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Tom tat - Bai bao trinh bay mét s6 két qua do thong s6 bom
cua mét sb cép phéi bé tong thuong pham bao gém dé sut, théng
sb ma sét giira vira bé tong va thanh Ong thép theo thoi gian luu
gilr viva bé téng. Sw thay déi cta céc théng sé nay duwgc khao sat
theo si thay doi clia ham lwgng nuwéc va xi méng. Két qua thuc
nghiém cho thay ti 16 nwoc va xi méng trong cap phoi bé téng
cing nhw thoi gian @nh hwdng dén Ion tinh cong tac va tinh ma
sat ctia hon hop bé tong. Két qqé thi nghiém cung cap thém mot
co s¢ di¥ liéu va théng tin dé thiét ké hon hop bé tong dap ung vé
cuwong dé va thi céng bom.

T khéa - théng sb bom; ma sat tiép xdc; ngudng treot bé
mat; hang sO nhaét tiép xac; dd sut; thoi gian lwu viva.

1. Mé& dau

Cong nghé¢ bom bé tong lan dau tién dugc st dung tai
My¥ trong nhitng nim dau 1930 va dén nay, cong nghé nay
da duoc sir dung rong rai cho cac cong trinh xay dung.
Dic biét doi véi viéc thi cong cac cong trinh ¢d quy mod
16n nhu nha cao tang hodc cong trinh cau thi viéc van
chuyen hdn hop bé tong tir vi tri chan cong trinh dén vi tri
can do bé tong béng phuong phap bom gan nhu 1a lra
chon tdi wu nhat, tinh dén thoi diém nay.

Uu diém cuia cong nghé bé tong bom 1a bé tong duoc
d6 mot cach lién tuc, tir d6 rat ngan dugc thoi gian thi
cong, tiét kiém dugc hao phi nhan lyc va chi phi xay
dung.

O nudc ta hién nay, k¥ thuat vé bom bé tong dugc quy
dinh trong tiéu chuan TCXD 200-1997 [1]. V& phan vat
lidu, trong tiéu chuan nay dwa ra mot s quy dinh chung
vé thiét ké cap phdi, trong d6 viéc kiém tra tinh thi cong
duoc ciia hdn hop bé tong duoc thuc hién thong qua kiém
sodt kich thudc cua vt liéu va thong sb do sut. Tuy nhién,
cac nghién ctru gan ddy trén thé gidi [2]-[5] chi rd rang,
thong s6 do sut thuc té khong phan anh hét duoc tinh dé
bom hay khé bom cua bé tong ciing nhu khong du dé du
bao ap lyc bom. Thyc vdy, mo hinh dong chay cua bé
tong trong dng bom dugc Kaplan [2] dé xudt va duoc
khang dinh bai Kwon [6] chi rd rang, co tir hai dén ba pha
khi bé tong chay trong 6ng bom (Hinh 1) gbm (i) bé tong
chuyén dong tinh tién & phan 161, (ii) 16p trugt & bién va
(iii) 16p cit 1a 16p chuyén tlep gitra 16p trugt va 16p tinh
tién. Trong truong hop van toc dich chuyén ciia bé tong
con nho thi dong chay trong dng chi ¢ 16p 1 va 16p 3.
Khi van tc 16n thi c6 ca 3 16p. Ty vao sb 16p ma ap luc
can thiét dé day bé tong di 1a khac nhau. Trong cac cong
thirc tinh toan ap lyc bom duoc Kaplan dé xuit va da
duge chimg minh bang thuc nghiém [3], [7] thi 4p luc
bom, phu thudc vao luu lugng bom, s€ c6 3 thanh phé‘m
twong tmg véi 3 pha chuyén dong. Trong d6 thanh phan
lién quan dén 16p trugt ¢ bién phu thugc duge dic trung
bang thong s6 ma sét tiép xiic gitra bé tong va thanh 6ng.
Thong s6 ma sat gom hai thanh phén, 1a ngudng trugt tiép

Abstract — This paper presents some pumping parameters
obtained from experimental measurement on the ready mixed
concrete, including slump and frictional parameters with time. The
variation’s trend of these parameters are investigated with the
variation of water-cement ratio. It is shown that the water-cement
ratio and time influence with importance to the workability and
frictional properties of fresh concrete. The experimental results
provide useful information for the design of composition of
concrete in order to satisfying the strength and pumpability
requiements.
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xtic ban dau 1, va hang sé nhét tiép xdc n. Lop cit lién
quan dén tinh chét Iuu bién cua bé tong, bao gdm ngudng
cét ban dau 7, va théng sé nhét déo u, ma trong thuc té
hay duoc ddc trung bang d¢ sut. Nhu vay néu chi quan
tam dén duy nhat thong s6 d6 sut thi s& khong tinh toan va
du bdo mot cach chinh xac dugc 4p luc bom cling nhu
danh gia mot cach xac dang tinh dé hay khé bom cia bé
tong tuoi. Cac thong s ma sat va luu bién duogc goi
chung 14 thong s bom ctia bé tong.

Quan tdm dén tinh bom ctia hdn hgp bé tong, trong
thoi gian gan day, mot sb tac gia trong [8]-[10] va ngoai
nudce [5], [11] [12] da quan tdm nghién ctru tinh chat ma
sat ciia hon hgp bé tong khi chay trong ong bom clng
bang thép. Cac nghién ciru nay chu yéu thuc hién bang
phuong phép thuc nghiém va ché tao, chuan hoa thiét b
thuc nghiém [6], [11], [13] va thuc nghiém do dac trén
hdn hop bé tong duoc lam tir cac thanh phﬁn khac nhau
[5], [8]-[10], [14]. C4c phép do da chi ra rang, thong )
d6 sut khong thé phan anh mot cach day du tinh d&/kho
bom cua bé tong. Thuc té, cac nghién ctru thyc nghiém
trén chi ra rang, khi thay doi ti 1& c6t liéu tho [8], thay d6i
ham luong phu gia [10] v6i mot sé cip phdi khac nhau vé
thanh phan thi ¢6 thé c6 cing mot do sut nhung thong sb
ma sat lai chénh 1éch nhau dang ké.

Dé bd sung cho co s¢ dit liéu thyc nghiém ciing nhu
lam co s& cho viée danh gia xu huéng thay doi tinh dé
bom cua bé tong, trong nghién clru nay, cac tac gia khao
sat anh huong cua thé tich hd xi miang dén tinh bom cua
bé téng c6 xét thoi gian Iuu vira. Thoi gian ciing 1a mot
yéu td quan trong vi hdn hop bé tong thwong pham thong
thuong s€ dugc tron & tram tron, sau d6 dung xe van
chuyén dén cong truong. Viée van chuyén nay nhiéu luc
s& mét rat nhiéu thoi gian, dac biét 1a cong trinh thi cong
trong khu vyc d6 thi hoac tai nhitng khu vuc c6 giao
thong khoé khan.

2. Thi nghiém xdc dinh va tinh toan thong s6 bom
+  Nguyén Iy xdc dinh thong s6 ma sdt
Nhur da trinh bay & trén, thong s6 ma sat bao gom (i)
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Hinh 1. M6 hinh dong bé téng chay trong ong bom [4].

ngudng trugt ban dau 7y, la co s¢ tinh toan ap luc can
thiét ban dau cia piston dé ddy bé tong bat diu dich
chuyén trong ong va (ii) hé so nhdt tiep xtc 1 , dac trung
cho tinh ma sat dong (ma sat phu thudc vao van tde dich
chuyén) ti€p xtic bé mat gitra bé tong va thanh ong bom.
Hai thong s6 ma sat nay bo sung thém cho thong so do sut
giup thiet ké thanh phan cap phoi cling nhu thiét ké bom
bé tong.

Khi biét hai thong s6 ma sat thi tmg suét truot tic thoi
tai mat tiép xuc bé tong — thanh ong khi bé tong dich
chuyén dugc tinh:

=14tV 1)

trong d6 7 (Pa) la ing sut truot tai mat tiép xuc, 7,

(Pa) ngudng trugt & mit tiép xtc, 77 (Pa.s/m) la hing sb
nhét, v (m/s) 1a van tdc trugt tuong ddi giita bé tong va
thanh 6ng.

+ Thi nghiém do théng sé ma sat

Su tiép xuc gitra bé tong va thanh dng bom duge md
phong lai theo su tiép x0c cua mot 6ng kim loai quay déu
trong moi truong bé tong. Su quay cua truc dugc tao ra va
diéu khién bang may khuay co hoc (Hinh 2a). May khuay
6 thé ghi lai duoc toc do quay va mé men xodn tuong
img. Téc do quay thay d6i theo thoi gian dwoc didu khién
bang phan mém. Bé tong dung trong thung chira c6
duong kinh 30 cm, xi lanh hinh try bang thép c6 dudng
kinh 106 mm, cao 100 mm (Hinh 2a). Cac thong s6 cua
thiét bi duoc tham khao dya trén co s& cac nghién ctru
trong tai liéu [11].

Khi thi nghiém, ta thu dugc thong tin mé men xoan T
(N.mm) tuong {ng v6i cac tbc do quay ciia xi lanh V
(vong/s) Lan luot tién hanh thi nghiém xac dinh momen
xodn ¢ miat day xi lanh T; (N.mm) vaA m6 men xodn T
(N. mm) cua mat day va mat xung quanh twong ng voi
cac toc d6 quay cua xi lanh V (chu ki/s) (Hinh 2b,c). M0
men thanh T duoc tinh bang cach lay trung binh céc tri 56
md men T, trir cho trung binh céac tri s6 mé men Ty tai
mdi toc do quay. Tir d6 tinh dugc ma sat bé mat trung

binh & tat ca cac khu vuc xung quanh cua hinh try, noi tde
d6 quay khong ddi voi timg giai doan toc do ap dat. Két
qua thi nghiém thé dugc xir Iy nhanh chéng bang phan
mém «Pumping parameter calculation» [15].

(b)

Hinh 2. Dung cu do ma st giita bé tong va thanh ong

(). Dung cu do ma sat; (b). Thi nghiém xdc dinh mémen xodn Ti;
(¢). Thi nghiém xdc dinh mémen xoan Tz .

Céc miu cép phdi bé tong dugc kiém tra do sut va thi
nghiém do thong s6 ma sat tai cac thoi diém 0 phut; 30
phut; 60 phut va 90 phut sau khi hoan thanh cong tac tron
hdn hop bé tong.

3. Cép phéi bé tong thi nghiém

Vit lidu ché tao hdn hop bé tong thi nghiém gom:

+ Xi mang Kim Pinh PCB40.
+ Cét vang c¢6 mé dun do I16n Mdl = 2.9, dam
bao c4c yéu cau theo TCVN 7570-2006.
+ Da dam 0.5x1; da dam 1x2, dam bao cac yéu
cau theo TCVN 7570-2006.
+ Phu gia Sika Plast 257.
+ Nudc sach.

Céc cap phdi dugc ché tao dap ng cac yéu cau theo
[16]. C6 08 loai cip phdi, ky hiéu: CP1, CP2, CP3, CP4,
CP5, CP6, CP7, CP8 dugc trinh bay trong Bang 1.
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Bing 1: Cac loai cip phdi bé tong thi nghiém.

Thanh phan vat liéu cho 1 m3 bé tong

Tén

cap _ X NIX N C b Phu gia
PhOi  (jg) () (kg) (ko) 0)
CP1 420 0.35 147 870 1023 4.2
CP2 420 0.37 155 859 1011 4.2
CP3 420 0.40 168 844 993 4.2
CP4 420 0.45 189 818 963 4.2
CP5 460 0.35 161 836 984 4.6
CP6 460 0.37 170 825 971 4.6
CP7 460 0.40 184 808 951 4.6
CP8 460 0.45 207 780 918 4.6

4. Két qua nghién ctru va khao sat
Bang tong hop két qua thi nghiém duoc trinh bay &
bang 2. Bang nay trinh bay 3 thong s6 1a d6 sut, ngudng
trugt bé mit va hang sé nhot tiép xdc ¢ 4 thoi diém thi
nghiém lan luot 1&: 0 phat, 30 phdt, 60 phat va 90 phat
sau khi tron
Bing 2. Két qua thi nghiém.

Loai Théng Thaoi gian luu vira bé tong (phut)
BT  s6bom 00 30 60 90
SN (cm) 12 10.5 8.5 5
CP1 7o (Pa) 61.6 87.4 76 100.8
n (Pa.s/m) 991 1036 1148 1324
SN (cm) 16.5 15 13 10
CP2 7, (Pa) 46.2 62.5 49.1 78.4
n (Pa.s/m) 781 829 911 1152
SN (cm) 17 16 15 12.5
CP3 7o (Pa) 36.4 47.7 34 61.5
n (Pa.s/m) 673 718 738 959
SN (cm) 21 19.5 18 16
CP4 7o (Pa) 25.8 38.9 27.1 47.3
n (Pa.s/m) 516 560 589 776
SN (cm) 19 18 16.5 14.5
CP5 7, (Pa) 294 41.2 29.8 525
n (Pa.s/m) 572 603 668 825
SN (cm) 20 19 18 16
CP6 7, (Pa) 26 39 27.3 47.9
n (Pa.s/m) 522 557 593 764
SN (cm) 215 20 19 17.5
CP7 7o (Pa) 20.7 32.3 23 42
n (Pa.s/m) 389 475 507 684
SN (cm) 22 21 20 19
CP8 7, (Pa) 20.2 27.7 215 39.7
n (Pa.s/m) 381 429 466 639

Két qua thi nghiém cac théng s6 ma sat dugc tong hop
0 bang 2, cho thay quy luat bién d6i cia thong so SN, 7,
va n theo thoi gian va ti 1€ N/X nhu sau:

+ Do sut ctia hdn hop bé tong giam di theo thoi gian
luu syt va tdng 1€n khi ti 1¢ N/X tang.

+ Thong sb 7, ting dan trong khoang thoi gian luu
sut tir 0 dén 30 phit, dén thoi diém 60 phut 7, gidm
xuong va tang 1én kha 16n khi hon hop bé tong duoc luu
sut dén thoi diém 90 phut.

+ Thong s n tang dan trong khoang thoi gian luu sut
te 0 dén 90 phat, mic d6 tang 16n nhat dat dugc ¢ thoi
diém 90 phdt.

5. Anh hwéng ciia ti 18 nwée/xi (N/X) va thoi gian
5.1.1. Anh hwéng dén tinh linh déng ciia hén hop bé
tong

Theo Hinh 3, khi ti 16 N/X bién ddi trong mot khoang
tir 0.35 dén 0.45, d6 sut ciia hdn hop bé tong tang dan.
Theo thoi gian, mirc do suy giam do sut cua cac cip phdi
¢6 ti 18 N/X thip (N/X=0.35-0. 37) xdy ra manh hon, tuy
nhién sy chénh léch so véi céc cap phéi ¢o ti 16 N/X 16n
hon 1a khong dang ké. Tri s6 do sut suy giam theo thoi
gian luu vita hdn hop bé tong va xay ra manh hon & thoi
diém luu sut tir 60 dén 90 phut. Nhu vay c6 thé thay ti 1¢
N/X anh huong dén do sut ban dau ciia hdn hop bé tong
nhung thdi gian méi 14 yéu té chinh tac dong dén tri s6 do
sut ctia hdn hop bé tong & cac thoi diém khac nhau.

Hinh 4 biéu dién su gia ting do sut theo ti 16 N/X véi
cic ham luong xi ming va ¢ cac thoi diém luu sut khac
nhau ciia hdn hop bé tong. Xem xét cic duong quan hé
trén biéu do Hinh 4a va Hinh 4b, khi ham luong xi ming
trong hon hop thap (X=420kg) hon thi sy bién ddi cua do
sut theo ti 1€ N/X xay ra kha ro rét. Cac khoang bién dbi
cua tri s6 do sut & cac thoi diém luu sut 0; 30; 60 va 90
phit 1an luot 1a 5-16; 8.5-18; 10.5-19.5 va 12-21cm. Khi
tang ham luong xi mang lén (X=460kg) thi hau nhu cac
hén hop bé tong déu co tri sb do sut kha 16n, khoang bién
dbi d6 sut nho (SN= 14.5- -22cm). Nhu vay hdén hop bé
tong c6 ham luong xi méang thdp hon thi c6 su gia ting vé
tri s6 do sut nhiéu hon khi ting dan ti 16 N/X, khi ham
luong xi mang du 16n thi tac dong cua ti 18 N/X dén sy
thay d6i ctia d¢ sut 1a khong dang ké.

5.1.2. Anh hwéng dén tinh ma sdt véi thanh ong bom
ciia hon hop bé tong

Khi ti 16 N/X thép, gié tri cac thong sb ma sat do dac
duoc 1a khé 16n, khi tang dan ti 1€ N/X 1€n thi gié tri cac
thong s6 ma sat c6 xu huéng giam di. Khi ting ti 16 N/X
tir 0.35 1én dén ti 16 0.45 thi mic d6 suy giam cac thong
s ma sat T, van co thé dat dén gid tri lan luogt 1a 64%
va 49% (theo két qua thi nghiém & Bang 2).

Trén biéu d6 Hinh 5, c6 thé thiy cac duong quan hé
c6 d6 dbc giam dan khi tang dan ti 16 N/X, diéu nay co
nghia 12 mic d6 suy gidm hai thong s ma sat T, van
giam dan khi ti 16 N/X tang dan. Khi ting ti 16 N/X dén
muc 0.45 thi sy suy giam cua cac thong s ma sat 1a
khong dang ké. Nhu vay khi ti 16 N/X dat dén mot
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ngudng nao do thi viée tang thém ti 1¢ N/X cling khong co
nhiéu hi¢u qua trong viéc lam giam cac thong s6 ma sat
v6i thanh dng bom cua hdn hop bé tong. Ciing can chi y
rang viéc tang thém ti 18 N/X qua nhiéu ciing s& lam giam
cuong d6 cta bé tong.

(@)
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Hinh 3. Quan hé giita dg sut ciia hén hop bé tong va ti 1é
N/X theo thoi gian. (a) X=420kg; (b) X=460kg.
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Hinh 4. Bé sut ciia hon hop bé tong theo ti 1 N/X.
(a) X=420kg; (b) X=460kg.
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Hinh 5. Quan hé thuc nghiém giita ti 1é N/X, ham luong xi
mang X (kg) va cac thong s6 ma sat. (a) Ngudng truot ban dau.
(b) Hang so nhot

Quan sat cac biéu d6 & Hinh 5 ta ciing thdy d6i vai
cép phdi bé tong co ham luong xi mang X = 420 kg thi
anh huong cua ti 18 N/X dén cac thong s6 ma sat kha 1o
rét. Khi tang ti 1€ N/X tir 0.35 1én 0.37, 0.4 va 0.45 thi su

bién doi cta cac thong s6 ma sat xay ra nhu sau: 7, giam
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tir 53-64%; 1 giam tr 41-49%. Tuy nhién khi ting ham

luong xi mang 1én X=460 kg thi anh hudng cua ti 1¢ N/X

dén cac thong s6 ma sat cia hdn hop bé tong 1a rat it (ti 1¢

giam cdc thong s6 ma sat 7, van lan luot 1a 9-20% va

3-17%). Diéu nay c6 thé giai thich, khi luong X trong hdén

hop bé tong du 16n (du dé tao ra mot thé tich hd xi mang

du 16n) thi viée tang ti 18 N/X khong c6 nhiéu tac dung
trong viéc lam giam cac thong s6 ma sat voi thanh 6ng
bom cua bé tong.

Qua céc phan tich & trén c6 thé thdy, ti 18 N/X chi c6
tac dong lam suy giam dang ké cac thong sO ma sat cua bé
tong voi thanh dng bom d6i véi cac cap phdi bé tong co ti
16 N/X va ham luong xi ming thap. Khi ting ti 1¢ N/X Ién
dén mot mirc do nao d6 va luong xi mang du 16n (du dé
tao ra mot thé tich ho xi mang du 16n) thi cac thong s6 ma
sat c6 su bién doi 1a khong dang ké khi thay ddi ti 18 N/X.
6. Két lun

Viéc nghién ctiu, danh gid tdc dong cla cac thanh
phan trong cip phdi bé tong dén kha nang d& va kho bom
ctia hdn hop bé tong thong qua cic thong sé ma sat 1a rat
can thiét. Lam rd duge muc d6 anh huong cia cac yéu t6
thanh phan qua d6 c6 nhing dinh hudng trong cong tac
thiét ké hon hop bé tong bom, dam bao cac yéu cau vé ki
thuat thi cong va kinh té. Trong nghién ctru nay, nhom tac
gia da sir dung may khudy co dién tir dé thuc hién phép
do cac thong sé ma sat, ddng thoi nghién ciru théng sb do
sut bang con Abram truyén thong. Thi nghiém c6 xét dén
yéu t6 thoi gian tir ngay sau khi tron dén thoi diém 90
phiit, 1a thoi diém ma bé tong dugc luu giit trong qua trinh
van chuyén tir tram tron dén cong trudng. Qua chudi thi
nghiém trén 8 cap phdi, xét & 4 mdc thoi gian, xét & goc
do thay d6i ti 16 N/X va ham luong xi mang, co xét dén
yéu t6 phu gia, c6 thé rit ra mot s6 két luan nhu sau:

1- Anh hudng cua ti 16 N/X dén kha ning bom ciia hdn
hop bé tong 1a rat cu thé, co thé danh gia mot cach
dinh lugng qua sy gia tang cua tri sb6 do sut va su suy
giam céac thong s6 ma sat cta hdn hop bé tong.

2- Tilé N/X anh huong dén do 16n cua do sut hon hop bé
tong nhung khong quyét dinh dén mirc d6 suy giam do
sut ctia hdn hgp bé tong theo thoi gian.

3- Miic d6 anh huong cua ti 18 N/X dén cac thong s6 ma
sat gitra hdn hop bé tong va thanh dng bom phu thude
vao d6 16n cua ti 16 N/X. Khi ti 16 N/X thap mirc do
thay ddi cac thong sb ma sat 1a kha 16n. Khi ti 16 N/X
du 16n thi cac théng s ma sat thay d6i khong dang ké

4- Khi diu chinh ti 16 N/X dé diéu chinh tinh linh dong
va tinh ma st ctia hdn hogp bé tong ciing can can nhic
thém anh huong ctia ham lugng xi mang.

Loi cadm on
~ Bai bdo nay duoc thyc hién trong khuon khé dé tai NCKH

cap B9, theo quyét dinh s6 238/QD-BGDDT ngay 21/01/2016

cta B Gido duc va Dao tao.
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