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TOM TAT

Trong thwe té xay dwng hién dai cac cong trinh phirc tap hdu hét déu Ia hé két cu siéu tinh, gdm nhiéu bd
phan cung lam viéc trong mét hé thdng nhat.Xu hwéng xuét hién nhiéu cong trinh giao théng nhw vay doi hdi phai
tim ra so' dd tinh va cac phwong phap phan tich phu hop.Bai toan hé théng khoéng gian phirc tap theo so dd roi
rac héa thwong dan té¢i van dé phai giai phwong trinh ¢& Ién nhwng néu chi ding mét vai phan t& hiru han, goi 1a
siéu phan tt (SPT) thi c6 thé gidm cip cla hé phwong trinh gidi dwoc thanh 1ap cho toan bd két ciu. Bé thuc
hién y dd thuc t& vé cac SPT can xay dwng md hinh toan hoc clia ching, tirc 14 xay dwng (ng lwc va chuyén vi
tai cac nut bién hodc thanh 1ap cac ma trén khac nhau, dac trwng cho tinh chat SPT do.

Trong nghién clru nay, tac giad tbng quan ng dung cac SPT trong phan tich céng trinh phirc tap cé xét
dén anh hwéng cuing lam viéc véi nén coc, trong d6 SPT la coc

Tir khoa: Siéu phan ttr; SPT; hé két cAu siéu tinh; coc; hé théng khéng gian phirc tap.

ABSTRACT

In reality, building modern chamber constructions always requires the application of the hyperstatic
structure systems which include many parts. All of them operate and coordinate in aunified system. The main
trends of these traffic works require the finding of a computational scheme and suitable analytical methods. The
complex spatial system of incoherent outline often leads to the solution of big sets of equations. However, if we
only use some points of finite elements which are called super element (SPT), we can reduce the level of solvable
sets of equations in order to set for all of the frames. To conduct these practical aims of SPT, we need to build a
mathematical model for them. In other words, we should build the stress and the displacement or establish
different matrices which represent the features for the nature of that SPT.

In this research, the authorsconduct a general applicationof SPT in analyzing complex structures and
examine the influences in consideration of the pile bottom in case SPT is the pile.

Key words: Super element; SPT; hyperstatic structure systems; pile; the complex spatial system

1a truong hop chung nhit cua vécto phan luc gbi
tua v6i 6 thanh phan [4], [5].

{R} = [RuxRuyRquwx Rwy RWZ]T'

2. Téng quan

1. Mé diu

Nhu d3 noi & trén, két cau cau hién dai hé
khong gian phirc tap gdm nhiéu bo phén lién két
chic ché v6i nhau va chiu anh huéng tong hop
clia tat ca cac yéu t6 trong d6 xét dén su 1am viéc
dong thoi clia nén coc 1a van dé phic tap.Mudn

! , Nhiéu nghién ciru trudc day da loai bo anh
mo ta tinh chat cua cong trinh thuc hop ly nhat la

hudng kha nang lam viéc dong thoi két ciu nhip

biéu dién mé hinh tong quat cua két cau noi trén
dudi dang mot hé thanh bat ky, lién két dan hoi
v6i nhau va tya trén cac lién két dan hoi tong
quat, md hinh hoa cho mdi truong dit nén (Hinh
1). Duéi thuat ngir “lién két tong quat” phai hiéu

- try md - MONg - nén coc din dén khong phan
anh dung két qua lam vi¢éc thuc t€ cua cong
trinh.
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Hinh 1. Cdc mé hinh tinh todn tong qudt cho mét sé dang cau va céng trinh giao théng

Ngdy nay v6i sy phat trién cong nghé
thong tin thi may tinh véi su trg gitp clia cac
phin mém dugc viét cin cr vao ngdn ngit ma
tran, do d6 viéc tinh toan kha nang lam viéc dé)ng
thoi két cau nhip - try md - mong - nén coc phan
anh dang thyc té lam viéc cua cong trinh hon.

Truée diy, mot sd nghién ciu dung
phuong phép ma tran chuyén tiép dé tinh toan
cong trinh nhung van con mot s6 han ché:

Chua xét anh huong cua luc doc dén trang
thai chiu udn cua cac bd phan két ciu Cong trinh
bién, didc biét 1a nén coc [2];

Véan dung phure tap khi tinh h¢ c6 cac lién
két khong dan hdi [3];

Khi tinh hé c6 nhiéu doan c6 thé méc sai
s tich Iy do hau qua lam tron céac s lidu trong
gud trinh nhan cac ma tran [3];

Dung phuong phap ma tran chuyén tiép dé
phan tich két cau xét dén sy lam viéc chung véi
dat nén ké dén mac do anh hudng cia luc doc
dén trang thai chuyén vi ndi luc trén nén coc
nhung chi don thuan chuyén tiép dé ghép nhiing
phan tr don gian nhu dam ma chwa ghép dugc
v6i nhirg phin tir phtrc tap hon nhu tim, vo,
khéi, solic... vi rit phirc tap va tinh 6n dinh cua
bai toan chua cao. O nhing nghién ctru d6 chi
dimg lai v6i viée ndi nhimg phan tir mot chiéu
trong mit phing chtr chwa dé cip dén pham vi
nbi cac phin tir khac nhau trong khong gian.
Mic khac, néu dung dé nbi cac ph?m ttr nhu tm,
vo, khéi... trong khong gian 1a rat phtc tap vi
chua tim duoc lién hé ma tran do cimg [K] dé
ndi voi cac phan tir khac nhau theo phuong phap
phan tir hitu han. Néu ding ma tran chuyén tiép
dé ghép phan tir dAm voi phan tir tim bang cach
md hinh phan tir tim thanh hai thanh chéo (mé
hinh gian 40) chiu luc trung tAm thi van dugc
nhung c6 sai s6 nén d6 1a chi 1a phuong phép
gan dung.

10

Bén canh d6 mot sb chwong trinh may
tinh khi md hinh kha ning lam viéc dong thoi
két cAu nhip - tru md - méng - nén coc, trong dé
nén coc duoc md hinh biang quan hé 16 xo nhung
phan mém chi hiéu d6 1a quan hé do lun tirc thoi
nhung thuc té phai cin mot khoang thoi gian du
lau dé coc co6 thé lin, nhu vay khong thé hién
dung kha niang 1am viéc thuc té cia cong trinh.

Trong thuc té ¢6 rat nhidu phuong phap dé
tinh toan nhu: phuong phép luc, phuong phap
phan tr hitu han, phuong phap théng sd ban
dau,..., mdi phuong phap déu c6 nhitng nhugc
diém khac nhau, trong do:

- Phuong phap luc nguyén nhan gy ra
kém 6n dinh thuong 1a Iya chon hé co ban khong
hop 1y;

- Trong phuong phap phan tir hitu han trén
co s& phuong phap chuyén vi, su suy bién cua
ma tran do cung cua toan bd két chu ciing dan
t61 hé khong 6n dinh;

- Con vé phuong phap thong s6 ban dau
thi 46 kém 6n dinh c6 thé xay ra néu su thay do6i
céc thong sé hodc ngoai luc tac dung tai dau nay
s& rét it anh hudng téi cac tham sd ¢ dau kia.

Vi vély, nay sinh van dé can phai cai thién
cach diéu hoa cac phuong phép truyén thong noi
trén. Thoi gian gan ddy da thiy nghién ctru mot
s6 phuong phap dic biét, ching han cac loai nhu:
phuong phap hdn hop, phuong phép chay dudi,
phuong phap tryc giao hoa..., ¢ hi€u qua khi
dung véi cac truong hop riéng khac nhau.

Thuyc chat ctia duong 16i tinh toan két cdu
phirc tap c6 xét dén anh huong cing lam viéc
v6i nén coc (hinh 1) trinh bay & ddy 1a nhu sau:

- Chia mé hinh tong thé cua két céu ra
thanh timg phan tir cang 16n cang t6t;

- Nhém chiing lai thanh nhing siéu phan
tir c6 dac trung riéng biét, bao dam on dinh tdt.
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D61 voi mbi siéu phan tir (SPT) trude hét lap
phuong trinh phan anh tinh chét bang phuong
phap thong s6 ban dau dudi dang ngdn ngit ma
tran;

- Sau d0, trén co s& cua diéu kién chap
hodc diéu kién cin bang tai cac phan tir dic biét
(Y=>5), ndi cac SPT, s& giai quyét bai toan bang
phuong phap Phan tir hiru han twong L'mg (theo
phuong phap luc hodc phuong phap chuyén vi).
Dic biét néu c6 didu kién thuan loi ciing co thé
dung phuong phap thong s6 ban dau phdi hop
v6i phuong phéap chay dudi, phuong phap truc
giao hoa..., da cach diéu hoa;

- Khi cru xét diéu kién 6n dinh cta hé
phuong trinh giai thi mdi SPT can duogc thiét lap
tir mot tap hop Phan tir hitu han dién hinh c6 tinh
chat dan hdi khac nhau khong nhiéu lim. Néu tai
vi tri c6 kha ning sinh ra nguyén nhan mét on
dinh thi thay bang cac nit cia SPT.

Trong phuong phap tinh toan kién nghi co
thé n6i SPT ndi trén 1a “Co sé vat chat” trong
qua trinh phan tich va téng hop két cau phirc tap.
Ddi voi toan bd két cau chung co thé dugc coi 1a
nhitng cAu trac con. Thuc vay, vé ban chit cac
SPT chinh 14 nhiing hé théng riéng bao gdm céc
phén tir don gian hon nita. O day cac SPT déu c6
dang thanh tryc bat ky trong khong gian, con
(Y=5) 13 nhitng chd giao cit cua 2, 3 hodc hon
nita cac SPT nay. Nguoc lai ban than cac SPT co
thé c6 2 nit bién hodc nhiéu hon nira.

o
Ig Lo

Mic dau c6 si dung cac SPT khac nhau
(hinh 2), nhung theo dic diém cua thu tuc tinh
toan, phu:orng phép nghién ctru céac SPT nay dau
tién gidng v6i phuong phap thong s6 ban dau.
Trong nghién ctru nay, dé tao ra mot kha nang sir
dung rong rai dugc cac SPT do trong nhiéu
phuong phap khac nhau, da chi y xay dung cac
loai ma tran dic trung voi moé hinh toan hoc phu
hop cho mot s6 SPT thuong ding trong khi tinh
toan cong trinh cau hé khong gian phuc tap co
xét dén anh huong cing lam viée voi nén coc.

Vé phuong dién “phuong phap tlnh” tﬁ
nghién ctu da su dung va phat trién cac plh
phap c6 ban dé phan tich va tong hop cac dang
moi, phtre tap ciia két ciu cau theo hai qué trinh:

- Qua trinh thir nhat: qua trinh hop nhét
SPT s& dugc xdy dung chi yéu bing phuong
phap théng sb ban dau hodc cac phwong phap
cach diéu;

- Qua trinh tht hai: Qua trinh phan tich
céc cdu trac con s& mang tinh chat cua phuong
phap siéu phan tr hitu han (SPTHH) véi nghia
thong thuong.

3. Bai toan lip ghép cc phan tir va siéu phan

>

tu

Trén co sO cac ma tran dac trung da xay
dung, cudi cung 1a “lap rap” cic SPT hitu han
(hoic PTHH), tirc 1a nbi chung lai v6i nhau
trong so d0 nguyén thé theo mot thi tuc nhét
dinh tuong ing voi mo hinh toan dugc st dung.
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Hinh 2. Siéu phan tir ¢6 diéu kién bién

Thu tuc ding dé 1ap rap SPT thuc chét 1a
qué trinh hop nhét timg phan cac phuong trinh

ma tran cua nhiing SPT riéng biét. Boi vay, tuy
thudc dang loai ma tran dac trung ma su dung,
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tha tuc ldp rap cac SPT co thé khac nhau. Két
qud la phuong trinh gidi cua cac hé ciing co
nhing dic diém riéng.

Do d6 khi I'Zip rap SPT viéc tao 1ap cac
phuong trinh giai bang phuong phép hop nhat
ting phan c6 thé theo phuong phap luan sau:

Str dung ma trin dang dj cirng [K] va
ma trgn djp mém M|

Khi phuong trinh két cu phtc tap dugc
chia ra thanh nhitng SPT hitu han bang phuong
phap ding ma tran [K] ta s& phai thiét 1ap va giai
hé phuong trinh dai s6 tuyén tinh [1], [6], [7].

[KKa}=1{R} @

Xuat phat tr hé thuc gitra ndi luc va
chuyén vi tal cac nut cua SPT, trén co s& cac
diéu kién chap chuyén vi tai moi nut, ta lap ra
duoc mot dang mdi cua cac phuong trinh cho
SPT. Két qua la nhan dugc hé thirc mé rong rang
budc tng lyc tai cac nit véi chuyén vi toan cong
trinh. Sau khi da 13p cac phuong trinh ma tran do
cho cac SPT riéng biét, nho diéu kién can b@“mg
cac niit thi qué trinh l4p rap con lai khong khé vi
tdng cac ma trin m& rong duoc tién hanh bing
cach cong cac sd hang tuong tng.

Tuong tu, ta cling s& c6 thu tuc 1ap rap cac
SPT dugc dac trung boi cac ma tran dang [M].

NGi chung, tha tuc dé hop nhit timg phan
cac phuong trinh ma trdn cua SPT khong co gi
khac thu tuc trong phuong phap phan tir hiru
han.

Néu xét két cdu cau phuc tap co xét dén
anh huong cing lam viéc v6i nén coc bang cach
sir dung ma tran chuyén tiép dang [z|ta nhan
dugc 1 hé phuong trinh kém 6n dinh, nén ta co
thé s dung ma tran dang [K]va [M]. Loai nay
thuoc truong hop két cu lién tuc, khung hoic
phan nhanh khac trén gbi clg hoic c6 lién két
nat mém (khép).

Boi vy, cung véi van d& st dung céc loai
SPT khac nhau c6 thé tinh két cau cong trinh cau
nhu mot hé tong thé c6 xét dén anh hudng cing
lam viéc véi dét nén, béng cach chia ching ra
thanh nhitng khdi 16n, sau do trén co so cac SPT
nhan duoc lién két lai trong mot két ciu chung.
Phuong phap s€ c6 hiéu qua hon trong truong hop
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) luong cac siéu ph?m tir 1a nhé nhit. Chon
phuong phép lap rap cic SPT s& phu thudc vao
bai todn cu thé co xét ti cac bao dam vé tinh 6n
dinh va tinh hi¢u qua trong phuong dién tinh toan.

4. Xay dung mo hinh toan hgc cia SPT dwdéi
dang tong quat

Gia su trén SPT c6 tdc dong mot hé bat ky
nhing ngoai lyc va chuyén vi cudng birc. Ding
phép bién do6i tuyén tinh 4p dung cho timg phan
tir v nit 1an luot ta s& nhan dugc biéu thirc cua
cac vécto trang thai dang:

teat=INJeaj-ta)
{572 } = [le]{5+1};

......................... )
{emt=[NoRe_a—{en!
{gn }: [Tnll ]{5+n}

Tur @6 rut ra:

lew b= N T 0 (N T(NST e, — ) =604 )— &,

1 2
= [Tnll ]-[H NT g8 _H NT e == N T80 — gnj-

3)
Néu ky hiéu:
1
[”;]:HNiTH,i (i=1, Tp,=Ty,);
[72'1,]: f[ NiTi—l.i ’ [ﬂ-r'w-l]: NnTn—l,n ’
[ﬂ'é]:f[NiTi—Li ; [7[';]:1'
ta co:
{g" }: [Tnll ]-(7[;5| W&~ TpEp ”r'xgn)
4)

= [Tnn ]-[”; ]'{gl }_ [Tnu ]g[”; ]{‘c"j } ’
hogc gon hon: {¢, 1= |7 [ie, }—{&'}. ®)
trong do: 7' =T, 7|3 {e'}=T,, Zn:ﬂ}gj . (6

Do d6, tai 2 dau cta SPT nay, tirc 1a ¢ 2
nut bién I, II ¢6 vécto trang thai lién hé véi nhau
boi 1 bién d6i duong thang. Tir d6 rat ra biéu
thirc ma tran d6 cing (MTDC) déac trung cho
SPT hitu han da noi trén.

Mubn vay ta viét (5) theo dang chia khdi:

R
PJ, Zou 7pp [P P '
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Khai trién (7), nhom céac s6 hang c6 chtra
cung mot chuyén vi va cung mot ndi luc tac
dung tai “bién gidi” cua SPT ta cé:

R e o

T d6 c6 thé nhan duge biéu thuc xéc
dinh ung lyc bién gidi:

Pl |#p O N 7w — (U, 7 O K
Py __ﬁ'pp —1 7o 0 ||Uy +7r;3p —1 P’
©)
Sau nhiing bién ddi so dang (9) ta co:

{P.}: ~ T i i {U|}+ 7 U}
Py ”bufﬂlpp”@l”&u ”’ppﬂ@l Uy ”Ep”ﬂﬁl{ur}*{p}
(10)
bat:
r=1__r

_ " -1t
Kll - 77Tup Tu? K12 - 7z-up !

- ! r=1_r " ) -1
Koy =7y — TopTip owt Koy = 70,70 0

f, :”l:;l{ur}; f, =7, ”'_1{U,}_{P'}‘

pp~~up
Phuong trinh (10) viét lai:
Pl [Ki K |[Ui) . [f, (11)
Pu) Ko KaolUy " ful
Céch khac & dang gon hon ta viét duoc:
{p}=[KJuj+{f}. (117
Mit khac, xuét phat tir phuong trinh (8), ta

¢6 thé nhan dugc chuyén vi ¢ hai dau SPT duéi
dang khac:

bt
(12)

Thuc hién phép bién dbi so dang ta co:

{U. } _ { T T } { R H 7P} ]
’ ’ r=1_r ’ r-1 ’ ’ -1 n|"
UII Tlup ~ TuuPpuCpp  uu’Cpu PII _{U }+ﬂuuﬂ-pu {P }

(12)
bat:

r=1__r . _ -1
Mll__”pu ﬂ'pp’ Mlz_ﬂ-pu

ﬂ" 72',_172', .

. _
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M,, = IZ'L',uﬂ';ul; G, = ﬁ;jil{P'} ; G, = ”L/:u”;;ul{P'}_ {U/}'

Phuong trinh (12°) viét lai:

b={0r e il e -paeteo
(12”)

1=, 0P [#, —1T (U’
+
oo — [Py Zp O P’

Do d6 SPT néi trén c6 thé biéu thi boi 3
dic trung bién dang khac nhau giéi thiéu trong
cac phuong trinh (5), (10) va (12°), trong do
quan trong nhét 1 cic ma trn dang 7, K va M.

Ta nhén théy c6 thé thanh 1ap ma trdin M
bﬁng cach nghich ddo ma tran K. Thuc vay, ap
dung cong thirc nghich ddo cic ma tran 4 khdi,
trong d6 2 ma tran trén dudng chéo chinh la cic
ma trén vuong, ta s€ c6 ma tran M.

5. Tinh toan MTDC cua tru coc déo

Xay dyng MTDC cua tru coc déo, ngam
dan hoi trong méi truong dat (hinh 2) véi hé sb
nén bién thién theo 1 quy luat bét ky, ching han:

Ky = Kn(h-x)/h va Ky = Cnd. Biét d =
0,24m; h = 3,5m; C, = 8330 T/m?; El = 162,8
T/m2,

Ta chia tru coc déo thanh 7 phan déu nhau
dai 0,5m. Tru dugc coi nhu mot dim lién tuc
trén céac lién két dan hoi, dé dé tinh toan, & day
cac ma tran dac trung duoc xay dung voi cac hé
s6 khong thir nguyén co cac hé sé do cing tru
déo nhu sau:

Khi ¢6 chuyén vi ngang:

k,, = 2,2459; k,, =19000; k5 =1,5548;
k., =1,2093; k 5 = 0,8638; kg = 0,5183;
k,; =01728;

Khi c6 chuyén vi goc:

k,, = 2,9945; k,, = 2,5338; k 5 = 2,073L
K4 =16124; ks =11517; k 5 = 0,691
k,, =0,2303;

Ma tran T c6 thé biéu thi dudi dang khong

thr nguyén [3]:

1 -1 -05 -0166

0 1 1 0,5
Ti =

0 0 -1 -1

0 0 0 -1

Vay tinh toan ta c6 ma tran 7’ ¢6 dang:

46522 —28757 10190 142,30
23903 -2889 -1097 —60,35
T7| _337 -28730 6767 2210 |
~307,89 -33870 102,26 10531

Trudng hop 1 (ngam cing tai dau dudi),

tinh toan ta c6 két qua MTDC cua tru coc déo:

13
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083716 1,60923
11,00353 0,83716

Truong hop 2 (ngam dan hodi tai dau
dudi):
3 0,83742 1,60981
11,09370 0,83742 |

T ma tran d6 cung(MTDC) va cd xet
diéu kién bién tai dau kia cia SPT, ta sé nhan
duoc 101 giai cho moi tham so chua biét.

6. Két luan

O bai bao nay, giéi thidu tong quan vé
thuc chat duong 16i va bai toan lip ghép cac SPT
1a tién dé dé xdy dung tng dung cac SPT dé sir
dung 1am co s& phén tich két cau khong gian
phirc tap c6 xét dén anh huong cing lam viéc
v6i dat nén. Cac ma tran dic trung da nhan dugc
clia cac SPT khac nhau c6 thé ding thuan loi
trong qua trinh “lip rap” theo cac phuong phap
tuong tmg, dua trén co sé so do héa thanh cac
siéu phan tir hitu han.

Cac mo hinh toan hoc khac nhau ctia SPT
c6 thé sir dung hiéu qua khi giai hang loat két
céu cong trinh theo cac phuong phap tinh twong
ung. Xay dung mo hinh toan hoc cia cac SPT
dic trung c6 diéu kién bién nhu: ngam cung,
ngam dan hoi, dau tu do, géi khop clu ¢cb dinh
s& duoc trinh bay chi tiét & bai bao tiép theo.O
bai bao nay tac gia xay dungly thuyét mé hinh
toan hoc ciia SPT dué6i dang tong quat & muc 4
va ap dung tinh toan duoc két qua MTDC cua
try déo & muyc 5. T4t nhién cac cong thirc ndy sir
dung trong tinh toan két cau thudng gip trong
thuc té xdy dung.

Két qua nhan dugc c6 thé phat trién dé
xdy dung nhitng siéu phan tir cap cao, bang cach
t6 hop tir cac loai siéu phan tir cing hodc khac
loai, chéng han, SPT c6 dang chu myén khép
kin, SPT phan nhénh c6 céc diéu kién bién & 1
hodc nhiéu dau, SPT dang 2 chiéu,...
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