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PHAN TiCH TUONG TAC TAM MINDLIN TREN
NEN PAN NHOT CO GIA CUONG TOP BASE CHIU
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TOM TAT:

Ngay nay, viéc 4p dung céng nghé ky thuit cao vao céc linh vijc trong ddi song luén dugc céc nha khoa hoc quan tdm va phat trién.
Trong xay dung, viéc ing dung céng nghé mdi ngay cang dugc phét trién va dd mang lai nhiing hi¢u qua nhit dinh. Mot s6 cong
nghé méi dugc ting dung trong x4y dung c6 thé ké dén nhu: giai phap thiét ké san Bubble Deck, san Hollow Core; cic giai phap xi
ly nén nhu Top Base, coc xi méng dit, phun viia ap lyc cao,...v.v. Trong d6, phuong phép xi Iy nén Top Base dugc st dung nhu mét
giai phap thay thé hiéu qua hon so véi cac phuong phap xii Iy nén truyén thdng. Nghién ciiu trong bai bdo nay sé phan tich dng xi
ctia tim Mindlin trén nén c6 gia cudng Top Base chiju tai trong di chuyén véi van t6c khong ddi theo thoi gian bang phén ti tam gidc
Mindlin ba nat dugc lam tron CS-MIN3 (Cell-based smoothed Mindlin three nodes plate element). Cac két qua s6 dugc trién khai
nham phén tich dong luc hoc két ciu tim Mindlin trén nén c6 gia cudng Top Base va khong c6 gia cudng Top Base. Tt d6 cho thiy
su hiéu qua cua viéc gia cudng Top Base cho cac dét nén chiju cac loai tai trong di chuyén.

Tt khéa: CS-MIN3, Top Base, Tai trong di chuyén.

ABSTRACT

Nowadays, the application of high technology in every fields of life has been interested and developed by many scientists. A number
of new technologies applied in construction fields can be named as Bubble Deck slab, Hollow Core slab, Top Base foundation, Deep
cement mixing column, Jet-grouting mixing pile .... In which, Top Base foundation has been using as an alternative and promising
method compared to other traditional ones.

This paper will analyse the dynamic response of Mindlin plates on Top Base foundation subjected to a moving vehicle at constant
velocity by using the cell-based smoothed three-node Mindlin plate element CS-MIN3. Number results are carried out to analyze the
structural dynamics of Mindlin plates with/without Top Base foundation subjected to vehicle loads. Therefore, the good bearing and
high economic efficiency of Top Base foundation will be shown.

Key words: CS-MIN3, Top Base, Moving loads.
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1.Gidi thiéu

Top Base dugc xem la mét budc dét pha vé cong nghé trong xay dung
va da dugc ap dung thanh céng trén nén dat yéu hon 20 nam qua & Nhat
Ban va Han Quéc. Bay la mét trong nhitng phuong phap gia ¢é nén dit
€6 hiéu qua cao, tang cudng kha nang chiu tai, giam dé IGn cha cong
trinh, déng thai chéng dong dat tét. Trong phuong phap nay, cac khéi bé
tong hinh phéu (hay con goi la Top block) dugc xép lén bé mat cha nén
dat nguyén dang, sau d6 chén va dadm da dam 15p ddy vao khe tréng gia
cacTop block tao thanh két cau nén cho méng nhu trong Hinh 1. Phan tru
nén va phan coc cha Top Base dugc dat trong 16p vat liéu rdi (cat va da
dam) nam trén nén dat yéu, cét thép phia trén va phia dudi cé tac dung
ndi cac Top block thanh nhom @é giam dé lun va phan bé dong déu ang
sudt. Vi vay, khéi Top Base trg thanh hé két ciu cing linh hoat. Phan hinh
non ¢6 tac dung phan tan (ng suat, phan mai coc c6 tac dung ngan can
chuyén vj theo phudng ngang.
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Hinh 1. C3u tao Top block bé téng

Dai voi két cau tam dat trén nén thi viéc phan tich thiét ké thuong dugc
xem xét déng thoi gita tdm va méng. Khi cac két cdu tam dao dong dudi
céac tac nhan cha ngoai luc sé& lam phat sinh dich chuyén & day méng. Sy
dich chuyén nay tao ra su trao di nang luong va tuong tac gitra két cau
bén trén va dat nén bén dudi (Soil Structure Interaction - SSI). Ngoai ra,
su tuong tac nay khéng chi phu thudc vao dé cing cia nén ma con phu
thudc vao dé cling va khéi luong cha két cdu tdm bén trén. K&t cau trén
nén Top Base va bai toan tuong tac SSI dugc nghién cdu va st dung
dau tién & Nhat Ban vao nhiing nam 80 chia thé ky XX. Tuy nhién, dén sau
tran dong dat Idn nhat & Chibahien nam 1987 méi dugc tap trung nghién
cdu va phat trién. Cac nghién ctu tiéu biéu nhu: Nagase va cong su (1992)
[1] da tién hanh thi nghiém ban rung dé nghién cdu d6 l14n ctia méng ¢é
gia cudng Top Base khi nén cat dudi ddy méng bi hoa 16ng. K&t qua chi
ra rang, d6 lan cha moéng st dung khéi bé tong hinh Top-shaped la nhé
nhat, va la loai méng hu hiéu nhat trong viéc kiém soat d6 1Gn trong cat
roi khi ddng dat xay ra. Arai va cong su (2008) [2], Kim va cong su (2008) [3]
da tién hanh nhiéu thi nghiém dé xac dinh kha nang chju tai va do lin cta
phuong phép Top Base. Fun (2010) [4] da nghién cdu cu thé cong trinh
xay dung trén nén sir dung phuong phap gia cudng Top Base. Hai va cong
su (2012) [5], Tan va cong su (2013) [6] & Viét Nam da phan tich dong luc
hoc két cau nha nhiéu tang chiu tac dung tai trong dong co xét dén tuong
tac vi dat nén dugc gia cudng Top Base. Cac két luan quan trong dugc rat
ra nhu chuyén vi ciia hé két cau va dat phu thudc vao cac dac trung cla
cac két cau, mong va dat nén.

Mic dii ¢ nhiéu cong trinh nghién cdu trong va ngoai nudc da dé cap
tdi dnh hudng cta Top Base dén Ung x clia dat nén, tuy nhién, viéc
nghién ciu bai todn tuong tac gitia két cau tdm Mindlin bén trén va

dat nén bén dudi ¢6 gia cudng Top Base chiu tai trong di chuyén thi
chua dugc thyc hién. Muc dich chinh cGa bai bao nay nham phan tich

va so sanh dng x& ddng clia tam Mindlin trén nén khéng gia cudng Top
Base va c6 gia cuding Top Base khi tai trong xe di chuyén trén tdm bang
phuong phap phan t hitu han lam tran CS-MIN3. Cac két qua nghién
Clu sé la tai liéu htu ich cho viéc ing dung phuong phap Top Base vao
cac cong trinh xay dung, dac biét la d6i vdi cac cong trinh dugc xay dung
trén nén dit yéu.

2. Co's& ly thuyét
2.1 Phuong phap Top Base

Gid sir xét nén dugc gia cudng Top Base va c6 4 10p dat bén
dudi thé hién nhu Hinh 2. Trong d6: = Psi | Usi , H, vai i=1+4 1an lugt
la module bién dang, trong lugng riéng, hé sé Poisson va chiéu cao cGa
caclgp dat; ", P , Y , 7 |an lugt 1a module bién dang tuong
duong, trong lugng riéng tuang duong, hé s6 Poisson tuong duong va
chiéu cao cua riéng Idp dat dugc gia cudng Top Base bao gédm cac Top
block, dat nén va da dam.
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Hinh 2. Nén vdi nhiéu I6p dat khac nhau ¢6 gia cuting Top Base

Cac théng s6 tuong duong cua I6p dat thd nhat gia cudng Top Base
dugc biéu dién nhu sau:

E Eblock V block + E Vdd
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trong d6 Epoct ,
tich, trong lugng riéng va hé s6 Poisson ctia cac Top block; Eu ,
va Y 13n luot la module dan hdi, thé tich, trong lugng riéng va hé s
Poisson clia da dam.

Tur d6, thong s6 trung binh cia module dan héi, trong lugng riéng va hé
s6 Poisson ca toan bo céc lop dat ETBW , pni , U:m

. e dugc tinh nhu
sau (Hai va cong su, 2012 [5]):
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— Ethtd +E:lHl +ES2H2 +E:3H3 +E:4H4

ETB
s-av H,+H +H,+H, +H, @
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smav H,+H +H,+H,+H, (5
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seav 6

H,+H +H,+H;+H,

Trong lugng ban than cla két cdu bén trén fam cho dat nén bén dudi bi
nén lai va chiu bién dang nén. Chowdhury (2009) [7] da dua ra m6 hinh
trong d6 xem phan mong dat trén nén nhu khéi hinh hop chi nhat dat

trén cac 16 xo ¢6 do cliing k. duoc tinh nhu sau:
P 4Gmav v, )
[P o L A 7
(1-02,)
s—av

T8
trong dé ": |a ban kinh qui déi sang méng tron,  *~® la module khéng
c4t trung binh cia d4t dugc gia cudng Top Base. Gia thiét gan diing xem
cac 16p dat 1am viéc nhu vat liéu ddng hudng. Lic ndy module khang cat
T8
5= ctia dat c6 thé dugc tinh nhu sau:

8 = —EZ'V__
s—av TB
2 (1 - U:—av ) (8)

D3i v8i méng chir nhat va méng vudng, béan kinh quy déi ": duoc xac
dinh nhu sau:

f LB
rz = —_—
T (9)

vdi L, B1an luet la chiéu dai va chiéu rong ctia méng.

Hé s6 c&n cGla méng tron dat trén mat dat duoc tinh nhu sau:

_ 1B
¢, 2 fim; ¢, -5, g OBl e
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B Pr,
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(10)

¢ G va lan

12

Vé&i m 1a téng khdi lugng ciia méng va két cdu bén trén;
a B ~ o k] o by rd e
lugtla 7 hé s6 can, ti s6 can va ti s6 khéi lugng theo phuong ding.

2.2 Thiét 1ap ma tran phan ti CS-MIN3 cho tam Reissner Mindlin trén
nén dan nhét

Phuong trinh dai s6 réi rac cta tdm Reissner Mindlin trén nén dan nhét
theo phuong phap phan ti hitu han c6 thé dugc viét nhu sau:

trong d6 K, M, C va F 1an luot 1a ma trdn d6 cling, ma tran khéi lugng, ma
trédn cdn va vecto luc tong thé, va dugc I3p ghép tif cac ma tran phan ti
tuong ng nhu sau:

N, N, N, N,
K=YK;M=YM,;C=YC,;F=YF
e=l e=l e=| e=] (1 2)
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Vi K, ,Me ,Ce , F, 1an luot 2 ma trdn d6 ciing, ma trén khéi luong, ma

tran do can va vecto luc trén mdi phan tu Q“" va dugc tinh nhu sau:

K, =[, B'D’BdQ, +, STD'SAQ, + [, NTkN_dQ, .
€ € € 13

= dQ +f°
Fe IerN e+ (14)

M, = [, N'mNdQ

e .[Qe e (15)
=[ NI¢N_dQ

Ce Jﬂe wcs w e (16)

voi

N,=[N, 0 0 N, 0 0 N, 0 0]

a7

b N s a o A ’, Y A r'd
f” 1a vecto luc téc dung 1én bién; k va ¢ lan lugt la hé s6 d6 cing va hé s
can clGa dat nén dugc gia cudng Top Base tuong (ing trong phuong trinh
(7) va (10); N, (i = 1+3) la ham dang tai nut phan td; B va S 1a ma tran bién

b s
dang uén va ma tran bién dang cét; D’, D’ 1ama tran vat liéu quan dén
bién dang udn va bién dang cét ctia tam.

Theo Nguyen-Thoi T va cdng su (2012) [8], trong phuong phép phan ti
h{u han 1am tron dya trén phan ti tam giac Mindlin ba nit CS-MIN3,
théng qua trong tam, mdi phan td tam gidc dugc chia thanh ba phan ti

tam giac con Ay Ay Ay béng cach néi diém trong tam O vdi ba dinh
cda phan ti nhu minh hoa & Hinh 3.

3 Diém trong tim

Tam gidc con

1
Hinh 3. Ba tam gidc con (D, D, va D) dugc tao tir mt phan tir tam gidc trong (S-MIN3

Khi d6, ma tran d6 ciing cdia phan ti MIN3 dugc lam tron dua trén phan
tdr tam gidc Mindlin ba nat CS-MIN3 dugc viét lai nhu sau:

K,= [ B'D’BAQ, + [ §'D*SdQ, + [ NTk N, dQ,
Q, Q.

Q,

w

=B'D’B4, +S'D’S4, + [ NTk N_dQ,
O (18)

trong d6 B. S Ian luot 1a ma tran bién dang udn va ma tran bién dang

cadt tuong Gng vdi phan ti tam gidc Mindlin ba nat dugc lam tron

(CS-MIN3) theo Nguyen-Thoi T va céng su (2012) [8].

2.3 Qui d6i tai trong xe thanh tai tap trung tai bén banh xe

Khac véi cac nghién ciu trude khi mé hinh xe di chuyén trén tdm nhu chi
la mét ti tap trung, trong Bai bao nay thi tai trong xe dugc mé ta chinh
xac hon théng qua 4 diém dit luc tai vi tri 4 banh xe va dugc thé hién nhu



trén Hinh 4.
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Hinh 4. Mat cat doc (a) va mat cat ngang (b) cda tai trong phan bé xudng

bdn banh xe

Dung hinh hoc dé phan tich, tdi trong tap trung tai bén banh xe dugc

tinh nhu sau:
p=01-—2—|1--2
a +a, b +b,
p-—2 [ |
b +b, a +a,

p -2 -5
4 a+a, b +b,
0
P = b
" (@ ra) b+ b)

(19)

trong d6 Qla trong lugng ctiaxe; P, P, P, P, lan lugt la tai trong tap trung

tai bdn banh xe cho cac vi tri sau va trudc xe; a, a, b, b, la khodng cach

clia cac banh xe dén trong tam xe nhu trén Hinh 4

3.Cacvidusé

3.1 Ki€ém chiing bai toan tim chiu tac dung tai tinh trén nén dan héi
N L2 f L2 5

x

x10”

Chuyén v khéngtht nguyén

i i i

I i i i i
o 0.1 02 03 04 0.5 0.6 0.7 0.8

Ty 1é (vL)
Hinh 6. Phan bd chuyén vi tai giita tdm trong Bai béo

Tién hanh khao sat véi cing cac thong s6 da dugc Huang va Thambiratnam
(2001) [9] str dung dé kiém chiing lai chuong trinh tinh toan trong Bai bao.
M6 hinh bai toan xem nhu tai trong tap trung tai tam tém dugc thé hién
nhu trong Hinh 5.

So sanh két qua chuyén vi khong thir nguyén trong mé hinh cta Huang
va Thambiratnam (2001) [9] va trong Bai bao dugc thé hién trong Hinh
6, Hinh 7 va Bang 1. Cac két qua dugc trinh bay cho céac chiéu dai tam L
khac nhau.

4.5E-03

4.0E-03
3.5E-03
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0.0E+00
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relative coordinate y/L
Hinh 7. Phan bé chuyén vi tai giifa tim theo md hinh ca Huang va Thambiratnam (2001) [9]

Bang 1. So sanh chénh léch chuyén vi khdng thi nguyén tai tim tam giifa Bai béo va Huang va

Thambiratnam (2001) [9]
Huang va
Chuyén vi Thambiratnam
khong thir ‘1 (2001) Error!  Chénh iéch
nguyén Bai bio Reference (%)
—_ 2 source not
w=wf(r5?) found.]
0.4065 0.4057 0.19%

T két qua Hinh 6, Hinh 7 va Bang 1 cho thdy chuyén vi cia mé hinh tinh
toan trong Bai bdo so vdi nghién ciu ctia Huang va Thambiratnam (2001)
[9] cho két qua kha tuong dong, trong dé sai léch Idn nhat chi la 0.19%
tai vi tri tam tdm. Diéu nay chiing td chuong trinh tinh st dung trong Bai
béo ¢6 dé tin cay cao va c6 thé sir dung cho céac vi du phan tich tiép theo.
3.2 Ung xif cha tdm trén nén khéng gia cudng va cé gia cuomg 1 lop
Top Base

Xét mot tdm chi nhat c6 gbi tua ¢6 dinh doc theo hai canh ngén va bién
tu do doc theo hai canh con lai. Tam chiu tai trong cta xe di chuyén véi

v = 40km/h

van téc & gitia tdm doc theo phuong x nhu trong Hinh 5.

=
£ 1
= i
-s _|
S .
5 : i
3 oA
2 z ]
5] ; ' : : : ;
Ae o~ Bl i ' —— S khdng c6 Top Base 4
; i —=—5S1 1 Top Base ¢
[PV S SN VRN R SN S S
(] 2 4 3 8 10 12 M 16 18 2

R . Chidudai cis tim (m)
Hinh 8. Chuyén vi tai vi tri cac banh xe khi xe di chuyén dén vi tri gidia tim vdi nén khong gia cudmg
Top Base va ¢6 gia cudng 1 dp Top Base
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Chiéu réng thm (m)

9 2 3 [] 8 10 12 i 1] 18 x
Chiéu dai cia tam (m)

(b)

Chiéu réng tam (m)

0 N 4 6 i 16 jt3 x

3 10 194
Chiéu dai cia tm (m)

Hinh 9. Hinh dang chuyén vi ctia tam khi xe di chuyén d&n vi tri giita tdm cho hai trudng hop: (a)
Khang gia cuing Top Base; (b) (6 gia cudng Top Base

Bang 2. So sanh chuyén vi giita tam cho hai truing hop

Chuyénviw  <honggia Cogia  panh lach
(m) cudng Top cuong 1 16p (%)
m Base Top Base °
Vitri banhsau  4.508x10°° 1.612x10”°  64.241%
Vi tri banh ruée  2.772x107° 1.157x107°  58.261%

Khéi lugng xe M =18000kg, chiéu dai tdm L=20m, chiéu rong tam B=10va
bé day tdm h=0.2m. Théng s6 vat liéu cta tdm la module dan héi
E =2.9x10" kN/m’

3

p =25KN/m” g dugc chia thanh 10,000 (100x50x2) phan td tam
giac tuong ung vdi 5151 nat. Vi du nay nham khdo sat ing xir dong luc
hoc ctia tam dat trén nén khong gia cudng va cé gia cudng 1 1dp Top Base
chiu tai trong xe di chuyén vdi van téc khong déi. Két qua dugc thé hién
trong Hinh 8, Hinh 9 va Bang 2.

Tir céc két qua so sanh cua Hinh 8, Hinh 9 va Bang 2, ta thdy ¢6 sy chénh
léch dang ké khi xét dén tuong tac tdm trén nén khong gia cudng va cé
gia cuong Top Base. Khi c6 gia cudng Top Base thi chuyén vi ca tdm gidm
dang ké.

3.3 Ung xi ca tim trén nén gia cudng nhiéu 16p Top Base

Nham muc dich khdo sat anh hudng clia 6 13p Top Base dén tng xr déng
luc hoc cGia tam, vi du nay sé xét sy thay d8i cha sé I6p Top Base gia cudng
lan luot 1a 1, 2 va 3 16p. Cac théng s8 trung binh clia cac [9p d4t dugc thé
hién trong Bang 3.
Hinh 10 va Hinh 11 thé hién 1an luot gia tri chuyén vi tdm khi xe di chuyén
dén vi tri gilta tdm va sy so sanh chuyén vi I6n nhat tai cac vi tri banh xe
tuong ung voi nén khdng gia cudng va nén cé gia cudng 1 16p, 2 16p va

, hé s8 Poisson v = 0.2 va trong lugng riéng
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Bang 3. Thong s& trung binh clia cac Idp dat dudi cong trinh ¢4 gia culing cac Idp Top Base

Thong sb o o™, E® G” .
(kN/m?’) (KN/m?) (kN/mz)
SSI-116p 169 035  1.88x10°  7.65x10°
Top Base
SSI 216p 66 0345  3.65x10°  1.5xI0¢
Top Base
SSI-316p 1966 0348  5.463x10°  2.33xI0*
Top Base
,¥10 . § . . . r . r .
l—"""‘. ................................................................ 4
NI SO SNV S S S

Chuyénvi cla tdm (m)

—ao— SSI khong Top Base

-4 P P AP APRPRR AN § . ......... SSI l’l‘opBase —
: : : ; —— S$S12 Top Base
) - HSURRUNE SNSRI SN SO SR ——SSI 3 Top Base ]
p S R R S N N S S
0 2 4 6 8 10 12 14 16 18 20

Chiéu dai cva tm (m)
Hinh 10. Chuyén vi tam khi xe di chuyén dén vi tri gidta tam véi nén khéng gia cudng va nén ¢ gia
cudng 116p, 2 16p va 3 1dp Top Base

x 107
[+ ‘: e . . —
. 8 e s e ; 1
E 7 A s Chuyén vitaivi tri binh xe sau ~———-—«:
E 64 N ' ; '
2 5 . - L i
2 Chuyén vitaivi tri binh xe trwdc |
s 41 : ]
P
2 21 T T
) ' ‘
0 . ]
SSI-khéng SSI-1l6p SSI-216p SSI-3 lép
TopBase TopBase TopBase TopBase
Hinh 11. Biéu d6 so sanh chuyén vi ctia tam Mindlin tuang iing véi vi tri cac banh xe khi sd idpTop
Base thay déi

Bang 4. So sanh chénh Iéch cia chuyén vi giita md hinh tam khéng gia cuding va ¢ gia cuong 1
dp, 2 16p va 3 IGp Top Base

% Chénh léch so voi

%gp Chuyen vi w (m) tAm khong Top Base
Baw  Vitibinh  Viwibdoh Vi Vit
sau truge banhsau  banh trudc
0 4508x10°  2.772x10°° ><>§
1 1.612x10°  1.157x10°  64.241%  58.261%
2 1.297x10°  0.957x10°  71.628% 65.476% 5
3 L111x107°  0.852x10°  75.355%  69.264% |




3 16p Top Base. Béng thdi Bang 4 cho thay su chénh léch cta chuyén vi
gitia m6 hinh tdm khéng gia cudng va c6 gia cuong 1 19p, 2 10p va 3 1dp
Top Base.
Qua cac Hinh 10, Hinh 11 va Bang 4 cho thdy khi tang s Idp Top Base tir
116p, 2 16p va 3 1dp thi chuyén vi clia tam gidm thém khéng dang ké. Do
do, vdi nén dat thich hop da xét trong vi du nay, ta chi can gia cuong 1
I6p Top Base la da dat dugc két qua nhu mong mudn. Viéc ting s6 Idp Top
Base gia cudng cang nhiéu s& lam tang thém chi phi nhung hiéu qua ca
viéc gidm chuyén vi lai khéng dang ké va khéng tuang xing vdi chi phi
gia tang thém.
4, Két ludn
Tur cac két qua nghién cdu, 6 thé rat ra cac két luan nhu sau:
e Mo hinh dé nghij da phan anh sy lam viéc hop ly két cau tdm Mindlin
6 ké dén sy lam viéc ctia d&t nén. Mé hinh nay dam bao dd tin cay, do
chinh xac va xu hudng hgp ly trong viéc xac dinh tng xtr déng luc hoc
clia tdm Mindlin dudi téc dung cla tai trong xe di chuyén trén nén c6 gia
cudng Top Base va nén khéng gia cudng Top Base.
e M6 hinh tai trong xe bang 4 luc tap trung cho thay cac két qua thu
dugc phan anh chinh xac hon Ung xtr cGia tdm trén nén dan héi.
¢ Khidat nén dugc gia cudng Top Base, ngoai tac dung gidm d6 lun va
tang kha nang chju tai clia dat nén, cac Idp Top Base con gép phan lam
tang d6 cuing va dé can cha két cau tdm Mindlin bén trén khi ta xét su lam
viéc déng thoi chia két cau tdm va dat nén. Tir d6 1am gidm chuyén vi cta
tdm so vdi khi khéng gia cudng Top Base.
e  L&p dat c6 gia cuong cang nhiéu Iép Top Base thi nén cang tré nén
cling, tuy nhién viéc tang sé 1op Top Base han 1 16p khang cé nhiéu tac
dung nhu mong muén. Kién nghi dugc dua ra la chinén sitdung 1 iop Top
Base cho viéc gia c6 nén dudng chiu tai trong di chuyén.
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