NGHIEN CUU PHUONG PHAP XAC BINH
LUC EP LEN BE MAT CAU KIEN BE TONG TRONG QUA TRINH BUC
BANG CONG NGHE VA RUNG TRONG

PGS.TS Tran Van Tuan
Trudng Dai hoc Xay dung

Tom tat: Cong trinh “Nghién citu phuong phap xac dinh luc ép 1én bé mat
cdu kién bé téng trong qua trinh duc bang céng nghé va rung trong” da trinh bay co
sG khoa hoc tinh toan gia tri Iuc ép khong quan tinh va gia tai quéan tinh hiéu qua,
tac dong trén bé mat bé téng dam bdo diéu kién va cham trong giita bé tong va dé
khuén cla céng nghé va rung. Két qué nghién cuttu lam co sé khoa hoc dé tng
dung ¢o6 hiéu qua céng nghé va rung néi chung va phat trién céng nghé va rung
trong néi riéng vao thuc t& san xuét cac cau kién bé toéng.

Summary: The research project named “On the determination method of
surface pressing force on the prefabricated concreting process by internal impact-
vibration technology” presents scientific basis of calculating the value of effective
non-inertia and inertia force, pressing on the face of mixing concrete for the impact
phenomenon between mixing concrete and sole of form. The research result is the
basis for effective application of the impact-vibration technology in general and the
development of the internal impact-vibration technology in production in particular.

Viéc ép bé mat cau kién 1a can thiét do yéu ciu chat lugng san phdm mat khac con do
viéc tao nhan mac thuong phdm vinh ctiu trén bé mat cau kién.

Viéc ép bang gia tai cudng khéng quan tinh thudng dudc ap dung trong céng nghé san
xudt cac ciu kién bé téng cb kich thudc nhd, yéu cdu mac cao nhu céac loai gach lat. Trong
cong trinh nay tac gia mudn trinh bay ca s khoa hoc xac dinh luc ép khong quan tinh va gia tai
quan tinh hop ly bang diéu kién dam bao va cham giira khéi hén hop bé téng véi d& khuén ndm
trén ban rung thudng tuyén tinh - va rung trong
1. BAI TOAN XAC DINH GIA TRI GIA TAlI BE MAT KHI BUC CAU KIEN BE TONG BANG
CONG NGHE VA RUNG TREN BAN RUNG TUYEN TiNH

a. Nghién ctru mdi tuong tac giira may va hén hgp bé tong

Qu Tx. B
AN Hinh 1. M6 hinh va so d6 Iyc tuong tac
' gitta khéi hdn hop bé tong va ban rung.

a - May va bé téng;
b - So dé tuong tac luc

20 TAP CHI KHOA HOC CONG NGHE XAY DUNG S0 01- 92007



Coéng nghé va rung duc cau kién bé
tdng dugc ap dung khoéng chi trén may va
rung ngoai ma con duc ngay trén ban rung
thudng tuyén tinh nha hiéu (ng va cham
gitta khéi hén hop bé téng véi d& khudn
nam trén ban rung.

Gia s c6 moét khéi hén hop bé téng
(2) nam tu do trén ban rung (1), ngoai luc
dinh Qq gilta bé téng va khuén khong con
luc n3o khac. Anh hudng dao dong cla
ban rung dén phan luc 16 xo nhd va cé thé
bd qua. Khi bé tdng dao déng tach khoi
ban rung, thi phan luc cla 16 xo dudc tinh
nhu sau:

R=Q, +Q,
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Hinh 2. So d6 may rung ép va so do luc

1. Ban rung. 2. Khuén. 3. Tam ép.
4. Xi lanh khi nén hoac thuy Iuc.

(1)

Trong d6 Q. - trong lugng khéi bé téng. Theo nguyén ly Dalambe cho phép ta 1ap dugc
phuong trinh vi phan chuyén déng sau:
{mbtxﬂ =Q, +Q,

. 2
m.X, =Q, + P, sinot - (Q,, +Q,)-Q, @

Trong dé: Py sinwt - lyc kich rung; m,,, mg - khéi lugng bé tong va khdi lugng phan may
tham gia rung. Qg - trong lugng phan rung gém ban rung va co cdu gay rung gan vGi ban rung.

Nhan cé hai phuong trinh v6i mg, m,, tuang (g roi trir cho nhau ta dugc:

mymg (X, —)C) = m,P, sinot - m,Q,, — 3)

_mthd - mRth - mRQd - mthR - mthd

Dat X, — X, = X, § day X la chuyén dong tuong déi giita ban rung va bé téng, khi ton tai
gia tri nay, |X| = 0thi xay ra va cham gilta bé tong va dé& khuén, d€ khuén dugc gén chat trén
ban rung. Chia hai vé& cta (3) cho my ta dugc:

m, X :ﬂ(F’0 sinot —Q,, - Qz —2Q,)-Q, —Q, (4)

R

Qo _ g; o - t6c dd goc cla qua vang; t - thoi gian.

Myt

Trong d6

Theo Savinov /4/, v6i may rung tuyén tinh va anh hudng dao dong clia ban rung dén phan
luc 16 xo nhé thi diéu kién tach khéi bé téng khdi ban rung khi chiéu cao khéi bé tong H = (0.2-
0.4) mla:

20
O

3+7;

- 0,3:1 (5)

b

Q.+Q,

Q

b. Xét méd hinh rung tuyén tinh c6 luc ép khéng quan tinh

T

Phan luc cta 1o xo:
R=Qu+ Qs+ Q.
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Cha y néu 16 xo chiu nén ban dau thi trén so dé phai c6 Iuc nén 16 xo nita. Phuong trinh
chuyén dong cla hé dudc viét nhu sau:
my, X; = Q, + Qy +Q,

§ (6)
meX, =—R+ Qi + P, sinwt —Q,

Trong dé: Q,, = myg; Qg = Mrg; Q. - luic ép clia hé théng khi nén hoc thuy luc. Nhan hai
phuong trinh véi mg, m, ri trir cho nhau ta dugc:

mbtmR().(1 _xz) = _mbt(_R+QR +Po sinwt _Qe _Qd)+mR(Qe +th +Qd) (7)

Goi X la chuyén dong tuong déi, khi d6 ta co: X, — X, = X vathay R = Q.+ Q, tif (7) ta
dugc phuong trinh sau:

My X = Q, +Qp +Qy —%(—Qb, + Py sinat - Q, + Qg —2Q,) (8)
R

2
Pat 7= at; Y = mg %x , 1dy dao ham hai vé ta dugc:
0

2 VARV
X(t) = 97 _ 0)o: X (t) = X () V(z) = B x(7) = Ta@ XA _ Mg g4y
dr dt P, P o P,
, ) -
X() = V(r) o V(r) = T2 X (o) = Me XO _ e )
Mg R R o A
.. . Py
Hay: Xt)=Y(r)—/ (9)
mg
Thay (9) vao (8) va bién déi ta dugc:
Y(r)——mp; = Qg + Qp + Qy ——2(—Qp; — Q, —2Qy + Qg + Py sing) (10)
mg mg
Dé& dé thay trong khao sat ban dau, gia thiét:
Qy =Q, = Qg (11)
Tu (10) ta co:
Y(T) _ (Qe +2th)(mR + mbt) —SinT
MyFy
Dat Z=m, it (12)
(mbt + Mg )(Qe + 2th)
Ta sé c6 dudc biéu thiic dusi day:
. 1 1
Y(‘[)=E—Sln(wt+¢))=E—Sln(T+(p) (13)

Ta thém ¢ vao (13) dé€ cb thé chon gdc thdi gian ludn la thai diém bt dau tach bé téng
khdi d& khuodn. Theo ly thuyét va cham ding tdm, khi hai vat m, - khéi bé tong va m, - khuén va
ban rung thi t6n hao nang luong sé 1a:
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1 2\ mm 2
AT =—(1-R |——2-(V, -V, 14
2( 1)m1+m2(1 2 (14)
Gday: my=my; my=mg; v, = X,:V, = X,
R, - hé s8 phuc héi van téc (R,= 0 +1).
Toan bd khéi lugng bé téng sé tham gia dao ddng va cham, khi ma chiéu day I16p bé téng
H < 0,2m. Khi cét bé tdng cao hon thi diéu kién nay khong con dung nita. Viét lai (14) ta co:

1

AT = 5(1 “R? )M

. . 2
X, - X 15
e (X1 %e) (15)
Qua thuc nghiém thay rng sau méi Ian va cham bé téng khéng tu nhay, c6 nghia R, = 0.
Pat X, - X, = X; Y(0)- van t6c tuong d6i tai thai diém bat dau xay ra va cham. TimY (0) nho
cong thirc (13), ta co:

Y(0)= : Ydr = .[01 |:%—Sin(2'+¢):|d2' V6i 0< 7, <2r:

uo_

2
o= ?+ cos(z, + ¢) —Ccos @

o +Cos(z + @)

y==
Z

Gia thiét mét chu ky rung chi c6 mét 1an va cham va thdi gian va cham nhanh, c6 nghia
7, <2rx . Vay ta co:

. 2z 2r
Y(0)=—+cosp—-cosp =— 16
0) ~ @ p== (16)
Theo /5/ mét chu ky chi c6 mét 1an va cham thi:
1<Z<3,7 (17)

Z < 1 khéng c6 va cham; Z > 3,7 hé mat 6n dinh.
Luc ép nhd nhat rd rang 1a khi Z = 3,7 vi theo cong thiic (12) Q, gidm thi Z tang.
Xét truong hgp Z = 1:
m,, P

7= 0
(mbt + mR) (2th + Qe)

= 1, (2th + Qe )(th + QR) = P()th

PQy  2Qu(Qy+Qg)

Q,(Qy +Q:)+2Q, (Qy +Q:)=PQ,y; Q =
( bt R) bf( bt R) 0™bt (th+QR) (th+QR)

Ta cb:

FoQu

Q;T'lax —
(th + QR)

—2Qy (18)

Trong d6 Q,™ - luc ép 16n nhat d&m bao ¢ va cham. Tuong tu, luc ép nhd nhat dé cé va

FoQ -2Q,,. Tur (15) ta co:

h |‘ min:
chamla Q] —3,7(th+QR)

2
AT =2(1-0) MM gz 1 MuMe [ By g
2 m,, + mg 2my +mg\ Mpo
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VGi P, = k®?; k = mgr - mémen quan tinh tinh, & ddy m,, r - khéi lugng va ban kinh 1éch
tam.
1 m,m, Koo' 1., m,, 2 2

AT =—v2 MoMe LAV, S L — 19
2 @ my, +mg miw® 2 © (M, +mg)mg @ (19)

Cong suat tiéu hao trong moét chu ky trén mot don vi khéi lugng bé téng (cong riéng) dudc
tinh nhu sau:

~— AT 1o, k?w? My 1 oo K w®
N= 2z 227 Om (mg+m )m_:EY(O)m (Mg +my) (0)
=il R (MR + My ) Myt R (MR + My
[

Mu6n bé téng nhan dugc nhiéu nang lugng dé lam chat thi Y (0) la t6c d6 va cham tuong

2

ddi cang I6n cang t6t. That vay, tir (16) ta co Y(0) >

RG rang khi Z =1 1a Igi nhat, khi d6 Y, = Y (,) = 27 = 6,28

& trén ta xét cho truong hgp rung thudng c6 va cham trong, c6 nghia va cham gitta bé
téng va dé khudn. Téac gia / 5 / da chiing minh dugdc rang nang luong truyén tir ban rung cho hén
hop bé téng dé tao hinh va lam chat nhd cong nghé va rung cé va cham trong I6n gap 8 lan so
véi cong nghé rung thudng.

2. DE XUAT CACH XAC DINH LUC EP LEN BE MAT HON HOP BE TONG

Qua trinh duc c4u kién bé téng dudc phan ra lam 3 giai doan: Giai doan th{r nhat - luc ép
can nho nhat dé cét liéu dé dich chuyén 1&p cac 16 tréng; giai doan th hai - can luc ép vira ddm
bao c6 hiéu (ing va rung vira d0 16n dé ép cét liéu, theo /5/ vé co ban qua trinh dic da xong; tuy
nhién dé cau kién c6 mat ngoai nhan can giai doan ba, luc ép tang 2,5 lan.
max :&_ZQ
T cong thic (18) trén, ta c6: | ° 2 P trong d6 P, = myre® cb nghia luc ép
Q, = Qg

hdp ly nhé&t cho cudi giai doan duc th{ hai dugc tinh chon phu thudc vao luc gay rung.
Vidu: Cho Q,, = 24000N;m,r = 3kg.m , Knhdo sét gia tri Q, .

P 2(Qe + Zle)

Tur cong thic Q™ = 70—20[,, tasuyra = . Rd rang la luc ép ty lé thuan
myr

vGi tan s6 rung, tuy vay khi luc ép triét titu Q, =0 van tao ra va cham gilta khéi bé téng va dé
khuén, that vay khi d6 tin s rung cla vi du cu thé trén phadi Ia
Y \/Z(Qe +2Q,) _, \/24200

myr

~179rad /s . TU cong thic (18) dé dang thay rang khi tan s6 dao

dong thédp sé tao ra Q, <0 tao kha nang cho tdm gia tai tach khoi bé mat bé téng, dao dong va

cham.
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a. Trudng hop luc ép dudc tao ra nhd ép cudng birc (gia tai khéng quan tinh) do
truyén dong thuy khi

Luc ép dudc tinh chon theo cong thic (18) cho ché dd rung céng hudng, co6 nghia la
P = morcochz. Tinh chon ché d6 cong hudng theo tai liéu /1/ cho co hé rung mét bac tu do co
can; khéi lugng bé téng tham gia cling ban rung chiém khoang tir 25 % dén 100% toan bd khéi
lugng hén hop bé téng, tuy theo chiéu cao cdu kién. Luc ép nay dat gia tri I6n nhat & cuéi giai
doan hai, bdi vy qua trinh ép phai tir tir, ddm bao mat ép khong tach khoi bé téng do hién
tugng gidm thé tich khi rung. Khi tang luc ép Ién 2,5 Ian, luc nay la luc tinh, d&i véi co hé né la
ndi luc cho nén ché d6 rung sé khong bi thay d8i, tranh hién tugng lam toi cau kién & cudi qua
trinh duc.

b. Trudng hop luc ép la gia tai quan tinh

Gia tai quan tinh thudng 1a cac tdm thép cb trong lugng tinh theo céng thirc (18), tinh cho
ché& do rung cdng hudng & cudi giai doan hai va né thudng dudc dat tu do trén bé mat cdu kién.
Trong tinh toan, & giai doan hai can gia thiét tdm gia tai 1am viéc khong tach khoi bé mat bé
tdng. Ché do khong tach nay phu thudc vao nhiéu yéu t6, trong san xuat thudng dudc kiém tra
déi v6i ting loai hén hop bé tong.

Luc ép c6 thé thay d6i gia tri trong giai doan th(t ba nhd thay d6i tAn s6 rung. Thay ddi
tan sé rung lam xuét hién hién tuong va cham gitta tdm gia tai va bé mat cau kién, diéu kién can
theo cong thic (18) la Q, <0 va |Q, > Q,,
két qua lam tang dang ké Iuc ép bé mat do gia téc tang dot ngot (A6 1a ban chat ctia hién tuong
va rung). Tuy nhién, bién d6 dao dong clia ca co hé sé gidm do hé lam viéc ngoai ving cong
hudng, tham chi ché dd “va rung trong” bi bién mét trong giai doan ba ciing khéng lam giam
chét lugng duc.

trong d6 Q,, la trong lugng clia tdm gia tai quan tinh,
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