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Tom tat

Trong bai bdo nay, cic tic gia trinh bay két qua thi nghiém do do sut va thong sb bom ciia hdn hdp bé tong bao gdm
ngudng trugt tiép xic va hiang s6 nhdt tiép xic c6 xét dén sy thay d6i mo dun do 16n cta cot lidu cat. Thai gian khao sat
dudc tién hanh & ba thdi diém: ngay sau khi tron bé tong (0 phut) 30 phut va 60 phut sau khi tron bé tong. Két qua thi

nghiém cho blet xu huéng bién ddi ciia cdc thong sb trén gitip viéc thiét ké thanh phan cip phbi bé tong phuc vu viéc bom
bé tong dugc tét hon.

Tir khéa: ngudng trudt tiép xiic, hing sb nhét tiép xiic, may do tribometer, mo dun do 16n cat

Abstract

In this paper, the authors present experimental results on slump and pumping parameters of fresh concrete including
the frictional shear stress threshold and frictional viscosity constant while considering the variation of sand modulus.
Experiments are carried-out at three instants: immediately after mixing, 30 minute and 60 minute after mixing. Obtained
results provide the tendency of variation of above parameters serving for a better design of concrete composition with
regard to pumping.
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1. Pat van dé hop bé tong tif vi tri chan cong trinh dén vi tri
cin d6 bé tong bang phuong phap bom gan nhu
12 lua chon t6i uu nhét, tinh dén thai diém nay. Uu
diém ctia cong nghé bé tong bom 1a bé tong dudc
d6 mot cach lién tuc, tif d6 rit ngan dudc thdi
gian thi cong, tiét kiém dugc hao phi nhan luc va
chi phi xay dung. O nudc ta hién nay, ky thuat

Cong nghé bom bé tong 1an dau tién dudc st
dung tai My trong nhiing nim dau 1930 va dén
nay, cong nghé nay da dudc st dung rdng rai cho
céc cong trinh xay dung. Pic biét di véi viéc thi
cong cac cong trinh ¢6 quy mo 16n nhu nha cao
tang hoic cong trinh cau thi viéc van chuyén hén
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vé bom bé tong dudc quy dinh trong tiéu chuin
TCXD 200-1997 [1]. V& vat liéu, tiéu chudn nay
dua ra mot sd quy dinh chung vé thiét k& cip
phdi, trong d6 viéc kiém tra tinh thi cong dudc
cta hon hop bé tong dudc thuc hién thong qua
kiém sodt kich thu6c ctia vat liéu va thong sb do
sut. Tuy nhién, cic nghién cifu gan day trén thé
gidi [2, 3, 4, 5] chi ro rﬁng, thong s6 do sut thuc
té khong phan dnh hét dugc tinh dé bom hay khé
bom cua bé tong cling nhu khong di dé du bdo
ap luc bom. Thuc vay, mo6 hinh dong chay cua bé
tong trong 6ng bom dudc Kaplan [2] dé xuit va
dudgc khang dinh bdi Kwon [6] chi 1o ring, c6 tir
hai dén ba pha khi bé tong chdy trong dng bom
(Hinh 1) gom (i) bé tdng chuyén dong tinh tién &
phan 161, (i) 16p trugt & bién va (iii) 16p cat 1a 16p
chuyén tiép gitta 16p trugt va I16p tinh tién. Trong
trudng hop van toc dich chuyén clia bé tong con
nhd thi dong chdy trong éng chi c6 16p 1 va 16p 3.
Khi van tbc 16n thi c6 ¢4 3 16p. Tuy vao sb 16p ma
ap luc can thiét d& day bé tong di 1a khac nhau.
Trong cac cong thic tinh toan ap luc bom dugc
Kaplan dé xuit va da dudc chiing minh bang thuc
nghiém [3, 7] thi 4p luc bom, phu thudc vao luu
lugng bom, sé c¢6 3 thanh phan tuong dng véi 3
pha chuyén dong. Trong d6 thanh phan lién quan
dén 16p truct & bién phu thudc dudc dic trung
bing thong s6 ma sit tiép xiic gifa bé tong va
thanh dng. Thong s6 ma sit gdm hai thanh phan,
1a ngudng trudt tiép xiic ban dau 7, va hang sd
nhét tiép xiic 77 . Lp cit lién quan dén tinh chit
luu bién clia bé tdong, bao gdbm ngudng cit ban
dau 7, va thong sd nhét déo u ma trong thuc té
hay dugc dic trung bang do sut. Nhu vay néu
chi quan tim dén duy nhit thong s6 do sut thi
s€ khong tinh toan va du bao mdt cach chinh xac
dudc ap luc bom cting nhu danh gia mot cach xac
dang tinh dé hay kh6 bom ctia bé tong tuci. Cac
thong s ma sat va luu bién dudc goi chung 1a
thong s6 bom clia bé tong.

Quan tAm dén tinh bom ctia hdn hgp bé tong,
trong thoi gian gan ddy, mot sd tdc gia trong
[8, 9, 10] va ngoai nudc [5, 11, 12, 14] da quan
tam nghién cifu tinh chAt ma st ctia hén hop bé
tong khi chay trong 6ng bom ciing bang thép.
Cac nghién ciiu nay chii yéu thuc hién bing
phuong phap thuc nghiém va ché tao, chuin hod

thiét bi thuc nghiém [6, 11, 13] va thuc nghiém
do dac trén hon hop bé tdong dudc lam tir cac
thanh phﬁn khéc nhau [5, 8, 9, 10]. Cac nghién
ctiu thuc nghiém trén chi ra rang, khi thay di ti 1&
cbt liéu tho [8], thay d6i ham lugng phu gia [10]
v6i mot sd cap phdi khac nhau vé thanh phan thi
c6 thé c6 cing mot do sut nhung thong s6 ma sat
lai chénh 1éch nhau dang ké. P& bs sung cho co
s6 di liéu thyc nghiém cling nhu lam cd s cho
viéc ddnh gia xu hudéng thay doi tinh dé bom cua
bé tong, trong nghién ctiu nay, cac tac gia khao
sat anh huéng cia md dun do 16n ctia cbt licu
nhé dén tinh bom ciia bé tong c6 xét thdi gian
luu vita. Thoi gian cling 12 mot yéu td quan trong
vi hon hop bé tong thuong pham thong thudng sé
dudc tron & tram tron, sau d6 dung xe van chuyén
dén cong trudng. Viéc van chuyén nay nhiéu lic
s& mat rat nhiéu thoi gian, dic biét 1a cong trinh
thi cong trong khu vuc do thi hodc tai nhing khu
vuc c6 giao thong kho khan.

2. Thi nghiém xic dinh va tinh toan thong s6
bom

2.1. Nguyén ly thi nghiém

Kaplan (2005) [3] da phat trién mot mo hinh
du bdo ma sit bang thuc nghiém thuc hién tai
phong thi nghiém trung tim cau dudng (Phap),
trong d6 thuc hién phép do Iuu bién biang may do
Tribometer, do ma sat bang may do ma sit quay
dong truc, dong thdi thuc hién phép do trén hé
dudng 6ng bang thép, bd tri ¢ dinh. Cac két qua
da chiing minh ring ma st tiép xiic bé mit phu
thudc tuyén tinh vao van téc bom (cong thiic 1).

T=Tp+nv (D

trong d6: T (Pa) 12 ting suét trudt tai mit tiép xuc,
7o 12 gidi han trugt hay ngudng trudt & miit tiép
xtc, n (Pa.s/m) 1a hang s6 nhét, v (m/s) 1a van tde
trudt tuong doi. Cong thifc (1) cho thdy ma sit
tiép xtic 1a mot thong sd dong, phu thudc ngudng
trugt ban dau 7, va hang s6 nhét . Pay 1a cic
thong s6 quan trong va can dudc xac dinh dbi vé6i
mbi loai bé tong, dudc goi 1a cac thong s6 ma
st tiép xuc hay cic thong sé bom. Xac dinh thuc
nghiém dé kiém tra tinh dé bom hay khé bom
chinh 12 viéc x4c dinh c4c thong sb ma sit 7, va
n cua cong thuc (1).
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Hinh 1. M6 hinh dong bé tong chay trong 6ng bom [6].

2.2. Thi nghiém do théng sé ma sdt

Su tiép xuc giita bé tong va thanh dng bom
dudc mo phong lai theo su tiép xidc cia mot 6ng
kim loai quay déu trong méi trudng bé tong. Su
quay cta truc dudc tao ra va diéu khién bang
may khudy co hoc (Hinh 2a). Mdy khudy c6 thé
ghi lai dudc tbc d6 quay va md men xoin tuong
ting. Toc do quay thay ddi theo thdi gian dudc
diéu khién bang phian mém. Bé tong dung trong
thung chira c6 dudng kinh 30 cm, xi lanh hinh tru
bang thép c6 dudng kinh 106 mm, cao 100 mm
(Hinh 2a). Cac thong sb clia thiét bi dugc tham
khao duya trén co sG cac nghién citu trong tai liéu
[11]. Khi thi nghi€ém, ta thu dudc thong tin md
men xoan T (N-mm) tuong tGng véi cac toc do
quay cda xi lanh V (vong/s). Lan lugt tién hanh
thi nghiém xdc dinh moémen xoan & mit ddy xi
lanh 7, (N.mm) va md men xoan 7> (N-mm) cta
mit ddy va mit xung quanh tuong dng véi cac tdc
dd quay cua xi lanh V (chu ki/s) (Hinh 2b,c). M6
men thanh 7 dudc tinh bang cach 14y trung binh
céc tri s6 md men T, trit cho trung binh céc tri s6
mo men T tai mdi toc do quay. Tur d6 tinh dugc
ma sat bé mit trung binh & tat ca cac khu vuc
xung quanh ctia hinh try, noi tbc d6 quay khong
ddi voi ting giai doan tdc do ap dit. Két qua thi
nghiém tho dudc xi 1y nhanh chéng bang phan
mém «Pumping parameter calculation» [15].

Cac mau cip phoi bé tong dudc kiém tra do
sut va thi nghiém do thong sb ma sat tai cc thdi
diém 0 phut; 30 phit; 60 phut va 90 phiit sau khi
hoan thanh cong tdc tron hdn hgp bé tong.

May khudy S8

Hinh 2. Dung cu do ma sat giita bé tong va thanh éng.

2.3. Cdp phoi bé téong thi nghiém

Ddi tugng nghién ciu 1a cip phdi bé tong
bom thuong pham c6 cip do6 bén tit B30 dén B35.
Vit liéu ché tao hon hop bé tong thi nghiém gom:

¢ Xi mang Kim Binh PCB40.

e Cit vang dam bao céc yéu cau theo TCVN

7570-2006, c6 My, = 2.1-2.9.
e Dadam 0.5x1; da dam 1x 2, dam béo cac
yéu cau theo TCVN 7570-2006.
e Phu gia Sika Plast 257.
e Nudc sach.
Muc tiéu ctia bai bao 1a khdo sat su thay ddi clia
cic thong s6 ma sat khi thay mo dun d6 16n cia
cbt liéu nho (cat) c6 xét dén yéu td thdi gian. Do
vily cic cap phdi bé tong dudc ché tao véi cung
mot loai cdt ¢6 md dun do 16n thay doi trong
khoang tit 2.1 dén 2.9. Thdi gian thi nghiém do
cac thong s6 ma sat tai cac mdce thdi diém 0 phuit,
30 phuit, 60 phiit sau khi tron hon hdp bé tong.
Céac chp phbi dudc ché tao dép ting cic yéu cau
theo [16]. C6 4 loai cap phdi, ky hiéu lan lugt 1a
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CP1, CP2, CP3, CP4 lan lugt c6 mé dun do 16n
ciacatla?2.1;2.4;2.7;2.9. Cac thanh phﬁn khac
gibng nhau tinh cho 1 m*® hén hop bé tdng nhu
sau: 460 kg xi mang (X), 184 lit nuée (N) (ti 1€
N/X =0,4), 792 kg cat (C), 968 kg da (D).

3. Két qua nghién ciu

3.1. Tong quan vé két qud thi nghiém

Bang 1 téng hop két qua thi nghiém theo 3
thong s6 do sut (SN), ngudng trugt bé mit (ro)
va hiang s6 nhét tiép xic (17) & 3 thoi diém thi
nghiém 1an luct 1a 0 phiit, 30 phiit va 60 phiit sau
khi tron hon hop bé tong.

Bang 1. Téng hop két qua thi nghiém véi cic cip phdi hon
hgp bé tong thi nghiém.

Thoi gian luu vira bé tong

Cip ph6i  Thong s6 bom

0 phut 30 phut 60 phut
SN (cm) 16 14.5 12
CP1 7o (Pa) 33.7 46.6 40.6
n (Pa.s/m) 518 664 768
SN (cm) 20 19 17
CP2 70 (Pa) 19.7 28.2 22
n (Pa.s/m) 435 460 508
SN (cm) 22 21 19.5
CP3 7o (Pa) 15.7 25.9 19.4
n (Pa.s/m) 203 240 304
SN (cm) 21 20 18
CP4 7o (Pa) 17.2 26.4 20.9

1 (Pa.s/m) 398 429 462

Két qua thi nghiém cho thiy quy luat bién ddi
ctia thong s6 SN, 7, va 1 theo thdi gian luu vita
bé tong nhu sau:

e D0 sut ctia hdn hgp bé tong giam di theo

thoi gian luu vira bé tong.

e Thong sb 7 ting dan trong khoing thdi
gian luu vita bé tong tir 0 dén 30 phuit,
nhung c6 xu huéng gidm xudng & thoi
diém 60 phuit.

e Thong s6 i ting dan trong khoang thoi
gian luu vita bé tong tir 0 dén 60 phiit.

3.2. Anh hudng ciia mé dun do 1on cia cdt

Mb dun do 16n va thanh phan hat c6t liéu cat
thay d6i sé dan dén su thay d6i vé clu triic clia
hdn hop cbt lidu clia bé tong.

24
22 -
20 %
E 18 -
5 16 4 ~  —e=00min
g 14 ~&-30 min
ﬁ | 60 min
21 23 25 27 29
M6 dun dd Ion

Hinh 3. Quan hé gita m6 dun d6 16n cua cat va d sut theo
thoi gian.

Ngudng trwgt ban dau

21 23 25 27 29

M6 dun do 16n

Hinh 4. Quan hé gitta m6 dun do 16n cia cat va ngudng
trugt theo thdi gian.
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Hinh 5. Quan hé giita m6 dun d6 16n ciia cit va hing s6
nhét bé mit theo thoi gian.

Céc mau hon hgp bé tong thi nghiém sit dung
cac loai cbt lidu cit c6 mo dun do 16n thay ddi
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lan ludt 1a 2.1; 2.4; 2.7; 2.9. Phan tich két qua
cac mau hdn hop bé tong thi nghiém sé cho phép
danh gia dugc su anh hudng cua kich c¢d hat cia
c6t lidu cat dén tinh cong tac va tinh dé bom ctia
hon hgp bé tong.

Theo hinh 3, khi thay d6i loai cat c6 My, ti
2.1 dén 2.7 thi do sut ctia hdn hgp bé tong c6 xu
huéng ting dan. Tuy nhién khi M, cta cit ting
thém dén 2.9 thi do sut ctia hdn hgp bé tong lai
¢6 xu huéng giam xudng. Quan sit & cac hinh 4
va hinh 5 thiy ring, cac thong sb ma sat 7o va i
ctia hdn hop bé tong c6 xu huéng gidm dan khi
st dung cac loai cat c6 My, ting dan, tuy nhién
gia tri 7o va n dat cuc ti€u tuong ng véi loai cat
c6 My, =2.7. Nhu viy c6 thé thay khi st dung cat
c6 My, nho cho cip phdi bé tong sé 1am cho hén
hop bé tong c6 do sut thip va lam gia ting thém
su ma sit giita bé tdng va thanh 6ng bom, hdn
hop bé tong kém linh dong va kho bom hon. Xét
bi€u do thanh phan hat (Hinh 6) clia cic loai cat
thi nghiém ta thiy loai cit c6 My, =2.7 c6 dudng
thanh phan hat & khoang giita clia dudng bao vat
liéu cho phép. Pudng thanh phan hat cia loai cat
c6 My, =2.1 nam sat dudng bao gidi han dudi clia
pham vi cho phép thanh phan hat. Khi ting M,
clia cit thi dudng thanh phan hat dich chuyén dan
1€n phia duong bao gidi han trén ctia pham vi cho
phép thanh phan hat. Theo két qua & cac hinh 3,
hinh 4 va hinh 5 khi dudng thanh phan hat ctia cat
dich chuyén dan tir bién gidi han dudi vio pham
vi dudng bao thanh phan hat thi hdn hop c6 chi sb
do sut ting dan va cc thong s6 ma sat giam dan.
Chi s6 d6 sut 16n nhit va cdc thong sd ma sat dat
gi4 tri nhd nhat tuong dng v6i hén hop bé tong
stt dung loai cat c6 dudng thanh phan hat nam &
khoéng giita ctia dudng bao pham vi cho phép vé
thanh phan hat. Khi duong thanh phan hat dich
chuyén vé phia bién trén thi chi s6 do sut giam
di va cac thong sd ma sat clia hdn hgp bé tong
lai ¢6 xu hudng ting 1én. Hién tuong nay co thé
dudc gidi thich nhu sau: trong hdn hgp bé tong st
dung loai cat c6 My, nho, ti dién tiép xic bé mit
gitta c4c hat ting 1én ding ké sé lam gidm mang
vita xi ming bao boc cic hat cot liéu, khi nay cac
hat c6t liéu kho truct 1én nhau hon, 1am cho hén
hdp bé tong giam tinh luu dong va tang su ma sat
ctia hén hop véi thanh dng bom. P6i v6i hon hop

bé tong st dung loai cat c6 My, 16n, Iic nay hon
hop cbt liéu thiéu di mot ham lugng cac hat nhd
chiém ché giita c4c hat 16n, dan dén su mat mat
mot luong vita xi ming dé 14p day cic 16 rong
ndy, mang vita xi ming bao boc cac hat cot lidu
mong di cling s€ lam giam tinh luu dong va tang
su ma sit ctia hén hop véi thanh éng bom cua
hdn hop bé tong. Qua két qué cac thi nghiém c6
thé thiy, sé c6 mot gi6i han vé do 16n cia cbt lidu
cat d€ hon hop bé tong dat yéu cau tdi uu nhat
vé tinh luu dong ciing nhu tinh d& bom. Trong
pham vi ctia nghién cifu, gi6i han nay nam trong
khoéng tli 2.4 dén 2.9, ltic nay dudng thanh phan
hat ctia cbt lidu cat nam trong khoang giita clia
dudng bao thanh phan hat cho phép.

4. Két luan va kién nghi

C6t lidu 1a thanh phan vat liéu chi yéu trong
cAp ph6i hon hop bé tong, hinh thanh cu tric
ctia hdn hop bé tdng. Do vy anh hudng cla cbt
liéu dén cic tinh chit lvu dong va kha niing bom
ctia hén hop bé tong 1a rat dang ké. Trong pham
vi clia dé tai, buSc dau da di danh gid tic dong
ctia kich cd hat cbt liéu cét (thong qua chi s6 My,
) dén céc dic tinh thi cong bom ctia hdn hgp bé
tong. Qua céc phan tich & trén, ¢6 thé rit ra mot
s6 két luan nhu sau:

1. Hon hgp bé tong c6 tinh linh dong va kha
ning dé bom gidm di khi s dung cbt liéu
cat ¢c6 mo dun do 16n nho.

2. Do luu dong va céac thong sb ma sat véi
thanh 6ng bom ctia hon hop bé tong dat
t6i uu khi st dung loai cat c6 dudng thanh
phan hat nam & khoang gitta ctia dudng bao
pham vi cho phép vé thanh phan hat cta
c6t lidu cat theo TCVN 7570-2006.

3. St dung cbt lidu céat c6 My, qua nhd hoiic
qué 16n déu khong mang lai hiéu qua vé
tinh linh dong va su suy giam ma sat cua
bé tong v6i thanh 6ng bom. Tuy theo do 16n
ctia c6t liéu cat can phai nghién ciu mot ti
1& t6i uu ham luong gitta cbt liéu nhd (cat)
va cot lidu 16n (da dim), d€ mang lai hiéu
qua cao nhit vé tinh cong tac cho hén hop
bé tong bom.

4. Qua két qua nghién ctiu ctia bai bdo va céc
nghién cifu clia céc tac gia khac gan day da
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Hinh 6. Biéu d6 dudng thanh phan hat cic loai cit thi nghiém.

cho thiy tdc dong lo 16n ciia cic thong sd
ma st gitta hon hgp bé tong bom va thanh
ong bom dén kha ning bom dé/khé clia bé
tong. Do do, viéc dua cac chi tiéu phan anh
tinh chit ma sat giita hdn hop bé tong bom
va thanh 6ng bom vao cong tac thiét ké cip
phdi hén hop bé tong bom 1a rt can thiét.
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