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MO HINH HOA MO PHONG VA NGHIEN ClPU THUC NGHIEM MAY
DAM LU RUNG TRONG THI CONG BE TONG BE MAT

MODELLING, SIMULATION AND EXPERIMENTAL RESEARCH OF A VIBRATORY
ROLLER CONCRETE SURFACE COMPACTION
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TOM TAT

Dam bé tong bang rung la mét qud trinh rdt phire tap. Sw twong tac gitta cdc tinh chdt co ly
cua bé tong va cdc thong s6 dong lyc hoc cua lu rung tao nén mot hé dong luc hoc phi tuyén. Viec
dy dodn cdc ing xir ddng liec hoc ciia trong lu anh hieong 1én cdc 16p bé téng la rdt can thiét. N6
6 thé duwoc sir dung dé toi wu héa cdc théng sé lam viéc cia trong lan. Trong bai bdo nay, mé hinh
dan nhét-déo (VEP) dwge sir dung dé mé phong phdn vmg ciia xe lu rung trong qud trinh dam nén
bé mdt bé téng. Mé hinh VEP tinh dén cdc yéu t6 quan trong nhdt anh huong dén cac déc tinh déng
liee hoc ciia hé thong. Viéc so sanh két qua mé phong véi két qua thu thdp dwoc trong qud trinh thi
cong mat dwong bé téng chi ra rang mé hinh nay c6 thé ding lam co s6 1y thuyét dé thiee hién dam
nén mdt dwong bé tong hiéu qua. Két qua ciing gitip xdc dinh van toc, gia toc ciia lu rung ciing nhuw
moi quan hé giia lyc tdc dung va chuyén vi ciia cdc 16p bé tong.

Tw khoa: Concrete Compaction; Vibratory Roller, Viscoelastic, Roller drum,; Parameters
of Vibration Roller.

ABSTRACT

Concrete compaction by vibration is a complex process. The interaction between properties
of concrete and the dynamic parameters of the vibration roller creates a nonlinear dynamic system.
The prediction about the dynamic behaviors of the roller drum influencing on the concrete layers is
essential. It can be used to optimize the parameters of the roller drum. In this paper, a viscoelastic-
plastic (VEP) model is used to simulate the response of vibratory rollers during the compaction of
concrete surface. The VEP model takes into account the most important factors affecting the dynamic
characteristics of the system. The comparisons of the simulation results with those collected during
the construction of concrete pavement indicate that this model can serve as a theoretical basis for
the implementation of effecti ve concrete pavement compaction. The results also help in determining
velocity, acceleration of the vibratory roller, as well as the relationship between the acting force and
the displacement.

Keywords: Concrete Compaction, Vibratory Roller, Viscoelastic; Roller drum,; Parameters
of Vibration Roller.
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1. TONG QUAN

Céc dic trung co ban cia chat luong
duong 13 do bén, cuong do, do bang phang cia
bé mit, kha ning bam cta banh xe 6 to. Chi co
thé dap ung duoc cac thong sb can thiét néu
cong nghé dam bé tong duoc tuan thu nghiém
ngdt, tr viéc lya chon cac thanh phﬁn cua hon
hop bé tong dudong phu hop cho dén sy lya
chon ding thiét bj dam [1]. D6 1a cac loai xe
lu truyén thdng tinh va rung c6 trong tron, xe
lu banh 16p hoi, xe lu lién hop, xe lu v.v. [2].
Mic du trén thé giéi co rat nhiéu xe lu rung
c¢6 cong nghé ché tao rét tién tién nhung ciing
khong hoan toan dap tmg cac yéu cau cua thuc
té thi cong duong bo ¢ Viét Nam. Do do, viéc
nghién ctru thiét bi lu rung phu hop véi cac dic
tinh ctia bé tong trong diéu kién thi cong & Viét
Nam 14 rit can thiét.

Trong bai bao nay trinh bay mo6 hinh
toan mod ta twong tac gitra lu rung va lép bé
tong mat duong. Cum lan rung dugc moé hinh
hoa nhu mot hé théng hai bac tu do bao gém
cac phan tir khoi lugng, 16 xo va bd giam chan.
Mait duong bé tong dugc mod hinh hoa dudi
dang déo nhét dan hoi (VEP). Cac phuong trinh
dong luc hoc cho hé thdng kép dugc ching to
c6 thé tinh toan duoc va phit hop v6i mé phong
s6. N6 ciing chi ra rang cac thong sb lam viéc
ctia hé théng trong cic phuong trinh nay phu
thudc vao thong s dong luc hoc cua lu rung va
céc tinh chét co 1y ctia hdn hop bé tong. Hon
nita, ngudi ta thiy rang cac thong s nay co thé
thu dugce tir két qua thur nghiém mot cach don
gian. Két qua moé phong cho thdy mé hinh du
bao chinh xac d6 dAm nén ctia hdn hop bé tong
twoi tai hién trudng. So sanh két qua mo phong
v6i két qua thu thap duogc trong qua trinh thi
cong miat duong bé tong cho thdy mo hinh nay
c¢6 thé 1am co so 1y thuyét cho viéc thuc hién
dam nén mat dudng bé tong hiéu qua.
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Phan con lai cua bai bao duge to chic
nhu sau. Pau tién, mé hinh dong luc hoc cua
dam lu rung va chuyén vi ciia mat duong bé
tong duoc trinh bay. Sau do, cac thong sb lam
viéc clia dAm lu rung duogc xac dinh dya vao dir
liéu thue nghiém. Cac két qua mé phong cho cac
truong hop ddm nén khac nhau va su so sanh
clia chung véi dir liéu dm lu rung thyc nghiém
dugc trinh bay va thao luan. Cudi cung, cac két
luan dugc rut ra tir nghién ctru hién tai va hudng
nghién ctru trong twong lai dugc dé xuat.

2. MO HINH THUC NGHIEM VA MO
HINH MO PHONG CUA PAM LU RUNG

2.1. Nguyén ly cau tao va lam viéc ctiia may
dam lu rung

Hinh 1. Nguyén ly lam viéc ciia dam lu rung.

Nguyén 1y cau tao ctia ddm lu rung bao
gdm cac cum chi tiét nhu sau: (1) Két cau thép
ctia dm lu rung; (2) Banh xe di chuyén cum lu
rung dugc dat trén ray; (3) Puong ray; (4) Pong
co cua co cdu di chuyén ban rung; (5) Xich kéo
di chuyén cho cum lu rung; (6) Ban rung truyén
chuyén dong cho tréng lan; (7) Ong din hudng
cho ban rung; (8) Céc vit diéu chinh; (9) Cao su
giam chan; (10) Vit san bé tong; (11) Tréng lan;
(12) Truc 1éch tam; (13) DBong co tao rung cho
tréng lan va chuyén dong vubt mit cho bé mat

bé tong.
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Nguyén ly lam viéc cia may dam lu
rung nhu sau: Cum lu rung rung bao gom tréng
lan (11) duoc lap trén truc léch tam (12) duoc
truyén chuyén dong quay thong qua dong co
(13). Do nguyén ly cta truc 1éch tdm khi chuyén
dong quay sé€ tao ra cac luc ly tdm tao rung
dong cho trong lan (11) thong qua ban rung (6).
Nhu vay, tréng ldn sé& tao ra hai chuyén dong

cung lac 1a chuyén dong quay quanh tryc cua
n6 va chuyén dong tinh tién theo phuong dung,
su két hop cua hai chuyén dong nay sé tao ra
cong tac vira dam nén bé tong vira vudt mat bé
tong. Pong thoi, toan bo ban rung cung chuyén
dong tinh tién theo phuong tiép tuyén voi mat
duong, nhu vay toan bd mat duong s€ duoc
dam va lam phang.

2.2. M6 hinh héa mé phéng ciia may dim lu
rung va hon hop bé tong
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Hinh 2. M6 hinh déng luc hoc twong tdc gitta dam
lu rung va bé tong.

Trong qué trinh dam tai hién truong,
may lu rung va cac 16p mat duong bé tong bén
dudi tao thanh mot h¢ thong lién két. Do do, bat

ky su thay ddi nao vé do cimg ctia hdn hop bé
tong s€ anh huong dén phan (g rung cua trong
13n. M6 hinh dé xuét c6 thé duogc chia thanh hai
phﬁn: Phan tht nhat thé hién dac tinh dong luc
hoc cua lu rung va phén thtr hai thé hién dic
tinh dong luc hoc cia mat duong bé tong [4, 5].
Luc tac dong duoc tao ra boi chuyén dong quay
ctia khdi 1éch tim duoc thé hién nhu sau [4]:

F;cc = mOeOa)g Sin(a)ot) (1)

Chi chuyén dong thing dimg (Phuwong
z) dugc xem xét trong mo hinh nay. Luc ly
tam cua cac phén léch tim duoc biéu dién duéi
dang hinh sin theo phuong z nhu sau [4]:

F;cc = m()eOa)g Sin(a)ot) (2)
Trong do:
T
0,t= k(?);k =0,1,2,3,...
F, .= 3)

mye 0t = (k + 1)(%); k=0,1,2,3,...

Va o, =2nf,; f, _1

T
Mo hinh héa hdn hop bé tong rat phirc
tap vi iung xu cua n6 phu thudc vao dac tinh
thé tich ctia hdn hop, luc dim nén, tan sb gia
tai va bién d¢ dao dong. Trong bai bio nay,
mat duong bé tong bén dudi dugc md hinh
héa bang cach sir dung mé hinh Burgers déo
nhot. Cac phﬁn tir 10 xo tuan theo dinh luat
Hooke (trong d6 F = ke 14 ing suét tac dung, ¢
12 bién dang két qua va k 1a mo6 dun Young cua
10 x0) trong khi hai phan tr giam chan tuin

theo dinh luat Newton (o = 77(%) , trong do

c la ing suét, ¢ 1a do dich chuyén van la do
nhot). Trong khi do, phuong trinh  Berger c6
thé dugc biéu dién nhu sau:
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g(t) = g(t) = ge +gv +gd =

(4)

odt + C Kia —&t
9 +'[ jae”k +C,)e "
Kma nma nk

Trong do, C, = C hang sé phu thudc
vao cac diéu kién ban dau va phai dugc xac
dinh tir cac thtr nghiém trong phong thi nghiém.

yme |

b

kag(za — 2¢) Nar(2a — 2¢)

s

Fece ™ Mpeyty” sinfw,yt)
Fo = Fyee + myg + mgg — mgZy — m}rfr

.............................. et

Fe=F, + my2y — m,g

Edt+C (1 K Ky
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L

Hinh 3. Biéu dé vat thé tw do thé hién luc tuwong
tac gitta may lu rung va mat duwong bé tong.

Céc phuong trinh mo6 ta dap trng dong
luc hoc cua hé lién két gitra mat duong lu co6 the
duoc biéu dién nhu sau:

£,=2,—€ &
Fdi+C L —
:I aatt l—(L.jF;.e"“’dt+C2)e T (5)
Mna Mia
[Fai+c,
M

Ky K
RPN T RTR N
Mia

F, =me,Q sin(Qt)+m,g +m,g—m, z;,—mf zf =m,z,-mg+F, (7)

m oz, =m,g+k,(z,-2,)+Cyp(z,=2,) (8

(my +m)Z g = (my+m)Z, =

mye, Q2 sin(Q) +m g +m_g— ky(z,—2,)— cﬂ(zd zf)

J‘&:{i— r}_IF eK*dHC)e =

)

_Kmex[z -

a
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Véi:

F_.: Luc ly tam;

k Bo cung hé¢ trong lu — khung;
N, Giam chan hé trong lu — khung;
k_:DJ cling 160 xo Maxwell;

n.. Glam chan 16 xo Maxwell;

k,.: D6 ciimg 10 xo Kelvin;

n,,: Giam chan 16 xo Kelvin-Voigt.

3. KET QUA MO PHONG VA THUC
NGHIEM

3.1. M phéng va chon thong s6 1am viéc cho
hé trong lu rung

St dung thu vién mo phong cia phan
mém MATLAB d¢ mé6 phong qua trinh 1lam
viéc cua may dam lu rung & cac mién gia tri cia
céc bién tan s dao dong la 45Hz, 46Hz, 50Hz,
55Hz va moment léch tam tir 0.02kgm dén
0.12kgm. Cung voi céc thong $6 dong luc hoc

va thong s6 hinh hoc cta hé tréng lu — khung
nhu sau:
Symbol Description Unit | Value
Hé sb giam chan
Cy cua h¢ trong N.s/m | 0.05
lu — khung
Hé s6 d6 cung
Kk cua h¢ trong N/m | 39951
lu — khung
Khéi luong
m, khung kg 310
m, Khoilugnglu | Kg 570
Mg, Moment Iéch tam | Kg.m | 0.4-0.9
® Tan sb goc Rad/s | 40-60
\W Bé rong trong lu m 1.2
A Dl?n tlSh t;ep xae |, 0.05
cua hé trong lu
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Khi tién hanh mo phong qua trinh 1am
viéc cua hé trong lu rung — khung tuong mg
voi lop bé tong day 200mm, mac bé tong la
200 va do sut cua bé tong 1a S5cm. Chung ta
dat duoc két qua mo phong ctia 05 truong hop
tuong tng véi cac mién tan sé dao dong 45Hz,
46Hz, 50Hz va 55Hz nhu sau:

B 35 Aern O & 2. 3o

[E——rve
=l 48rir

i SR
|l smar "

yAav

A\

A\

LA

. /é?”

Hinh 4. Biéu do thé hién twong quan giita moment

o
g

léch tam va bién do dao dong.

Duya trén két qua mo phong, ta co thé
chon dugc cac thong s6 lam viéc cua hé trong
lu rung — khung may nhu sau:

- Moment tinh 1éch tdm: 6kg.cm;

- Tan s6 rung: ® = 50Hz;

- Bién do dao dong ciia trong lan trén bé mit bé
tong: A =0.15mm;

- Bién d6 dao dong cua lop bé tong & do sau
200mm: A_. = 0.03mm;

- Luc tac dung 1én 16p bé tong: F = 3500kG.

3.2. Thuc nghiém dim bé tong bing may
dam lu rung

Thong s6 lam viéc va két cau cua h¢
trong lu rung — khung:

- Moment tinh 1é€ch tdm: 6kg.cm;
- Tan s6 rung: ® = 50Hz;

- Bién d¢ dao dong cua tréng 1an trén bé mat bé
tong: A = 0.15mm;

- Bién d¢ dao dong cua 16p bé tong ¢ do sau
200mm: A . = 0.03mm;

- Luc tac dung Ién 16p bé tong: F = 3500kG;
-Bérénglu W=12m;

- Khéi luong tréng lu: m, = 570kg;

- Khéi luong khung: m, = 310kg.

Dic tinh ctia 16p bé tong can dam:
- Bé tong mac: 200;
- Chiéu day 16p bé tong can dam: 200mm;

- B sut bé tong: Scm.

Qua trinh thuc nghiém dam cho két qua
nhu sau:

= el - i
£
i l
5> " 7] X 00 a0 5000 [
-; Lpm
- =13 TR TR
i " :
bﬁ;&lkﬁyﬁ’% LG i des i
E ) :| i 2 4 E 3 7 7 a
x Tirred |8
5 - -5 e
5w i
% |
; . e e
& 0 7] 2000 3000 4000 5000 B0

Epm

Hinh 5. Chuyén vi, vdn toc va gia toc cua mdt bé
tong tai bé mat va tai chiéu sau 200mm

Két qua thuc nghiém cho thdy rang
16p bé tong & vi tiép xtic véi trong lu rung co
bién do chuyen dong 1a 0.15mm véi van tdc 1a
5.83mm/s.

4. KET LUAN
Trong bai bao nay, mdt mo hinh toan

hoc dugc xdy dung nhim muc dich tim hiéu
su tuong tac gitra 16p hon hop bé tong va xe
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lu rung trong qué trinh thi cong mat duong bé
tong. M6 hinh tinh dén cac dic tinh nhot-déo
ctia hdn hop bé tong va dong luc hoc cua trong
lan dé dy doan anh huong cta qué trinh dam
nén d6i v6i rung dong cuia trong lan. Hon nita,
cac thong 6 lam viéc ctia md hinh duoc thé
hién d& dang tir cac thong sb két cdu cua trong
lu rung va tir cac dic tinh vat liéu ctia hon hop
bé tong. Két qua mod phong cho thay mo hinh
du doan d6 ddm nén ciia hdn hop bé tong tuoi
khi thyc nghiém vdi d§ chinh xac hop 1y. <
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