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Tom tat - Cac két cAu dang khéi hop chir nhat dwoc st dung nhiéu
trong cac cong trinh xay dwng do tinh tién dung va dé ché tao. D&
nghién ctru dy doan sy pha huy clia cac cong trinh dwoc xay dung
tr cac két cau dang nay thi can phai c6 nhirng nghlen clru ve sw
twong tac ctia cac két cau nay trong qua trinh chuyen déng. Trong
bai bao nay nhém tac gia nghién clru sy twong tac clia cac két cu
hinh hop chir nhét trong qua trinh chuyén déng do tac dung cla
trong lwc. Cac khoi hdp chir nhat bang nhdém da dworc nhom nghién
ctru st dung dé thuc hién cac thi nghlem Két qua thi nghiém da
cho thay dic trung chuyen dong ctia cac khéi trong mét s trwdng
hop. M6 hinh tinh toan s6 str dung phwong phap khong Iwéi loai
hat SPH (Smoothed Particle Hydrodynamics) cling dwoc nghlen
ctru phat tnen dé tinh toan md phoéng cho bai toan nay. Két qua
tinh toan sb da phan anh kha chinh xac cac déc trweng chuyén dong
twong tac cta cac khdi hop thu dwoc tir thi nghiém.

Tir khéa - Phwong phap SPH; cAu tric dang khéi; mé phéng sb;
chuyén dong ctia vat ciring

1. Pat vin dé

Cac cau kién dang khéi hop chir nhat hién dién trong
nhiéu linh vuc tir cong nghiép, néng nghiép (cac thung
dung san pham ,...) cho dén van tai (cac contener, thing
hang) va dac biét duoc st dung nhiéu trong linh vyc xay
dung. Ngay nay nhiéu hé thng tuong, tudng chin chong
sat 1o, dé, dap, ... co cAu tao & dang ghép ndi cac cdu kién
dang khéi chit nhat. Chinh vi vdy, viéc nghién ctru sy pha
huy cua cac hé thong tuong chin nay hay su tuong tac cua
chc cau kién dang khdi chir nhat trong chuyén dong pha
huy ciia cac két cdu nay (thudng do tac dong cua trong luc)
1a rat can thiét.

Dé mé phong su phé hily ctia cac cong trinh ké trén thi
can phai str dung cac thi nghiém hodc mot sé mé hinh tinh
toan s cho phép tinh toan cac bién dang 16n. Cac nghién
clru bang thi nghiém vé sy tuong tac giita cac khoi hop chir
nhat trong qué trinh chuyén dong con rat han ché, trong khi
d6 mot s6 phan mém tinh toan s cho phép tinh toan mo
phong bai toan nay nhung con nhiéu han ché. Phuong phap
phan tir hiru han (FEM) [1] c6 thé dugc g dung dé nghién
clru cac dic trung d6 nhung con han ché do sir dung luéi
¢b dinh. Néu coi bai toan 14 bién dang 16n thi s& khong mo
phéng dugc sy chuyen dong cua cac khéi hop ma chi dy
bao huong di chuyen nguy co mét 6n dinh. Con néu mod
hinh héa dang cac khéi thi viéc mé phong chuyen dong tinh
tién kha d& dang nhung kho khan trong chuyen dong quay.
Diéu nay co thé thay trong mot so phan mém thuong mai
tinh toan dia k¥ thuat pho hién nhu Plaxis, Geoslope, ...
Chinh vi kho khan cua cac phuong phap st dung ludi
truyén théng nén phuong phap khong ludi, dic biét la

Abstract - The structures of rectangular-box-shape are widely used
in building construction due to its convenience and usefulness. The
retaining wall systems preventing landslide have this form. We also
see some shapes like those used in big projects, like the gravity
concrete dams. To research and predict the failure of these buildings
constructed of the rectangular-box-shape structures, the contact
between them should be considered. In this paper, we focus on the
interaction of rectangular-box-shape rigid bodies in movement
progress caused by gravity. The aluminum rectangular blocks are
used to conduct a series of experiments. The experiment results
show the movement behaviors of rigid bodies in some cases. Also,
we have developed the numerical approach SPH (Smoothed Particle
Hydrodynamics) to simulate these scenarios. The numerical results
have accurately reflected agreement with experiment in contact
movement behaviors of rectangular-box-shape rigid bodies.

Key words - SPH method; rectangular-box-shape; numerical
simulation; movemment of rigid body

phuong phap khong luéi loai hat di dugc dé xuét sir dung.
Phuong phap kha pho bién trong dia k§ thuét d6 1a phuong
phap phan tir roi rac (DEM) [2, 3]. Phuong phap nay cling
da duoc str dung nhiéu trong cic phan mém ma nguon me.
Tuy nhién, phuong phéap nay lai khé lya chon tham sé d6i
v6i md phong twong tac. Phuong phap phan tich bién dang
roi rac (DDA) [4] dugc ung dung trong phan tich, mo
phong qua trinh tuong tac, truot tach giira cac khéi voi
nhau. Diéu nay cho phép viéc nghién ciru xac thuc hon véi
diéu kién 1am viéc trong moi truong vat lidu roi rac nhu da.
Céc phuong phap khong ludi nhu phwong phap phan tir
Galerkin (EFG) [5], phuong phap diém vat liéu (MPM)
[6, 7], phuong phap hat trong & (PIC) [8]... cling dugc ing
dung trong md phong bién dang 16n cua khéi. Tuy nhién,
cac phuong phap nay doi hoéi thoi gian tinh toan lau va viée
md hinh hoda bai todn kha phirc tap. Phuong phap khong
ludi loai hat SPH dugc dé xuét boi Gingold va Monaghan
[9] phu hgp dé mo phong cac bién dang 16n va dic trung
pha hiy ciia vat liéu [10-15], hay céc két cau co céu tao
dang khdi nhu trong hé thong tudong chin. Chinh vi vay
trong nghién cru nay ngoai viéc st dung cac thi nghiém
vat 1y thi nhom tac gia lya chon phuong phap SPH dé xay
dung mé hinh tinh toan sb.

2. Md hinh tinh toan sé

2.1. Phuwong phap SPH

SPH 1a phuong phap khong ludi loai hat duoc Gingold
va Monaghan [9] dé xuét 1an dau vao nam 1977. Phuong
phap nay da duoc gi6i thiéu chi tiét trong cac cong b truge
day ctia nhom nghién ctru [16,17,18,19]. Phuong trinh XAp
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xi theo SPH cho m¢t ham A(ra) dugc xac boi vi tri ra cia
mot hat a nao d6 va xap xi cho dao ham ctia ham d6 duogc
vict nhu sau:
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Trong dd, b 1a chi hat twong tac véihat a, o 1a mat d6 riéng
cua hat, mla khéi luong cua hat con W 1a ham kernel cia
phuong phap SPH [17].
2.2. M6 hinh héa chuyén dpng ciia khoi rin

Démd ph(’)ng cl}uyén dong cua cac kh(‘)Ni, trong tinh toan
nay bao gobm 3 kho6i nhom riéng biét. Moi khoi duoc coi
nhu mot vat thé ran va c6 cac béc ty do (trong khong gian
2D). Chuyen dong cua khéi bao gdm chuyen dong tinh tién
va chuyén dong quay quanh tim ctia khoi.

Phuong trinh chuyén dong ctia khéi dugce biéu dién nhu sau:

M @3)

Trong d6, M 1a khdi lwong cua vt ran, V 1a vec to van
toc vat ran, F 14 tong vec to luc tic dung 1én vét.

Phuong trinh quay quanh tdm cua khdi:

Id—Q—T
dt (4)

Trong do, | la md-men quan tinh, Q 1a véan tde goc,
T 13 tong mo-men cia cac lyc tic dong lén vat rin
d6i v6i tam cia khoi.

Trong qua trinh tinh toén, khéi ctimg dwoc mé hinh héa
thanh cac hat bién cach déu nhau quanh bién. Véc to luc
tac dung 1én mdi hat bién i ndm trén khéi chuyén dong, ky
hiéu 1a fi. Phuong trinh (3), (4) c6 thé dugc viét lai nhu sau:

- Z f, ©)
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Trong d6, ri va R 1an luot 1a toa do véc to cua hat bién
VA cta tdm cua khéi. Céc hat bién chinh la mot phén cua
khéi rén do d6 sy thay ddi vi tri ctia cc hat bién c6 thé xac
dinh thong qua chuyén dong tinh tién va chuyén dong quay
quanh tim cuia khdi nhu sau:

& =V +Qx(r, - R)
Rl I x(r, —
@ (7

Luec tac dung fi cua hat bién i trén khéi cung 1a lyc sinh
ra do nd twong tic vdi cic hat bién cua cac khoi khac. Cach
xac dinh thanh phan lyc nay duoc trinh bay ¢ Muc 2, 3.
2.3. M0 hinh héa tuwong tic giita cic khoi

Luc tuong tac cta hat bién (Hinh 1) gitra cac khéi duoc
xac dinh dya trén mo hinh hoéa dang 10 xo - giam chan. M6
hinh hoa nay tuong tu nhu phwong phap dugc sir dung
trong phuong phap phan tir roi rac (DEM) [3]. Moi lién hé
gitta lyc va chuyén vi theo phuong xuyén tam duoc xac
dinh theo ly thuyét Hertz [20]. Vi phuong tiép tuyén st

dung giai phap dan hdi khong truot dugc dé xuit boi
Mindlin [21]. Theo d6 luc tuong tac theo hudéng xuyén tim
cua hai hat c6 thé xac dinh theo cong thic (8):

n o _ _Kai5n _Cnvgk hai > 2dai
a—>i— (8)
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Trong d6, Kai 1a d9 cimg xuyén tam, 6 1a khoang cach
giita hai diém hat theo huong tiép tuyén, cnla hé s can
Xuyén tam, V" 14 véc to van tdc xuyén tim giita hat a va hat
i, havah; lén luot 1a khoang cach ban dau (khoang cach chia
min trong SPH) giira cac hat nén va hat bién , dai 1a khoang
cach gifta hai hat. Cong thirc xac dinh hé s6 do cung,
khoang cach theo hudng tiép tuyén va hé sé can da dugc
gidi thiu trong tai liu [16] boi Cudng va cac cong su.

Hinh 1. M6 hinh twong tic giita hai khoi

Luc tuong tac theo phuong phép tuyén dugc xac dinh
theo cong thirc (9) va phai théa man dinh luat ma sat
Coulomb [16].

£5 = _kaié‘s_CsV;i hai >2dali 9)
o 0 hy<2dy,

Trong do, kaila do cimg trugt, & la khoang cach tuong
ddi cua hai hat theo huéng trugt, cs1a hé sb can xuyén tam,
V¢ 14 véc to vén te truot twong dbi gitra hat a va i. Cac tham
s6 nay dugc xac dinh theo [16].

2.4. M6 hinh héa twong tic giita khoi va san

Cac khéi chuyén dong c6 van tdc Vo trude khi va cham
voi nen cung (mat phang nim ngang) va sau d6 bat lai voi
van toc Vx. Tai thoi diém khdi va cham véi nén cimg thi sy
tiéu tan niang luong xay ra va khdi s& bat lai t6i vi tri thap
hon chiéu cao ban dau. Két qua phan tich chuyén dong roi
va qua trinh phuc hdi ctia khdi duge tinh theo cong thic sau:

1 o _ (J2ghe” —gt)”

h==gt®> va
2 29
Trong do, h 14 chidu cao cua khdi tai thoi diém t, g la
gia toc trong trudong, p 1a so lan va cham va e 1a hé so hoi
phuc duogc tinh nhu sau:

(10)

h
e=2X hoic e= . (11)

VO 0

Sau va cham, chiéu cao t8i da ma khéi c6 thé dat duoc
va khoang thoi gian cho moi twong tac sé la:
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h, =h,e” vat, = 2eP /% (12))
9

Hé s6 ma sat gitta kh6i va san dwoc xét dén trong
chuyén dong truot cua khéi trén mit san. Chuyén dong
truot nay dugc giai quyét theo dinh lut IT Newton cho
chuyén dong tinh tién theo phuong ngang (so vi mat san).
Luc tac dung 1én vét dé kim ham chuyén dong ngang chinh
1a Iuc ma sat F = uN. Trong d6, 1 1a hé sb ma sat giita khoi
va nén, N 1a ap lyc khi tiép xiic theo phuong cua trong luc.
Van toc V cta vat thé co khdi lwong M khi truot trén mat
phing ndm ngang giam so voi van toc ban dau V, cua khbi
trong khoéng thoi gian t dugc tinh theo cong thire sau:

HUN
V=V, - v (13)

3. Thue hién thi nghiém
3.1. Md hinh va vt liéu

Dé nghién clu sy tuong tac gilta cac khéi va chuyén
dong cua cac khoi dudi’téc dung cua trong lyc, mo hinh thi
nghiém dugc nhom thiét 1ap nhu Hinh 2.

Thi nghi¢m st dung ba khoi hinh hop giong nhau dugc
la‘lm’u‘r nhom. Céc‘khéi lan luot dugc d{mh solal, 2vas.
Khoi nhom ¢6 chi€u rong 1a 32 mm, chiéu cao la 25 mm va
chicu dai (sau) 50 mm. Céc tinh chat cua khoi hop chir nhat
duoc th§ hiét} trong Bang 1. Tai thoi diém bar} dau lga khoi
dgoc x€p chéngrlén nhgu nhu Hinh 2. Mt tam phang c6
gan hai thanh chong (diéu chinh duogc d6 dai) duoc su dung
de co dinh cac khoi nay tir phia trén.

Hinh 2. M6 hinh thi nghiém

Thi nghiém dugc thyc hién bé“mg cach loai bo cac thanh
chéng (di chuyén tdm phing c6 gan hai thanh chdng 1én
phia trén) dé cac khdi chuyén dong tu do dudi tic dung cia
trong lyc. Trong qua trinh thi nghiém say ra hai sy tuong
tac chinh gom tuong tac gilra cac khdi nhém véi nhau va
twong tac giita khdi nhom va mat san dwoc 1am bang nhom
¢6 phu 16p son. Hé s6 ma st giita cac khdi nhom va mit
san nay da dugc do béng thuc nghiém va xac dinh duoc la
k = 0,38 (twong trng voi goc do duge o =21°)

Bdng 1. Tinh chat vat liéu cia cdc khéi

Tén thong sb Giatri | Ponvi
Trong lugng riéng (p) 26,7 KN/m?
M5 dun Young (E) 69 GPa
Haé sb Poisson (V) 0,3
Hé s6 ma sét giita cac khdi (umb) 0,31
Hé sb ma sat gitta khoi va san (zaow) 0,4

3.2. Thi nghié¢m 1

Trong thi nghiém nay, cic khdi dugce dit voi vi tri nhu sau:
AX = 16,00 (mm), Al =0 (mm). Cac khi sau khi thuc hién thi
nghiém c6 vi tri nhu Hinh 3. C6 thé quan sat thay, khéi 1 co
vi tri khoéng ddi nén goc quay 1 = 0%, Khdi 2 ¢6 ¢z~ 90°, Khdi
180° (Hinh 4).

3Cé¢3:

Hinh 3. Vi tri va géc quay ciia cdc khoi sau khi thire hién
thi nghiém 1

Hinh 4. Két qua thi nghiém Ax = 15,64 (mm), 4l = 0 (mm)

Dé tang do chinh xac cia két qua thi nghiém. mdi
phuong an thi nghiém duoc nhom tac gia thuc hién 6 lan
va ghi lai cac két qua gdm: Vi tri gan nhét (canh trai) va vi
tri xa nhét (canh phai) ciia mdi khdi sau khi két thiic chuyén
dong so véi mép tuong trai. Két qua duoc tong hop lai
trong Bang 2. Do md hinh tinh toan s6 dugc thiét 1ap 1a hai
chiéu, nén dé c6 thé sir dung két qua thi nghiém kiém chimg
mo hinh s6 thi can phai ddi chiéu vé hé 2D. Chinh vi vay
vi€c xac dinh vi tri canh trai va vi tri canh phai cua cac khéi
s& 1a co s¢ dé kiém dinh mo hinh s6 (két qua tinh toan s6
nam trong pham vi ctia két qua thi nghiém).

Bing 2. Vi tri dich chuyén ciia cac khoi trong
thi nghiém 1 (don vi: mm)

Lén thi nghiém| 1 2 3 4 5 6 B
Khéil| 0 0 0 0 0 0 0

(i?;h Khéi2| 452 | 51,97 | 53,08 | 41,16 | 39,17 | 32,79 | 439
Khéi 3| 94,96 | 94,89 | 98,55 | 81,36 | 99,95 | 82,08 | 91,97
Khbil| 32 | 32 | 32 | 32 | 32 | 32 | 32

gi‘;‘ Khéi 2| 77,58 | 83,72 | 82,83 | 78,98 | 75,84 | 71,51 | 78,41
Khéi 3]140,89)145,81|131,92|135,56|136,11|122,14|135,42

3.3. Thi nghiém 2
Trgng phugng an thi nghiém nay, vi tri dat cac khdi duoc
thay doi, cu thé 1a Ax = 10 (mm) va giit nguyén Al = 0 (mm).
Thi nghiém 2 nay ciing duoc lap lai 6 lén; Két qua ghi
nhan vi tri gan nhat (canh trai) va vi tri xa nhat (canh phai)
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ciia mdi khdi qua 6 lin thyc hién dwoc thé hién trén
Bang 3. Trang thai sau khi két thuc chuyén dong cua thi
nghiém 2 nhu trén Hinh 5. Chiing ta c6 thé thiy, géc quay
cua cac khéi trong trudng hop nay lan luot nhu sau: Kho1
1 va Khéi 2 c6 goc quay 1an luot 1a ¢1 = 0°, ¢ =~ 90° gibng
thi nghiém 1; Con Khéi 3 c6 géc quay khéc thi nghiém 1
va ¢3= 90° (Hinh 6).
Bing 3. Vi tri dich chuyén ciia cdc khéi trong
thi nghiém 2 (don vi: mm)

Lén thi nghiém| 1 2 3 4 5 6 TB
Khéil| 0 0 0 0 0 0 0
Ct';‘;h Khéi 2| 48,22 | 50,00 | 46,91 | 47,29 | 48,27 | 53,39 | 49,01

Khéi 3|114,32|114,07|111,03|104,93|116,32|106,21|111,15
Khéil| 32 32 32 32 32 32 32

Khéi 2| 95,15 |103,14| 98,49 | 99,15 | 99,18 |103,67| 99,8
Khéi 3|151,40|158,02|146,75|152,16|147,08|153,62| 151,51

Canh
phai

Hinh 5. Vj tri va géc quay ciia cdc khoi sau khi thiee hién
thi nghiém 2

Hinh 6. Két qua thi nghiém Ax = 10 (mm), Al =
3.4. Thi nghiém 3
. Thi nghiém 3 chi khéc thi nghiém 1 ¢ khoang cécp ban
dau giﬁ"fl Khoi 1 véi tuong cing bén trai (Al). Cu thé, cic
thoéng so 1a Ax = 16,00 (mm), Al =50 mm.

0 (mm)

Hinh 7. Vi tri va géc quay ciia cac khéi sau khi thiec hién
thi nghiém 3

Két qua thi nghlem 3 (Hinh 7) cho thay, cac cac khbi
chuyén dong glong v6i thi nghiém 1. Cy thé 1a goc quay
ctia cac khéi 1an luot 1a: ¢1 = 0°, ¢2 = 90°, ¢3 ~ 180° (Hinh
8). Vi tri ciia cac khdi sau chuyén dong duogc liét ké trong
Bang 4.

Bing 4. Vi tri ciia cdc khoi trong thi nghiém 3 (don vi: mm)

Lan thi nghiém| 1 2 3 4 5 6 TB
Khéil| 50 | 50 | 50 | 50 | 50 | 50 | 50
Khéi 2| 92,48 | 98,86 | 98,91 | 99,06 |104,42| 97,62 | 98,56
Khéi 3|166,18|161,03|161,01|163,27|168,03|163,42| 163,82
Khéil| 82 | 82 | 82 | 8 | 8 | 8 | 82
Khéi 2|142,67|138,44|145,87|143,14(130,01|142,28| 140,4
Khéi 3|197,43/197,85(199,42|208,11|197,28|202,14|200,37

Canh
trai

Canh
phai

Hinh 8. Két qud thi nghiém Ax = 15,64 (mm), Al =

50 (mm)

4. Két qua va thao luin

Chwong trinh tinh toan dugc viét bang ngdn ngir
Fortran 90 va tinh todn mo6 phong lai truong hop cua thi
nghiém 2 di dugc trinh bay tai Muc 3.3. H¢ s6 ma sat gitra
cac khbi v6i nhau da dugc xac dinh bang thuc nghiém Kob
=0,31, con hé s6 ma sat gitra cac block vai san 1a kpw = 0,38.
Tir két qua thi nghiém & Bang 3 ¢6 thé tinh duoc vi tri trung
binh (tdm) cua cac khéi nhu trong Bang 5. Viée xac dinh
vi tri tdm cua céac khéi (bang trung binh cong cua canh trai
va canh phai) trong mdi thi nghiém dé gitip so sanh véi két
qua tinh toan 2D. Néu két qua tinh toan gan véi két qua thi
nghiém va nam trong pham vi cua cac lan thi nghiém thi
két qua d6 dugc danh gia 1a phu hop voi két qua thuc
nghiém.

Bing 5. Vi tri tdm ciia cac khoi sau va cham Ax = 10 (mm)

Solanthi| ) s 1 | [4n2 | Lan3 | Lin4 | Lan5 | Line | TB
nghiém

Khéi 1 16 16 16 16 16 16 16
Khéi2 | 71,69 | 76,57 | 72,70 | 73,22 | 73,73 | 78,53 | 74,41
Khéi3 |132,86|136,05] 128,89 | 128,55 | 131,70 | 129,92 | 131,33

Trong thi nghiém nay, sau khi qué trinh chuyén dong
két thuc thi Khoi 1 giit nguyén vi tri ban dau véi khoang
cach tir twong trai toi tim 1a 16 mm. Khdi 2 quay mét goc
90° cung chiéu kim dong hd va ¢ vi tri trung binh (TB)
ctia tam khéi sau sau 1an do so véi tuong trai 1a 74,41 mm.
Con Khéi 3 ciing quay mot goc 90° cing chiéu kim ddng
h$ nhung vi tri trung binh cua tdm khéi ndm xa hon tai
131,33 mm tinh tr tudng trai cia thi nghi¢m.

Quan st két qua mo phong sb cho thiy, cac Khdi 2 va
3 quay vong theo chidu kim ddng hd mot gbc gan 90° va
roi xudng san (Hinh 9). Khi tiép xtic v6i san cac khdi nay
bi nay nguoc 1én sau d6 lai roi xudng san. Sau d6 khdi 2
chuyén dong trurgt ngang trén mit san con Khéi 3 tiép tuc
nay 1én thém mot lan nita truée khi chuyén dong truot
ngang trén san ctmg theo chiéu ra xa Khéi 1. Nhu vay, goc
quay ctia cac khdi 1a gidng nhau giita két qua tinh toan va
két qua thuc nghiém.

Két qua tinh toan cho thiy, ca hai khéi vi tri tim ciia
Khdi 2 14 76,05 (mm) nhu Hinh 9e trong khi két qua trung
binh thu dugc tir thi nghiém 1a 74,41 (mm). Két qua tinh
toan nam trong pham vi ciia 6 lan thyc nghiém & Bang 5
(nho nhat 12 71,69 mm va 16n nhét 1a 78,53 mm). Trong khi
d6 tam cua Khdi 3 ¢6 vi tri theo tinh toan 1a 130 (mm) con
theo két qua trung binh thu dwoc tir thi nghiém la
131,33 (mm). Két qua tinh toan ciing ndm trong pham vi
ctia cac két qua thi nghiém trong Bang 5 (nho nhit 1a
128,55 mm va 16n nhét 1a 136,05mm).

Nhu véy c6 thé thdy, két qua tinh toan sé cia mé hinh
duoc xay dung da mo phong kha chinh xac trang thai cua
cac khdi so v6i thi nghiém. V& goc quay cua cac khoi 1a
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hoan toan chinh xac, con vé vi tri dimng cua cac khdi co sy
sai khac nho so voi gia tri trung binh cta cac lan thi nghiém
va nam trong pham vi cua cac ket qua thi nghiém.

(@) 3
2
1
(b) 5
2
1
)
1
C)
1 N
)
1 N w

Hinh 9. Két qua tinh todn mé phéng chuyén déng ciia cac khéi
theo kich ban Thi nghiém 2
5. Két luan

Bai bao da nghién cru chi tiét vé dic trung chuyén dong
va twong tac giita cac cAu kién cimg dang khdi hop chit nhat
trong qué trinh chuyén dong bang cac thi nghiém vt 1y.
Céc két qua thi nghiém nay 1a dir liéu hiru ich cho cac
nghién ctru khac, dic biét 1a d6i voi viée kiém dinh cac mo
hinh tinh toan sd.

Chwong trinh tinh toan s6 sir dung phuong phap khong
ludi loai hat SPH d3 duoc viét bang ngdn ngit Fortran 90
cho phép tinh todn mo phdong khé chinh xac cac déc trung
chuyén dong cua cac khéi hop chir nhét 2D bao gdm dong
thoi ca chuyén dong tinh tién va chuyén dong quay cua cac
khdi clng. Day 1a cong cu ho trg cho nghién ctru sy on dinh
clia cac cong trinh c6 két cdu hop thanh bai cac cau kién co
dang khéi ciing nhu cac hé théng tuong chén, dé, dap, ke
chéng sat 10, ...

Loi cam on: Nghién ciru ndy duoc tai tro boi Quy Phat
trién Khoa hoc va Cong nghé Quoc gia (NAFOSTED)
trong d¢€ tai ma s6 107.03-2017.12
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