linh dong ctia bé tong.

TU KHOA: Bé tong; hdn hop bé tong; do sut; do chay ban dan; tinh cong tac.

ABSTRACT: The workability of fresh concrete can be evaluated using various standardized methods,
such as the vebe test, the slump test, and the flow table test. This study was carried out at The Vietnam
Institute for Building Science and Technology to analyse the relationship between slump and flow spread
based on experimental data. The results show that the correlation between these two parameters strongly
depends on the rheological characteristics and the flowability level of the concrete mixture. In the low to
medium slump range, a clear linear correlation is observed. In contrast, in the high slump range (slump
> 200 mm), the slump test loses its sensitivity, whereas the flow table test continues to effectively
distinguish between different mixtures and better reflects their deformation behaviour under light impact.
In the intermediate slump range (140 - 200 mm), the relationship between the two parameters becomes
unstable, being simultaneously influenced by yield stress and plastic viscosity, which is consistent with
international research findings. The results confirm the advantages of the flow table test in assessing
high-flowability concrete mixtures and provide important experimental evidence for selecting appropriate
testing methods according to different levels of concrete workability.
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khi d6 chay bin dan (flow table test) phan dnh
kha ning bién dang theo phuong ngang khi co
rung nhe. Ddi véi cac hdn hop c6 dd déo cao hoac
su dung phu gia siéu déo, gia tri dJ sut thuong dat
cuc dai va khong con phan anh dung tinh cong
tac. Vi vy, viéc thiét 1ap mbi twong quan giira hai
phuong phap 1a can thiét dé dam bao kiém soat
chat lugng chinh xac trong san xuét va thi cong
[1-4].

1. GIOI THIEU

banh gia tinh cong tic 1a mét trong nhing
budc quan trong nhit dé dam bao kha ning thi
cong, do dac chic va chat lwong cua két cdu bé
tong. Trong giai doan hién nay, khi cac loai bé
tong c6 do linh dong cao duogc st dung ngay cang
pho bién thi cic phuong phap xac dinh tinh cong
tac cua hdn hop bé tong ciing duoc phat trién dé
phu hop véi dédc tinh tung loai bé tong. Trong do,

thi nghiém d6 sut (slump test) do bién dang theo
phwong thing dung ciia hdn hop bé tong, trong

Céc nghién ctru [1, 2, 4, 5] déu cho thay khi
do sut nam trong khoang thip dén trung binh
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(S < 180 mm), quan h¢ gitra do sut (S) va duong
kinh ban dan (F) c6 thé xem la tuyén tinh. Trong
giai doan néy, bién dang cta hon hop chiu chi
phéi chu yéu boi ting suat chay (yleld stress), 1a
gi4 tri Umg suét t6i thiéu can thiét dé vat liéu bat
dau bién dang déo. Ca hai phuong phap déu phan
anh tot sy thay ddi nay. Nghién ctru [5] da chimg
minh khi do sut nim trong khoang thip dén trung
binh (S < 180 mm), d6 doc ciia quan hé S-F gan
nhu khong phu thudce vao do nhét déo ma chu yéu
phu thudc vao ung suit chay, do d6 cé thé sur
dung thay thé twong d6i giita hai phuong phap
kiém tra.

Khi d¢ sut vuot qua khoang 180 mm, nhiéu
nghién ctu da chi ra quan hé gitta S va F tro' nén
phi tuyén 15 rét. Téng hop céc dit lidu thuc nghiém
[1] cho théy do sut khong con do chinh xac tin cay
khi S tién gan 250 mm, trong khi d chay ban din
van phan anh tdt su khac biét cua cac hdn hop co
d6 chay cao. Cac nghién ctru luu bién [2] da xac
dinh ngudng nay mot cach dinh luong, cho théy do
sut khong con ty 1€ thuén voi tinh cong tac khi S
16n. Nghién ctru trén bé tong ty lén [3] da khiang
dinh d6 chay ban dan 1a phuong phéap bat budc dé
phan biét cac hdn hop c6 duong kinh chay tur
500 - 700 mm, trong khi do sut déu cho gia tri t6i
da. Cac khuyén nghi [6,7] cling dua ra két luan
tuong tu cho bé tong ty Ién.

Mot s6 nghién ctru tip trung vao mdi tuong
quan gitta cac phép thtr hién truong va cac thong
s6 luu bién [1,5] da ching minh do sut chu yéu
phan anh ung suat chay, trong khi do chay ban
dan thé hién ca ung suit chay va do nhét déo.
Nghién ciru [2,8] ciing chi ra duong kinh ban dan
c6 mbi twong quan tét voi thong sb luu bién do
bang thiét bi Rheometer, dic biét d6i vai hdn hop
c6 d6 chay cao.

Nghién ciru [4] dd xdy dung phuong trinh hoi
quy phi tuyén F =a + b-S + ¢-S* & mo ta mdi quan
hé gitta S va F cho bé tong st dung phu gia siéu
déo. M6 hinh nay dat hé s twong quan R?> 0,9 cho
nhidu cap phdi khac nhau. Bao cdo cac md hinh
tuong tu cho bé tong tu 1én ciing duoc [9] thiét lap
va cong bd. Theo [2] thi mé hinh phi tuyén phu
hop hon tuyén tinh khi S > 180 mm, dic biét ddi
v6i hdn hop c6 do nhat thip.

Céc nghién ciru qudc té déu di dén cac két
luan tuong dong cho thiy & ving do sut thap -
trung binh, quan hé S-F gin tuyén tinh; & ving do
sut cao, quan hé nay phi tuyén va do chay ban din

la phuong phap phan anh tot hon tinh cong tac
thuc té; d6 chay ban dan cé twong quan tét hon
v6i thong sb luu bién va mé hinh phi tuyén (bac
hai) mo ta tot nhit mbi quan hé gitra hai phép thu.
Nhirng két luan nay c6 thé 4ap dung trong thyc té
Viét Nam dé nang cao d¢ chinh xac kiém soat
chét luong hdn hop bé tong, dac biét khi sir dung
phu gia siéu déo va san xuit bé tong ty lén. Viéc
bién soan tiéu chuin quéc gia vé phuong phép thir
xé4c dinh do chay ban dan ctia hdn hop bé tong rat
can thiét nham hoan thién hé théng tiéu chuan
danh gia cac chi tiéu xac dinh tinh cong tac cua
hon hop bé tong.

Bai bao nay trinh bay nghién ctru vé& twong
quan tinh cong tac ctia hdn hop bé tong dugc xéac
dinh theo phuong phap do d¢ sut va phuong phap
do d6 chay ban dan tai Viét Nam.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

Theo dinh huéng hai hoa hé thdng tiéu chuan
qudc gia v6i bo tidu chudn chau Au, nghién ctru
nay luya chon ap dung cac phuong phap thir 4o sut
(EN 12350-2) va do chay ban dan (EN 12350-5)
trong chudi EN 12350 - Testing fresh concrete.
Pay la hai phuong phap co ban, c6 kha nang phan
anh dic trung bién dang ctia hdn hop bé tong theo
hai co ché khac nhau: bién dang theo phuong
thang dimg khi d& con Abrams va bién dang lan
toa theo phuong ngang dudi tic dong va dép nhe
ctia ban dan. Viéc 4p dung dong thoi hai phép thir
cho phép danh gid toan dién hon tinh cong tac
trong cac vung d¢ linh dong khéac nhau, tur d6 xac
dinh gi6i han ap dung va kha ning thay thé tuvong
dbi cua timg phuong phép.

Phuong phéap nghién ctru dugc thiét ké theo
hudng két hop phan tich 1y thuyét, téng quan tai
lidu khoa hoc qudc té va thuc nghiém trong phong
thi nghiém. Két qua thi nghiém duoc xtr 1y thong
ké va bién luan nhim xac dinh mdi quan h¢ gitia
gia tri o sut va duong kinh chay ban dan, két ndi
vGi cac nghién ctru da cong bé trén thé giGi.

Nghién ctru thuc hién tai Vién Khoa hoc cong
nghé xdy dung di sir dung vat liéu sin co tai
Viét Nam.

Xi mang c6 khéi lugng riéng 3,07 g/em?; bé
mat riéng 3.780 cm?/g; lugng sot trén sang 0,09 mm
12 1,1%; do déo tiéu chuan 29,5%. Thoi gian dong
két: bat ddu 160 phut, két thuc 210 phut. Cuong do
ubn dat 6,5 MPa (3 ngay) va 9,7 MPa (28 ngay);
cuong do nén 30,9 MPa (3 ngay) va 48,1 MPa
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(28 ngay), phit hop yéu cau sir dung trong bé tong
két céu thong dung.

C6t lidu nho co6 khdi luong riéng 2,66 g/cm?;
khéi lwong thé tich bio hoa nudc (SSD) 2,64 g/cm?;
khéi lugng thé tich kho (OD) 2,62 g/cm?; do hut
nudc 0,6%; khdi lwong thé tich xbp 1.440 kg/m?;
md dun do 16n 2,6; lugng hat > 5 mm 1a 8,5%;
bui - bun - sét 0,5%; tap chét hitu co sang hon mau
chudn. Thanh phin hat qua sang cho thiy phan
tram s6t tich lily diac trung: 11,4% (2,5 mm),
25,6% (1,25 mm), 46,2% (0,63 mm), 80,6% (0,315
mm) va 97,6% (0,14 mm).
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C6t liéu 16n 1a da dam Ha Nam Dmax 20 mm:
khdi lugng riéng 2,76 g/em?; SSD 2,74 g/cm?; OD
2,72 g/em?; @6 hat nude 0,5%; khoi lugng thé tich
Xép 1.430 kg/m?3; d6 réng 47,4%; hat thoi det 9%;
bui - bin - sét 0,7%; do nén dap 10%. Thanh phan
hat theo sang cho thdy phan tram sét tich liy dat
khoang 4,9% ¢ 20 mm; 67,5% & 10 mm va 96,5%
& 5 mm, phan anh duong cip phdi lién tuc, phu
hop cho cap phdi bé tong cudong do thudng.

Cép phdi thi nghiém trinh bay tai Bang 1.

Bang 1: CAp phdi thi nghiém

Thanh ph?m cép phéi quy dbivé 1 m?
Ky Théng sé CP
hi¢u ong so XM C p N PG PGK N/Xi
kg kg kg L L kg
M1 | M200, Dmax 20, 306 740 1.176 214 0 0 0,699
M2 | M300, Dmax 20, PG: SPR 1500 352 830 1.077 184 2 0 0,528
M3 | M500, Dmax 20 520 733 1.060 179 5 0 0,354
M4 | M500, Dmax 20 541 710 1.061 187 5 0 0,355
M300, Dmax 20, RG: Vitec SD
M5 | 1268, Cat song phoi cat nghién 336 815 1.040 174 3,95 59 0,451
theo ty 1€ 60:40
3. KET QUA THi NGHIEM do sut va do chay ban din dwoc thuc hién boi hai

Céc gia tri do sut va do chay ban dan x4c dinh
dugc trinh bay trong Bang 2. Thi nghi¢m x4c dinh

thi nghiém vién. (Hinh 1, 2).

Biang 2: Két qua thi nghiém

Do sut, mm Dj chiy ban din, mm
hli(éyu Thi nghi¢m vién 1 Thi nghi¢m vién 2 Thi nghém Thi nghiém
' Lin1 Lin 2 B Lin1 Lin2 B vién 1 vién 2
Ml 90 90 90 80 90 90 400 410
M2 140 130 140 130 130 130 470 460
M3 200 190 200 200 210 210 560 570
M4 Khong do dugc do sut 630 620
M5 140 140 140 130 ‘ 140 140 370 360

Két qua Bang 2 cho thiy, voi cling mot mé

tron, gia tri do sut va do chay ban din do duoc boi
hai thi nghiém vién cho két qua tuong ddng, sai
léch + 10 mm. Két qua xac dinh do chay ban dan
ctia hdn hop bé tong dam bao tinh dai dién.

e

Hinh 1: Thi nghiém do sut ciia HHBT
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M
Hinh 2: P$ chdy ban din ciia HHBT
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Hinh 3: Méi quan h¢ dp sut
va dp chdy ban dan

Biéu d6 Hinh 3 phan 4nh 13 mdi twong quan
giita d6 sut (S) va do chay ban dan (F).

Dbi véi cac miu c6 do sut thap dén trung binh
(M1, M2, M5), gia tri do sut va do chay ban dan
tang tuong d6i dong bo, thé hién mdi quan hé gan
tuyén tinh giita hai phép thir. Biéu nay phu hop véi
ly thuyét vé g xtr ctia hdn hop bé tong trong
ving tng sudt chay chi phéi: khi luong nuée tuong
dbi tang, ca do sut va do chay déu phan anh sy gia
tang tinh cong tac theo cung mot xu hudng.

Tuy nhién, & mau M3 (N/Xi = 0,354) va M4
(N/Xi = 0,355), mbi tuong quan nay khong con
duy tri theo quy ludt tuyén tinh. Mau M3 ¢6 d6 sut
dat 200 mm nhung do chay chi 6 mic 565 mm,
thip hon muc tang tuong Gng & cac miu c6 S thip
hon, cho thiy hién twong phi tuyén & ving chay
cao: khi do sut tién gﬁn td1 gidi han do cia con thu
do sut, phép thu mat dan do nhay, dan dén viée gia
tri S tang nhanh hon so véi F. Ngugc lai, mau M4
khong do dugc do sut nhung do chay dat 625 mm,
minh chimg cho kha ning moé ta tét hon tinh cong
tac ctia phuong phép ban dan trong ving hdn hop
c6 do linh dong cao ma phuong phap do do sut
khong con phu hop.

Su 1éch quy Iuat cia M3 va M4 so vdi nhom
M1, M2, M5 nhin manh quan h¢ S-F chi mang
tinh tuyén tinh & ving do sut thdp-trung binh, con
& ving chay cao cin str dung phuong phap ban din
dé phan 4nh chinh x4c dic trung bién dang ctia hdn
hop bé tong. Quy ludt nay ciing twong duong véi
két luan ctia nghién ctru [4, 14].
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Hinh 4: Quan h¢ dj sut va dj chay ban ddn ciia
hon hop bé tong thuc hién tai Vién Khoa hoc
cong nghé xdy dung va theo nghién cvwu [15]

Biéu d6 Hinh 4 thé hién mbi quan hé tuong
quan giita d6 sut va do chay ban din cia cac hdn
hop bé tong, dugc tong hop tir két qua thi nghiém
cta nghién ctu thyc hién tai Vién Khoa hoc cong
nghé xay dung va nghién ctru [15]. Viée sap xép dir
liéu theo chiéu ting dan cua gia tri do sut cho phép
phan tich toan dién mdi quan hé gitra hai phuong
phap thir trén mot phd rong cac cip phdi. Mic du
cac hon hop c6 su khéac biét dang ké vé vat liéu ciu
thanh, thanh phan cip phéi va loai ciing nhu luong
phu gia, biéu db van cho thiy rd sy xut hién cua ba
vung hanh vi déc trung, phu hop vdi xu hudng duge
ghi nhén trong cac nghién ctru quéc té.

Trong viung do sut thép dén trung binh (S <
14 cm), d6 sut va do chay ban din thé hién mbi
tuong quan tuyén tinh ro rét. Ca hai phuong phap
thir phan 4nh nhat quan su thay déi vé tinh cong
tac, cho thiy & ving nay, phép thir do sut van la
chi tidu tin cdy dé danh gia dac tinh luu bién cua
hdn hop bé tong. Két qua nay phu hop véi cac
nghién ctru trude day, von da chimg minh méi lién
hé chat ché gitra do sut va ung suét chay cua bé
tong thong thuong va bé tong déo vua [14].

Nguoc lai, trong vung dd sut cao (S > 20 cm),
mdi trong quan giita hai dai lugng bat dau phan ky
13 rét: gia tri do chay ban dan tiép tuc tang trong
khi do sut tré nén kém nhay, vdi nhiing khac biét
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nho vé do sut tuong ng véi su thay doi 16n vé do
chay. Hién tugng nay khflng dinh lai nhan dinh
phép thir 46 sut mit kha niang phan biét trong ving
hdn hop cé do linh dong cao, trong khi phép thir
ban din van phan anh tét sy bién thién vé tmg suét
chay va do nhot déo. Nhan dinh nay ciing phu hop
v6i tiéu chudn EN 12350-5, trong d6 khuyén nghi
str dung phép thir ban dan dé danh gia tinh cong tac
cua bé tong cd do chay cao.

Vung trung gian (14 cm < S < 20 cm) khong
thé hién mot quy luat twong quan rd rét gitra cac
tap dir lidu. Su thiéu 6n dinh nay c6 thé bat ngudn
tir khac biét vé thanh phan cap phdi, loai va kich
¢ cbt lieu, lidu lugng va loai phu gia, cling nhu sy
bién dong cua cac tham sb luu bién - dac biét 1a do
nhét déo, c6 thé chua dat khoang téi wu (60 - 80
Pa‘s) ddi véi tt ca cac hdn hop [14]. Nghién ciru
[4] ciing ghi nhan khong ton tai mot mo hinh hoi
quy don tri ndo c6 thé mé ta chinh x4c ving nay do
anh hudng tuong tic phi tuyén giita ing suit chay
va do nhot.

Téng hop lai, cac két qua khiang dinh mdi quan
hé giita d6 sut va do chay ban din chiu chi phdi
manh boi hanh vi luu bién ciia hn hop bé tong va
¢6 thé phan chia thanh ba viing phan tng dic trung
khi xét trén tap dir liéu khong dong nhat: ving do
sut thip - tuyén tinh 13 rét, ving trung gian - twong
quan khong 6n dinh va ving do sut cao - noi phép
thir &6 sut mat tinh nhay. Ba ving nay phu hop voi
co so ly thuyét va cac quan sat thuc nghiém dugc
béo céo trong cac nghién ctru qudc té.

Pay ciing 14 co s& thyc nghiém quan trong dé
lya chon phuong phap kiém tra thich hop trong
kiém so4t chat lugng bé tong c6 tinh cong tac cao
theo dinh hudng EN 206 va EN 12350-5.

4. KET LUAN

Két qua phén tich sé liéu thi nghiém cho thdy
mdi tuong quan gitta d6 sut (EN 12350-2) va do
chay ban din (EN 12350-5) phu thudéc manh vao
dac trung luu bién va mtc do linh dong cua hon
hop bé tong. Khi d6 sut nim trong ving thip dén
trung binh (S < 14 cm), hai dai lugng nay c¢6 mbi
tuong quan tuyén tinh rd rét; do sut phan anh tot
g suit chay va c6 thé sir dung tuong duong véi
phép thir ban dan dé danh gia tinh cong tac. Trong
vung do sut cao (S > 20 cm), phép thu do sut mat
tinh nhay, trong khi d6 chay ban dan van phan biét
t6t su khac biét giita cac hdn hop, phan anh ding
hon hanh vi bién dang dudi tac dong va ddp nhe.

Tuyén tdp bao cao Hoi nghi Khoa hoc can bé tré lan thir XVII

Ving trung gian (14 - 20 cm) thé hién su bién
thién khong 6n dinh, chiu anh huong dong thoi cia
Ging sudt chay va d¢ nhét déo, phit hop véi cac két
qua nghién ctru quéc té.

Nhimng két qua nay khang dinh tinh wu viét ctia
phép thir ban din trong danh gia hdn hop bé tong
¢ do linh dong cao, dong thoi cho thdy mé hinh
phi tuyén (béc hai) 1a phi hop dé mé ta mbi quan
h¢ gitta do sut va do chay ¢ vung chay cao. Day la
co sO thuc nghiém quan trong cho viéc lua chon
phuong phap kiém tra phit hop theo ting dai d¢
linh dong cua bé tong.
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