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Toém tat: San bé téng cét thép |a céu kién chiém
khéi lrong 16m trong cong trinh nha cao téng. Pé déap
umg nhirng doi hdi ngay cang cao vé tinh kinh té cua
céng trinh, ciing nhw cac muc tiéu vé phat trién bén
viing thdng qua nhing gidi phap tiét kiém va tai ché
vét lidu, cac loai san réng da duoc phat trién kha
manh mé thoi gian gén déy. Bi cung véi xu huéng st
dung nhing loai két cdu san méi, cac tiéu chudn thiét
ké nhw ACI 318, EuroCode 8 ciing dwa ra nhiing yéu
cdu va tiéu chi phan loai do cung trong mét phdng
cua san tang ngay cang khat khe... Trong khi dé, cac
ki sw vén tép trung vao thiét ké san réng theo kha
nédng chiju uén; va ap dung gia thuyét cung tuyét déi
cho do cumg trong méat phdng cda cac loai san nay.
Gi4 thuyét nay thuc té chi phi hop véi cac loai san
swon bé téng cét thép, c¢é dé day san trong khodng
10 dén 15 cm. Mé&t khac, cac phan mém thiét ké két
céu cong trinh (SAP200, SAFE, ...) phé bién hién nay
thuong chi md hinh cac loai san bé tdng cét thép
bang mé hinh vé Kirchhoff Love hodc Reissner-
Mindlin déng nhét, nghia la chi c6 thé tw dong xac
dinh d6 cumg trong mat phang cda cac loai san déc.
D6 cung trong mét phdng (cd do cing ngoai mat
phadng) cda san réng néi chung va san hép néi riéng
duoc cac phadn mém hé tro bdng cach khai bao cac
hé sé diéu chinh d6 cing. Bai bao nay sé trinh bay
cach xac dinh do cung trong méat phdng cda san
phang bé téng cét thép stz dung hdp tao réng bang
phuong phép déng nhét hoa st dung diéu kién bién
tudn hoan. Trong bai b4o nay, cac tac gig sé gidi
thiéu phuong phép déng nhét hoéa st dung diéu kién
bién tudn hoan dé xac dinh do cimg TMP cda san
phadng st dung hép tao réng dang hop.

T khoa: Béng nhéat héa, diéu kién bién tuén
hoan, dé cimg TMP, san réng, hdp tao réng.

Abstract: Reinforced concrete (RC) slabs
constitute a substantial portion of the structural mass

in high-rise buildings. In response to the growing
economic demands of construction projects, as well
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as sustainable development goals emphasizing
material conservation and recycling, voided slab
systems have undergone significant development in
recent years. Concurrent with the adoption of these
novel floor structures, design codes such as ACI 318
and Eurocode 8 have introduced increasingly
stringent requirements and classification criteria
regarding the in-plane stiffness of floor diaphragms.
However, structural engineers predominantly focus
on the flexural capacity when designing voided slabs,
frequently applying the rigid diaphragm assumption
for their in-plane stiffness. In practice, this
assumption is primarily valid for traditional ribbed RC
slabs with thicknesses ranging from 10 to 15 cm.
Furthermore, common structural design softwares
(e.g., SAP2000, SAFE, STAAD.Pro) typically models
RC slabs utilizing homogeneous Kirchhoff-Love or
Reissner-Mindlin shell elements. The formers can
only automatically compute the stiffness of solid
slabs. The determination of the in-plane (and out-of-
plane) stiffness of voided slabs in general, is left to
design engineers. These software addresses this
limitation by applying stiffness modifiers. In this
paper, the authors present a homogenization method
using periodic boundary conditions to determine the
in-plane stiffness of flat slabs using box-shaped void
formers.

Keywords: Homogenization, Periodic boundary
condition, in-plane stiffness, voided slab, box-shaped
void formers.

1. Do cteng trong mat phang ctia san bé téng cét
thép

Ngoai vai trd chiu tai trong thdng ding, san nha
con ¢ vai trod trwe tiép nhan tai trong ngang (gié bao,
dong déat) va phan phdi n6 Ién hé thdng két cau dirng
(cét, vach crng). Tuy nhién, cac ki sw thwong chi chua
trong vai trd chju tai thdng dirng ma khéng chad y
nhiéu téi van dé truyén tai trong ngang. Déi véi tai
trong gi6 bao (hoat tai gid), cac ki s thwérng dé cho
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cac phan mém ty déng tinh toan do cing trong mat
phang. Trong khi d6, cac phan mém thiét ké két ciu
phd bién thwéng 4p dung réng rai cac md hinh tm
vé Kirchhoff-Love hodc Reissner-Mindlin dé mo
phéng sy lam viéc cta céac loai san. Piéu nay co
nghia 1& d6 cing trong mét phéng cta san bé téng
cbt thép hoan toan dwoc xac dinh b&i dd cirng mang

Cun Cup 0 Eh 1 v
C1122 C2222 0 = 1- ;2 1
0 0 Cpoi 00

Da sb cac phan mém nay dé ngd viéc xac dinh
do clrng trong mét phang cla céc loai san khac (bao
gdm ca céc loai san réng) cho cac ki sw thiét ké, chi
hé tro viéc khai bao cac mé hinh san dic twong
dwong véi cac loai san réng thdng qua hé sb diéu
chinh dé cirng. Dbi v&i phan tich dao dong riéng cia
cong trinh, viéc xac dinh do clrng cla céac loai san
thwdng dwoc don gidn héa bang cach coi san 1a tuyét
déi cirng (rigid diaphragm), dwong nhién diéu nay
kéo theo nhiéu sai sb trong két qud phan tich. Cac
bai bao [1, 2] da néu ra cac sai khac rat dang ké khi
st dung dé cing (trong mat phang) thuc té va do
clrng tuyét déi trong phan tich két ciu nha, céc sai s6
xuét hién ngay khi phan tich cac két cAu nha thap
tang (8 tAng trong tai liéu [1]). Bai bao [2] d4 tinh toan
do clrng twong dwong cho mot két cau san sworn mot
phwong bang cach st dung phwong phap ddng nhat
héa, nham phan tich sy lam viéc cuta loai san nay.
Phwong phap déng nhat hdéa dwoc st dung trong
nghién clru vira néu st dung ca diéu kién bién
chuyén vi cuéng birc va diéu kién bién lwc tac dung.
Cé4c tiéu chuén thiét ké cong trinh bé téng cbt thép
hién dai nhat hién nay [3, 4] déu c6 nhirng qui dinh
str dung dé cirng thwe cla cac loai san trong phan
tich két cAu. Tiéu chuén [4] c6 nhirng qui dinh cu thé
khi nao thi mét loai san dwoc coi la tuyét dbi cing,
nghta & néu s dung céc loai san cé d6 cing thap
hon thi cac kT sw phai xac dinh dwoc dé cirng thuwc
té ca san dé khai bao vao phan mém. Tiéu chuén
[3] thi phan chia d6 cirng san lam ba mirc (tuyét dbi
clng, nlra cirng va mém).

Cung véi nhivng doi héi ki thuat va kinh té ngay
cang cao vé chéng 6 nhiém maéi trwéng, tai st dung
vat liéu nhua, vé cong nghé xay dwng phu hop voi
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cho trwong hop thm vé dac, dong nhét, ¢ chiéu day
khong ddi. Cong thirc cu thé cla do clrng trong mat
phéng cta san dic dwoc nhac lai trong cdng thie 1.
V&i Ci 1a cac hdng sb d6 cirng; E, v 1an lwot 1a mé
dun dan héi (mé dun Young) va hé sé né ngang (hé
sb Poisson) cta vat liéu (trong trwéng hop nay 1a bé
tong); hs 1a chiéu day san.

0
0 (1)

1-v

2

cAc tiéu chi phat trién bén virng thi san phéng bé téng
cbt thép s dung hop nhya tao réng ndi I&én la mot
gidi phap hang dau, dap ng dwoc rat nhiéu doi hoi
khac nhau. Viéc xac dinh d cing trong mét phang
cUla loai san nay (ciling nhw cac loai san twong ty nhw
san bong, san xép) da tré thanh mot van dé gay tranh
cai rat I&n trong cong dong ki sw thiét ké, nhiéu cong
trinh thiét ké trong thdi gian dau khi san hop xam
nhap vao Viét Nam (nhirng nam 2010) da bd qua do
clrng trong mét phang, dén nay cac ki sw khi thiét ké
loai san nay da s dung d6 cling trong mat phang
dwoc cung cap tir catalogue cla cac hang cung cap
hép. Tuy nhién, chwa bao gi®’ cAc hang nay cung cap
cach thirc xac dinh cac loai d6 clrng d6. Mot sb
nghién clru & Viét Nam da bat diu chu y dén do cirng
(cd TMP va NMP) cua san hép, va dwa ra cach thtc
xac dinh cac hang sb dd cing. Chang han céac bai
b&o [5, 6] da lan lwot gidi thiéu cach xac dinh d6 cirng
TMP va d6 cirng NMP cla san hop bang phwong
phap ddng nhat héa. Cac két quéa nay sau dé dugc
&ng dung trong bai béao [7], nghién clru vé dao dong
riéng clia cong trinh st dung san hép. Tuy nhién, cac
nghién ctvu nay chi dwa ra cach xac dinh cac hang sé
dd clirng ma chua cé sw kiém chirng d6 chinh xéc
clia cac hang sb nay.

Trong bai bao nay, cac tac gid sé st dung
phwong phap ddng nhat hoa s dung diéu kién bién
tuan hoan dé xac dinh cac hang sb d6 cirng TMP
Cii clia san hdp. Cac hang sé nay sau doé dwoc s
dung d& mod phdng sw lam viéc cta mot két céu
mang, va so sanh véi sy lam viéc TMP ctia mot két
cau san hop dwoc mé phéng chi tiét. CAc hang sé do
ctrng trong mét phang dwoc xac dinh béi cac phuong
phap khac (phan mém chuyén dung, catalogue) ciing
dwoc dwa vao so sanh.
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2. Phwong phap ddng nhat héa dé xac dinh do
ctrng TMP cua san hép

Phu«yng phap dbng nhét héa trong co hoc dwoc
phat trién ly thuyét dong nhéat hoa trong giai quyet cac
bai toan vi phan c6 hai bién véi tbc do bién dbi khac
nhau. Trong linh virc co hoc, bai toan dong nhét héa
thworng xuét hién khi can giai quyét viéc mo phong
ho&c phan tich sy 1am viéc cta mot két cu lam t
vat liéu di thé (heterogeneous). Khi do, viéc phan tich
két ciu thwong dwoc chuyén thanh bai toan FEM x
FEM, v&i hai cp d6 (vi md va vi mé). & cap dod vi mo
(macro-scale) cta két cAu, cac nha nghién ctu
thworng phan tich néu U (U1,U2,Us) (st dung chi in
hoa dé thé hién cap do vi mé) la trwdng chuyén vi
cta két cdu (xac dinh bang phuwong phap phan t&
hiru han-FEM) thi n6 sé tao ra mét trwéng bién dang

1 aU 6UJ

twong 'ng Ej; = — ML

j
2( X X

bd XOtrén két cAu, ta sé co gia tri bién dang Ei? va

. Tai mot diém cuc

&ng suét twong rng Z% . Gia tri nay dwoc dwa xudng

tinh toan & cap dd vi mé (micro-scale); tai cap d6 nay,
cac nha khoa hoc dwa ra mét khai niém méi la phan
ter dai dién (RVE Representative Volume Element).
Phan t& dai dién dwoc dinh nghia la mét khdi hinh
hoc c6 kich thwéc cha cip do vi mé, va cé day du
céac théng tin vé& thanh phan, sy phan bd va hanh vi
cla vat liéu, nghia la né c6 kha nang phan anh dwoc
toan bd sw lam viéc cap dd vi mé cda diém vi mo XO.
Dé dam bao tinh ngan gon, tir day vé sau, bai b4o sé
st dung tir viét tdt PT2D thay cho phan t& dai dién.
Cac nha khoa hoc dwa thém cac diéu kién bién
chuyén vi cwdng birc hodc lwc tac dung dé phan tich
sy lam viéc cta PT2D ciing bang phwong phap phan
t hiru han. Ldc nay, bai toan tré thanh mét bai toan
cb dién trong co hoc két cAu, véi cac gia thuyét quen
thudc: Vat liéu bé tong va vat liéu chiém khong gian
cta khdi hop réng 1am viéc dan héi tuyén tinh; bai
toan nam trong khudn khé bién dang nhd, gitra bé
tong va hdp nhwa c6 sy dinh bam hoan toan (bién
dang nhw nhau & 1&p tiép xuc); két ciu san hop co
cau tric tudn hoan ly twéng theo hai phwong. Sau
khi giai bai toan & cap d6 vi mé trén PT2D, ta cling
sé thu dwoc cac trwong chuyén vi u(us,uz,us) (St

dung chir thwérng dé ky hiéu cac dai Iu’o’ng o] qui mo

-y,

vi md), va cac trwdng bién dang &j =5 o * o

trwdng wng suét 0;; = Cyjq &y - ThoNg qua cac dinh ly

vé can bang nang lwong, cac nha khoa hoc da chirng
minh dwoc réng trung binh cac trwdng vi mé chinh
bang gia tri vi mé twong rng nhw trong Cong thire 2.
Trong d6 V la thé tich cta PT2D.

0

< &;i Ij

ij >~ fgIJdV E:;

2
0
1 ij
Tw d6, ta co the suy ra cac hang sb do cirng vi
mo Cijkl nhé& vao méi quan hé trong cong thirc 3.

Zij = Cij B ©)

< oy >——Ia av ==

trong do: ij, ki 1a cac cdp chi sb doc lap, méi chi
sb c6 thé nhan céac gia tri tlr 1 dén 3.

Trong ki thuat, ta thwéng rat hay gap cac trwong
hop két cu c6 cAu tric tuan hoan, nghia la néu sap
xép PT2D sat canh nhau, |&p di 13p lai thi né sé tao
ra chinh xac két cdu ban dau. Déi véi cac dang két
céu nay, mot diéu kién bién dac biét rat thich hop cho
bai toan phan tich két ciu & cap do vi md da dwoc st
dung rat phd bién 1a diéu kién bién tuan hoan (Coéng
thirc 4).

u; = Ex; +Vv, @)

trong do, V;1a cac thanh phan cia mdt vector

chuyén vi dac biét, goi la thanh phan nhiéu chuyén vi
(fluctuation), co tinh chat tuan hoan (nghia la & cac vi
tr|’ d(‘)i xng nhau trén hai mat bién doi dién co toa dé

des thi Visr des

‘va X;
tam vé c6 dang tuan hoan hai chiéu nhw san hop,
viéc xac dinh PT2D tré nén don gidn. Hinh 1 gi&i
thiéu mo hinh mot két cdu san hop (a) va PT2D (b)
clia no. Diéu kién bién tuan hoan (Cong thirc 4) cling
dwoc ap dung & cac mat bién xung quanh cda PT2D
nhw trong Hinh 2.

). Dbi v&i dang két cau

Hinh 1. San hép (a) va PT2D (b) cda san
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Hinh 2. Cac cap mat bién xung quang déi xumg cta PT2D, noi ép dat cac diéu kién bién tudn hoan

Pé thuan tién cho viéc xay dwng mé hinh mang
ddng nhat twong dwong tir PT2D, bai bao [8] da viét
lai cac cbng thrc 4 va cdng thirc 2 theo hwéng phu
hop hon phu hgp véi nhirng khai niém quen thudc la
ndi lwc Nij va bién dang Eij cla mang. Phwong phap
nay sau d6 da dwoc van dung lai trong cac bai bdo
[9-11]. Vi thf‘a, dé xac dinh do c@pg TMP Cyig
san hop, ta can ng dung nhivng bién ddi ctia [8] theo
mét qui trinh cu thé nhw sau:

clta

- Thiét 1ap PT2D nhuw trong Hinh 1;
- Thiét lap diéu kién bién tudn hoan nhw trong
cbng thire 5;
0 0
u, = E11X1 + E12X2 v

0 o )
u, = E12X1 + Ezzxz +V,

- Gan diéu kién bién lén cAc mat bén cla PT2D
trong Hinh 2 theo ba truwdng hop:

EO _ 10 EQ _ 00 EG) _ 0 05
! 0 0) " o1, " 05 0

- Giai 3 ba trwdng hop clia bai toan cap dd vi md
trén PT2D bang phuwong phap PTHH dé thu dwoc
cac truwdng 5jj va % ;

- Tinh to&n céc bién dang c4p d6 vi m6 Eij theo
cong thie 2;

- Tinh toan céc ndi lwc cla mang Nij theo cong
thirc 6. Trong doé, S la dién tich mat trung binh cla
PT2D;

1

N, =tx< o, >= gfalldv
1

N,, =tx<0o,, >= gj.azzdv (6)

1
N, =tx<o,, >= gjalzdv

- Tinh to&n céac hang sb d6 cirng vi mo Cii theo
hé phwong trinh 7.
Nll = Cllll Ell + C:1122 E22
Ny, = CiipBi +Conp By
N, = 2C1212 E,,
Can lwu y réng ta phai gidi ba l1an hé phuong trinh
7, twong &ng véi ba trwdng hop cha diéu kién bién
tuan hoan dé tim dwoc tat cad 4 hang sb do cing

mang Cijkl .

()

Céac phan mém thiét ké thworng st dung cac déc
trung vat liéu E,E,,G,v,,,v, cla vat liéu tryc
hwéng dé tinh ra cac hang s6 Sy, clia ma tran do
meéem cho phan t&¢ mang vi céng thic tinh toan gon
hon so véi cac cong thire tinh ra hang sb dd cing
Cijkl . Vivay, sau khi xac dinh duwgc dd cirng Cijkl , ta
can bién dbi dé tim ra cac hang sb vat liéu theo céac
bwéc tinh toan nhw trong bai bao [10]. Bwéc bién dbi
nay chi nham thich &ng v&i cach khai bdo ma da s
cac phan mém thuwong mai st dung (chi cho phép
khai bao d&c trwng vat liéu). Cach bién di tir d6 cirng
mang (khdng phai dé clrng vat liéu) sang do mém vat
liéu dwoc thé hién trong cong thire 8; va mdi lién hé
gitra d6 mém vat liéu va dac trung vat lieu dwoc thé

hién trong Bang 1.

1 -1
Sijkl = (; Cijkl j

Hé s v,, théng thuwdng duoc cac phan mém tw

(8)

xac dinh nho vao lién hé gitka moé dun dan hoi va hé
< \" V.
sé nd ngang =% = 2L
El EZ

Bang 1. Sw tvong Ung gilra cac hang sé dé mém va cac dac tring dan héi, nd ngang cda vt liéu

E, E, G, Vi,
1 1 1 S0
Sun Sy St S
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3. Két quavanhan xét

Dé cu thé héa céc tinh toan néi trén, cac tac gia
lwa chon thiét k& moét san hop cé kich thuéc
6x10xPT2D véi cac kich thwdc clia PT2D dwoc thé
hién trong Hinh 3. Khoang réng phia bén trong hép
nhwa dwoc moé phdng bang mot vat liéu rat mém (E
rat bé, hé sé nd ngangvbang véi hé sb né ngang

400

oA A
oW
A
o o
[%e] [<e]
~— N
—_—
oA
D A
65 460 65
d—hla ald &l
<+—>¢ P>
i 590 N
< P
(@)

cla bé tdng boc xung quanh). Bac trwng clia bé téng
va vat lieu mém nay dwoc liét ké trong Bang 2. Sau
khi tinh toan vé&i 3 diéu kién bién tudn hoan twong
rng v&i cac trwong hop Eigl), Eigz) , Eigs), ta thu dwoc
cac trang thai bién dang cta PT2D nhuw trong Hinh 4.
Ba trang thai bién dang nay phan anh chinh xac cac
dang lam viéc trong mé&t phang cla san hop.

oA A
Oy
amsssamsssssssssssssssssssEssssssaaneennns, : “
o o
() D
< | o
A 4
............................................ TR
Oy v
65 460 65
> >e—>
s 590 =

(b)

Hinh 3. Mé&t dimg PT2D cda san hop (a) va mat bang cda PT2D (b) nhin tir phia du6i véi
cac kich thuéc cu thé duwoc st dung trong vi du khdo sat

Bang 2. Ddc trung vét liéu cda cac pha vét liéu trong PT2D

E (MPa) v
Bé tong 30000 0,2
Vat liéu mém 3 0,2

(a

Sau khi tinh toan cac trwdng trung binh Eij va
Nij ,
trong Bang 3. Trong Bang 3 trinh bay cac gia tri cla
héng sé do cing dwoc xac dinh tv PT2D (SHQB),
dwoc tra clru tir cdng cu tinh toan cdia mét cong ty

ta xac dinh duwoc cac hang s do cing Cijkl nhw

cung cap hop (LFNE), dwoc tinh toan (theo cong
thrc) bdi phan mém Robot Structural Analysis
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(b)
Hinh 4. Trang thai bién dang va céc tng sudt o, (a), ing sudt o, (b), ing suét o,
(c) cta PT2D twong tmg véi ba truromg hop cda diéu kién bién tudn hoan

(RSA). N6i cach khac day la cac mdé hinh mang
twong dwong véi san hop, dwoc xac dinh bé&i nhirng
phuwong phap khac nhau.

Céac gia tri dac trwng vat liéu clia mang cng day
t = 280 mm (Hinh 3) twong ng v&i cac hang so dé
clrng trong Bang 3 (dwoc tinh toan theo Bang 1)
dwoc liét ké trong Bang 4.
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Bang 3. Hang sé dé ciing duoc xéc dinh béi nhiéu phuong phap

SHQB LFNE RSA
Cin 5472500 5337500 4891500
C,. 5472500 5337500 4891500
Cii 951500 213500 780000
Cio 1985000 3185000 1625000

Bang 4. Péc trung vét liéu tuong tmg véi hdng sé do cung trong Bang 3

SHQB LFNE RSA
E 18954 19032 17025
E, 18954 19032 17025

G, 7089.3 11357 5803.6
Vi, 0.17 0.04 0.16

Pé so sanh sy lam viéc cla cac két cdu mang
twong dwong va san hop chi tiét (san hop 3D), ta kiém
tra trwdng hop cac mo hinh san, mang chiju lyc vudng
géc va phan bé doc theo canh dai ctia ching; tong hop
lwc c6 gia tri bang nhau. Mét canh ngén clia san ngam
clrng, cac canh con lai dé tw do. Hinh 5 mé ta 1an lwot
t» dwdi lén: bién dang cha san hoép, bién dang cla
mang SHQB (thu dwoc dé cirng tr phwong phap Dong

nhat héa), bién dang ctia mang LFNE (thu dwoc do
ctrng tir cdng cu tinh todn ctia mdt cong ty thiét k&), bién
dang cia mang RSA (thu dwoc do cirng tr phan mém
RSA). Do lwc tac dong va diéu kién lién két Ia nhw nhau,
ta co thé xem xét gia tri chuyén vi I&n nhat da duoc
chuén hoa (bang céch chia cho gia tri chuyén vi lén
nhat) cla trng moé hinh mang so v&i md hinh san hép
3D chi tiét (Bang 5).

Bang 5. Gia trj chuyén vi I6n nhét da chudn hoéa cda tumg md hinh: san hép, mang SHQB, mang LFNE, mang RSA

San hop SHQB

LFNE RSA

1 1,028

0,913 1,174

Hinh 5. Trang thai bién dang TMP cda san hdp, mang
SHQB, mang LFNE, mang RSA
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Khi so sanh chuyén vi ctia bén két cdu trong Hinh
6, cO thé thay ro:

- M6 hinh mang SHQB duwoc xay dwng tw
phwong phap ddng nhat héa bam sat chuyén vi cta
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san hop, dong thai thién vé an toan (chuyén vi lén
hon chuyén vi cGia san hop). B chénh léch Ién nhat
chi 2,8%. Khéng nhirng cé d6 chénh léch nhd, tai vi
tri gan va&i bién ngam cing, chuyén vi ctia mé hinh
SHQB bam sat rd rét chuyén vi ciia md hinh san 3D.
Diém vuwot tréi nay ctia md hinh SHQB so véi cac mo
hinh khéc c6 thé nhan thy dwoc bang méat thuong;

- M6 hinh mang LFNE Ia mé hinh dang dwoc st
dung phd bién trong thiét ké& hién nay, tuy nhién, do
chénh léch trong chuyén vi ctia md hinh LENE so v&i
san hop lén t&i 8,7%; thién vé nguy hiém. Sai sb nay
qué Ién so véi sai sé thuwdng dwoe chdp nhan trong
nganh Xay dwng la 5%. Mat khac, phwong phap nay
chi cho phép cac ki s thiét ké khoang céch gitra cac
hodp theo hai phwong 1a gibng nhau; diéu nay sé han
ché rat nhiéu phwong an thiét ké cta cac ki sw;

- M6 hinh mang RSA c6 d6 sai léch I&n nhét, do
phan mém nay c6 thé tinh toan nhanh dé cirng TMP
(theo cdng thirc); nhwng chi c6 thé tinh toan cho khéi
réng hinh hdp chir nhat, khéng phai khéi réng hinh
chép cut nhw hai mé hinh mang con lai.

T d6, c6 thé két luan phwong phap déng nhat
héa s dung diéu kién bién tuan hoan c6 thé st dung
dé xay dwng mé hinh mang twong dwong, mo ta
dwoc sy lam viéc TMP cla san hop. Phwong phap
nay khdng nhirng cho dd chinh xac cao hon cac céng
cu phd bién hién nay trong thiét ké san hop, ma con
c6 tinh linh hoat cao hon, cho phép xac dinh d6 ctrng
cla san hdp vdi khoang cach hop tao réng theo hai
phwong khéng giéng nhau badng md hinh mang truc
huwéng, twong tw [10].

L&i cam on:

Nghién ctru nay dworc tai trg béi S& Khoa hoc va
C6ng nghé tinh Quang Tri, théng qua Hop déng Thuc
hién Nhiém vu khoa hoc va Coéng nghé sb 35-24/HD-
KHCN ngay 02 thang 10 nam 2024. Nhém tac gia xin
chan thanh cdm on.
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