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XAC PINH CAN BANG cUA MANG CHIU UNG SUAT
TRUGC BANG MO HINH Hf THANH KHONG
CHIU NEN

Trén Canh Diing - Chu Qudc Thing - Piing Viin Nghin
Trudng Pai Hoc K§ Thuit
(Bai nhdn ngay 16/01/1999)

TOM TAT : Vigc dinh dang ban diu k&t cdu mang chiu Gng sut trude 1a mét trong s8
nhitng vdn d& quan trong trong viéc md hinh va tinh toin cd hoc chiing. Trong bai ndy viéc
dinh dang s& dugc thyc hi¢n bing cdch xem két cau mang twdng didng vdi mdt hé thank
khong chiu nén phi hgp vdi gid thi€t két cdu khong bi x&p li cuc bd. Cac phuong tiinh cin
biing tai c4c niit cho viéc tinh hinh hoc két c&u dugc thiét 14p blng viée sit dung khi niém
mat d§ lvc , nh¥ d6 ma vige tinh todn 12 khd don gidn va hiu qua.

1. GIGI THIEU

D6i vdi két cdu cing dang mang, hién trang cin biing khong dugc thi€t 1ap ban diu
nhu nhitng két c&u ciing truyén théng nhung dudc tao ra bdi iing suat 4p dat trude

Viéc xdc dinh sy cin bing nay c6 thé dugc xem xét theo mdt s& cach sau day :

- Can bing hinh hoc véi mot trudng dng suit da cho. "

Stfc cang danh dinh s& dudc coi 1 dif liéu co sd cho mdt sy can biing hint "1oc cia két
céu.

- Phén tich phi tuyé&n sy chuyén vi [1]

Trudng ting sudt dp dit trudc trong két cdu duge chon phit hap vdi loai vat liéu skt
dung va nhdn dugc tir 4p lyc hay cdc chuyén vi tao nén tai cdc bién. Tuy nhién viéc
chon dang hinh hoc va truding stic cing ban dau dnh hudng 16n dén t6c do tu cia bai todn,
thdm chi d&én su kh3 di hoi tu cia né.

- Trong pham vi bai ndy s& ding mo hinh k&t cdu mang biing mdt hé cdc thanh ma
tit d6 c6 thé thi&t 1ap hé phudng trinh tuyé&n tinh dé x4c dinh su can bing qua viée si
dung phudng phédp mit d6 luc (MDL)

2. MO HINH VA €O SG LY THUYET
2.1 Gia thiét :
1. Vat liéu 1am mang 13 dan hoi c6 cling be day .
2. Trang théi dng suit trdc trén toan k&t cAu mang 1a hiing.
3 Mang chi chiu hi€u ting kéo hay nén (dic biét coi nhu khong ¢6 mdt viing cuc
bd nao chiju nén - bd qua hién wgng x&p ly cuc b).

2.2 M4 hinh :
Xem mang tudng duong vdi mot h¢ thanh (hay day cdp) ma mdi nit 12 khdp ciu.
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Hinh 3

Phuong trinh (4) trong hé toa d§ (Oxyz)
Sun = Sen-las v & e(x,y,z) (5)

Trongd6  Sabn : hinh chi€u ciia Shp xudng Oa € (Ox, Oy,07)
lab : hinh chi€u ciia chiu dai cdp b xudng Oa (xbBd - XbKt)
Khi d6 ( 3) trd thanh :
P, +9 Se=0 i welxyz) (6)
b

- Thi€t 1ap ma trdn lién két :
Ma tran lién két [Clmw cho sy lién k€t gitta cdc niit.
Goi m :tdng sd cdp hay thanh : u :sO it
U : cdt tudng ng cdc nit iy do ; uf : cdt tuong ng cdc mit cd dinh
0  thanh i khong chifa niit j
C;=4-1 jmitthinhd t ci atharh i
1  jmitthd hai cd athanhi
ae(x,y.z), goi
{la} : vectd chiéu dai lap chi€u 1én truc toa d6 a €(x.y.2)
[Q] mxm : Ma trdn chéo mxm céc gié tri mat dd py
(a} : Céc vectd toa dd cla u mit (u thanh phin).a €(x.v.2)
{Pa} vectd cac Pap clia ngoai luc P, trén h¢ truc toa db a =(x,y,2) .0 120
Taco :

{l.}=[Cl{a} aelxy.?) M
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Uy u 1
Thanh 1 2 3
1 -1 1 0
A ) =Fit11
3 -1 0 1
N, ' .
Hé thanh nit Ma trdn lién két twdng ng
Hinh 4
Hinh 4 1a vi du cho m6t hé thanh véi niit 1 ¢8 dinh .
Ixb : hang thi b ciia ma trén [C] .{x}
Ixg = (-1). xbBd + (+1) . XbKt
Phudng trinh cin bing clia hé thdng :
{P)+{28.)=0  ae(xy.2) ®)
Téng Iyc 4p dat bdi c4c thanh 1én niitn :
Y-85 = —[C]'[QKC]{a} a €(x,y,z) 9)
- Tt @6 ,taritra:
-[C][Q]CKa} +{p.} =0 (10)
= {2} =[] [l an

Ta chi ¢6 3u] nit tr do (3u] bi€n ), v8i s6 uf da bi€t (cdc niit ¢ dinh ). D€ ddn gian
c6 thé chia [C], {a}, {Pa} thanh hai phin :

[C] = [C), Cf] (12)

{a}= {aLaf}’ (13)

{Pa}= {Pal.Paf}' (14)

et | Het e
bat: 2

p-[eele: [Dd-[c]elc] a6
(3) =>[D J{a,} = {P,}-[D([{x} a7

Trén hé truc toa d§ Oxyz :

[D,]{xl} = {Px!}‘[Df]{"r} [D, !{Y!} - {P_‘., } ‘[Dr]{Yr}
(18) [D{z} = {P.}~[De]{z}

38



Science & Technology Development Vol 2, No 243 - 1999

3 MO HINH TRANG THAI UNG SUAT TREN PHAN TU MANG TAM GIAC
Vv(O1 HE THANH (DAY)

3.1) Trudng hgp vat liéu ddng huéng.

Xét mdi lién hé giita trang thai @ng suit trén bé mit mang vdi cdc ing sudt trén
canh bién cédc phin tif tam gidc mang cla k&t cdu. Theo dinh 1y céng a0, cdng cia Wng
sudt trong bé mit phan tf mang tam gidc bing cong tao ra do luc doc theo canh bi€n
ctia phan tt mang tam giéc.

Do trang thai @ng suit hiing, trudng chuyén vi dudc viét :

cu cu ov
U= —.X+—.y+Uu, =€ .X+—.y+1, (19)
ox dy dy
ov ov
)= —X+—.y+V,=—.X+E..Y+V 20
v ax ey J | ax X ¥ y 1 ( )

Gia thi€t: uy=v1 =0

Cong 4o do lyc trén cdch canh cia phdn tf mang UK [5]
dw = 3w, + 0w, +dw, (21)
Goi : 8u,,8v,, te(i,j.k) :cdcchuyén vid nitijk
Tainditl : dw; =0 (u,=v,=0)

Tai niit ] : 8w, = du(F, +F, cosp) + &v,(-F, sinp) =
a|:58x(F, +F, cosﬁ) & (-F, sinB)]
¥ X g
F
K
C b

A

a F\ X  Hinh5 :Phan tf mang UK

Tai mitK :
w, = du,(F, cosa - F, cosp) + dv, (F, sinp + F, sinot)
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= fiisx.(l::.c.c:os2 a-F,.c. cosa.cosB) + 58_\,(F2 sin’ o + F.c. sina.sinﬁ) +
Sg(FJ.c.cosa - F, c.sina.cosp) + S—G—(Fz.c.cosa.smoz + F,.c.sinB.cosa)
,, X

(22)
Cong toan phan ( d6i vdi ba niit) :
dW,,,,. = OF ,;.(a. F, +c.cos’ a.F, + b.cos’ B - F;.c. cosot.cosB)

+0g, (Fz.c.sm2 o+ F;.csina. sin[}) (23)
ov . . .
+ 66_1{( F,.c.cosa.sina + F,.a sinB +F,.c.sinp.cosa)

C6ng 4o do trudng ng sudt hang trén mat phin tf tam gidc nay :

dw = [ 8e,0,dv = V(3e,0, + 86,0, +5(28,) 21, (24)
V 1a thé t;ch clia phan tif c6  dién tich bé miat S ,bé day mange. Tir (23) (24):
g, = —Ef—(a. F, + c.cos’ o.F, +b.cosp. F3) (25)
6, = %(c sin’ o F, + b.sin® p. Fa) (26)
Ty = %(c.cosa.sin o.F, + b.sinp.cosp.F,) (27)
a c.cos’a. beos® B
[M]=]0 csin’a bsin® B (28)
0 csinocosa —bsinfcosp
Goi: [F|=[F,.E.E]' ; [o]=[0..00.1] (29)

T (25) ..(29. ta c6 phudng trinh cdn bing giffa luc trén bién va dng suit trén mit
phin i :
[o]=[M][F] (30)
T (25) ... (30) , d€ thay riing néu cic F1, F2, F3 dudng thi o, 6. T ciing dudng

3.2. Trudng hgp vit liéu mang tryc hudng :

Vit liéu két cAu mang 12 composite dét ching dugc xem ¢6 tinh chat truc hudng [6]
(vdi hai hudng chiu lyc chinh theo hai phuong sgi cia 1dp ¢6t vai). Tt md hinh cdn béng
trén cé thé tinh dugc ¥ng suil theo hai phudng nay.

Do o, B#0, Det M # 0, nghia 12 3 [M]"!

[F]=[M]"[o] (3D

Goi 6 la géc gilra hé truc Oxy va hé toa dd Ox,ys ma céc truc 12 cdc huéng chinh

ctia vt liéu . Goi [P] 12 ma trin chuyén tir hé toa 4 Oxy sang hé toa d¢ Ox,yy (H.6).
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yd he
el

cos® —sind
(32)

[P] g [sine cosf

Gc: (ng suat theo hudng chinh Ox, ciia vat liéu

6y : Wng sudt theo hudng chinh Oyqctia vatliéu;  Hinh 6
Do d6, Wng suit trong hé toa Ox,yq : [5]

O, Ty " Oy t\'_\' t ) ’
|:T U:] - [P][T\._‘ G, :‘[P] (33)

ct

Khi d6
o, cos’ 0 sin’ @ ~2sinBcosh |[o,
[c]=40,p=| sin’® cos’ 6 2sinBcos® [ o, (34)
.| |sin@cos® -—sinBcos® cos’6-sin’6 (1,
cos’ 0 sin’®  —2sinfcosb
Pat :[L] =| sin’0 cos’ 0 2sinBcosH (35)
sinfcos® -—sinBcosd cos’ 0 —sin’H
T (A1), (33) ;
[F]={M["[L]], (36)
cos’ 0.0, +sin’ 0.6, — 2sinBcosb. 1,
[F]= [M]_l sin 0.0, +cos’ 0.6, +25sinBcosb. 1, (37)
sin0cosB.c, —sinBcosb.o, +(0052 0 - sin’ 9).1.':,
R6 rang phudng trinh cdn bing phu thudc vao 6,6¢ .0t ,Tct.
o, = a.F,cos? @ + ¢.F,.(cosB.cosc + sind sina)’ + b.Fy.(cos®.cosp + sinBsinp)’
(38) :
o, = a.Fsin’ 0 +c.F,(sin0.cosa + casﬂ.sma}"’ + bF,{sin6.cosB + cose.s.in[})2
(39
* o oy ludn dirdng bét chip 0.

= ;-[smze(a. F, +c.cos2o.F, + b.cos2B.F, )+ cos26(csin2e . F, - b.sin2f. I}I

(4
0)
C6 thé tim hudng 1§ twdng & d6 céc truc thude hé Ox,yscd cling ing sudt phap trén

hai hudng (o¢ =6t =G ) Vi tng suft cft 1oy =0, khidé: [F] = [M]"[GO 0, O]T
(41)
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Céc lyc.trén bién phén tif dude tinh vdi gid thiét ing sudt hiing trén b& mat phin
va vdi [F] ¢6 thé xdc dinh dang cén bing khi biét trang théi @ng sudt trong toan bo két
cAu.

Vaicde mat dd lyc 4p datién hé khdc nhau s& cé mdt dang hinh hoc x4c dinh. Ding
ph¢p 1dp v8i cdc mat d6 luc khéc nhau ta s& c6 dang cén bing mong muén cia k&t cdu,
gidi thudtcho & (H.7).

4. NHAN XET VA KET LUAN

- Vi [D] 1a ma trén chéo, [C] khdng suy bi€n do d6 11 gidi (18) 1a duy nhAt .

- Vigc tinh cin biing k&t cdu khA don gian (gidi mot hé phudng trinh myén tinh véi
u; bi€n ) ‘

- Cdc mat do lyc duong bdo ddm trang thdi kéo ciia cdc thanh nén viéc dinh dang két
cdu mang bang hé¢ thanh chiu kéo bio ddm mang khéng chiu hién trdng nén cuc bd

FORM FINDING PRETENSION MEMBRANE STRUCTURES BY
UNCOMPRESSED TRUSS SYSTEM
Tran Canh Dung - Chu Quoc Thang - Pang Van Nghin

ABTRACT : The Initial form finding is one of the most important things in modeling and
computing the pretension membrane structures. In this paper . the form finding will be
performed based on a model in which the membrane is considered as an uncompressed truss
system. The equilibrium equations at nodes will be etablished by using the force density
method. Owning to that, the form finding is easier and more efficient.
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Bdau

!
Ap dit : MPL d4u tién cho céc thanh (q=1)

Tinh : Dang cén bing

budc | .i=1
e
L; - ‘ 3
Fo=M"'o, Oo = hiing s6
g 3
LA

Tinh cdc dang céin r
béng trung gian i

Tinh toe

L dd céc niit
F-F, Bl Khéng thod )
E ’ F=p.L
Thoa
c=M.F

v

Khéine thoa

hoa

Hinh 7 : Lwu dd x4c dinh dang can bling clia két cau
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