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Tém tat

May dun ép bé tong cbt sgi (ECC) dang dan dudc sit dung trong linh vuc xy dung dé lam 6ng cip nudc, thoat
nudc va cic ciu kién bé tong dic sin. Loai sén pham nay dugc san xuit bang bé tong cbt sgi thanh moéng c6
trong luong nhe va kha niing chiu uén cao hon so véi cac loai san pham bé tong cdt thép thong thudng. Trong
bai bao nély trinh bay mo hinh khao sét va xac dinh cac thong sb co ban clia may dun ép 6ng bé tong. Hon hdp
bé tong cbt sdi dugc dua vao ving nap liéu, sau d6 duéi ap luc cda piston, vat liéu bi ép dén ving chuyen tlep,
ving tao hinh va viing tach nudc. San pham sau khi dudc tich nudc sé dudc cat theo chiéu dal yéu cau ciia dng
va dua dén phong xit ly hoi nuéc d€ lam cing. Nghién ciiu ciing xic dinh dudc cic thong sb nhu: dp luc trong
cdc viing nap liéu, géc nghiéng tao bdi mit con ciia viing chuyén tiép, dudng kinh ving nap liéu va chiéu dai
viing chuyén tiép; chiéu dai ctia viing tao hinh, v.v., ctia mdy dun ép piston nham gitip cho viéc thiét k&, ché tao
va lam chd cong nghé dun ép dng bé tdng ECC tai Viét Nam.

Tir khod: bé tong cbt sgi ECC; mdy dun ép piston; cong nghé dun ép.
RESEARCH TO DETERMINE BASIC PARAMETERS OF FIBER REINFORCED CONCRETE EXTRUDER
Abstract

Fiber reinforced concrete extruder (ECC) is gradually being used in construction to make water supply and
drainage pipes and precast concrete components. These products are manufactured by fiber reinforced concrete
with light weight and higher bending resistance than conventional reinforced concrete products. The survey
model is shown in this paper and the basic parameters of ECC are determined. Fiber reinforced concrete mixture
is put into the material feed zone and then under the pressure of the piston, the material is pressed to the
transition zone, the forming zone and the dewatering zone. After being dewatered, the product is cut by the
tube required length and hardened in the steam treatment room. Besides, the basic parameters of ECC such
as pressure in the material feed zone, tilt angle created by the conical face of the transition zone, the material
feed zone diameter and the length of transition zone, the length of the forming zone are determined to help in
designing, manufacturing and mastering ECC technology in Vietnam.

Keywords: ECC fiber reinforced concrete; piston extruder; extrusion technology.
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1. Pit van dé
Hién nay, nhu cau st dung 6ng dé cép, thoat nudc trong cic khu do thi, nha cao tang ngay cang

gia ting. Cdc phuong phap phap diic dng truyén théng st dung hén hop bé tong cdt thép dudgc trinh
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bay theo tai liéu [1-3] c6 uu diém la don gian, dé tao hinh, v.v. Tuy nhién, nhudc diém ctia nhiing
phuong phap nay Ia chiéu day ctia 6ng tir 70150 mm ton nhiéu vat liéu va c6 trong lugng dng 16n,
thoi gian dong két ctia bé tong dai dan dén ning suit khong cao. PE gidm trong ludng clia ng va ting
kha ning chiu ubén ngudi ta sit dung cac loai bé tdng composite nhu FRC, HSCC, ECC [4], ...Cip
phdi dé san xuét cdc ng nay thudng bao gdm: xi ming, bot silica (cd hat trung binh 5 um), bot thach
anh (cd hat trung binh 24 um), cat min (dmax = 250 pm), tro bay va sgi cbt lidu (loai chuyén dung).
Theo phuong phap méi nay dng c6 chiéu day nhé tir 10 =30 mm tiét kiém dugc vat lidu va giam dugc
trong lugng dng nhung vin dam bao kha ning chiu luc theo yéu ciu. Do d6 viéc van chuyén, lap dit
hét siic dé dang.

Trén thé gidi mot s6 qudc gia nhu My, Pan Mach, Nhat Ban, Uc, v.v. da nghién cttu va dua ra
phuong phap dun ép dé san xuit cac loai 6ng thoat nudc [5-10]. Tuy nhién céc két qua nghién ciu
méi chi diing lai & viéc san xuat thit nghiém va con rat khé 4p dung vao san xuit. Tai Viét Nam hién
nay chua c6 mot nghién ctiu nao vé loai mdy nay. Vi vdy, viéc nghién ctiu x4c dinh cic thong sb co
ban clia mdy dun ép 12 hét stic can thiét gop phan cho viéc thiét ké, ché tao trong nudc.

2. Noi dung
2.1. So do cdu tao va nguyén Iy lam viéc ciia co cdu ép din

May dun ép diéu khién bang piston, Hinh 1 sit dung ap luc tit piston dé ép hdn hdp bé tong vé
phia trudc.

L
1

AN
A\

=
[l
TTT

R I E—

Khing thé hién chi tiét

E thiet bj tich nude

1 - Piston xylanh dun; 2 - Ctia nap; 3 - Con chuyén tiép; 4 - Khuon tao hinh; 5 - Thiét bi tach nudc;
6 - Loi khudn; 7- Hon hop bé tong cot soi

Hinh 1. So d6 ciu tao mdy dun ép piston

Hinh 2 12 so d nguyén ly dun ép bang piston. Hon hop bé tong ECC dudc dua vao viing nap liéu
(2), sau d6 piston (1) ép vé phia trudc ddy hon hop bé tong vao ving chuyén tiép (3) va tai day, qua
trinh nén ctia hén hop bé tong sé& dudc dién ra. Tiép theo, hén hop bé tong di qua khudn (4) c6 hinh
dang mit cit gibng nhu ctia 6ng mong mudn. Sau d6 dudc ddy sang ving tach nudc (5), tai day nudc
dugc ép gan hét ra khéi hon hop bé tong. Khi ra khoi viing tich nudc, dng bé tong dudc cit theo chiéu
dai yéu cau va dua dén phong dudng ho dé 1am ciing.
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1 3 5

1 - Piston; 2 - Viing nap liéu; 3 - Viing chuyén tiép; 4 - 6ng tao hinh; 5 - Viing tach nuéc

Hinh 2. So d6 nguyén ly dun ép bing piston

2.2. Xdc dinh théng sé co bdn ciia mdy din ép

Céc thong s co ban clia may din ép bao gom: 4p luc, dudng kinh 6ng, chiéu dai trong viing nap
liéu; 4p luc, géc nghiéng tao bdi mit con va chiéu dai cia ving chuyén tiép; chiéu dai clia viing tao
hinh, v.v. D€ xdc dinh cic thong sb cd ban clia mdy dun ép can thiét 1ap phuong trinh cin bang ap
suét ctia hdn hgp bé tong trong qua trinh dun ép. Do hdn hop bé tdng ECC dudc xem nhu hon hop bé
tong déo [5], cho nén khi thiét 1ap phuong trinh cin bang ap suit can c6 mot s6 gia thiét sau: Chuyén
dong ctia mot diém trong viing dun ép 1 gibng nhau theo moi hudng; cac phan luc dude phan bd déu
trén mit cat ngang ctia ving dun ép, bd qua trong luc ctia hdn hdp bé tong, luc ma sit dudc xac dinh
bdi ting suit tiép trén bé mit ng dun 7(x) v6i thanh bén ciia dng.

Trong khuon khd bai bdo nay, chi xac dinh cic thong sb co ban ctia ving dun ép 2, 3, 4 theo
Hinh 2. Phan tich nuéc 5 sé dugc trinh bay & bai bdo tiép theo. So dd cac viing dun ép hén hop bé
tong dugc trinh bay ¢ Hinh 3. Trong d6 Dy 1a dudng kinh vung nap liéu 2; D; la dudng kinh trong
clia dng duin; D, 1a dudng kinh ngoai ctia 6ng dun; pg 1a 4p luc dau vao; p1, Ly, p2, Ly, p3, L3 1an luot
1a 4p luc va chiéu dai tai cdc viing nap liéu 2, viing chuyén tiép 3 va viing tao hinh 4.
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Hinh 3. So do cic viing dun ép hén hop bé tong ECC

- Xét phan t6 dx tai vung nap liéu L;: Ta 1iy mot phan t6 dx c6 khoang cich dén diém dau cia
piston ép la x.
Phuong trinh cin bang cdc luc nam ngang tic dung 1én phan t6 dx (Hinh 4) la:

Zszo

nD? nD?
TOP(X) =2

1 [p(x) + dp] + nDodx T(x) (1)
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trong d6 7(x) 14 Ung suét tiép sinh ra trén bé miit
dng dun. Dy 1a duong kinh 6ng nap liéu, khong
d6i cho cac phan chuyén tiép tuong ting. Ung suét
bé mit ma sat, 7(x), c¢6 thé dudc biéu thi bing ap
luc doc tac dong 1én bé mit clia mdy dun va hé s6
ma st u. Theo gid thiét ctia dong chit 16ng, 4p luc
doc tai mot di€ém bang véi dp luc ngang tai diém
dé. Do do, T(x) c6 thé dudc biéu thi nhu sau:

1
) =3 [p(x) + (p(x) + dp)] 2

Theo [5] cho ring, d€ don gian héa trong qua
trinh tich phan va khong 4nh huéng dén qu4 trinh
tinh todn, ta c6 thé bd qua dp. Nhu viy phuong
trinh (2) dudc rat gon thanh:

PO = J—p(x) + dp

D>

Hinh 4. So d6 tinh luc tic dung 1én phan t6 dx

tai vung L;

7(x) = p()u 3)
Thay phuong trinh (3) vao phuong trinh (1), ta dudc:
ﬂD% ﬂ'D(z)
4 P& = —= (p(x) + dp) + nDop(x)udx (4)
7rD(2)
po = —nDop(x)udx
d 4
dp _ _4up(x) 5)
dx Dy
Tich phan phuong trinh (5) nho chuong trinh Mathematica 10.0 [11], ta dugc:
_ dux
p(x) = poe ™ (6)
- Xét phan t6 dx tai vung chuyén tiép Lo: X
Pudng kinh ngoai va dudng kinh trong cia phan ) >
t6 dx (Hinh 5) dudc x4c dinh theo cong thiic: — =
D, = Dy - 2xtan @ 7) PO p(9+dp
D; = 2xtané ®) 5 Q: ’:: 5 fQ\:
Chiéu dai ving chuyén tiép L, dudc tinh theo ==
cong thuc: ==
Dy — D, — 1=
=02 9 =
2 2tan 6 ©) ] rd(x)
Xét can bang cac luc tac dung 1én phan tb dx 7, *
theo phuong ngang [8] ta co:
Hinh 5. So d6 luc tac dung 1én phan t6 dx
Z F.=0 tai viing L,
n (D% - D?) n(D% - D?
TP(X) =— (p(x) + dp) + ndx7(x)D, (10)

— ndxp(x)D,, tan 6 + ndxt(x)D; — ndxp(x)D; tan 0
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Tur phuong trinh (10), ta dudc:

dp _ 4(an6 - wp(x)

= 11
dx Dn - D[ ( )
Thay (7), (8) vao (11), tich phan phuong trinh nhd phan mém Mathematica, ta dudc:
p(x) = pi e—% cot@log(—Dg cos 8+4x sin 6(8u—4 tan 6)) (12)
- Xét phan td dx trong ving tao hinh L3: Xét x _dx
cin bang luc nim ngang theo phuong x tac dung 1én —— o —
phan 5 dx (Hinh 6): Y F, = 0. Ta c6: P —r—p(x) +dp
) 1.
E3-p)r  (3-D)r I ras
4 p = 4 p p (13) ——
+up(x)nDdx + up(x)nDydx ——
(%)
Suy ra: s
dp - —Aup(x) (14)
dx D,-D Hinh 6. So do tinh lyc tac dung 1én phén t6 dx
Tich phan phuong trinh (14) ta dudgc 0 vung Ls
—4ux
p(x) = preP2hi (15)

2.3. Khdo sdt xdc dinh cdc thong sé co bdn ciia mdy din ép
a. Thanh phan cp phéi ctia hén hgp bé tong

Nguyén liéu bot co ban 1a xi ming Portland (RC, khéi lugng riéng: y = 3,15 g/cm?, ¢d hat trung
binh: 14 um). Xi ming nay dudc két hop véi 4 loai vat liéu khiac nhau: bot Silica (Elkem Silica: ES,
khdi luong riéng: y = 2,17 g/cm3, cd hat trung binh: 5 um), bot thach anh (QS, khéi luong riéng: y
= 2,62 g/lem?, ¢& hat trung binh: 24 um), cit bai bién (BS, khéi luong riéng y = 2,20 g/cm?, dimay ~
250 um) va tro bay (FA, khéi ludng riéng: y = 2,20 g/cm?, ¢d hat 50 um).
b. So dd khio sat cac thong s6 hinh hoc ctia mdy dun

Thong sb diu vao khao sit cia mdy dun: Dy = 35 cm; Dy = 6,6 cm; D, = 8,8 cm; = 0,12; 6 =
40 do; po = 10 Mpa.

- Céc thong sb cb dinh gdm c6: Pudng kinh trong Dy va dudng kinh ngoai D,; Hé s6 cdn ma sat
u gitta hén hop bé tong ECC va éng din; Ap luc ban diu ctia piston ép pg vao hdn hop bé tong ECC.

- C4c két qui can dat dugc: Khio sat dugc su thay ddi dp luc trong cac vung nap liéu Ly, L3;
Kh3o sit su anh hudng ctia géc nghiéng 6 dén 4p luc ps3 khi ra khoi vung tao hinh L3 d€ lua chon
g6c nghiéng hop ly; Khao sat su dnh hudng ctia dudng kinh vung nap liéu Dy d€ lua chon dudng kinh
viing nap liéu hop ly. Tir cac két qua nghién ctiu ly thuyét, ta thiét 1ap so dd khdi khio sat tiing thong
s6 clia may (Hinh 7).
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Budc 1. Nhip cac théng sé
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Buée 2. Cac cong thirc tinh
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(Cong thic 6,9, 12, 15)

|

Buéce 3. Khao sat cdc thong
s6 ciia méay dan ép Ly, Ls, P o
Dy, 6 theo ap lyc p; s0 theo yéu céu

Budc 5. Thay déi cac thong

Sai

Budc 4. Kiém tra p; 2[p;]

bing

/ Budc 6. In ra két qua /

Hinh 7. So d6 khéi khéo sit céc thong s6 clia mdy dun ép

c. Két qua khio sat

Tit so dd khdi Hinh 7 va cdc cong thidc di dude xdc dinh & muc 2.2, stt dung phin mém Mathe-
matica, ta dudc két qua nhu Hinh 8-9. Nhin vao d6 thi Hinh 8, ta thiy ring 4p luc po gidm tit 10 MPa
ban d4u khi qua viing nap liéu L; chi con khoang 6,5 MPa. Do thi Hinh 9 cho ta thiy, ap luc gidm tit
khoang 40 MPa xubng dudi 10 MPa. Theo yéu cau ctia hdn hgp bé tong tao hinh [2], 4p luc can thiét
cho ving ép nudc ra khoi hén hop bé tong 1a p = 8 = 12 MPa. Nhu vay, chiéu dai L3 = 6 cm 1a phu
hop v6i cic thong s6 clia mdy dun ép dé dat dudc 4p luc p3 theo yéu cau.

Nhin vao d6 thi Hinh 10, ta thiy phan bd 4p luc 4nh hudng bdi géc nghiéng 6 c¢6 dang hinh parapol.
Khi géc nghiéng 6 & trong khodng tir 4060 d6 thi 4p luc c6 gia tri 16n nhat. Nhu vay, phai lya chon
dugc géc nghiéng hop 1y dé dat dudc 4p luc thich hop nhit.

Do thi Hinh 11 cho ta thy, khi duong kinh ving nap liéu Dy cang ting thi 4p luc diu ra ciing
ting. Pudng kinh viing nap liéu phai dat tif 26 cm trd 1én méi ddm bao dp luc dau ra yéu cau.

p (MPa) p (MPa)
10.0 50
95
9.0 40+
8.5 30
8.0 20+
I L1 (em) 107 L3 (em)
o 5 10 15 20 25 30 2 4 6 8 10
Hinh 8. Su thay ddi ap luc trong vung nap liéu L, Hinh 9. Sy thay ddi ap luc trong ving tao hinh L3
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P (MPa)
14}
12+
10/

8
61
4

SR . N, - ek g @ o! DO (cm)
30 40 50 a0 7O 30 22 24 26 28 a0

Hinh 10. Su anh hudng ctia goc nghiéng @ thay ddi Hinh 11. Sy anh huéng clda dudng kinh vung nap liéu
dén ap luc p3 Dy thay d&i dén ap luc ps

3. Két luan

Bai bdo da xdy dung mo hinh va thiét 1ap cdc cong thiic toan hoc thé hién mdi tuong quan giita ap
luc ép dau vao pg va cac thong sb hinh hoc ctia viing nap liéu Ly, géc nghiéng 6, viing khudn tao hinh
L3 va dudng kinh Dy ctia viing nap liéu phuc vu cho qud trinh ép tach nudc tiép theo ctia hdn hop bé
tong. Khao sit su thay ddi ciia cdc thong sb va xdc dinh dudc L; =25 cm, L3 = 6 cm, 6 = 4060 d9,
Dy =26+30 cm theo ap luc tai cac vung dun ép.

Ldi cam on

Nhém tdc gia chan thanh cam on su hd trd tai chinh ctia Cong ty cbt soi Polyme Viét Nam (VITEC)
cho viéc ché tao va thit nghiém mdy dun ép.
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