Chuong 4
SILO - BUNKE

4.1 KHAI NIEM CHUNG

 Silé - bunke 14 loai két cflu ding 4 chia vt libu roi: cdt a4,
xi méng, clinke, lda, bdp, ddu, phan bén... duge 1am bing bé tong
cot thép.

Khi H/D > 1,5 goi la silé

H/D < 1,5 goi 1a bunke
-v6i: H - chiéu cao; D - dudng kinh.

Khi chita v4t ligu roi gitta thanh va vat lidu c6 géc ngoai ma
sat, phdt sinh lyc ma s4t nguge chiéu vdéi trong lugng bén than cia
vét liéu. Luc ma sit nay lam cho lut phén bd 4dp lyc ngang cia
vét lidu 1én thanh tudng thay ddi. Cudng d6 4p luc ngang c6 mot
gid tri nhat dinh.

Dung trong, géc ndi ma s4t va hé s§ ma s4t cia vat liéu roi
c6 thé tham khdo theo bang 4.1.

Bdng 4.1
Vit ligu oung m(’:::::) T | Goe nol ma ekt o | HésEmasits j
Véi cyc 1200 35° 0.5
Xi miéng 1600 30° 05
D4, sdi 2000 a0° 0,5
Than 800, 3s° 0.5
Lia; lia mi 800 : 25° 0.4
Bip . 450 30° © 04
Bt 600 e 0.3
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Chiéu day cia thanh tudng
| t.hl.!f!ng de(_Ic thlét ké lé h\ang 56, H D ‘ Tudng dung
thutng duge thiét ké thanh ting

cum (nhém), khong thiét ké ting A one
u
céi riéng ré. Thiét dién ngang co J- Cot
rd

thé hinh vuong, chit nhat, tron,
‘Hlnh 4.1 Silé - bunke

da giéc...
4.2 BUNKE

Mat biéng bunke c6 dang hinh vudng, chi nhéit, tron, da
gidc: dang don hay nhém, toankhéi hay lép‘ghép, thuéng cé cdc

dang sau:
0 on ° o
o0 e
Phéu Pay 1 déc Pay 2 déc Mang

Hinh 4.2 Cdc dang bunke

Tudng dung va ‘nghiéng cia bunke, chiu 4p luc cia vat liéu
chuda, chiu 4p luc cda tdi trong tuc théi, thudng xuyén va trong
lugng ban than. Trong tinh todn thudng bd qua luc ma sat cda
vat liéu chira va tudng ding khi vat liéu chuyén dich. Bunke la
mot hép cing lam viéec nhu mot két cdu khong gian chiu téc
dung cGa tai trong. Trong tinh todn, d€ don gidn phan thanh
hai cdu kién riéng biét: tudng ding cda bunke va tudng nghiéng
cia phéu.
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4.3 TINH TOAN BUNKE
4.3.1 Xdc dinh kich thudc hinh hoc

Thé tich bunke

Vg = aybyh, + %‘[(2% +ay)b, +(2a; + ay)b,] (4.1)

a, b,
hz
€, () Lk] Py h'
- 8, ~— b,

Hinh 4.3 Kich thudc bunke
Chu y: Khi thiét k& bunke cdn phai xét géc nghiéng ciia phéu
ddi v6i mat phidng ndm ngang o > ¢ (g6c ma sét cia vat liéu chia
v6i tudng). '
4.3.2 Xic dinh dp Iyc cua vit li¢u 1én tudng bunke

Do chiéu cao ciia bunke nhé, dé don gidn tinh todn bé qua luc
ma sdt cia vit liéu 1én tudng

1- Tuwomg vdl?ng
. Ap lyc dimg tidu chugn tai diém b4t ky c6 chidu cao h:
Py =v.h . 4.2

véi: y - dung trong cha vat liéu
h - chiéu cao cia 16p vat lidu phia trén di€ém dang xét.
Ap lyc ngang tiéu chuén tai diém bt ky c6 chiéu cao A:
pr = ky.h (4.3)
vdi k 1a hé sd dp luc ngang phu thudc vao géc ¢ (géc déc tu nhién cda
vat ligu).

k=tg?(45° - g) | | (4.4)
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P max
P5
Hinh 4.4 Ap luc lén tuong bunke
2- Tudng nghiéng (phéu)
Ap lyc ngang tiéu chuén tdc dung 1én tudng nghiéng:
P: =m,v.h (4.5)
m, = cos’a + k sin’a (4.6)

v6i o 1a géc nghiéng cia phdu d5i véi mat phing ndm ngang, phu thudc

vao loai vat liéu chida.

Béng 4.2 Géc nghiéng a cia phéu

Vit ligu

Lua mt

voi

Klinke

Than cyc

Than ban

Xi miéing

Géc a

25°

30 - 35°

33°

40 + 45°

15°

30°

Trudng hgp vat lidu chita cao hon mat phdng nim ngang cdn
phai xét dén vugt tai nay, lic d6 gia thiét vat lidu pha tao thanh

mét géc ¢ so vdi mat phing ngang.
Ap lyc ngang tiéu chudn tdc dung l1én tudng ding:

p. = v.hcos®p

(4.7)

Ap lyc ding tiéu chuén tdc dung 1én mit phdng ngang 0-O:

t

o = y(h + h, cotga.tge)

4.8)

Ap lyc ngang tiéu chuén tdc dung lén tudng nghiéng:

pS = y.cos’alk + h, cotgo.tge + h.tg’x. cos®e)

4.9)
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: Hinh 4.5 Ap luc len tuong - phéu
Ap lyc tinh todn:
p; =n.pi ' (4.10)

n =(1+1,3) M hé s§ tin cay.

Trong mjt s8 trudng hop dé don gidn tinh todn, dp luc ngang
tdc dung lén tudng nghiéng c6 th€ dua vé dang phén b§ dédu (4p
Iige trung binh).

Tuong nghiéng c6 dang hinh thang

- Bunke c6 tudng dimng:

Pw = 13y.h Mo 2 3k @
3 a; + as h1

- Bunke khéng cé tudng ding:

P =1,3v.h —2° (20 +a3) (4.12)
3(ay + a2)

High 4.6
Tuimg nghiéng c6 dang tam gidc (a;= 0) hodc a; rat nhé so véi a;

- Bunke c6 tudng ding:
me

3hs
1+—-—=)
3 +

(4.13)
h]

P = 1,3v.ly
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- Bunke khéng c6 tuong ding:

pw = 1,3v.ly ';ﬁ (4.14)
trong d6: m, = cos® o+ ksin o (4.15)

Trong thiét ké cdn k& thém hé s6 dong kg, nhim xét dén viéc
tang dp lyc khi rét vat liéu.

Béang 4.3 Hg s6 dong ky

Khoi tich vat lidwthé tich bunke 1/2 1/3 1/4 1/8 <1/6

Ke 1.4 1.3 1.2 1.1 1

4.3.3 Xic dinh @Wng luc kéo trong tudng bunke
1- Phuong ngang
Déi vdi tuong ditng (cdt 1 ddi c6 b = 1 don vi)

Dusi téc dung cia &p lyc tdi ngang cha vét liéu chia lam
phét sinh dng lyc kéo trong tudng

N,y = Pnbz (4.16)
2

N, = Bn2 (4.17)
2 .

 Pé6i véi tusng nghiéng (phéu)

N,, = Bebsinos (4.18)
2sin“as ‘

Nan = Poa’sinay | (4.19)
2 sin%a4 ‘ :

trong dé: P; - téng dp luc dt’lnj cﬁﬁ vét liéu va ciia thanh dung, cia
trong lugng ban than tudng tdc dung tai cao trinh
dang xét.

P, = nyim, + ngy:5; cosas | | (4.20)
Y; - khéi lugng riéng cia tudng bé tdng

8, - chidu day cla tudng bé tong.



182

Hinh 4.7

2- Phuong diing
Déi véi tuong ditng

Ung luc kéo theo phuong ding phan b khong déu, tap trung &
cdc géc phéu, d€ don gidn tinh todn, xem ing luc kéo theo phuong

dimg phan b3 déu doc theo tudng.

‘NJJ [ ] : ' Nd4
N, ’ ! ¥
!F ..... i?.---ﬂ--’.‘ b,
T,
Ny : Ng,
l._az__ﬁ y _d:
Hinh 4.8
Ung luc kéo trong thanh tudng ding ciia bunke khéng doi
xing xdc dinh theo:
G
Nyy=—09Y _ 4 ¢ (4.21
T 2Nas + by) ’
Nip=—C _ _@-t)e, (4.22)
2(ag + bs)
G
Nyg = ————(2-¢).(2-1¢) (4.23)
a2 .2(02 + bg) 7
G
Ny = ——1t,(2-1) (4.24
“ " 2a;z + by) ’ ’

trongdé: G =G, +G;

G, - trong lugng ban théan tudng bunke

G, - trong lugng cia vat liéu chia

t. t, - hé s6 phan phéi, phu thujc vao kich thuéc ciia bunke va v1 tri

trong tim G cla bunke.
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Néu d/as = 0,5 thit, = 1; néud,/b; =0,5thit, = 1.
Céc truong hop khac lay theo bang 4.3.

Bdng 4.3 Hé s6' t, ¢,

dJ/az HE sG ¢, dy/b; Hé sb ty
aby=1 | ai/ba=15 | a/b=2 axb, =1 a/b, =15 | a/by=2

03 1,60 1,66 "1.72 0.3 1,60 1,55 1,51
0.4 1,30 1,33 1.36 0.4 1,30 1.27 1,25
0.45 1.15 1.16 1,18 0.45 1,15 1,14 1,13
0.5 1,00 1,00 1,00 0.5 1,00 1,00 1.00
0,55 0.85 0.83 0.82 0,55 0.85 0.86 0.87
0.6 0.70 0.67 0.64 0.6 0,70 0.73 0.74
0.7 0,40 0.33 0,28 0.7 0,40 - 0.45 0.48

P6i vdi tuong nghiéng (phéu)
- Luc kéo ding trong tudng nghiéng cua phéu xac dinh theo:

N = i (4.25)
sina; .
Nd,‘ = Gl + Gz N

dm

trong dé: Gy, G. - thay ddi theo chidu sau, do dé
can chia nhiéu doan, méi doan lay gia tri trung
binh dé tinh.

a; - géc nghiéng cia tudng nghiéng dang
xét so v4i mat phing ngang.

- Luc nén 1én cjt da:

Né&u bunke déi xdng, luc nén 1én mobi Hinh 4.9
cot: - (Z; (G =G, + Gy | (4.26)
Né&u bunke khdng déi xding (4 cot):
P =%, (4.27)
4
G
P2 = 2(2 - t,-)ty
P - %2 SN2 - ) 3 p
P - gmz 1) 1 1

Hinh 4.10
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4.4 XAC DINH MOMEN UON TRONG TUGNG BUNKE

Dudi tdc dung cda 4p luc ngang trong tudng ding va tudng

. nghiéng (phéu) xuit hién mémen udn.
4.4.1 Tudng ding

Téch riéng titng tudng riéng ré, méi tudng xem 1a ban hinh
chit nhat. Tinh nhu ban san, chiju téc dung cua tai trong phan bé
dang tam gidc, diéu kién lién két & cdc ci_mh.

Dé6i vdi canh trén:

- Lién két ngam: néu c6 lién k&t ban san BTCT dé toan khai.

- Lién két ty do: néu khéng cé lién két ban san BTCT dé
toan khéi.

- Lién két tua don: néu ¢6 ddm theo chu vi.

Déi véi canh duoi: _

- Lién két ngam: lién két véi phéu BTCT dé toan khéi, c¢6
ddm vong BTCT.

- Lién két tu do: lién két vdi phéu biing thép.

Déi véi tudng bén (hai canh bén): ngam.

So d6 tinh

| a, |

AT y / 4 y

1 y |n 1 y / y

7’+‘7 7*+‘7 7"‘""7

A l ax i A 4 4 A (»
/'// /"/ =]

nmax

Hinh 4.11 So dé tinh tuong ding va dang tdi trong
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" 4.4.2 Tudng nghiéng (phéu)

Hinh 4.12 Hinh ddng tuong nghiéng

- Khi ty s6 22 > 4: tinh nhu bén tam gidc (kéo dai hai canh
a) ‘

xién dé tao thanh tam gidc), chiéu cao cia tam gidc tinh theo:

Iy = hy —2— _ (4.28)
as -~

- Khi ty s6 < 4: tinh nhu ban hinh thang

- Khi ty s6 L2 < 4: trong trudng hop bén hinh thang c6 dang

khong d6i xung, dua vé tinh ban chir nhat tuong duong (H, L)
(H.4.13b)

L = 2a2(2a1 * @y, g -2 %24, (4.29)
3 7 a +a ‘ 6 a1 +as

Diéu kién lién két: cdc canh cia tuong nghiéng dugc xem la

ngam (dé toan khai).

P o
YW1 W:
1 N
N
A
“ N
1 N
Ly N
Pmlul

Hinh 4.13 So dé tinh cia phéu va dang tdi trong

Céc gia tri mémen ¢ nhip va goi xac dinh dya vao cac bang tra.
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4.4.3 Tinh cét thép trong tuwdng diwng va phiu

Tinh nhu cdu kién chju kéo 1éch tam.

Hinh 4.14 B6 tri cét thép trong phéu
4.5 SILO
Silé 1a loai kho chua vat ligu roi, sild c6 thé thiét ké don,
ting nhém, mit bang c6 dang trdn, vudng, chir nhat, luc gidc, da

gidc... H¢ théng cdt do thudng bé tri ¢ cdc géc, chd tiép gidp giita
cdc goéc tuong.
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Dang vudng Dang da giac
Bang chuyén
Thing tai

L -ra-] Thannlsito

b1 Jvatiieu

I L

[ |

[

[ I |

[}

' E 1 ] Phéu

1

/Z
N
/

| N AN/
RN o |l

-

Hinh 4.15 Hé théng cum silé

4.5.1 Xac dinh dp lye vit lidu chia 1&én thanh

T&i trong tiéu chuén:
bat: py, - 4p luc ding Y |
tidu chudn cta vat liéu chia G | EEEFEEEE: | Dl
N n . . a , “ ‘ ¢+ dp5,)S
tréen mdt don vi dién tich ¢ i (Poy + Py
YN‘

chidu siu y; u - chu vi cia sild;
S - dién tich. ' . Hinh 4.16
Xét mdt phan té vat liéudy ¢ dd sauy
Ap lyc dimg tiéu chudn tac dung tai mét trén phan to dy 1a: pg,S
Khéi lugng cia phén t6 dy 1a: y.Sd,
Ap luc ding tiéu chuin tdc dung tai mét duéi phan t6é dy la:
(p&, + dpay)S
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Ap lyc ngang cia thanh do \}at lidu chita 1a: pf,, 4p lyc ngang
nay phét sinh lyc ma s4t trong thanh phén t8 dy la: fonyud
Pat: k=P _losine .00 o (4.30)
pay l+coso 2
"1 hé sé 4p luc ngang; f- hé s6 ma sét
¢ - goéc ma sit trong cua vét liéu chd’a.
Tt d6: pf, = kS
Phuong trinh cin biing dp lyc ding cia phén t5 dy:

1Sdy + payS - (pGy + dpgy)S - kfpSyud, =0 (4.31)
Rit gon: d, = M (4.32)
Y — kfudpay
L4y tich phan theo dy, ta c6:
S u .
y= _—ﬂ; In(y - f—ké-pd,-) +c (4.33)

v6i c la hiing s6 tich phén, xdc dinh tir diéu kién bién: tai y = 0 thi
Pay =0 tirdé ¢ = /kilny, thay ¢ vao (4.33). '
u

S u .
y= de[ln Y - In(y - %—pd, ) (4.34)
S 1
=2 In(—21 (4.35)
Y= n( LT " )
s
ma -—1—-e5’; e s o1 fRu e (4.36)
1 fku c YS
yS
Ap lye ding:
fhu
c YS __s_"
=X ) (4.37)
Pad; e
Ap lyc ngang:
c 1S Ea- 7 (4.38)
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Dat: r=§; E_,=&thi:
u r

-¢
Ap lyc dimg:  pj, = Yy(_l_—_g_e___)
et
Ap lyc ngang: pS, = by L=
§
_ 5
b4t (1_;_.) = j ta dugc:
Ap lyc dt'rhg:
Pgy = Vi
Ap lyc ngang:  pi, = kyyj
Chii thich: Khi y — « thi ham e S 5 0 do dé:
S e S
Pay =%;‘ va Pny =§;

Luc ma sét & thanh sild: fm, = fony

G phén phéu silé: 4p lyc ding va
ngang vdn xdc dinh theo cong thic trén,
trong 46 y 1a khodng cdch tit mat vat liéu .
chda dén tiét dién dang xét.

Ap lyc tiéu chuan cia vat ligu tdc
dung thdng géc v6i thanh tudng nghiéng

(4.39)

(4.40)

(4.41)
(4.42)

YL
N

P,

, . Hinh 4.17
(phé&u) xdc dinh theo: p; = m,pa,
trong d6:
m, = cos’ a + ksin’a (4.43)

Ap luc tiéu chudn cia vit liéuv tdc dung theo
tuy&n v6i thanh tudng nghiéng (phéu) xdc dinh theo: p
trong d6:

my =(1-k)sinacosa
Ap luc tidu chuén tdng cong:

p = V(P +(pS)*

phuong tiép

5 = MoPay
(4.44)

" (4.45)
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Téi trong tinh todn

Ap lyc tinh todn = dp luc tiéu chudn x hé s6 vuot tdi n (n = 1,3)

- Hé sé diéu kién lam vigéc m: Khi xdc dinh dp luc trong
tutmg silo do dp luc ngang cla vat ligu rdi chua xét hién tugng
. dong khi thodt vat liéu va mdt s6 hién tugng khdc (dp lyc phin b§
khong déu theo chu vi, tdc dung ciia nhiét d9, chuyé&n dich cda khdi
vat liéu...).

- H¢ s6 gia tang dp lyc phu a: Khi xdc dinh tng luc trong
tudng va ddy sild, ngodi dp lyc co ban cia vat liéu réi con phai xét
thém dp luc phy, nén cdn thiét phdi dua vao hé s& gia ting dp lyc
phu a.

- Hé s¢ diéu chinh dung d€ tinh toén a,: a, = -:;ll-

Hé s6 a, c6 cdc gié tri riéng biét tuy loai so d8: silé don, sils
nhém trong, silé nhém ngoii, silé nhém so le.

Céc tri s8 a, m, a, lay theo bang 4.4.

Bdng 4.4 H¢ s6 a, m, a, (ding khi tinh todn cét thép ngang
cia tuong, phéu, ddy silé bdng BTCT)

Dang siid a m [ %
Silo trén don, ving dudi bing 2/3 chidu cao 2 1 2
Sild tron don, ving trén bing 1/3 chidu cao 1 1 . 1
Sil6 tron don, toan bd chiéu cao 1 1 1
Silé tron lién tyuc, sild ngoai, vung dudi bang 2/3 chidu cao 2 1 2
Sid tron lién tyc, silé ngoai, ving trén bAng 1/3 chiéu cao 1 1 1
Sild tron lién tyc, sild trong, ving Judi bdng 2/3 chiéu cao 2 2 1
Sil6 tron lién tyc, sild trong, ving trén béng 1/3 chiéu cao 1 1 1
Sild tron lién tyc, xen ké, sild ngoai, viing duéi bang 2/3 chiéu cao 2 0,85 | 2.36
Sild tron lidn tyc, xen k&, silé ngoai, vung trén blng 5/6 chiéu cao 1 1 1
Sild ron lign tyc. xen ka, sild ngoai, vung gila tu 2/3 dén 5/6 chiu cao 1 0.5 2
Sild tron lién tyc, xen ké, sild trong, ving dudi bing 2/3 chidu cao 1 1 1
Sild tron fién tyc. xen ké. sild trong, vang trén bing 1/3 chidu cao 2 170 | 1,18
Bén day, ddm day, phdu silé chua dang hat 1 1 1
Ban day, ddm day, phdu sild chia dang bot 1.25 1 1.25

Ghi chu: Trong tinh todn cho phép 18y a, = 1, néu phia trong
mdi sild ¢6 hé théng gidm dp.
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4.5.2 Tinh toan silo

1- H¢ théng mai

Tuay theo hé két cdu bao che, tinh todn nhu mdi nha cong
nghiép. Trén mat ding cua sild 1a ban ndp tinh nhu san phéng.

2- Thanh tuong silé

a- Xac dinh chiéu day thanh tuong

Bé day t6i thiéu cta thanh tuong:

_ Nj - 300F,

8 2 Omin = (4.46)
¢ Omin T 00m, Ry

[4
trong d6: N = PnyD

(daN/m) - ap lyc kéo tiéu chudn (4.47)

my, = 0,9 - hé sé didu kién lam viéc cia bé tong

R, - cudng dd chiu kéo cla bé tong; D - dudng kinh cia silé.

Chiéu day thanh tudng c6 thé tham khdo nhu sau:

- Sil6 tron: D = 6m: 5 =2 18cm
D=12m: &, 224cm
D =18m: & 227cm
D=24m: &, 230cm

- Sild vuéng: 3 x3m thi 5, 2 16cm

b- Xace dinh néi luc

‘ Ap luc ngang: Xem 4&p luc

ngang cia vét liéu phan b déu theo

| chu vi tai tigt dién y bat ky. Cét theo
phuong ngang ting dai c6 chiéu cao
tit 1 + 2m dé tinh:

- Silé tron: , Hinh 4.18
Lyc kéo: Ny = Pay g (4.48)
Tinh ¢6t thép, tinh nhu cau kién chiu kéo dung tam:

F,=M (4.49)

R,
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- Silé vuéng hay chir nhat:
Mémen uén tai goi:
3, ,3
My =Mg =Mc = Mp = P2 @b (4.50)
, 2 a+bd
Mémen tai nhip theo canh ngén b:
2
M = pny ’-’é- M4 (4.51)
Theo canh dai a:
a2
M3 = p,, e M al (4.52)
Luc kéo:
b a
Ta = Pny = T, = ny = (4.53
DPny 2 b = Pn, 2 )

Tinh c6t thép: mdi thanh 1a cau kién chiu kéo léch tam, cot

thép bé tri hai 16p.

TI
Cl \
| M
M, ?
b a ol
{ 1
Hinh 4.19

- Sil6 da gidc:

Luc kéo tach thanh T duge
phian tich thanh nhing luc song
song vdi canh da gidc:

T = pn 2
Py2

Tl'_‘ T ’ T2= T
sina tga

M.
/
T

~
8

]
= &

Hinh 4.20 .
(4.54)
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Tai mdt nit tinh cho hai thanh ké nhau.

Luc kéo téng hop: .

T =Ty + Ty = PALE%89 (4.56)

sina
Moémen uén tai goi:
a

M,=p, % (4.56)
Moémen udn tai nhip:

M a’ |

n = Pny '2—4 . (4.57)

Tinh cdt thép: mbi thanh la ciu kién chiu kéo léch tdm, cot
thép bd tri hai 16p.

Badng tém tdt noi lyc cia thanh silé da gidc

Da gldc ¢6 88 conh Lyc kéo t8ng hgp T° Moémen
3 0,288a pay
4 . 0,500a poy
5 0.688a puy M, = puya?/12
6 0,865 ey M, = pnya’/24
8 1,205a pay
10 1,530a Pry
Silé nhém

Khi cdc sild cung chia vat lidu, ndi luc trong tudng sild sé
giam do trur khu nhau. D€ an tohl khi tinh todn t4ch riéng timng
silé riéng dé tinh. Tuy nhién cbn tiy thudc vao vi tri trong hay
ngoai ma cé hé sd a, thich hgp, tir d6 din dén p,, khédc nhau.

Ap luc ding: Trong thanh tuéng phén bé déu theo chu vi,
khong xét dnh hudng cia ma sét.

- Sild tron: luc nén ding tim

N = ng(yy - pg,) kNim (4.58)
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- 5116 khdc: luc nén ding tam
N = nr(yy - pay) kN/m (4.59)
trong d6: n =1,3; D - dudng kinh

r= S ban kinh thiy luec.
u

Kiém tra cudng d¢ cha tudng chiu nén ding tam theo luc N.
Luc nén I6n nhit trong tudng sild tai géi tua tudng lén ban
ddy, 1én dam ddy hoac 1én mong

4.5.3 Cau tao tudng s116

Céu tao cJt thép:
~ - Chiéu day tudng khéng dbi suét chiéu cao dé tién thi cong
(coffa trugt), cot thép bs tri hai 16p d5i xing, c6t thép bé tri dang roi.

- Cot thép ngang vong c6 @ < 16, khodng cich a < 200 duge
han vao c6t ding.

- M&i néi cot thép c6 thé dung han hoac néi buée I, = 30d.
Tai mot ti€t dién, s§ lugng cdt thép néi khong 16n hon 1/4 s8 lugng
cot thép tai tiét dién dé.

- Cot thép ding c6 ® > 10 khodng cdch o = 300 + 350 dé&i
véi tudng ngoai va a = 400 + 500 ddi vdi tudng trong.

- Trudng hop tudng sild c6 16 cia, thi 16 cda duge dong khung
bing hai 16p c6t thép ngang va ding: lugng cot thép gia cudng nay
khong dugc nhé hon lugng c6t thép bi cdt theo mdi phuong va
® < 16. Xung quanh 15 phdi gia cudng c6t dai kin va cfu tao nhu
cét BTCT trong khodng khong nhé hon 80cm. Néu gia cudng qua
khé khan, c6 thé dit khung thép hinh bao quanh 13 cia, ldic d6 céc
thanh bi c4t phai han vao thép hinh.
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Ca1 thép trong thanh

\

A  Co6tthep tai cac goc

q b
IF o
q e
Cé6t thép gia cudng 1P
ﬁ
A-A
> 30d 21m ‘
_.___I__Il
=
) i L
) 1 R
I 1 =
—t I 1
1 1 |
4 t 1
| [ !
- L . _
' S B -

N&i c8t thép‘ vong
Hinh 4.21 Céu tgo cot thép thanh silo

4.5.4 D4m day silé

DAm d4y silo thong thudng Tﬁ
duge tua 1én cdc cot do theo chu
vi: 12 dim thdng néu silo c6 Ddm day
dang vudng, chi nhat, da gidc.

La dim cong néu sild cé dang Q, -+
hinh tron. DAm ddy chiu tai
trong gém: trong lugng ban than
ctia ndp, thanh va.chinh né G va
dp luc ngang cua vat lidu chia P. Hinh 4.22

Thanh

Faéu
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G dudc phan thanh C, va @,; C, gay nén cho phéu con Q, giy
kéo trong dim; P 1a 4p luc cia vat liéu chita trong pham vi chiéu
* cao ddm (h,), gay ra kéo trong dim.

Téng lyc theo phuong ngang:
Q=Q +P : (4.60)
Tdng lyc theo phuong ding G:
vei: @ =&, ¢ -G (4.61)
tga sina

- N&u cot 48 1a vé thi G khéng gy ra ndi luc cho ddm.
- Néu hé théng d4 1a ct thi ddm 1a c4u kién chiu uén xoin.

4.5.5 Phéu

1- Phéu c6 dang hinh nén cuc

N
N"'" aTde Idy

Hinh 4.23

Tinh theo ly thuyét hinh nén tron xoay, phuong trinh vi phan
co bén cha vé tron xoay c6 dang:

N, = -p.ytga (4.62)
» 2 , )

1 MWNwy) 1 Ny _ (4.63)

y: 9 ysina 9

1N, 1 WNe Ny (4.64)

y a, ysina 00 Y

- D6i véi tdi 1a trong lugng ban than 1a g, ta c6:
pP: = -gsina; p, = -gcosa; pg =0




Sil6 - bunke ‘ 197

Tir (4.64) c6 két qua:

’ q (L2 - y2) . ’ .
N/ =-2———— va N, =gqytgasina (4.65)
2 ycosa
trong d6 L, y, a ldy theo hinh 4.24.

Nhu vay, phéu chiu tdc dung cua lyc kéo 1a T = Ny va lyc

kéovong T, = N,.

y
N

/Z

Hinh 4.24
- Dai vdi tai la dp lue cua vat liéu chia, ta cé:
p: = -yY(L-ycosa; py =po=0
Tu (4.64) c6 két qua:

Ny - -ysine L g 25"} va Ny = ysina(L - y)y  (4.66)
: 2y 3 3
trong dé L, y, « 1ay theo hinh 4.24.

Nhu vay, phéu chiu tdc dung cia lyc nén 1a T = N, va lue
kéo vong T, = N, .

Tinh c6t thép: c6t thép trong phéu dugc tinh todn tir két qua
to hop noi luc do cdc dang tdi tdc dung gbém trong lugng ban than
.va do 4p luc cia vat liéu chia. Cot thép tinh nhu cau kién chiu kéo
hoac nén ding tam.

Théong thugng tinh cot thép tai ba tiét di¢n: miéng phéu, gita
va ddy phéu.
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Cot thép I6p trén Cot thép 16p dudi

Hinh 4.25 B6 tri c6t thép phéu dang hinh nén cuc

2. Phéu co6 dang hinh thap . D .

Thanh cta phéu hinh thép ' |
tinh tuong tu nhu phéu dang _l‘H
hinh nén. Tuy nhién ngoai cdc a X z
luc kéo, phéu con chiu mémen ™ T TP '
:}c:: cuc tio ngodi mit phing cia . N k{/ W : “:N.

nh phéu. T \ "

Ung luc kéo trén don vi u
chiéu dai tai cao trinh z: Hinh 4.26
N, = (a,n1pgy + n2g cosa)— (4.67)

sin «
Ung luc kéo trén don vi chidu dai tai cao trinh z

T, = (agmiply —2— +ng — W oy — W) (468
4 sina n.asin o n.a sin o

Mémen uén cuc bd dugc tinh todn tu viéc tiach mdi thanh
phéu thanh mét 6 ban doc lap c¢6 dang tam gidc hodc hinh thang.
Mbéi 6 bdn xem nhu mdt ban chiu uén chiu tai trong do 4p luc vat
liéu chita c6 phuong thing géc ban. Mdi 6 ban ¢6 so d6 tinh 1a ba
canh ngam, canh thu tu (ddy phéu) duge xem la tu do.

‘Ap luc do vat liéu chit téc dung 1én médi 6 ban tai cao trinh z:

g = a.np, = a,np: cosa (4.69)

trong dé o 1a géc nghiéng cua phéu d6i vdi miat nkm ngang.
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Dang tdi trong tdc dung 1én 6 ban la hinh thang

Gid tri mdémen tai nhip va goi cia 6 ban ding céc bang tra.

3- Bin day phéu

'Bén ddy ¢6 dang hinh vuéng, chi nhat, tron, da gidc... ¢c6
khoét 16 hoac khong. Ban ddy duge dat 1én cdc didm xung quanh va.
tua lén céc ¢ot theo chu vi.

Tinh todn ban ddy giéng nhu san phéng. So do tinh la ban
tua don hoic ngam theo chu vi. Chiu tdi trong gém trong 1u0ng
ban than va vat liéu chira. Chiéu day bén ddy chon sao cho trong
ban khong bé tri cot dai, c6t xién, d6 vong, ddm bao lién két véi

cot, ddm vong (ndi lyc trong ban ddy dung bang tra).

OO

Tyt

gx"ai nuj% J—’—{ F_I__L

Hinh 4.27 So dé tinh bdn ddy

L L 11

TTTTTT

4.5.6 Cot 43 silo

Cot da silé ¢6 chiéu cao thap so véi thanh, khong can thiét
k& giing. Thanh silé déng vai tro nhu ddm ngang c¢6 do cing vo
cing. Hé cot duge xem la khung phéng hodc khung khéng gian,
chiu tdc dung cua tai trong gié, trong lugng silo va vat liéu chuia.
Cot tinh nhu cdu kién chju nén léch tam.

Hinh 4.28 Sov dé tinh cit silé chiu tdi trong gio
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4.6 BAITAP

4.1 Hay xdc dinh ndi lyc tdc dung 1én thanh phén va phdu cia
sil6, c¢6 kich thuéc nhu hinh 4.29. Cho biét: silé chda lia mi,
chiéu day thanh sild 150mm, chiéu day ph&u 200mm, duge thiét

3
4
[
c

k& bing BTCT.
Mai
N A e 14 10 ﬁ1
L T H] 11
Thang tdi Thanh
han
"E'TE' sitd
V4t ligu chira -1t
(lua mi) — | | " :
aliy
]
NI\

NN\

Bang chuyén
f ,y
20m
A
“fos

PARNN =
\Eg_,

o
e
-—

H&m chda

A-A

Hinh 4.29 H¢ théng cum silé
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Giai

1- Tinh néi luc trong thanh silé
Ap lyc diing tidu chudn tdc dung lén thanh silo tai d9 sau y la:

trong d6: S =a®, u =4a, r = S k- tg®(45° - g) = 0,406, f= 0,4
u

Ap luc ngang tiéu chudn téc dung lén thanh sild tal 4o sau y la:
P, = kpg,
Lyc ma sdt ¢ thanh silé: f,, = fp;,

Ap luc kéo ding tam trén mot don vi chiéu cao tuting:
N o e Pny
k —‘—2-
trong d6: n = 1,3; a, = 1.
Mémen udn tinh todn tic dung 1én mdt don vi chiéu cao tudng:

n.a’.a,p;,
8 12 !
2 c
M, = 22 ZoPu
24

Ung lyc nén tinh todn trong tudng sild trén ddy sild do tfong
lugng vat lidu chita truyén dén tudng thong qua lyc ma sat:
N;, = n.r(y.y - pg,)
Ap luc nén téng cong:
N, =N, +nfpy, + G,
trong dé: G, = nhyy, - trong lugng bén than tudng tinh trén 1m chiéu dai
n =11y, = 2500daN/m®

h - chiéu day cua tudng.
Bang két qua tinh todn ndi lyc trong thanh sild
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y ng p:y fms Ny Mg M, le Ny
(m) (daN) (daN) (daN) (daN) | (daNm) | (daNm) | (daN) (daN)
1 719 292 116 569 284 142 79 608
2 1209 | 527 210 1028 514 257 204 1330
3 1765 716 286 1397 698 349 619 2143
4 2141 869 347 1695 847 423 1033 3030
5 1443 991 396 1934 967 483 1518 3977
6 2687 1091 436 2127 1064 531 2060 4972
7 2883 171 468 2293 1141 §70 2649 6005
8 3041 1235 493 2408 | 1204 601 2375 7069
9 3168 1286 514 2508 1254 627 3931 8158
10 3271 1328 531 2589 1295 647 4611 9267
11 3353 1361 544 2655 1327 664 5311 10390
12 3420 | 1388 555 2707 1354 677 6026 11530
13 3473 1410 564 2750 1375 687 6754 12680
14 3516 1428 571 2784 1392 696 7492 13840
15 3551 1442 576 2811 1406 702 8238 15000
16 3579 1453 581 2833 1417 708 8990 16170
17 3601 1462 584 2851 1426 712 9749 17350
18 3620 1470 587 2866 1433 716 10510 | 18520
19 3634 1475 590 2877 1439 719 11280 | 19700
20 3646 1480 592 2867 1443 721 12050 | 20890

2- Tinh néi lite ciia phéu

Phéu chiu tdac dung cia:

- Ap luc ciia vat liéu chaa

- Tde dung cua trong lugng ban than phéu

- Trong lugng cuia vat liéu chita trong phéu.

Phéu lam viéc chiu kéo ding tam theo phuong ngang, chiu
kéo theo phuong kinh tuyén trong tiét dién vong, dong thoi chiu
udn ngoai miit phing.

a- Ap lie tiéu chuén ciia vdt liéu tiac dung thﬁng goc vei mdat
phdng nghiéng:

p, =m,pg
trong d6: m, = cos’a + ksina = 0,894 (a = 25°) '
Pq = m,pg, = 0,894 x 3646 = 3245 daN/m®

b- Ap luc tiéu chudn ciia vdt liéu tic dung theo phuong tiép
tuyén vei mdt phdng nghiéng:
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pg, = m,pg,
trong d6: m. = (1 - x)sinacosa = 0,228 (o = 25°)

o
m,pg, = 0,228 x 3646 = 831 daN/m®

by,
Luc kéo trén mot don vi chiéu dai:
(4
N = %"Pa? _1,8x3245x3 _ 44995 gaN
2sina 2 sin 25°

Luc kéo doc trén don vi chiéu dai cia tiét dién ngang:

_ a,np,a + nP
4sina 4asina
trong dé P la trong lugng ban than cia phéu va trong lugng vat liéu chda
trong phéu.
Trong lugng ciia phéu:

g = (fl—;;—qz—)&h.y.n

k

- Q+_2_0L6_) 0.2 x 1,53 x 2500 x 1,1 = 1514,7 daN

Thé tich cia phéu:

V= %[ag + (a, + a2)2 +atl
- %[32 +(3+0,6)?%] + 00 = 165m°

Trong lugng vat liéu chia tdc dung 1én phéu:
g, 1V _800x1,656 _ 341 guN
4 4
P=g+g =15147 + 341 = 1855,7 daN
a,np,a + nP
4 sina  4asina : ,
_13x 3646 x 3 N 1,1 x 1377 _ 9307.5 daN.
4 sin 25° 4 sin 25° | o

¢- Ap lyc tinh todn cia vt li¢u tdc dung thdng goc vdi mdt

phdng nghiéng: :
q = n.a, p; = 1,3 x 3245 = 4219 daNim?

Tinh noi lyc trong thanh phéu, tinh gan ding 1a ban tam gidc

ngam ba canh chiu téc dung cua tai trong la gq.

Vay: N,,‘-'—4
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KET CAU MAI VO

5.1 KHAI NIEM CHUNG

Hién nay ciing nhu trong tuong lai, cdc cong trinh xay dung
ddn dung va cdng nghiép, nhat 1a nha cbng nghiép mét tang c6
khdu d¢ 16n, sé chiém ty 1& ddng ké. P& ddp ¥ng yéu cau vé mat
kinh t&, phdi c6 gidi phép hinh khéi mat béng céng trinh hgp ly
nhat. Ngoéi ra, két cdu mdi vé khong gian con phai ddp dng cao
nhdt cdc yéu ciu vé chiic ning, thim my kién truc cong nghé, dé
phu hgp véi nén cong nghiép héa nganh xiy dung.

Két cdu mdi vé khong gian bang bé tong c6t thép la mot tro;xg
cdc két cdu mdi khong gian dugc dung trong cdc cong trinh xay
dung, h6 ¢6 khé nang chiju lyc 16n, ti&t kiém dugc vat liéu xay dung,
ngodi ra né con chiu duge tai trong dong cao, khéng “nhay cam”

trudc cic bién dang 16n va khéng déu cua nén moéng céng trinh.
5.2 LY THUYET PHI MOMEN

Cdc gia thi€t trong ly thuyét phi mdémen gdm:

- Vat liéu vé 1a ding hudng va tuan theo dinh luat Hooke.

- Bé day vé 1a nhé sao cho d% cing udn cé thé bé qua, hay néi
cdch khdc 1a bo qua mémen udn xuét hién trong vo.

- Céc ung suit trong vo la phan bs déu theo chiéu day cia vé
va hap luc cia ching 1a cdc ndi luc mang, ndm trong mat trung
binh cia vo.

- Doc theo bién vé cdc phan Iuc ciing c6 phuong ti€p tuyén véi
mét trung binh cia vo.

- C4c bién dang do lyc mang sinh ra khéong bi can trg.
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Tuy nhién, thuc t&€ khé c6 thé ddm bdo cdc gid thiét trén, do
d6 ly thuyé&t phi mémen chi mé td mdt hé néi luc véi dé chinh xdc
nhat dinh (nh4t 1a tai cdc vung bién vé van ton tai mémen).

Xét vo co chidu day khéng d6i i. L&y ra mot phéan t3 vé, cb
hinh chiéu lén m#t phing ngang xy tai méat trung binh) 1a hinh chu
nhat d, x d,. C4c thiét tuy&n thudc cdc mat phing song song véi céc
mat phing toa d xz va yz ¢6 cac ban kinh cong la R, va R..

Hinh 5.1

Theo hinh vé ta c6:
d:)7=Ry +v va d_‘x:=Rx'+v

2-.‘; Ry dx R,

 Trén cdc mat cit nay cé cdc Ung sudt oxr, Oy, Tay, Ty ma hgp

(5.1)

luc ciia ching la:

N

o (1 - kv—)dv | (5.2)

h
1 2
N, = — chdv.di =

dy _h y

N 1=

2 .
Theo gia thiét trén, cdc ung sudt trong v6 1a phan bd déu

theo chiéu day vo nén:
h

2 v o2 |2
= e = — =0 )/ (5-3)
N, o,_£(1+Ry)_dv | o,(v+2Ry) _g ")
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Tuong tu:
h
2
N, =0, [1+2)dv = o,k (5.4)
h x
2
h
2 D
Ny =1 [+ =-)dv = 1,h (5.5)
2 R
2
h
2
Ny =1 [+ L)dv = 1,k » (5.6)
& B

2

Theo luat d8i xing cia ing suat ti€p t,, = t,, thi: }

N, = N, | (5.7)

Nhu vay, theo gia thiét trén mjt thiét tuyén bat ky cia mat
trung gian cdc luc mang gdbm luc phap tuyén va luc tiép tuyé&n sé
ton tai va ndm trong mat phing tiép xdc véi mat trung‘Binh (c4c
mémen ubn, mémen xo#n: khéng xét dén).

Trong qué trinh nghién citu trang. thdi mang cia vé thay vi
tim cdc dng suit thanh phén, ta c6 thé tim cdc ndi luc thanh phin
ma cu thé 13 cdc luc mang: _ |

N, =o:h; Ny = o,h; Ny = Ny, = 1,0 (5.8)

5.3 LY THUYET MANG

Xét mot phan t6 cong (dg, dp) hinh 5.2b, ¢6 hinh chiéu lén
m#t phdng nim ngang xy (H.5.1a). Quan hé gitta dx, dy véi dq, dp
cho bdi: ' :

dx =dpcos®; dy = dgcoso (5.9)
- M@i quan hé giita N, va N,;giia N, va N,
N.dy = Ncos d.dg hosc N, = N} cosd (5.10)
U cos 0
N,dx = Nycos@.dp hoic N, =N, cos6 (5.11)

cos d
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va N,dx = Nycos6.dq (5.12)
ma N, =Ny (5.13)
_ N, '
yx <
a)
ﬁyl +(E-
Y
b)

Hinh 5.2 Ly thuyét mang trong vé

Phuong trinh cdn biing trén mit .phing xy:

g
X = aall’*+i-‘~!-+p', -0 | (5.14)
hay Y = agy + Ny +py =0 (5.15)

trong d6 P, va P, dugc tao thanh ti p. va p, cia phan t& c6 hinh

chi€u 1én mat xy.
Dién tich ctia phén t6 la:

. 2 . 2
dA = 92D gin o= dxdy Vi-sin® @.sin®0 (514
cos . cos 0 : cosd.cos®
2.2 : 2 N
do d6: Podudy = pydudy YL—Sn P8I0 0 (61D

cos ®.cos O
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s/l - sin® ®. sin2%0
cos P.cos 0

va Dy = Px

Chuong 3

(5.18)

Mgéi lién hé gida p, va p, va gitta P: V& p, ciing tuong ty.

Tu 2Z = 0. Ta cé:

N;sin®.dg = N, cosﬁ sin ®.dg = N, tan ®.dy = N, Qdy (5.19)
cos P ox

N;sin0dp = N, %dx (5.20)
N, sin6.dq = N,, tan 0.dy = N, %dy (5.21)
N;.sin ®.dg = N, g—: dx (5.22)
Phuong trinh cén biing theo phuong Z:
_N, %dy +(N, & Zay+ 3(1’\7, Q)dy.dx] (5.23)
d % 02, 8 % Oz o, , -
—N; )+ =N, Z)+ 2 (M., (N, ) +Pr =0 (5.24)
& "o o, oy >y
véi Iv:,, = IV,, (5.25)
= 3’2 = &° < %z & 0N, @N.
,—§+N,—Z+2N,,a&;y+&—r(ax+ a;’)-f
& 0N, ON,  _
+ _(_“ —) + P, = 0 (5.26)
&y ox
Ta cé
— 32 a2 — 8 —
N,,ax—: + N, ay—j + 2N, _;y =-P:+Pe_+ 5, (5.27)
= _F 5 _0°F  _ = _9'F :
N, === - [p,dx; N, = <= _ dy; N, = — 5.28
ayz Ip y n? Ipy Y xdy ( )
2 2 2 2 2 2
070z 90F 0z 0Fo2, (5.29)
&° y° . xyaxdy oy’ox
| - -2 & o
L= B * Pr oo+ Py P aT: IPrdx + —' jp,dy (5.30)
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Phuong trinh (5.27) goi la phuong trinh vi phan cua vo.
Phuong trinh (5.29) goi 1a phuong trinh ham ng suit cua vo.
Né&u phuong trinh mat vé ¢6 dang: '

z = flx,y) (6.31)
2
Dat: 4 f = 1 = r - d¢ cong theo phuong x
X I
-’2
c__g._ = 1 =t --dd cong theo phuong y
dy” Ty
A2 :
7z 1 _,. dé cong xoin (5.32)
X0y Iy '
& _ P & q
x T oy
k-11 (5.33)
ry Iy

véi K goi la do cong Gauss.
5.4 PHAN LOAI VO

V6 duge goi la vé trugt khi c¢6 dé cong xodn

2
0’z

0x0y

:—L=s=0
r.r_v

Theo dang hinh hoc ho#c bé mat vo, c¢é nhiéu loai. Thudng si
- dung d6 cong Gausse dé phan loai vo. Néu:
K > 0 thi vé dugc hinh thanh béi hai ho dudng cong cung
hudng: cdc vo elliptic paraboloid, vé cau.
K =0 thi vo dugc high thanh béi mét ho dudng cohg: vo tru,
vé hinh ném. |
K < 0 thi vé dugc hinh thanh béi hai ho dudng cong cé hudng

ngugc chiéu nhau: vé hypecbolic parabéloid.
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Hinh 5.3 Cdc dang mdi vé théng dung

5.5 MAI VO THOAI CONG HAI CHIEU CO MAT BANG VUONG
HOAC CHU NHAT cO O CONG DUONG

M4di vé thodi la loai vo c6 d6 vong tai dinh f khéng qué 1/5
chiéu dai canh ngdn cda vé trén mit bing. Mai vo thoai cong hai
chiéu ¢6 mit bang vudng ho#c chir nhat thusng duge dung rong rai
trong cdc cong trinh. D8i v6i mdi vé cé khau do tir 20 + 30m: chiéu
day cda v6 c6 thé 1dy t8i thiéu tit 6 + Tem; do d6 c6 thé gidm duge
khéi lugng bé tong, cot thép téi 20 = 30%. Mai v nay c6 dang
paraboloit véi phuong trinh:

2 2
Z___fx'_,.fy_ (5.34)
1a2 2b2 )

trong dé: fi + fo = f.< §2a (@a<b) : (5.35)
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Hinh 5.4 So dé mdi vé hai chiéu cé d6 cong duong

Dua vao ly thuy&t téng qudt vé loai vé thodi, dé xdc dinh ndi
lyc, mémen udn, mémen xodn va céc chuyén vi cia vé dudi téc
dung cha tdi trong bat ky ti hé phuong trinh vi phén do V.Z.
Vlaxop dua ra:

v2vip + EhVks

0 (5.36)

Vi - DVivieg = —q(x,y) (5.37)
trong d6 ¢, @ la c4c ham ung suat va ham chuyén vi.

Dua vao két qui tinh chinh xdc va thuc nghiém cho thay cdc
loai vd thodi chiu chi yéu la céc luc mang N,, N, (nén ho#c kéo
theo phuong x, y) va luc ti€p tuyén N,,. Con moémen uén chi tap
“trung ¢ mot phin dién tich rdt nhé gan céc k&t cdu bién. Vi thé
ngudi ta dung ly thuy&t phi mémen dé gidi cdc bai todn cho vo
thodi, sau dé c6 xét tdi 4nh huéng cuc bd cia médmen cing dem lai
k&t qua khd chinh xdc. Viée tinh todn vo thodi c6 thé tién hanh
theo trinh tu sau:

5.5.1 Xac dinh néi lwe (luc mang) N;, Ny, N,
Xdc dinh ndi luc (luc mang) N, N,, N,, ti phuong trinh sau: -
o%o

2
Vi =k puc] + kg Zy—%’ =<—q(x,y) _ (5.38)

Ham ¢ng suit ¢(x, y) lién hé véi cdc ndi luc bing céc biéu

thic sau:
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2

_ %, _ 0%, __ &
Nx = gz-, y = g, ny = -E (5.39)
va d$ cong cta k,, k; lién hé véi mit vé béing céc hidu thie:
8%z 8%z 9%z
kh=—; k=" kp=2Z2 5.40
1 2 2 Py 12 axdy (5.40)

2 2
Né&u mit vé 6 phuong trinh Z = f; £+ f, z_i’ thi:
a

« k== i Ri2=0 (5.41)

a2

_2h . _2f3
’ k2 = b_2
C4 hai k,, k2 déu mang ddu duong, do d6 tich s6 &, k, > 0: v
¢6 do cong Gausse duong.

Bén kinh cong: R; = 1. Ry = 1 (5.42)

k'’ ko

Cédc ngi lyec N,, N,, N, sinh ra trong v khong chi phu thude
vao kich thudc hinh hoc mat vé, tdi trong tdc dung 1én vé ma con
phu thudc vao d9 cing cla cdc két c&u bién. C4c két cdu bién phai
didm bdo cho v4 ludn luén & trang thdi can bing gita noi va ngoai
lyc, vi thé cdc két cdu bién 1a mot trong nhitng bd phin quan
trong, ching cung tham gia chiu luc véi vé.

Cén ci vao d6 cing va kha ning ti€p thu cdc nodi luc tir vo
truyén vao cdc két cdu bién, phan ra ba trudng hop sau:

Truomg hop 1

Két cau bién 1a dan hay nhitng vom cung cé thanh giling véi
d6 cing v han. Khi cdc ndi lyc truyén vao, cdc két cdu nay cé kha
ning bién dang doc theo cdc dudng bién nim trong mit phing két
cdu. D3i véi cdc ndi luc tdc dung theo phuong thdng géc véi mit
phdng k&t cau bién thi nhitng két ciu nay khéng c6 kha néang tiép
thu. Tir 46 c6 thé néu cdc diéu kién bién sau day d&i véi cac ndi luc
trong vo.

-Khi--x=ia; N, =0; N,#0; N, =0
- Khi x N.#20; N, =0; Ny =#0 - (5.43)

1
I+
o




Két cAu mdi vé 213

| a L a

Hinh 5.5 Mdi vé vdi két cdu bién la dan phdng

Phuong trinh (5.39) con viét dudi dang:

2 2
Q%P+M2_i2_0=_t_l(_3€,_.}'_) (5.44)
ox oy ke
trong d6: pn = ,]:—2 (5.45)
1

Xét trudng hop téi trong ding va phan bd déu thi:
q(x,y) = q = hdng sé

Ham dng sudt ¢(x,y) via théa man phuong trinh (5.44) vira
théa man cdc diéu kién bién (5.43). Ham idng sudt o(x,y) c6 thé
chon dudi dang da thuc sau:

olx,y) = a;(x? - a?)y? - b%) + agx®(x?® -a?)y? - b%) +
asy®(x? - a?)y? - b%) +.. + a.yi(x® - a?)y? - b?) (5.46)
trong d6: a, b - nia chiéu dai cdc canh trén méit bing
ay, @, ..., @, - ¢4~ hé sé tu do cdn x4c dinh.

P& x4c dinh céc hé s§ tr do ay, as, a,, bling cdch ldy dao ham
rieng hai 1an, l4n lugt theo x va theo y ciia (5.46) rdi th€ vao phuong
trinh (5.44) ta duge phuong trinh c6 chda céc hé sd a,, ay, ..., @, cAn tim: |

2a;(y? - b?) + 2a,(6x% - a®XNy? - b?) + 2a3y%(y? - b?) +

+ wlay (x? = @) + 2a,x%(* - a®) + 2a4(x? - a®X6y* - b?)] = - f— (5.47)

‘Tai moi diém trén mit vé ta thist lap dugc mot phuong trinh
~ ¢6 dang nhu (5.47). S6 diém chon tdt nhién phai béng s6 hé s tu

. do ¢y, ag, ..., a,.
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Gi& sir chon ba di€ém cé toa d) nhu sau:

b a
—=); Clx=—;y=0) (548)
NG 72’7

Thé céc gid tri x,y vao (5.45) ta c6 ba phuong trinh dai s véi
cdc 4n s can tim la a,, a,, a3 sau:

Ax =0,y =0); B(x =0;y =

q
—aj(p + A) + azb? + agpb® = -
2 2a2k2
- ay(p + 0,54) + 0,5a5b% - 03(0,25% + 20b% = - —T_  (5.49)
2a k2
q
- a1(0,51 + 1) - azb*(2 + 0,25Y) + 05032 = -
' 2 A o 2a2k2
b2
trong d6: A = ~ (5.50)
a
Giai hé phuong trinh (5.49) tim dugc:
a =158 +15% 4 25, 17195
A TR a“kaa
az = (3u - 0,751 + 05 ) (5.51)
2b kst :
as = (3——025) 5
U b ko(l
. ’_12 },.2
trong d6: "a = 31,75u + BT +3=— + 32,751 + 1 (5.52)
H

Tit két qua cla céc hé s6 ay, ay, a3 tir (5.51) ta sé tim duge gia
tri cdc ndi lyc N,, N,, N,, dudi dang cdc ham giai tich cho bat ky
cdc kich thudc mat bang: '

Ni(x,y) = 2a,(x® - a?) + 2a2x%(x* - a?) " |

+ 2a3(x® - a®X6y% - b%) ~ (5.53)
N,(x,y) = 2a1(y* - @®) + 2a32(6x® - a%) + 2a3y*(3* - b%) (5.54)
N, (x,y) = -daixy — 4ay(2a® - xa?) - 4a3x(3y° - yb?)  (5.55)
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Né&u mat bing mai hinh vuéng a = b, chiu tdi phan bé déu q,

ta cé:

fi = fa; R1=R2=g£21-=—1-; p=A=1 (5.56
2 R
Tit (5.53 - 5.55) tim dugc:
a = 0,2885(—712{-; ag = a3 = o,osss‘lfi (5.57)
' a a

Céc noi luc tai cdc tiét dién dic trung:

Nily = 0) = 0,577 5"—123 (x* - a®) + 0,077 9-? (x*- 2x%% +a*)  (5.58)
. a

a
qR 2,
N,(x = 0) = —0,577qR + 0, 077 (6y% - a? (5.59)
Ny (x = a) = —qR(1,154 2 + 0,308 15) (5.60)
a a

T d6 ta vé duge cac bidu dé ndi luc tai cac tiét dién gida vo

véi cic gia tri 16n nhat va nhé nhat (H.5.6).

a a . a Y a . _15qR
) qR —4 N, (x=0) N, (x=+a) - be
b=a 1 MNuty=0) =2
T i -'L\lf Pil X o X
1 \
&:* 0.5qR
b=a -1 N, N,
R fal T ot Nay
S) - B\ 1:50R

Hinh 5.6 Biéu dé N,, N,, N, cia mdi vé c6 mdt bdng hinh vuéng

Tir d6 ta c6 thé xdc dinh duge cdc ndi luc nén, kéo chinh theo
cong thic trong 1y thuyét sic bén vat lidu:

Nn.ch _ N + N (N Nﬁ, - (5.61)

kech =
Géc nghiéng cia cdc méat phing tdc dung cua cdc luc nén, kéo

chinh dugc xdc dinh theo:
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N 2N,
tg20) = ——2 . g0 = — — D __ (5.62)
8 a0 Nx‘M’ g0 N,—M.

Néu mit biing mdi hinh vuéng a = b, chiu tai phéan bé déu g,
ta co:
Tai tadm vé cé6: N,(0,0)

NII::I,: = Nx = Ny

N,;(0,0) = 0,5gR va N,,(0,0) = 0

1,5gR (5.63)

1g82ay = +»; tg202 = -w hay a; = ap = 45° (5.64)

Truimg hop 2 o

K&t cdu bién la cdc dim tudng hay dan cing bing bé tong cot
thép. Cdc két cau bién loai nay cé do cing rat 16n trong mit phing,
c6 thé xem nhu khong bi bién dang doc theo cdc dudng bién cia vé.
va do d6 ban than vé tai ngay sat bién ciing khéng bi bién dang
dudi tdc dung cua céc lyc N,, N,. Vay didu kién bién nhu sau:

-Khi x = a; N, =0; N, =0; N, 20

-Khi y =2b: N, =0; N, =0; N, =0 (5.65)

Hinh 5.7 Mdi vé tya lén cdc ddm, tuong cing
bé théa man (5.65) chon ham ng sudt c6 dang sau:
olx, y) = al(x4 - 6x%a? + 5q* Ny' - 6y°b% + 5b*)

+ az(x8 - 2?zxca2 + -19—3.!404)(_}'4 - 6y%b% + 5b*)

+az(x? - 6x%a? + 5q* Wy® - gggyﬁb2 + %sfb") (5.66)'
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Tuong ty nhu trudng hop 1, ta c6 thé xdc dinh dugc cac sb
hang tu do ay, a;, az. Cho bat ky klch thuéc mat bidng mdi nao theo
‘cong thiuc sau:

_ q
60ksa® (A% + pd)

q - ark2a®(11,40° + 9,552u1)
koa'®(21,6552% + 0,972u0)

q - a1k2a®(9,55207 + 11,4uh)

(5.67)
kya'®(0,9721* + 21,655uA%)

asz =

Va cdc ndi luc tinh theo cong thiuc sau:
N, =12a,(x* - 6x%a® + 5a*)(y? - b%)

+12a,(x® - %Z-xGa2 + 1333("(1" )(yz. - b%)

+ das(x* — 6x%a? + 5at N14y" - 5—35y“b2 . %qyzb” (5.68)
N, =12a,(x* - a®Xy"* - 6y°b* + 5b")

+ 4a,(14x® - 3B pig? £ B2y, _ 6y%b® + 5b")
2 3 3

+12a3(x? - a®)y® - 2—92 yob* + %?'y“b") (5.69)
Nn, = 16al(x3 - 3Jca2)(y3 - 3yb2)
+ 16a,(2x" - 1—31x5a- 193 Lat)y® - 3yb?)
© +16a3(x® - 3xa®)2y" - 1—31 vob? + %ysb"‘) (5.70)

Tir d6 ta c6 thé xdc dinh dugc cdc nodi luc nén, kéo chinh theo
cong thic trong ly thuyét sic bén vat liéu:
N, + N, JNI -N
* 4f( 5

n.ch
Nk.ch =

*)2 4+ N2 (5.71)

Géc nghiéng clia cdc mat phing tdc dung cia cdc luc nén, kéou
chinh dugc xdc dinh theo:
2N vy 2N Xy

. S = e —— (5.72)
tg2a, N. - N, i tg2a9 N. - N,
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Néu rhat bing mdi hinh vuéng a = b, chiu tai phan b& déu g,
ta cé:

f;:f2; R]=R2=-2é=l;p=)\.=l (573)
a R
T (5.63) tim dugec:
R qR
a = 000833 7 Q2 =Q3g = 0,03657 (5.74)
a .

Céc noi luc tai cdc tiét dién dic trung
N,(y=0)= -0,09996¢%(::c4 - 6x%a? + 5a*)

- 0,0438 qR( 222,602 13,44, (5.75)
a® 9 9

N,(x = 0) = 0499828 (2 _ 42
a

+ 0,032 (1155 - Dxta® + Batat)  (576)

a

N,,(x = a) = 0,26656 2% (x* - 3xa?) + 0,4302 22 9 (43 - 3xa?)

a a
+ onsqu(zx’ 11 5,2 133,94y (5.77)
o 3 9

Tai (0,0) tdm vo cé6:
N,(0,0) = N, (0,0) = -0,5qR va N, (0,0) =0

N} $(0,0) = -0,5gR (5.78)

Tai (a,a) cé:
N.(a,a) = N,(a,a) = 0 va Ny (a,a) = -1,64gR  (5.79)

Nit(a,a) = N, = N, = 71,64qR (5.80)
o) = -45°%;, ag = 45°
Tai (— —-) c6:
N.(2.%9 =N, 2,9 = _0,48gR
29 = NG ?

va N,,(% : %) = -0,25qR (5.79)
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Ny& (92- . g) — -023¢R | (5.81)

a; = -45°; ap = 45°
T d6 ta vé duge cac biéu dd ndi lyc tai cdc tiét dign gilra vo
véi cdc gia tri 16n nhat va nho nhét va céc biéu dé lyc nén, kéo
chinh tai cdc tiét dién di qua cdc dudng chéo mat bang mai (H.5.7).
Trén hinh ta thdy biéu dé thay d6i ddu ching to \ng suat kéo
chinh chi xudt hién tai cdc géc cia vé va tdc dung song song vdi

dudng chéo mat bang médi vo.

887
0.887qgR 1.05qR '
a
NS 0.50R .
’ ”’/ O X '
’@,’, Nnm
¢ ”1 a:b
. /0.5qR w
I, ‘ w
@ y
¢ 4 Ni oh
o 1.05qR
Hinh 5.8

a) Biéu dé N, N,, N,, ciia mdi vi c6 mdt bang hinh vuéng
b) Biéu dé N, .1, Nien

wab‘ng-hqp 3

Khi cdc két cau bién l1a cdc hang cot theo cdc kiéu nhu trén
céc goi khop di dong, d€ dam bao cho vo ¢6 cic chuyén vi tu do doc
theo céc bién. Trudng hop nay cic day cot khong ti€p thu lyc ti€p
tuyén N,, nén tai cic mép bién lyc N, ludn luén bing khong. Diéu
kién bién sé la:

.Khi x=ta; Ny =0; N, =0; N, =0

_Khi y=+b; N, #0; N, =0; Ny =0 (5.82)
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° X
y
(o
|l _a | a
Hinh 5.9 Mdi vé tua trén cdc hang cot
Chon ham ng sudt ¢(x, y) véi 5 s§ hang nhu sau:
o(x, y) = a,(x* - 2x%a® + a')Xy* - 2y%a? + b*)
+ay(x? ~2x%a% + at) x (y® - 2502 + y%p4)
+ a;,(:n:6 - 2x%a? + x%a* Ny* - 2y%? + b)
+ay(x* - 2x2%a% + a*)y® - 2y%2 + y'bY)
+ as(x® - 2x%a? + xa* Xy* - 2y%6% + %) (5.83)

D€ xdc dinh c4c hé s6 ty do a; phai dung phuong phdp vi phan.
Néu mat biing méi hinh vuéng e = b, chiju tii phan b§ déu q,
ta c6 két qua sau: |

a; = 0,1426%;@ =az = 0,06771%;04 =as = 0,55378% (5.84)
a a a
Néi lyc tinh theo cdc cong thic sau:
N, = 0142692 (x4 _ 24207 1 a*)12)” - 4a?)
a
+ 0067798 [(x* - 24%% + a*)30y* - 2402y + 2a*)
a

+(x® - 9x%a? + x2a* X12y% - 4a?))
+ 055378 I [(+* - 2x%a* + a*X56y°- 60a®y*+ 12y%*)
a

+(x® - 2x%% + x*a*)(12y? - 4a?)] - (5.85)
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R
N, = 0,142(5‘(11!—“12::4 - 4a®)y* - 2y%a® + a®)

+0,0677 2R [(125* — 4a?)y® - 2a%)* + y%ah)
a

+(30x* - 24x%a® + 2a*)y* - 2y%a? + o)

+ 0,55378"—1’}[(12;:2 - 4a®)Xy® - 2a%y° + y*a")
a

+(56x% - 60x*a® + 12x%a* Xy* + 2y%a® + a*) (5.86)

N, = —0,14269-§(4x3 - 4xa%)4y® - 4ya®)
a

- o,os77£’§[(4x3 - 4xa°)6y° - 8a®y® + 2ya")
a
+(6x° - 8x%a% + 2xa*X4y® - 4ya®)

- 0,5537851%[(“3 - 4xa®)8y* - 12a%y° + 4y°a*)
a

+(8x" - 12x%a? + 4x%a* X4y® - 4ya?) (5.87)
Tai ti&t dién doc theo cdc dudng chéo mit bang, tuc la tai cdc
di€m c6 toa dd x = y, ta cé:
N.(x =y)= N(x = y)

= 0,5704 28 (3:°- 74*a? + 52%a* - a®)
. |

+0,4354 B (2148 561502+ 50x%a* - 16x%a%+ a®)]
a

+ 2,21519{%[(17x1°- 50x% + 52x° - 22x* + 3x%a®)] (5.88)
a

ny = -0,5704g-1§i'-(ac6 - 2x*a® + x%a)
a

- 0,2708"-?[(12&- 28x%a” + 20x'a* - 42%°%)]
a

- 2,2151 %8 [(16x"°- 40x%? + 32x%a*- 82%a®)]  (5.89)
a
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Dya vao cdc cong thic trén ta tinh dugc céc gid tri timg diém
va trén co s& d6 sé duge cac bidu db ndi luc tai cdc tidt dién x = 0; |
y = 0; x = y va theo cong thic (5.71) tim dugc cdc luc nén, kéo

chinh cho trong bang 5.1 va bang 5.2.

Bdng 5.1 Cdc gid tri ni luc N,, N, tai tiét diény =0

x/a Ne=Ny(x =0) N:=Ny(y=0)
0,00 -0,435 -0,435
0.30 -0,395 -0,499
0.50 -0,361 -0,358
0.70 -0,286 -0,978
0,80 -0,196 -0,775
0.85 -0.138 -0.160
0,90 -0,075 +1,031
0.95 -0.024 +3.028
1,00 ~0.000 +6.113

Thira sé chung: qR

Bang 5.2 Cdc gid tri noi luc N, N,, N,, va N,.4, N,., tai tiét dign x = y

x/a N, N, Nay Nuen Np.cn
0.00 -0,435 -0.435 0.000 -0.435 -0.435
0,50 -0.300 -0.300 0,271 - -
0.70 -0.175 -0.175 ~0.115 -0.200 -0,060
0.80 -0.0312 -0.0312 -0.396 -0.365 =0,427
0,85 ~0,100 -0,100 -0.413 ~0,313 -0,513
0,90 -~0,1125 -0,1125 -0.314 -0,201 -0,427
-1,00 0,000 - 0,000 0.000 0.000 0.000

Thia s6 chung: qR

Qua két qua tinh todn trén cho thdy, khdc vdi hai truégng
hgp dau, biéu dd ndi luc N, (tdc dung theo chiéu song song vdi cdc
mép bién) bién ddi d4u, cé nghia 6 vung bién c6 xudt hién ndi luc
kéo ddng ké, tuy nhién chi tdp trung ¢ nhilng khu vuc mép bién
ma thoi.

Tai céc ti€t dién x = ta hay y = ta c6 thé tinh dugc luc kéo
d6 theo cong thic sau:
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N,(y = ta) = N/ (x = %a) =

= 8qR{[0’1i26( ¢ ~2x%% + a*)]l + 0'0277[( 4 2x2a +atat + ]}

a a
+ (x® - 2x%a? + x%a*)a?
0551:37—"8[( - 2x%%+a*)ab+ (x8- 2x%%+ x%a*)a®]  (5.90)
a

Dua vio céng thic (5.90) vé duge bidu db bién thién lye kéo
tdc dung song song vdi cdc dudng bién.

b a a (|
ay (7.24qR | b)
] =

IR

Hinh 5.10 a) Biéu dé noi luc N, tgi tiét dien x=0;y =0
b) Biéu d3 néi luc N, tai tiét dign bdt ky
¢) Biéu dé néi luc kéo, nén chinlt Ny.cn, Nuecn

d) Biéu dé noi luc N, tai tiét dién y = ta
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5.5.2 Xic dinh mémen uén va d vong

Trong cdc loai v6 thodi mémen udn chi xu&t hién tai mét
vung khéng rong gan cdc két cau bién vi thé ngoai cdc nodi lye N,,
N,, N, dugc xédc dinh theo 1y thuyét phi mémen, ching ta cin phai
xdc dinh gid tri mémen uén do tai trong gay ra.

Phuong trinh vi phan quan hé gira d6 vong va ham dng suat

c6 dang:
4 4 4 52 2
e 62w2+al4v+6<2pk2+a_‘29k1+q=0 (5.91)
ox aoyt ' ax %
trong d6:
3
D= EJZ) . ls;g (5.92)
-V

h - chiéu day v6;. E - médun bién dang cua vit liéu.
Trén co sd céc biéu d6 ndi lyc N, (tai ving bién trong cd ba
trudng hgp tinh todn) déu 6 thé coi N, 1a ham tuyén tinh.
N, = Ax (5.93)
trong dé6 A = tga la dé déc cia bidu dé N.,.
o2

N, = 22 = _Ehlyw (5.94)

4 4
Sau khi bo qua thanh phan 2-2-%_ va gy ©, thé (5.92), (5.93)

2oy’
vao (5.91) tim dugc phuong trinh vi phan sau:
Sd'w 1
2t i m= (q + k1 Ax) (5.95)
4 dx* Ehk? !
véi: S = 0,76JR21 (5.96)

Chon ham chuyén vi:

_ 8% e -0 s*
Dw = -?(Cle sin ¢ + Cge™" cos ¢) + T(q + ki ASp) (5.97)

véi: ¢ =

»nix
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Pé tim nghiém cia (5.95) dua vao cdc diéu kién bién ban dau.
Cé hai loai didu kién bién:
- Khi v c6 lién két khdp véi cdc két cau bién:

o =0, 2| =0 (gbc xoay)
x=0' Fors Ix =0 g y
=0 0
M, ; x 5.
=0 Q X =0 (5.98)
C, =0; C, = —-éSZq (5.99)
do dé: w= - l‘S'—“-q«rz""’ cos @ + §4—(q + k1 ASo) (5.100)
D 4 4
va: M, = —D(ﬁ = §—fg-e"" sin ¢ (5.101)
: N o 5 .
Thay S = 0,76V R2l vao (5.100) (5.102).
Ta c6: M, = 0,289qRzhe ™ sing véi ¢ = g (5.103)

Mo6men uén 1én nhat:
M, . =00931qR,h (5.104)

X
tai tidt dién x = 0,597V Rzh.
Biéu d6 momen uén tdt ddn, ching té ving mdémen udn chi

tdp trung d ngoai mép bién vé.

Mai vd 3z

z 2 x
0 2 R AT 20 ®=3
™ T T T T 7T S

() IR AN |

[} [
[ ) 1 l. Ml
Két cdu bién M, ... = 0,0931gR,h
2 x = 0597/A5h
a) b)

Hinh 5.11 a) So dé lién két khép gida vé vdi két cdu bién
b) Biéu dé mémen khi vé lién két khép vdi két cdu bién
- Khi vé lién k&t ngam véi cdc k&t cdu bién thi diéu kién bién
ban ddu sé la: .

=0 am

ow|= 0 M =20 (5.105)
(x = 0) ox

@ (x = 0)
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Nghiém riéng cua (5.94) la:

, 4
w= - ll) Sqe ™ cos g + ST {q + k1 ASo) (5.106)
2 2 2
va M, =- dw__Sgq + SkyAe™® coso + S—qe"" sing (5.107)
dx2 2 2
Moémen udn 16n nhat:
i )
M, = §2__(q + Sk A) (5.108)

tai ti€t dién x = 0.
Biéu 46 mémen udn tdt dan, ching td ving mémen udn chi

tdp trung d ngoai mép bién vo.

tgu

t\ K&t cdu bién
z z

a) b)

wnix

Hinh 5.12 a) So dé lién két ngam gia vé vdi két cu bién
b) Biéu dé6 mémen khi vé lién két ngam vé6i két cdu bién
5.6 NGUYEN TAC THIET KE CAU TAO

Bé tong dung cho mdi vé toi thidu phai cé méac 200.

Chiéu day midi vé khong nhé hon 6cm va ting dan tai céc
tiét dién gan bién, nhu tranh thay déi dot ngot dé tranh gay ra
nhitng ving tip trung dng suit cuc bd.

Khi chiéu day vé ldn hon 9cm, cdn dit hai 16p thép nhat
la tai nhitng vi tri ti€p gidp gidfa ban vdi cdc két cdu bién va
viang mémen ddi ddu ciing cAn d4t hai 16p c6t thép dudng kinh
tir 6 + 10mm véi khodng cdch khdong qud 100mm.

D&i v4i méi vé tua 1én cdc day cot thudng phéi ting chiéu
day bé tong dé tao thanh nhiing ddm cong chiu kéo va bd tri cot
thép doc trong dim cong nay.
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Tir k&t qua tinh todn noi luc, mémen va d§ vong cua vo tai
cdc tit dién khédc nhau. Dudi tdc dung cia tdi trong ddng phén bo
dédu trén bé mat vé, trong vé chi yéu sinh ra luc kéo, nén va
mémen udn cuc bd tai cdc mép bién vé.

" Tu luc nén tinh ¢6t thép nhu cdu kién chiu nén ding tdm: do
bé tong chiu nén t6t nén thudng cdt thép nay thudng dit theo cdu
tao (® = 6, a = 200 + 250), ¢4t thép nay con cb tac dung han ché
bién dang do co ngét, tir bi€n hay do thay d6i nhiét do (thép s6 4).

Tit lue kéo tinh cdt thép nhu cdu kién chiu kéo ding tam: cot
thép nay can dat & chinh giira tiét dién d€ tranh léch tam (thép s6 3).

Ti cac luc kéo chinh, nén chinh tinh c6t thép nhu cdu kién
chiu kéo, nén ding tam: c6t thép nay can dit tai cdc goc thidng géc
v6i dudng phan gidc va dat & chinh giita tiét dién dé tranh léch
tam (thép sd 1).

Tt momen tinh cot thép nhu cau kién chiu udn, d4t thang géc
véi cde bién va c6t thép nay rai ddu trong mién chiu kéo (thép sb 2).

Dé dam bao diéu kién kinh t&, cAn phai khong ché bang cdc
chi tidu hao t&n vat liéu: bé tong tir 0,08 + 0,10m*/m?, cot thép tif

8 + 11daN/m®.
s K&t cau bién

7/ A 4 L Y NN
V
N ~
Thép sb 4 A-A 4 e J
q. —
N
o N
Thép s6 2 ¢ Theép s6 1 a3\
4 ) Thép s6 2
\ ‘!
Thép 58 3 Al A &
Thep s6 4 Nt |
Két cau bién N y.
AA \\Thép $6 3 /
\ ¢
NK \\ w—— / YL
X y, "
A, N N 4 P,
N . 3 . A y
NSSSSS NN y4 2227

Hinh 5.13 Mat bing bo tri c6t thép trong mdi vé
(thép s6 1, 2, 3, 4 dgt theo tinh todn)
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5.7 MAI VO THOAI CONG HAI CHIEU CO MAT BANG VUONG
HOAC CHU NHAT CO PO CONG AM

5.7.1 Loail

Loai 1 gdm cdc loai mit vé c6 phuong cha dudng cong chinh
song song véi cdc canh bién mit bing mdi. Mat vé nay de hai
dudng cong ngugc chiéu nhau trugt 1én nhau hgp thanh. Néu c6
mét dudng cong parabol bac hai v6i day cung 2a va chiéu mii tén
fi huéng theo chiéu duong cia truc Oz dugc coi la dudng chu&n dé
mét dudng cong parabol thi hai véi diy cung 2b va chidu mii tén
f> huéng theo chiéu &m cda truc Oz trugt 1én, sé duge mat hyperbol
paraboloit ¢6 phuong trinh sau:

2
= fi :—: -f2 'Z—z (5.109)
@) X
o) t,
" a T a | | b b LY
a) z by '2

Hinh 5.14 a) Duong parabol cé dé cong duong
b) Buong parabol cé do cong am
D9d cong chinh cia mit vé:

2
b f 2f L0k = CZ_ 2 .4 _2°Z _ ) (5110)
x: o« »y® a Cxy

Do tich s6 cta ki.k; < 0 nén goi v6 c6 dé cong Gausse am, loai
vé nay ciing la loai v6 trugt nhu loai vé c6 d¢ cong Gausse duong.

5.7.2 Loai 2

Loai 2 bao gém cdc mdi vé ma phuong cong cia mat vé tring
vdi phuong duding chéo ddy vé.
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Hinh 5.15 V6 cong ém theo chiéu duong chéo
a) Khi bién vé la duong thdng
b) Khi bién vé la duong cong

Phuong trinh ctia mat vo cé dang:

Z = Cxy (5.111)
C - hingso: C = L (5.112)
ab

Céc phuong trinh ctia cdc m#t cong chinh cua vo khéng trung
v6i hé truc toa d6 nén k, # k; va k, # k2. Doc theo cdc truc toa
46 Ox va Oy c6 cac 4o cong:

9° 92
k.r = a(ny) = 0; k_y = E(ny) =0

f
k“=———C =C = = 5.113
_ axay( xy) ab ( )

Tinh todn mdi vé ¢6 dé cong hai chiéu khdc ddu nhau vé co
ban giéng mai vo ¢6 dé cong hai chiéu cung dau, chi chi y la
ke, # 0. Vi thé phuong trinh can bing trén co sd 1y thuyét phi
moémen c¢6 dang sau:

) 2
Vip = -k, — ¢ (p + 2R,y _c_(p + ke 6——29 = -q (5.114)
ox* Oxdy oy

‘Khéc vé: su lam viéc cua vo ¢6 dd cong Gausse duong, trong
v6 c6 d cong Gausse am, dudi tdc dung cla tai trong phan bg déu
cdc nodi luc theo chiéu dé cong duong 1a nén con cédc nodi lyc theo
chiéu d6 cong am la kéo. Vung uén cuc bd ciia vé c6 do cong Gausse

am rong hon viing uén ctia vé c¢6 do cong Gausse duong.
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Phuong trinh cin bing cia mdi vd cé phuong .frinh mit vo
Z = Cxy c6 dang:
6N, + aNry

+X=0 (5.115)
ox
ONy + Ny +Y =0 (5.116)
oy
kN, + 2k, Ny, + kN, = pX +qY - Z (5.117)

trong dé: N,, N,, N,, - cdc néi luc hinh chi€u xuéng cdc truc trong mit
phéng xOy
X, Y, Z - cdc thanh phan tai trong chiéu xuéng cic truc Ox, Oy, Oz
P, q¢ - cac thong s6 Mén-gio tinh theo cdc cong thie sau:

p=%._ Q(ny) C.y (5.118)
ox .
oZ 0
g=—=—(Cxy)=Cx (5.119)
o o
Thay cdc gia tri trén vao (5.117) tim dugc:
N, < EX+¥-2 (5.120)

2C
Thay N,, theo (5.120) vao (5.115 va 5.116), roi tién hanh
lay tich phan lan lugt theo x va y sé tim dudc cdc néi luc N, va
N, theo:

N, -j( Ny + X)dx + fi(y) (5.121)

N, = + Y)dY + fa(x) (6.122)

Céac ham fi(y), fz(.‘t) c6 thé tim duge tif cac diéu kién bién cia
mdi vo.

Xét truong hop mdi vé chiu tdi phdn b6 déu trén mdt vé
(trong lugng ban than cdc 16p cdu tao vo): g, thi thanh phan tai
trong X=0;Y=0va

oz

Z = gl‘/1+<§§)2 (By 2 = g1+ C2x2 + y%)  (5.123)

Thay cdc gid tri X, Y, Z vao (5.118) tim dugc:
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8 1 2
= [Lat ey

Tich phéan (5.118) tinh dugc:

N, = %yln(x+ ’(—:13+x2 +y2)+f1(y)
N, = %l—xln(y+ /bl£+x2 + y2) + falx)

(5.124)

(5.125)

(5.126)

Pé xdc dinh fi(y) va folx) trong (5.125; 5.126) can cin cd vao

diéu kién bién cda vé.

Né&u két ciu bién khong c6 kha ning ti€p thu dugc cdc ndi luc

thdng géc v6i mat phing k&t cAu dé (dan, vom) thi diéu kién bién

sé la:
Khi x =+a; N, =0; Ny #0; Ny =0
Khi x =tb; N, #0; N, =0; Ny =0

(5.127)

Thay cdc gid tri cda x, N, trong (5.127) vao (5.125) tim dugc:

f1(y)=—-g—21yln(ia+ ,61-2—+a2+y2) .
falx) = ——gélxln(t_b+ ’-01—2+b2 +x%)

(5.128)

(5.129)

Dua cdc gid tri cia fi(y), fa(x) vao lai (5.125), (5.126) tim dugc:

X+ i2+x2+y2
N =58Ly1n c
2 1 2 2

y+ —12-+x2+y2
Ny=%xln C "

(5.130)

(5.131)

Trong cdc cong thite (5.130; 5.131) céc dau (+) hoac (-) trudc a

va b 14y theo ddu cia x va y.

Xét truong hop mdi vé chiu tdi phdn bo déu trén mdt bang
Linh chi€u ciia vé (hoat tai): g2, thi thanh phén téi trong X = 0;

Y=0véZ=g2.
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Néu mit bing ca v6 1a hinh vuéng (a = b) thi ta cé:
N, =N, = 0 tai moi di€m trén mit vé:

2
a
N,, = —g—é = _%_ = const (5.132)
Céc luc nén chinh va kéo chinh bing:

Nigh < Mot oy e N

Y)+ N2 =tN,, (5.133)

Huéng cia cac luc nén chinh theo huéng mat cong duong con
huéng cédc luc kéo chinh theo huéng mit cong am.

Vay cdc néi lyc thuc tdc dung trong céc tiét dién vé theo cdc
cong thic sau:

2 2 2 2
N =NV 2G, N YIEP +a

1+q2 1+q°
Nuﬂ = Nr_,\' + Ny Pq ) N[}u = Nyx + va Pq B (5134)
1+p- l+gq

Tuy nhién trong vé thoai c¢6 thé xem:
Nu = N\' s NB = Ny; Mxﬁ = NB&

vii 1+p®=1; 1+¢°=1; pg=0; 1+p2+¢2 =1 (5.135)

Hinh 5.16 ABCD - phén t6 mdt vé
A’B'C’D’ - hinh chiéu trén mdt phdng xOy
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5.7.3 Nguyén tic cdu tao

Cét thép dit trong méi v6 c6 do cong khdc ddu chi y&u dua
vao gid tri luc kéo chinh theo chiéu cong 4m. C6 thé bd tri cot thép
trong v6 biing mot trong hai cdch sau (H.5.17).

N, y

T -

N, = const
N,=N,=0

1

Hinh 5.17 Mat bing bd tri cét thép mdi vé thodi cong hai chiéu khdc ddu

Cdch 1: Cot thép chiu luc dit theo phuong cé do cong am,
c6t thép cdu tao dit theo phuong cé6 dé cong duong. Cé thé dung
cot thép rdi hodc dung ludi thép, cdn udn cong theo mit cong cia
mat vé va dit theo hai chiéu song song véi dudng chéo cia mit
bing m4i.

Cdch 2: C6t thép chiu lyc dat theo cd hai chiéu song song vdi
truc toa 4o xOy hay song song vdi cdc dudng bién.

5.8 VO CAU

Ms4i vd cdu la modt trong nhing vo tron 2£oay c¢6 ban kinh cong
khong d8i, dugce tao ra bdi mot dusng cong xoay quanh truc. Mdi vé
gom hai bd phén chinh 1a v6 va két cdu vanh. So dd tinh cha vo
tiy thudc vao diéu kién lién két cia vanh duéi véi két cau dd né:
1a khép ly tuéng hay goi tua dan héi.
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Tryuc xoay

Méi vo

= ————
-
-

______________

-,
-
___,
oo o

Vanh géi dudi

Hinh 5.18 V6 cdu

5.8.1 Xiac dinh néi luc trong vé theo diéu kién géi tua khép
ly tuéng

a Nv/ \/Nl
N, S < >va
« H I z N'/\ /\Nv
7/
u
1 - 0
¢ ¥ 4

Hinh 5.19

Ciéc goi khdp duge bé tri lién tuc doc theo vanh géi va trung
véi huéng ti€p tuyén cia vé. Trong mét phan tir dugc tach ra béi cdc
tiét dién kinh tuy&n va vi tuyén chi cé cdc luc tic dung la N,, N,,
N,,. Néu tai tdc dung ddi xding truc thi luc N,, = 0 (theo ly thuyét
phi mémen). ' '

Xét diéu kién can bing luc trong ting phin vom duge cdt ra
bing mot tiét dién song song véi mat ndm ngang, cé thé tim duge
lyc kinh tuyén:

No=-—2 (5.136)

27.rsin a

Hinh chiéu ngang ctiia N, chinh la lyc x6 ngang H:
H = -N, coso = -2ictga (5.137)

nr
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trong dé: a - géc md bién thién cua phan voé duge tdch ra

Q - téng tai trong trén toan bé mat chom ciu duge gidi han bdi géc o .

Ky hiéu:
1 1
N, = ‘_Nl; Ny = -Ng; Nr_v =0; ke = _12_1’ k_y = '}'2_2‘ (5.138)
Phuong trinh tong qudt:
Ny (N2, (5.139)

Ry R
v6i ¢ 1a thanh phan tai trong théng goéc véi mat vé.
Trudng hop mai vo cau thi Ry = R, = R:
N, +N, = R (5.140)
- N&u tai trong 1a trong lugng ban than vo tinh trén mét don

vi dién tich mat vo la g thi:

g = gcosa; Q = 2nRag (5.141)
trong dé6: a = R(1 -~cosa); r=Rsina (5.142)

T dé tim dugc:
N§ =___{_€_g__; N§ =—chosa+——iR—— (5.143)

-1+ cosu 1+ cosa

Tai a = 0 ta cé:

N{ = _Re (nén); N§ = B8 (nen) (5.144)
2 2
Tai a = I ta c6:
2

N¢ = Rg (kéo); NJ = Rg (kéo) (5.145)
Tai o = 51°,49" ¢6 N§ =0 (5.146)

- Né&u tai trong 1a hoat tai phan bg déu trén mét phing nim

ngang tinh trén mot don vi dién tich mit vé la p thi:

NY = —@; N§ = _BP s 20 (5.147)
2 2
- Néu tai trong la luc tap trung tai dinh vom la P thi:
NP --——F . NI =-Nf (5.148)

2nR sin? a
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Dang biéu dé N,, N, dng v6i cdc dang tai trong khdc nhau
dugc thé hién trén hinh 5.20.

Hinh 5.20 a) So dé tinh todn mdi vé cdu

b) Biéu dé6 N,, N; do trong luong ban thén vé g

¢) Biéu dé N;, N; do hoat tdi p

d) Biéu dé N,, N; do tdi tap trung P dat tai dinh vom

Trudng hgp tai dinh vom c¢é 16 cta tron d6i xing qua truc
xoay cua vé (cira 14y dnh sdng, thong gié) cdc ndi luc duge xdc dinh
nhu trén nhung tdi trong P trong (5.139), (5.140) can tri bt phan
mat di do 16 cira (déi véi tai trong g, p).

Céc ndi lue N, N; duge tinh nhu sau:

- Do trong lugng ban than g:

(5.149)

N§ = .Rf (cosay -cosa); Nf = N§
~ sin®a
- Do tai phén bd déu trén mit phédng ndm ngang —p:

.2 .2
sln al); N;]_ - lep(cos2 a - l + M) (5_150)

sin® a 2sin? a

- Do tai trong tap tryng P tai dinh vdm (dugc truyén qua dai

NP =@(1_

trén) cdac ndi luc duge tini nhu sau:
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NP -2 oNr=N! (5.151)
2nR sin” a

Dang biéu d8 N,, N, trong trudng hgp dinh vom c6 16 cda ding
véi cdc dang tai trong khédc nhau duge thé hién trén hinh 5.21.

Hinh 5.21 a) So dé tinh todn mdi v cbu c6 16 & dinh
b) Biéu d6 N,, N, do trong lugng bdn thdn vé g

¢) Biéu d6é N,;, N, do hoat tdi p

d) Biéu d8 N,, N, do tdi tép trung P dgt tgi dinh vom

5.8.2 Xéc dinh ndi hyc trong vé theo didu kign gdi tya dan hoi

Trong thuc t& xay dung, vé cAu khéng lam viéc trong diéu
kién g6i tua tu do theo kiu khop ly tudng ma dugc lién két dan
héi véi cdc k&t cdu bién: vanh gdi trén va dudi.

Vi vay tai ving gin bién sé xudt hién mémen udn M, va lyc
x6 ngang H, theo phuong bdn kinh. C4c néi lyc trén c6 thé xdc
dinh tir diéu kién can bling cac bién dang cla v6 vdi cdc bién dang
cua cdc két cdu bién.

Dé x4c dinh M,, H, tai c4c tiét dién ti€p giap gidia vo v6i két ciu
~ bién (vanh trén, du6i) duge gidi tir hé phuong trinh (P. L. Pasternéc):
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0F + 0y + 05 + 057, + 0}, = 0% + 0% (5.152)
Cdc bi€n dang 0, A dugc xdc dinh theo cdc cong thic sau:

Do mémen M,:

. S vo 32 ;
v =-2M,: A =~-—M, sina,
M, D M, 2D
_ 2 . 2
0% = 120 a0 o120y (5154
Egbgh, Egbghy”
Do luc x4 ngang H,:
2 3
vo 3 vo S . 2
GH,, =—ﬁH¢,smao; AH,, =”ﬂ)HoSln 0o
_ .2 . 2
ort = 120 g, e Hom (5.155)
° Egbgh, ° Egb,
Do trong lugng ban than g:
w288 a8 = na,— L cosa,) (5.156)
" Eh 1+ cosa,

: 3 .2
A _ R°g cosa, sin Qo
e
E;F, 1+cosa,

(5.157)

Do hoat tdi phan bo déu p:

2
Q;" = 1:;? sina, coso,; Ay = %sin o, (cos a2 - %) (5.158)
i R3P s 2
A% = (cos a, sin“a,) (5.159
P " 2E,F, ° ° )
Do lyc tap trung P:
- P
0F =0; A% =L P . pei Te (5.160)

12 Ehn sin a, ' p = 2E F;nRsina,
trong d6: S = 0,76; k - chidu day vo; E - médun bién dang ctia vat liéu vé
Ey Fg, b, hy - modun bién dang, dién tich tiét dién ngang, bé rong,
chiéu cao tiét dién cta vanh goi
r, - ban kinh hinh trén chu vi mép dudi cia vé
re - ban kinh vdng trdn qua tdm vanh géi.
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Tu (5.154, 5.155) sé xdc dinh M,, H,, tu dé xac dinh dugc
mémen uén trong vé ¢ ving gan bién theo cong thuc:

M, = M (cos¢ + single™” - SH, sino sin e’ (5.161)
trong d6: S = 0,76vRh; o = g

Luc vong (theo phuong vi tuyén) xdc dinh tir:

Ny = Nf + Nf + N§ + Ny* + N;° (5.162)
Péi vdi vé khong cé 18 trén dinh thi:
N, = Rg(cosa - —i——) + Rp(cos®a - l)—-——P——z— +
1 + cosa ‘ 2 2nRsin“a
9R R (5.163)
+ —é—z-Moe_"’(sincp - cosQ) + gé_ H, singe™’ coso

Chii y: géc o tinh tir dudng truc & gilta vo; goc ¢ toa do géc
tir mép bién cta vé.

Bidu d6 moémen udn va bidu dé luc vong N, trong vé c6 gdi
tua dan hdi duge thé hién trén hinh 5.22.

Vanh géi tua lam viéc nhu ciu kién chiu kéo léch tam. Luc
kéo xdc dinh theo:

N =(Nf+NJ+ NT¥)cosao.r, — Horo (5.164)

va momen: M = M,r, (5.165)
v6i r, 1a ban kinh ké tir mép bién dudi cda vé.

Hinh 5.22 So dé tinh todn vé cdu cé xét téi lien két
dan héi giga vé va vanh géi
a) So dé tinh todn; b) So dé tinh todn géi tua; c, d) Chiéu duong cia
cdc chuyén v xoay va chuyén vi thdng cila vanh géi va cia vé
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Hinh 5.23 So dé tinh todn vanh g6i dusi tic dung cia H, va M,

Céc yéu cdu cdu tao:

Cang nhu cdc mdi v6 khéc, vé cdu thodi phdn 16n mat vé chiu
nén, cdt thép thudng dat theo ciu tao ® = 6, a = 150 + 200mm. O
vung gan gdi (vanh duéi, trén) c6t thép dit theo kinh tuyén tinh ti
mémen udn M, chon ® = 6 + 8mm. O ving nay.cin bé tri hai 16p
cot thép dé ti€p thu cdc lyc vong N, (kéo hodc nén).

Vanh du6i tinh toan nhu ciu kién chiu kéo léch tam. Céot thép
chiu kéo trong vanh du6i cin duge udn cong theo nhig vong tron
dong tam, cdc cot thép nay nén ding néi han, nén chon ® > 20mun.

Vanh trén xung quanh 18 cita trén dinh mai tinh todn nhu
“cdu kién chiu nén léch tam.

5.9 CAC MAI VO T8 HOP

Trong thuc t&, d6i v6i cdc mdi nha c6 nhip kh4 lén, ngudi ta
thudng két hgp nhiéu m4i vé don lai vdi nhau dé tao thanh mai vé
t6 hgp. Cdc mai vé don c¢6 thé la: v6 try, vé cong hai chiéu duong,
Vo cong hai chiéu am... Cdc ket cdu blen c6 thé la dan phing c6
cdnh song song, tam gidc...
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Hinh 5.24 Cdc dang mdi vé t6 hep
a, b, ¢) Mdi vd t6 hop tir cdc vé c6 cdc duong bién la duong thdng
d) Mdi vé t6 hop ti bon mdt vé co dé cong hai chiéu khdc ddu nhau

va cde duomg bién cong; e) Mdi vé t6 hop ti nhiéu vé tru

Céc vb don khi duge lien két véi nhau lam liéc cing nhau
trong mot hé thdng théng nhat.
Xét mai vo t8 hop (H.2.24a), phuong trinh mit mdi vé ¢é dang:

z = _fo __[_;_xy + fg_(x + y) (5.166)
a a

M4i vé t8 hop (H.2.24b), phuong trinh mat méi vé ¢6 dang:
2= Tony (5.167)
a

Cé céc d cong theo hai chidu x, y bing khéng.

2 2
kx=gx—§—=0; k,,:g—y—z=0 va kxy-"-—'& (5168)

Q
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Vi th& phuong trinh vi phan ¢6 dang:
2 2
w222 o, (5.169)
xdy o oOxdy
Dya vao diéu kién bién cda titng bai todn. Cu thé nhu trén
hinh 5.24a:

Khi x =0 thi N, =0; x=+a thi N, =0

y=0 thi Ny =0; y=xb thi N, =0 (5.170)
Ham dng suit dugc chon c6 dang sau:
o(xy) = a;(x* - 6x%a? + 5a* Ny* —6y%at + 5at) (5.171)
Tir d6 tim duge: a; = - —2_ (5.172)
128a*F,

Nbi lye xac dinh theo cong tht'fc:
N, = 62{2” =+ 123 (x* - 6x%a?% + 5a4)(y‘2 —*a?) (5.173)

oy 128a° f,

2

N, =22 18 (3 3023 3ya?) (5.174)

x®  1284%f, _ '

Tit cdc cong thic trén cé thé vé dugce cac biéu dd ndi luc sau:

L a a | q
i k) - 0,5'—a
F P 1 I ==
] ! ? Q 2 "w_.
a 1 ) |0.452T3 N- |___ N
A (] 1 ] |__ v
I N, =01 I ﬁ'4\"
: o =— x Tio L N L,
] R 4 1
[ | St N = ! 1
al I, =o'iZIZIZ:1—'-—° | -1
} [ S, ] 1 -~
i A [ EOSRN vdphgiuiuin. L f-
-
a) y b) y

Hinh 5.25 a) So dé noi luc trong vé té hop
b) Biéu dé N, N,
Tir két qua tinh todn trén, méi v t6 hop c6 thé xem nhu mot
madi vo don dic biét dé tinh todn.
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5.10 BAI TAP

5.1 Thi&t ké mdi vé cong hai chiéu, cho biét cdc s6 liéu tinh todn
nhu sau:

Mit biing mdi hinh vudng c6 kich thuéc: 2a = 30m, 2b = 30m;
fi = fo = 2,56m; chiéu day trung binh cia mdi 2 = 70mm, trong lugng
ban than cdc 16p cdu tao mii: ¢ = 700daN/m?®. M4i vé véi két cau
bién 1a dan phing.

Giai
M4i vé nay cé dang paraboloit véi phuong trinh:

x? y? 1
Z—2—+2 ; fi +fo=f<z2a
152 15° 5

! a } a

Hinh 5.26 Mdi vé vdi két cdu bién la dan phdng

2 2
Cachessin = =1 by = by = 2 = 022

a a®
1 ky

R, = R, = — = 4bm; =—=1
1 2 kl k2

n A” _
o = 31,75 + 37 +35 +32750+1 =715
1)

a, = 15t +15%+ 22 17105 T - 40,385
A H

B ‘ a“kyo
, = (3u - 0,751 + 0,5 ) = 0,024
o 2b2k2a
, = 3% 025 21— = 0,024
R a“b kya
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ky céc kich thudc mit bing:

Céc lyc mang N,, N,, N,, dudi dang cdc ham giai tich cho bat-

N (x,y) = 20,(x*- a®)+2a,2*(x®- a®)+2a4(x* - a®)N6y%- b?)

N (x,y) = 2a,(y*- a®) +2a,(6x°- a®) +2a,y*(y*- b®)

N_(x,y) = “4daxy - 4a,y(2a’- xa®) — 4a,x(3y%- yb?)

Xét di€ém bat ki A(x, y). Cac luc mang dugc tém tdt trong

bang sau:
Oiém {Toadd x | Toaddy N, N, Nyy MNiccn Noon tg2a
{daNim)
1 0 0 -15750 | -15750 o |-15750 | -15750| o0
2 a/4 0 -14910 | -16660 | 0 | -18660 | -14910 0
3 | a2 0 -12270 | -19380 0 -19380 | -12270 0
4 3a/4 0 -7487 | —23930 0 ~23930 | -7487 0
5 a 0 -0 ~30290 o |-so200| o 0o
1 0 0 -15750 | -15750 0 | -15750 | -15750 0
6 0 b4 | -16660 | -14910 o | -16860 | -14910 0
7 0 b2 | -19380 | -12270 0 | -19380 | -12270 0
8 0 3b/4 | -23930 | -7487 0 | -23930 | -7487 0
9 0 b | -30290 0 o |[-30200| o 0
5 a 0 0 -30290 0 -30290 0 0
10 a br4 0 -28540 | -9283 | -31270 | 2729 | -0.647
11 a b/2 0 -23170 | -19380 | -34170 | 11000 | -1.673
12 a 3b/4 0 -13850 | -31350 | -39030 | 25180 | -4,528
13 b 0 0 —46040. | -46040 | -46040 x
9 b -30290 0 0 -30290 ) 0
14 a/4 b ~28540 0 -9238 | -31270 | 2729 | 0.647
15 a2 b -23170 0 -19380 | ~34170 | 11000 | 1673
16 | 3a/4 b -13850 0 -31350 | -39030 | 25180 | 4,528
13 a b* 0 0 -46040 | -46040 | 46040 w
1 0 0 -15700 | -15700 0 -15700 | -15750 0
17 a4 b4 | -15760 | 15760 | -1742 | -17500 | 14020 -
18| am b/2 | -14990 | -14990 | -7499 | -22870 { -7118 «
19 | 3a4 (| 3b4 | -11060 | -11060 | -21130 | -32190 | 10060 «
]

13 a b 0 0 —46040 | -46040 | -46040 o
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N(x=0) T TS \——] >
\\\ \_ AN
“
b=a A\ e _—_
> / | N,(Y=0)
<]/
7
7 AN
‘ Ny
b=a ’l’ ‘\\‘ N"(x=a)
’ ~
” \\ 1
L e ‘\\\
i a=15m a=15m__ |
Y

Hinh 5.27 Biéu dé cdc luc mang Ny = 0); Ny(x = 0); N(x = a)
Xét tai diém cé (x = a, y = 0) ta c6: Momen udn 16n nhat tai goi:
Tai vi tri cdch g&i mdt doan x duge xdc dinh theo:
S = 0,76 R, = 1,349; x = 0,597 R, = 1,06m

2
M_ = %qe"" sin ® = 205,304 kGm/m

Tinh c6t thép cho mdi vé:
Luyc kéo chinh 16n nhat: N = 46040kdaN:

F,= N _ 46040 20,O2cm2
R, 2300

chon ®16a100 (F, = 20,10cm?) (cét thép s3 1)

Luc nén tai tdm O: N = 15750daN:

F, = N -R,F, 15750 - 90 x100x7 _ (2
a4 R 2300 B

a

6t thép dit theo cdu tao chon ®6a250 (F, = 1,132cm?) (cot thép

s6 4)
Doc theo gdi tua chiu Iyc nén nho nén cot thép dat theo cau

®6a200(F, = 1,415cm?) (c6t thép s6 3)
Mémen uén 16n nhat: M = 205,304daNm

tao:
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A= M__ 2050 __ 405, o-o0078
R.bh; 90x100x5,5
aR bl
F, = —2""° - 1689cm?>
. Ra
chon ®6a150 (F, = 1,9cm?) (cot thép s6 2)
B& tri c6t thép nhu sau:
2.1m s K&t cdu bién (dan)
/ £ b
4 N
®6a250 47884 -
4 4 —
4 - N
q ®16a100
’ N
Y k¥ dBa150
-
\ /[ f E
62200 A b A L 4 8
®6a250 \L /
L L1
K&t cdu bién (dan) q y,
A-A \\meazoo a.
N ’
N \\ > -/ T
h| N y. V.6 4
N N A 4 p
\ N P 4 4
\ NN \\ AN Z Z. 4 /l/
| 3003 |

Hinh 5.28 Mat bing b6 tri c6t thép trong mdi vé

5.2 Thiét k&€ m4i vd cong hai chiéu, cho bi&t cdc s lidu tinh todn
nhu sau:

Mat béing mai hinh chit nhat ¢6 kich thuge: 2a = 25m, 2b = 20m:
fi = f2 = 2m; chiéu day trung binh cGa mai & = 70mm, trong luong ban
than cdc 16p cdu tao méi: g = 650daN/m?® M4i vé véi két cau bién 1a
dan phéng.

Giai
M4i vé nay c6 dang paraboloit véi phuong trinh:

2 2
Z=2% _,92%_ ; + =f < l2a
1252 102 hrh=fs<g
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2
Cachess i =20 —064; Iy =200
a” a

R, = X = 39.063m; W= 064
k, v 2o
2f,

k, = 212~ 004 R, = — = 25m
b? ey

2 2
o = 31,75 + 3% + 3L 432750 + 1 = 46,12
Y i

=(1,5'; 157-+°5+17125) - 47,143

1 a’kya

o, =(3p-075 l+05 )——2—————0,044
B a’b k0

= 0,062

= (3 % _0,25)
: b2k2a

Cic lue mang N,, N,, N,, duéi dang cdc ham gidi tich cho bat

ki cdc kich thudc mat béng:
N (x,y) = 2a,(x” - a2).+2a23c2(x2 - a?)+2a,(x* - a?)6y* - b%)
N (x,y) = 201(y2~ a2)+2a2(6x2— a2)+2a3y2(y2— b*)
N (x,y) = ~4a)xy - 4a,y(2a’~ xa®) - 4a3x(3y3— yb?)
Xét diém bat ki A(x, y). Cdc luc mang duge téom tit trong

bang sau:
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Bidm| Toadd x | Toaddy | N, (daN/m) N, Ny, Ni.ch Nnch t92a

1 0 0 -12790 ~8062 0 -12790 -8062 0

2 a/4 0 ~-12120 -8574 0 -12120 -8574 0

3 a2 0 -9996 -10110 0 -10110 ~9996 0

4 3a/4 0 -6123 -12680 0 -12680 | 8123 0

5 a 0 0 -16260 0 -16260 0 0

1 0 0 ~-12790 -8062 0 ~12790 -8062 0

6 0 b/4 -13520 -7630 0 -13520 ~7630 0

7 0 b/2 -15700 -6279 0 -15700 -6279 0

8 0 3b/4 -19330 -3832 0 -19330 -3832 0

9 0 b -24420 0 0 -24420 0 0

5 a 0 0 -16260 0 -16260 0 0
10 a b/4 0 -15320 | -6069 | ~17430 2123 -0.792
it a b/2 0 -12430 | -12720 | -20370 7942 -2,046
12 a 3b/4 0 ~7421 | -20530 | —24580 17150 -5.534
13 a b 0 0 -30090 { -30090 30090 o

9 0 b ~24420 0 0 ~24420 0 0
14 a/4 b -23020 0 -5920 -24450 1433 0.514
15 al2 b -18720 0 -12480 | -24960 6242 1.334
16 3a/4 b -11210 0 -20320 | -26690 1548 3.626
13 a b 0 0 30090 30080 30090 x

1 0 0 -12790 -8062 0 -12790 -8062 0
17 a/4 b/4 -12800 -8111 | -1117 | -13050 ~7859 0,476
18 a2 b/2 -12180 -7817 ~-5078 | -15520 -4470 2.33
19 3a/4 3b/4 -8985 -5851 -13720 | -21220 6389 8,754 »
13 a b 0 0 -30090 | -30090 | -30090 0]
N,x=0) ] E N
b=10 N
d — N,(y=0)
y
/ - \\\
\
b 7 . N,,(x=a)
,/ \\ ]
/ \
.-!g a=12,5 a o
y

Hinh 5.30 Biéu dé cdc luc mang N(y = 0); Nyx=0); Ny(x =a)
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Xét tai diém c6 (x = a, y = 0) ta c6: Mémen udn 16n nhat tai goi:
Tai vi tri cdch goi mdt doan x duge xdc dinh theo:

S = 0,76 R,k = 1,005
0,597\R, = 0,79m

X

X
- % 20,786
*=3

<2
M_ = -‘S§~qe"p sin ® = 105,911 daNm/m

Tinh c6t thép cho mai vé: Bétong méc 200, R, = 2300daN/em?
Luc kéo chinh 16n nhdt: N = 30090daN:

F, =N 30090 _4308cm?
R, ~ 2300

chon ®14a120(F, = 12,83cm?) (cBt thép s6 1)

Luc nén tai tdm O: N = 12790daN:
_N-RF, 12790 -90x 100 x 7 _ (.,
R 2300 B

cot thép dat theo cdu tao chon ®6a250 (F, = 1,132cm?) (cét thép

Fa4

a

s6 4)
Doc theo gdi tya chju luc nén nhé nén cot thép dit theo cdu

®6a200 (F, = 1,415cm*) (ctt thép s6 3)

tao:
Mémen udn 16n nhat: M = 105,911daNm
_ M 10891 _0039; a =004
R, bh; 90 x 100 x 5,5
R bl
g = Q0% 0,8540m2
chon ®6a200 (F, = 1,415¢m®) (cdt thép s8 2)

BG& tri cot thép nhu sau:
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1.6m Ket cau bién (dam
ey yd
£ 4 4 . . . W N\
Y A rid
y. N
®6a250 1 . N
®6a200 / - \
al
"1.6m ®14a120
r’ y $6a200
4 f E
®6a200 A Tt A A a s &
6a250 =~
NE >
Két cau bién (dan) =N
A-A T~ ®6a200 .
N \ Y
NN NN \ - / T
N A A /
N NATANA 4
N y 4 A
ALY N 4
NN N\ y A Z L /__
! 25m |

Hinh 5.31 Mat bing b6 tri cét thép trong mdi vé

5.3 Thiét ké médi vo cong hai chiéu, cho biét cdc s8 lidu tinh todn
nhu sau:

Mat biing méi hinh chif nhat c6 kich thude: 2a = 60m, 2b = 60m;
fi = f2 = 3,5m; chiéu day trung binh cia mai h = 100mm, trong luong
ban than cdc 16p cau tao mai: g = 700daN/m®. Mai vé véi két cau bién
12 ddm cimg.

Giai
Ma4i vo nay cé dang paraboloit vdi phuong trinh:
2 2
1
Z=355_43852. f+f =f<log
30° 30° b 5

Hinh 5.32 Mdi vé tua lén cic ddm, tuong cing




. K&t ciu médi vé 251

2
Céché s6: b = 2o = 1; by = by = L1 = 7,778.10°°

a a
R, =R, =+~ =12857lm; p-= by
k, k,
a, = L = 1,029.10°°
60k,a® (A7 + pi)
- a,k,a® 24+9 _
a, - q a110 ) (11,42)» + 9,552uA) - 5,56.10 12
k,a'®(21,6550% + 0,972A)
4] 2
q - a,kya”(9,5520" + 11,4pd) _ 5,56.10"12

a, = —
57 h,a'(0,9720% + 21,655m°)

Céc luc mang tinh theo cong thic sau:
N, =12a,(x* - 6x%a® + 5a* )y - b%)

+12a,(x® - gggxﬁa2 + }gx“a")(yz - b°)

+ day(x* - 6x%a® + 5a*)14y° - %5-3'452 + '1333’21?4)

Ny = 12a1(x2 - a2)(y4 - Gyzb2 + 5b%)

+ 4a2(14x6 - -5—3"r—’3c4a2 + lé:—aaczaz)(y4 - 6y%b% + 5b%)

+12a,(x® - a®Ny® - ZQZySb2 + lg—?y"b“)

N, = 16a, (x® - 3xa®)(y® - 3yb?)

+ 16a2(2x7 - 1Elxsa2 + }é@ Lat)y® - 3ypY)

+ 1603(x3 - f:!xa,z)(2y7 - %yf‘b2 + -1§3y3b"‘)

Tit d6 ta c6 thé xac dinh dude cdc ndi luc nén, kéo chinh theo
cong thuic:

N, +N N, -N, )
n.ch X x 2
RN e
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Géc nghiéng cia cdc mit phing tdc dung cda cdc luc nén, kéo
chinh dugc x4c dinh theo:

-y . ___ 2N,
tg2a, N - Ny ; tg82a, N - Ny
Xét di€m bat ki Alx, y). Cc lyc mang duge tém tit trong
bang sau:

Diém Toaddx | Toaddy Ny (daNim) N, Nuy Nich Nn.ch

1 0 0 -45000 | —45000 0 -45000 | -45000
2 a/4 0 -41860 | -28880 0 -41860 | -28880
3 al2 0 -34270 | -23470 0 -34270 | -23490
4 3a/4 0 -22280 | -76920 | ' © ~76920 | -22280
5 a 0 0 0 0 0 0

1 0 0 -45000 | -45000 0 -45000 | -45000
6 0 b/4 -28880 | -41860 0 -41860 | -28880
7 0 b/2 -23490 | -34270 0 -34270 | -23490
8 0 3b/4 -76920 | -22280 0 -76920 | -22280
9 0 b 0 0 0 0 0

5 a 0 0 0 0 0 0
10 a b/4 0 0 24190 | 24190 | 24190
11 a b/2 0 0 40480 | -40480 | 40480
12 a 3b/4 0 0 64560 -64560 64560
13 a b 0 0 94690 | -94890 | 94690
9 0 0 -45000 | —45000 0 -45000 | -45000
14 a/a bl4 -26930 | -26930 | 4997 | -31920 | -21930
15 a2 b/2 -18390 | -18300 | 10900 | -29200 | -7491
16 3a/4 3b/4 -31970 | -31970 | 38910 | -70880 | 6039
13 a b 0 0 04600 | -94690 | 94690
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Xét tai diém c6 (x = a,y = 0) ta cé:

a(N,)

A =tga = = 3567: 46 ddc cia biéu dd N,.

S = 0,76/R,h = 2,725

@
2 ) s . .

va Mx=—D-éx—2=—T+Sk1Ae “’cos<p+?qe“’sm(p

-2599 daNm/m

0,597R,h = 2,141m

®
!

N,x=0) T < p

b=a LN /
AN it N,(y=0)

b=a / N\ N, (x=a)

\ a=30m a=30m
" |

Hinh 5.33 Bifu dé cdc lyc mang N.(y = 0); Ny(x = 0); Nyfx = a)

Tinh cét thép cho mai vé: Béténg mdc 250, R, = 2800daN/cm?®
Luc kéo chinh 1én nhdt: N = 94690daN:

N _ 95690 2
F, =+ =>=""" = 3382
a1 = R~ 2800 "
chon ®16al120(F, = 33,50cm”) bd tri lam 2 16p (cst thép s5 1)

Luc nén tai tam O: N = 450000daN:

_N-RF, _ 450000 - 110 x 100 x 10
R 2800

a

¢t thép dat theo cdu tao chon ®6a250(F, = 1,132cm?) (cot thép

2
< Ocm

Fa4

s0 4).
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Doc theo gdi tua chju l#c nén nhd nén cot thép dit theo ciu
tao: ®6a200 (F, = 1,415¢m?)(cst thep s 3)

Mémen udn 16n nhat: M = 2599daNm
- M ___ 259900 - =0327; a=0412
R,bh; 110 x 100 x 8,5

_oR,bh,
" R

F, = 138,75cm?®

a

chon ®14a110(F, = 13,99cm?)(cst thép s6 2)

B& tri c6t thép nhu sau:

2.2m Két cau bién (dam
2T P ( ) .
4 N N N
Y14 A N
4 - h N N
6a250 " - a
, -
/ N

®14a110

d16a120 (2 16p)

1.6m YN
d b ©14a110
Ba
- \ JAn \ f E
®6a200 A A K ] 4 3
62250 N\

Z
s
N

Két cau bién (dam)

A-A \a»eazoo //
\ A /i

N
N N\ )4 /:
N A N '// y
A [ y A
N
NS AN A Z //_J_

| 60m |

Hinh 5.34 Mdt bdng bé tri cét thép trong mdi vé




Chuong 6
CAU KIEN CHIU UON - XOAN

6.1 KHAI NIEM CHUNG

Trong k&t cdu BTCT hdu nhu ta khéng gip hién tugng xodn
thudn tiy ma chi gép xodn cung véi uén. Céc cdu kién chiu uén -
xodn thudng gap 1a cdc ddm cé mit bang bing hinh giy géc, cdc

cung tron, cdc ddm limon cau thang...

q
Hinh 6.1 Cdc cdu kién chiu uén - xodn thudng gdp

Kha ning chiu xo4n cia cdu kién BTCT kém so vdi khd nidng
chiu udn, do d6 cau kién chiu xodn dé& xudt hién khe nut.

V6i trudng hop xodn thudn tiy (M, = 0), mémen xodn gay
nén Ung suit tiép ma tdng hgp cua ching s& la cdc ung suat kéo
chinh va dng nén chinh nghiéng 45° so véi truc cu kién. Khi dng
suat kéo chinh vugt qua kha nang chiu kéo cia bé tdng s& giy nén
cdc v&t nit vudng géc véi phuong dng sudt kéo chinh, tic la vét
nit s& nghiéng véi truc ddm mot géc 45°.

Trudng hgp cdu kién vifa chiu xodn vira chiu udn thi sy lam
viée cua né phic tap hon. Cdc vét niit sé tao nén tiét dién vénh
gbm ba phia chiu kéo va mot phia chiu nén. Su phd hoai theo tiét
dién vénh sé bit ddu khi dng suit trong c6t thép vung kéo dat dén
gidi han chdy hoac ung sudt trong vung bé tong chiu nén dat dén

cudng do caa né.
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6.2 CAUTAO

Cau kién chiu xodn thudng cé tiét dién dic, ciing c6 thé c6
ti€t dién réng nhung ty sd cdc canh phai nhé hon 8/1. Tiét dién
thudng gip: hinh vudng, chit nhat, chit T...

D& chju dugc mémen xodn, trong c&u kién chiu udn - xodn cin
phdi dit cot doc theo chu vi tiét dién va ¢t dai khép kin.

Cédc c6t doc cdn phdi duge neo chic vao gdi véi chidu dai
L, 2 30®. Cot dai trong khung budc cdn phai c6 hai ddu chap
v6i nhau mét doan khéng nhd hon 30 14n dudng kinh cGa né.
Cédc cot ngang trong khung han cdn dugce lam thanh vong kin,
ddu mit duge han chic vdi c6t doc. C4u kién c6 tiét dién chi T,
I cdn d&t c6t dai thanh vong kin trong cd sudn va cdnh.

Khi canh cia tiét dién < 200mm d4t it nhat hai c6t doc, véi
canh > 200mm dit it nh4t ba ¢8t doc va khodng cach gita hai c6t
doc khéng qua 200mm.

300,

[ O

Hinh 6.2 Céu tao cGu kién chiu .ué'n xodn '
6.3 KET QUA NGHIEN CUU

bac trung lam viéc cha cdu kién chiu uén - xofn duge xdc
dinh trén co so clua ty so:
y =
M

trong d6: M, - mémen xodn; M - mémen udn

¥ = 0 - cAu kién chiu uén thuin tay

% —> o - cdu kién chiu xodn thuan tay.
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Thi nghiém cdu kién chiu xodn thudn tdy, mémen xodn gay
nén Ung sudt ti€p ma téng hgp cha ching s& 1a cdc ung sudt kéo
hinh va dng sudt nén chinh nghiéng 45° so v6i truc cia cdu kién.
4c dUng suit kéo chinh khi vugt qua kha ning chiu kéo cia bé tong
& gy ra cdc v&t nitt vudbng géc véi phuong dng sudt kéo chinh, c6
ghia 1a cdc vé&t nit sé nghiéng 45° so v6i truc dam.

Trudng hgp cdu kién chiu udn - xodn thi sy lam viéc cda né
hic tap hon. Cdc v&t ndt sé tao nén ti€t dién vénh gém ba phia
hiu kéo va mét phia chiu nén. Su phd hoai theo tiét dién vénh sé
§t ddu khi ng sudt trong c6t thép chiu kéo dat dén gidi han chdy
odc Ung sudt ciia bé tdng chiu nén dat dén cudng dd chiu nén.

4 CAC GIA THIET TiNH TOAN

C4u kién c6 chiu mémen xodn M, cdn dugc tinh todn kiém
bra kha nang chiu luc theo ti&t dién vénh trong khéng gian vdi
rdc gid thiét:

- Bd qua su chiu luc cha bé tdng viung kéo.

- Ving nén duge quy udc xem la phlng va chéo véi truc doc
cia cau kién, (ing sudt trong bé téng viing nén xem la phan bé déu
va dat dén cudng do tinh todn cia né.

- Ung suét trong cdt doc va c6t dai cdt qua vung kéo cia tiét
dién dang khao s4t 14y bing cudng d¢ tinh todn cia né.

- Ung sudt trong c6t doc chiu nén ldy bing cudng do tinh
todn cia né.

Céu kién chiju udn - xoéin chju déng thoi cdc ndi lue M, M, va Q.
Viéc tinh todn c6 k& ddng thdi 3 ndi lyc d6 khé phic tap va cling chua
c6 duge céch tinh hoan hdo. Vi vay, d6i véi cdu kién chiu udn - xon
dugc tinh todn kiém tra theo hai so d6:

So dé 1: Do tac dung ddng thoi clia mdmen uén M va moémen
xo4n M,, ving nén ciia tiét dién vénh s& ndm vé phia ving nén do M.
| So dé 2: Do téc dung dong thai cia lyc cit @ va mdémen xodn
M,, ving nén ciia tiét dién vénh s& theo mép ti€t di¢n song song
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v6i phuong tdc dung cha @ (cdc gid tri M, M,, @ dung trong tinh
todn 14y tai tiét dién thdng géc vdi truc doc cau kién va di qua
trong tam cha viing nén cda tiét dién vénh).

6.5 TINH TOAN CAU KIEN CHJU UBN - XOAN CO TIET DIEN
CHU NHAT |
Diéu kién han ché:

- Moi cdu kién chiu mémen xodn cdn théa man diéu kién
(nh&m han ché& bé rjng khe niit) sau:

M, < 01R, bk | (6.1)
trong 46 b 1a canh bé cha tiét dién.
Va luc cit: @ < k,.R,.bh? (6.2)

(k, 18y giéng cau kién chju udn).
6.5.1 Tinh toén theo sd dé 1
Do M va M,

P
o =
Hinh chiéu cla ti€t dién vénh ABCD c)

mat phdng thdng goc véi tryc ddm

Hinh 6.3 So dé tinh todn vdi M va M,
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So dé tinh toan tiét dién vénh ABDE thé hién trén (H.6.3).
tanh chiu nén AB nghiéng so véi truc ddm mot géc a, c6 hinh
¢hi&u 1én phuong 4y l1a C;. Canh DE nghiéng véi truc dam mot géc
. Ung sudt trong bé tong chiu nén dat dén R, va tdc dung vudng
goc véi AB. Ung suat trong c8t doc chiu kéo dat dén R, va trong
¢6t doc chiu nén dat dén R, va hudng theomtn_xc thanh. Noéi luc
tinh todn trong mdi nhanh c6t dai la R.qf; va hudng theo truc
cua nd.

Chiéu tiét dién vénh ABDE lén phudng vudng géc vdi truc
dam sé& dugc hinh 6.3b nhu la tiét dién thing géc, vdi x; 1a chiéu
cao vung nén.

- Phuong trinh hinh chiéu cda cdc lyc 1én phuong truc dam:

X =0 < R,.F,, -R, .F), ~-R,AB.x;.sina = 0 (6.3)
véi: AB.sina=b hay Red —R).F) -Rabx; =0 (6.4)

Ta thédy (6.4) giéng cau kién chiu udn.

- Phuong trinh c4n bing mémen ldy ddi véi truc di oua trong
tam vang bé tong chiu nén va theo phuong AB:

M

n

=0 < Msina + M, cosa =

= R,.F,; sina(h, - %‘-) + ZR.q.fa cosalh, - %) (6.5)

Trong phuong trinh bé qua dnh hudng cha cot doc chiu nén
va cac cot dai cdt qua canh BD va AE, ca cot dai chiu nén theo
canh AB.

Goi u 1a khodng cédch giita cdc cét dai:

fy = &DE cosa; ma DE = b nén:
u

sinay’
Iy = [ leosa gy s Cr 4o dé:
u sin o sina; 2h+ b
Rad-fd bC1
YRuu. [y = ]
a-fa u  (2h+b)
Pbit: qu = RLd'—&l— (6.6)

u
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Thay (6.6) vao (6.5), réi chia c& hai v& cho cosa va dat M,
thanh thita s6 chung & vé trai ta cé:

M. (1+ M
M

x

tga) =R, .Fgy .18a.(h,-0,5x1) +qg bC (h,-0,5x;) (6.7)
2h + b

. b
Chu y: tgo = —
uy: tga e,

Pem téch riéng M, & v& trai, dung dfu bat ding thic d& thé
hién diéu kién vé cudng d9 va sau khi bién ddi ta duge:
R, .F,(hy - 0,5x, X1 + my; .CE )b

M, < 6.8
C1 +v.b (6.8)
trong dé: v = M
M,
d4 1‘)«1(: o d
- 6.9
M4t SR F.(2h+b R F. (2h+bu €9
v6i m,; 18y theo cdng thitc thuc nghiém:
my = —— 1 . (8.9)
2+4 2h + b)b
{2 + 4v. 2h ]( + b)
Pong thoi tri s6 my cdn lay trong pham vi:
m, <my <3m, ' (8.10)

Néu xdy ra m,, < m,,, thi ta nhan R.F, trong cong thic (6.4)

va (6.8) v6ity sb k = My
m,

véi C"l 12 hinh chiéu cda ving nén lén phuong truc doc ciia cau kién.

Tién hanh tinh todn véi ti&t dién nguy hiém nh&t nhung
déng thoi khong 16n hon 24 + b. ,

Trong (6.8) gia tri C; van chua biét, xdc dinh C, bing diéu
kién cyc tiéu cia v& phai, tic 14y dao ham cia vé& phai (6.8) theo
Ci, r6i cho dao ham dé bing khong, tim duge C.;, nhung theo |
nghién cdu thuc nghiém thi:

C,<2h+b (6.11)

ol =

2
de=0->col=-§+\/b +RI; w(2h + b) < (2h + b) (6.12)
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M,
M
Thay (6.12), (6.13) vao (6.8) rit gon dugc:

C, = -vb+ v2b? + 1 <2h +b : (8.14)
\} Mgy

Piéu kién si dung:
X € 0g.ll (8.15)
v0i x; xdc dinh tu (6.4).
N&u (1.15) khong théa man phai tang kich thudc tiét dién
ho#c tang mdc bé tong. Thay C,, (6.12) vao (6.8) ta dugc:

(8.13)

trong d6: y =

< =

< R,.F  (h, -05x,)1 + ma“.Cf1 )b

M.
. C, +uvb

(6.16)

6.5.2 Tinh toan theo so dé 2

Do @ va M,
Hadfad lki
)|
B P
i JHo A
1 A = ~b: 41 h
: T Q 1 RaoF a2 Nl ‘
| W : Fae H ' Foe
l \\\\ \\ 3
JPURRP N U, WP ) -——— — -
,/_ W / D a]“ b,
7/ BN
’ WA b
2 Hinh chi€u cla ti€t dién vénh-ABCD

mat phéng thdng géc véi truc ddm

Hinh 6.4 So dé tinh todn véi @ va M,

Su phd hoai xdy ra theo tiét dién vénh vdi ving nén ndm
theo canh bén (canh /1) cia tiét dién.
Diéu kién:
Néu cau kién chiu udn - xodn théa diéu kién:
7 - %M (R, hay M, <1R,D2Gh-b) (617
b%(3h - b) 6
v6i T la gia tri ung suat tiép theo ly thuyét déo.
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M.
M

'thi ndi lyc do xo4n nhd, khdng cin tinh ¢t ngang chiu M, ma cét
dai dat theo cdu tao, trudng hgp nay, khi tinh theo so dé 1 chi tinh
véi M, khong xét M,.
Cing lap luan nhu trong phéan tinh theo so dé 1, xdc lap céc
phuong trinh can bing tinh theo s dé 2 nhu sau:
Phuong trinh can bing hinh chiéu:
R, Fos ~R,.hxs - R, .Fj3=0 (6.19)
Phuong trinh cin bing mémen:
M. < BaFaz(b - 05x5 )1 + mas CHh

X = Qb
1 C
(+ou.Ce

trong dé: F,p, F), - dién tich tiét dién cbt thép chiu kéo va chiu nén

Khi: y =

<02; Q<k. R, bh, (6.18)

(6.20)

dat doc theo canh /& nhu trén hinh (6.4b)
b, - khoang cach tif trong tam cé6t thép chiu kéo F,5 dén mép chiu
nén cla tiét dién.

Rad -fd

= (6.21)
T2 B Fua(2b +
vdi: Mgy = ' ll ' (6.22)
2+ 4v |~ Y2b + W)}
(2 + v2b+h](v + Ih
Moz £ Myo < 3Mig2 . (6.23)

Hinh chiéu cia vang nén 1én truc doc ciia cau kién la C., dugc
xdc dinh véi tiét dién nguy hiém nhat nhung déng thoi lay C.,
khong 16n hon 2b + /.

Hinh chiéu tiét dién nghiéng nguy hiém nhat C,, xdc dinh
tuong tu nhu C,y, tir diéu kién kha nang chiu lyc cyc tiéu ly thuyédt
cua cdu kién.

Lay dao ham vé& phai cia (6.20) theo C, va cho dao ham dé
bing khong.

dC,

=0 > C,y = <2 +h (6.24)

\/R,, Foo (26 + 1)
Rud -fd
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hay: Coz = <2b+h (6.25)

1
vMo2
Thé C,z & (6.25) vao (6.20) ta dugc:
< RaFa(by - 0,523)(1 + ma.C)h

M, < 1. 0b o (6.26)
2M,
Khi théa mén diéu kién:
M, < 0,5Qb ' (6.27)
thi c6 thé thay viéc kiém tra theo (6.26) bang cdch kiém tra theo (6.28)
Q+ 3% = < Qab (6.28)

vdi: Qu» = V8.By, bh2 Qd;, 9d = R"du'Fd

(giong cau kién chiu uén).
Piéu kién st dung:
x2 < O,y.b (6.29)
P& tan dung hét kha nang chiu luc cia cdt doc va cdt dai cdn

théa man diéu kién:

0,5 < Raafal 1,5 (6.30)
Ra.F(,z.u

6.6 THYC HANH TiNH TOAN

Viéc tinh todn cdu kién chiu udn - xodn tuong d6i phdc tap,
thudng chi thuc hién loai bai todn kiém tra.

Khi da cé cdc noi luc tinh todn: M, M,, @.

Bai todn kiém tra c6 thé tém tét theo trinh tu sau:

1. Chon so bé kich thudc tiét dién c&u kién, sau d6 kiém tra
theo (8.1) va (8.2).

2. Kiém tra xem cé cdn tinh ¢t dai chiu xodn hay c6t dai chi
can dat theo cdu tao theo (8.15).

3. So b xdc dinh va bé tri-cst doc cdt dai trong ciu kién:
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- Tt mémen udn M, tinh cét doc cho cau kién chiu uén F, .a
R . B& tri c6t thép doc trong tiét dién F., R, theo canh b cha tiét
dién 16n hon lugng ¢dt thép da tinh dugc khoang 20 d&n 30%.

- B§ tri thém cdt doc theo canh 4 cha tiét dién (xem phén ciu
tao cot thép).

- Tir @, tinh ¢4t dai nhu cdu kién chiu uén, tinh dugce w., fy.
Sau d6 bd tri cat dai va budc cst dai nhé hon u, khodng 10 + 20%.

Pén day coi nhu da biét toan b lugng cdt thép da cé trong
tiét dién.

4- Kiém tra kha ning chiu luc:

a- Kiém tra theo s¢ d6 1:

- Kiém tra theo (6.1) va (6.2).

- Tinh ¢4(6.6), m,4, (6.8), m,, (6.9).

- Kiém tra theo (6.10)

- N&u mg; < mgy, tinh k = mgiim,,; néu mg, > my,y, 1y k-= 1

- Tinh x, theo kR,.F,; - R, .F,, -R,.bx; =0 va x < a,.h,

- Tinh C,, theo (6.13) (n&u my, > 3m,,, 18y mgy; = 3m,,; dé tinh C,,).

-KiémtraC,; < 2h +b. NéuC,;> 2h + b thilay C,y = 2h + b
dé kiém tra kha nang chiu luc theo: |

M < BB Fu(hy, = 0501 + my, C3)b
* C, +uvb

b- Kiém tra theo so dé 2 (tuong tu nhu so d6 1)

- Tinh q4(6.6), ma;(6.21), m,s (6.22).

- Kié€m tra theo (6.23)

- Néu myy < Moy, tinh kb = gy /nigy ; né’u»mdz > Mgy, ldy k=1

- Tinh x,theo kR, .F,; - R, .F)» —R,.hxs =0 va x; < a,.b,

- Tinh C,; theo (6.25) (n8u myy > 3n1,, 18y mgy = 3m,, @8 tinh C,,).
- Ki€m tra Cp2 < 2b + h. Néu C,z > 2b + I thi 14y Cop = 2b + I
dé ki€m tra kha ning chiu luc theo:
M. < Ry .Fao(b, - 0,5x2 )1 + mga.C2)N

x = Qb
1 0
(1+ 2M,\.)C 2
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C&u kién chju uén - xoén

én

s A

ki

a

ua cau

o

Tém tdt trinh tu kiém tra khd ning chiu luc ¢

2

0 sau:

tdt trong so d

om

7

6n - xodn dugce t

chiu u

X

2o W qa+10g L
s 5 "W a(}%1Pw + 1)(txg'0 - oy regeg W

£~mo.mue +1)(exgp - %q) ¢y By . ugnjiey (4
B
u+ags == 209
1 }
uy a'y
= ox = Ix
ey - 255ty 1 [ ey e _
b=y L =%wPuw =y L=y ATV |
} t }
(a) cowp Pw 2ouig = CRw e 2oy = 2Py A (e) oayt Pw owg = Pw Agy
i |}
Pwg < Puwg <
. i
_up)lE B avuer, . .
oug + 10 fol (0 WIS H _ipy ) A ,L N Ak
_u—bnm < 1 = 0w
u+az
n(y +a2) ¢4 %y ufy + nmvﬁ Ay +2 W
20 + 20 —_— = - Py y —=
€ @—"ppey < - 20y w ot
—_— G . Bugiaq 28N
Wz LIY 0 < W ooy (4'q) buel

1 9P OS | 9p PS

|
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6.7 BAITAP

350
6.1 Mot ddm BTCT chiu udn - xoén, ¢6 "
, . . on . , N
klch thude tiét dién ngang va bé tri o
c6t thép so bd nhu hinh 6.5. Hay kiém |
o - 20m2(226)
tra kha nidng chiu luc cho ddm. 2 ¢4
S6 liéu tinh todn: | S
£
R, = 2600daNlm2 13E
R, = 2000daN/m?® 30:20(9.42)
R, = 90daN/m* Hinh 6.5 Bd (ri
F., = 3020(9.42) Ot thép so b
al — ’

F) = 2012(2,26); M = 4500daNm; Q = 2500daN

M, = 1500daNm; k,=0,35; b =350; h =450
1- Kiém tra so dé 1 do M va M,

Kiém tra: M, < 0,1R, .b%h = 496,1.10° daNm (thda)

Tinh cdc hé s6:
R.afs _ 2000 x 9,503

qad = = 67,067 daN/cm
u 15
v = M _ 3
M,
- a2
a7 R .F, (2h + b)
= 67,067 = 2,191.107°
2600 x 9,42(2 x 45 + 35)
m,, = b1 - 2,737.10°°
2+4 2h + b)b
[ v TN b]( )
. N mada
Vi my >mg; va k=—"2-=-=0,8
moe1
_kR.Fo, - RiFay

1 R.b

C,=-vb+ v?b? + L
my,

=113,072cm < 2k + b = 125em  (thoa)

= -1,5683¢cm; x; < a,.h, (théa)
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Kiém tra:
M =1500 < kR,.F,(h, - 0,5x, )1 + mdl.Cf1 )b
o C, +vb
=1702 daNm (thoa)

2- Kiém tra so dé 2 do Q va M,
S6 liéu tinh todn:
Q =2500daN; M, = 1500daNm
F. = F, = 2020 + 2012(7,421)
Tinh cédc hé sé:
Ruafa = 2000 x 0,503 _ 67,067 daN/cm

=7y 15
U= M— = 3
M,
Mz R,.F,,(2b+ 1)
67,067 - 3,02310°

~ 2600 x 7.421(2 x 35 + 45)

my, = /1
’ )
[2 + 4v TN h](2b + h

Vi NMgs < Mgz < 3mge ldy k=1

Cox = ’—1— =181,89cm > 2b+ h =115cm
N 42

Do d6 18y Cop = 2b+ h = 115¢em dé kiém tra.
= kR.Faz ~ RoFay =0; x2 <a,.b, (thda)

= 2,033.10°°

*2 R.b
Kiém tra:
M =1500< kR,.F,,(b, - 0,5x,)1 + m,,C2)h
) ) (1+ —@—)C 9
oM, °
=92577 daNm (thoa)

K&t lugn: B& tri c6t thép trong ddm du khé néng chiu uén - xodn.

»
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Phu luc

PHY LUC

Phu luc 1 Cudng dé tiéu chudn, cuong dé tinh todn va médun dan héi

cia mét sé nhom thép

hém Cudng Ao Cudng d9 tinh todn, (daNicn?) Médun
c6t thép tleud::;l:’;lzﬂn vé RI:éo Vé’erén Tinh ct:::a :gang. d:’:’:l‘::a
A-] 2400 2300 2300 1800 2100000
A-11 3000 2800 2800 2200 2100000
A-111 4000 3600 3600 2800 2100000
A-IV 6000 5000 4000 4000 2000000
A-V 8000 6400 - - 1900000
AT-1V 6000 5000 - - 1900000
AT-V 8000 6400 - - 1900000
AT-VI 10000 8000 - - 1900000
B-I1 véi
d=3mm 19000 12300 - - 2000000
d = 4mm 18000 11600 - - 2000000
d < 5mm 17000 11000 - - 2000000
Be-11 voi
4=3mm | 18000 11600 - - 2000000
d=4mm 17000 11000 - - 2000900
d=5mm 16000 10300 - - 2000000
C-1 2200 2000 2000 1600 2100000 !
C-lI 3000 2600 2600 2100 2100000
C-HI 4000 3400 3400 2700 2000000
C-1v 6000 5000 3600 4000 2000000

Phuy luc 2 Médun dan héi cia hé téng

Gid trj Ep x 10" (daN/cr?) Ung v6i mac thiét ké vé nén
Loai bé tdéng -
150 | 200 250 300 350 400 500 600
Bé tébng nang
- Khé cung ty nhién 210 240 265 290 310 330 360 360
- Chung hép 190 215 240 260 280 300 325 340
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Phuy luc 3 Cuiong dé tinh todn goc cia bé téng

Gla tr| cuding 49 (daN/cn?) theo méc bé téng vé nén

Cudng dd va ky hiéu -
150 200 250 300 350 400 500 600

Nén: R, 65 90 110 130 165 170 215 250
Kéo: Ry 6 7.5 8,8 10 11 12 13.4 14,5

Phu luc 4 Gid tri ciia hé s6 o,

Cudng dé tinh toan chju kéo cla H& 86 a, Ung vdl méc chju nén ciia bé tong
c6t thép R, (daNicm) 200 | 250300 | 350400 | 500 600
3000 0.62 0.58 0,55 0.52 0.48
000 0,58 0,55 0,55 0.50 0,45
5000 0,55 0,55 0,52 0,45 0,42
6000 0.50 0.48 0.45 0.42 0,40

Phu luc 5 Quan hé gida cdc hé s6 a, yva a

a Y A a y A [ Y A
0,01 0,995 0,01 0,22 0,890 0,196 0,43 0,785 0,337
0,02 0,990 0,02 0.23 0,885 0,204 0.44 0.780 0.343
0.03 0,985 0,03 0,24 0.880 0.211 0.45 0,775 0,349

004 | 0980 | 0038 | o025 | 0875 | 0219 | 046 | 0770 | 0354
005 | 0975 | 0048 | 026 | 0870 | 0266 | 047 | 0765 | 0359
006 | 0970 | 0058 | 027 | o865 | 0235 048 | 0,760 | 0.365
007 | 0965 | 0068 | 028 | 0860 | 0,241 049 | 0755 | 0.370
008 | 0960 | 0077 020 | 0855 | 0248 | 080 | 0750 | 0,375
0.09 0,955 0,085 0,30 0.850 0,255 0,51 0,745 0,380
010 | 0950 | coes | 031 |o084s | o262 | 052 | 0740 | 0.385
011 | 0945 [ 0104 | 032 | 0840 [ o0269 | 053 | 0735 | 0390
012 | 0940 | 0113 | 033 |o0s3s | 0275 | o054 | 0730 | 0394
043 | 0935 | 0122 | 034 | 0830 | 0282 055 | 0725 | 0.399
014 | 0030 | 0130 | 035 | 0825 | 0289 | 056 | 0720 | 0403
045 | 0925 | 0130 | 038 | 0820 | 0205 | 057 | 0715 | 0.408
046 | 0920 | 0447 | 037 | 0815 | 0.30 058 | 0710 | 0.412
017 | 0,915 | 0.156 038 | ogto | 0309 | 059 | 0705 | 0416
018 | 0910 | o164 | 039 {0805 | 0314 | 060 | 0700 | 0420
019 | 0905 | 0472 | o040 | 0800 [ 0320 | 061 | 0695 | 0424
0.20 00 | 0180 | o041 [o0795 | 0328 | 062 | 0690 | 0428
021 | 0895 | 0188 | 042 | 0790 | 0332
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Phu luc 7 Mémen uén trongvbc'in cé hinh dang ddc biét
chiu tdi phan bé déu p

Ja,
3 g
a,
TP 22777777777 777777
2
M. = 0,0515pR% = 0,0328P
M, = -0,0731pR%; @ = -0.491pR x P
2
M, = 0,0868pR% = 0,0522P
M, = -00584pR%; Q5 = -0.412pR y P
' 2
4 R
p=1_
W, = 0,00202 22— 2 P
D
/ R
M, = 0,0353pR% = 0.0450P : M, = 01430pR% = 01884P
M, = 0.0381pR> = 0,0486P M, = 01260pR® = 0,1608P
2
R
p="
P
M, = 0,0255pR? = 0,0487P M, = 00183pR? = 0,0466P
M, = 0,0243pR® = 0,0464P M, = 00161pR? = 0,0411P
2 - 2
R R
L p-K_
P e P R
. i
- 2
My = M,y = 00321501 + ppa M, =M, = 0,a9835(1 + wpa”
4
= _ pa 4
2
MD = —0,109389pa ) Mo = —0.153484P02

Q, = 0.95527pa @, =1337428pa
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Phu luc 8 Dién tich tiét dién cot thép dang luci (cm?/m)

Budc cot Dudng kinh thép (mm)

thép (cm) 6 68 8 8/10 10 12 14 16
7 404 | 561 | 719 | 920 | 11,21 | 16,16 | 21.99 | 2871
75 377 | 524 | 671 | 859 | 1047 | 1508 | 2052 | 26.80
8 354 | 491 | 629 | 505 | 981 | 14,14 | 1924 | 2513
9 314 | 437 | 559 | 416 | 872 | 1257 | 17.10 | 2233
10 283 | 393 | 503 | 644 | 785 | 1131 | 1530 | 2010
11 257 | 357 | 457 | 585 | 7.14 | 1028 | 1399 | 1827
12 236 | 328 | 419 | 537 | 654 | 943 | 1283 | 1675
12,5 226 | 314 | 402 | 515 | 628 | 905 | 1231 | 16.08
13 218 | 302 | 387 | 495 | 604 | 870 | 11.84 | 1546
14 202 | 281 | 359 | 460 | 561 | 808 | 1099 | 14,36
15 | 180 | 262 | 335 | 420 | 523 | 7.54 | 1026 | 1340
16 "1.77 | 246 | 314 | 403 | 491 | 707 | 962 | 1256
17 166 | 231 | 296 | 379 | 462 | 665 | 905 | 1182
18 157 | 218 | 279 | 358 | 436 | 628 | 855 | 11.17
19 149 | 207 | 265 | 339 | 413 | 595 | 810 | 1058
20 142 | 1,97 | 252 | 322 | 393 | 566 | 7.70 | 10.05

Phu luc 9 H¢ s6 k& dén sy thay déi dp luc gic

theo d6 cao va dang dia hinh

Dang dia hinh Dang dja hinh
A B [ A 8 C

B¢ cao (m) 09 cao(m) .

3 1,00 | 0,80 | 0,47 30 1,37 | 1,22 | 0,89

5 1,07 | 0.88 | 0,54 40 1431128 | 097

10 1,18 | 1,00 | 0,66 50 147 | 1,34 | 1,03

15 1,24 | 1,08 | 0,74 60 1,61 | 1,38 | 1,08

20 129 | 1,13 0,80

Bdng gud tri dp luc gié theo bdn dé phén ving dp luc gié

trén lanh tho Viét Nam

ving dp lyc gié trén ban 46 1 11 I v v

W, (daN/n?) 65 .95 125 155 185
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Phu luc 10 Bdng tra dién tich c6t thép
Pudng Dién tich ti&t dién ngang (cmP), ng vdi 88 thanh Trong |Dudng
kinh i lugng | kinh
(mm) { 1 2 3 4 5 6 7 8 o | 1mdal| (mm)
(daN/m)

0.283]| 0,566 | 0,849 | 1,132 | 1,415 | 1,698 | 1,981 | 2,264 | 2,547 | 0,222 6

8 0.503] 1,006 | 1,509 | 2,012 | 2,515 | 3,018 | 3,521 | 4,024 | 4,527 0,395 8
10 |o;785| 1,57 |2.355| 3.14 | 3,925] 4,71 | 5495| 6,28 | 7,065 | 0,616 10
12 |1,131] 2,262 | 3,393 | 4,524 | 5,655 | 6,786 | 7,917 | 9.048 (10,179} 0,888 12
14 {1,539|3:078 14,617 | 6,156 | 7,695 | 9,234 |[10,773|12,312|13,851| 1,208 14
i6 |2,011] 4,022 | 6,033 | 8,044 {10,055 12,066‘ 14.077|16,088(| 18,099 1,579 16
18 |2.,545| 5,09 | 7.635 | 10,18 [12,725]| 15,27 {17,815 20,36 |22,905| 1,998 18
20 {3.142]| 6,284 | 9,426 |12,568] 15,71 |18,852|21,994125,136|28,278 | 2,466 20
22 |3,801]7.602 [11,403{15.204|19,005{22,806}26,607|30,408}34,209 2,984 22
24 |4.524) 9,048 [13,572]18,096] 22,62 |27,144|31,668{36,192]40,716| 3,551 24
25 |4,909] 9,818 [14,727]19,636{24,545]29,454[34,363]39,272 44,181} 3,854 25
26 |5.309(10.618}15,927]|21,236{26,545|31,854[37,163]42,472(47,781 4,168 26
28 |6,158{12,316]/18,474|24,632| 30,79 136,948]43,106]49,264 55,422 4,834 28
30 |7.069|14,138|21,207|28,276135,345]42,414[49,483 56.552 63,621 5,549 30
32 18.,043(16,086(|24,129|32,172]40,215|48,25856,301 64,344} 72,387 6,314 32
34 |9,079(18,158(27,237]36,316|45,395(|54,474|63,553|72,632 81,711 7.127 34
36 |10,18]20.36 | 30,54 { 40,72 | 50,9 | 61,08 [ 71,26 | 81,44 91,62 | 7,991 36
40 |12,56] 25,12 | 37,68 | 50,24 | 62,8 | 75,36 | 87,92 |100,48] 113,04 9,860 40

Phu luc 11 Hg s6 y; dé xdc dinh phdn tdi trong truyén theo méi phuong
ciia ban chi nhat chiu téi trong phdn b6 déu q: q; = 119; 92 = (1-1)q

Ti
s6
Lily

H@é 88 x; Ung vdi céc sd ad

1

2

3

4

7

9

1,00
1,10
1,20

1,30
1,40
1,50
1,60
1,70
1,80
1,90
2,00

0,5000
0,5942
0.6747
0.7407
0,7935
0,8351
0.8676
10,8931
0.9130
0,9287
0,9412

‘0,7143
0,7854
0,8383
0,8772
0,9057
0.9268
0.9425
0.9543
0.9633
0,9702
0.9756

0,7143
0.6320
0.
0,
0.
0,
0,
0,
0.
0,
0.

5410
4637
4151
3346
2767
2327
1972
1621
1381

0,8333
0.8798
0.9120
0,9340
0,9505
0,9620
0,8704
0,9766
0.9813
0,9849
0,9877

0.8333
0,7744

0.,7079
0,6359
0,5657
0,4966
0.4324
0,3872
0,3239
0,2818
0,2381

0,5000
0,5942
0,6747
0,7407
0,7935
0,8351
0.8676
0,8931
0,9130
0,9287
0.9412

0,6667
0,7454
0,8057
0,8510
0,8848
0,8101
0,9291

0,9435
0,9545
0,9631

0,9697

0,6667
0.5780
0,4923
0,4126
0.3434
0,2888
0,2345
0.1956
0.1607
0,1341
0.1111

0,5000
0,5942
0,6747
0,7407
0,7935
0,8351
0.8676
0,8931
0,9130
0,9287
0.9412
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Phy luc 12 Sé ligu tinh tocgn bdan hai phuong
Mémen duong giita ban: My = m;\P; M;y; = mi,P v6i P =pL,L,

Momen am trén gdi:

i-kyhidusdsodd (i=1,2...11).

My = -k P; My = kP

Sogab 1

wd

Ly

Ly

11
my, e my, My dn my my ks

108 | 003s | 00365 | 00334 | 0,0273 [ 0,0882 | 0.0273 | 0,0334 | 0.0803
105 | 00364 | 00341 | 00343 | 00252 | 00895 | 00203 | 00325 | 0,0883
1,10 | 00399 | 00330 | 00348 | 00231 | 0.0892 | 0,0313 | 0.0313 | 0,0867
115 | 00414 | 00314 | 00353 | 0.0213 | 0.0885 | 00332 | 0,0302 | 0.0844
120 | 00426 | 00208 | 00357 | 0,019 | 0.0872 | 0,0348 | 0.0202 | 0.0820
125 | 00440 | 00282 | 00350 | 0.0179 | 0.0859 | 00363 | 0,0280 | 0.0781
1,30 | 00425 | 00268 | 00359 | 0,0165 | 0.0843 | 0.0378 | 0.0260 | 00780
1,35 | 00461 | 00253 | 00358 | 00152 | 0.0827 | 0.0391 | 0.0258 | 0.0726
140 | 00469 | 00240 | 00357 | 0.0140 | 0,0808 | 0.0401 | 0,0248 | 0.0688
1.45 0,0475 0.0225 0.0353 | 0,0128 | 0,0790 | 0,0411 | 0,0237 { 0,0654
150 | 00480 | 00214 | 00350 | 00119 | 0,072 | 0.0420 | 0.0228 | 0.0620
155 | 00484 | 00201 | 00346 | 00109 | 0.0754 | 0.0427 | 0,0219 | 0,085
160 | 00485 | 00189 | 0,0341 | 00101 | 0,0735 | 0.0433 | 0.0208 | 0,053
165 | 00486 | 00179 | 0,0338 | 0,0003 | 0.0718 | 0.0437 | 0.0198 | 0.0519
1,70 | 00488 | 00169 [ 0,0333 | 0.0086 | 0,0701 | 0.0441 | 0.0180 | 0.0489
1,75 | 00486 | 00158 | 0,0320 | 0.0080 | 0,0685 | 0.0443 | 0.0181 | 0,0460
180 | 00485 | 00148 [ 0,0326 | 0,0075 | 0,0668 | 0.0444 | 0,0172 | 0,0432
185 | 00484 | 00140 | 0,0321 | 00069 | 0,0653 | 0.0445 | 0,0165 | 0.0407
190 | 00480 | 00133 | 0,0316 | 0,0084 | 0,0638 | 0,0445 | 00157 | 0,0382
195 | 00478 | 00125 | 0.0310 | 0,0060 | 0,0624 | 0,0444 | 00144 | 00350
200 | 00473 | 00118 | 00303 | 0.0056 | 0.0610 | 0.0443 | 0.0142 | 00338
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Phy luc 12 S5 lizu tink todn bdn hoi phuong (1i€p theo)

Ly

So0ad 4

Sodds

e

1P

L L2

AR IR IR

May

Me

ka

ms;y Ms2

ks

Mgy

ke

)

1,00
1.05
1,10
1,16
1,20
1,25
1,30
1,35
1.40
1,45
1,50
1.55
1,60
1,65
1,70
1,75
1,80
1.85
1,90
1,95
2,00

0.0267
0,0267
0.0266
0,0264
0.0261
0.0257
0.0254
0,0250
0,0245
0.0240
0,0235
0,0230
0.0226
0,021
0.0217
0.0212
0,0208
0.0204
0,0199
0.0196
00193

0,0180
0.0161
0.0146
0,0131
0,0118
0,0108
0.0097
0,0088
0.0080
0.0072
0.,0066
0,0060
0.0056
0,0051
0.0047
0.0043
0,0040
0,0037
0.0034
0.0032
0,0030

0,0694
0.0680
0,0667
0,0650
0,0633
0,0616
0,0599
0.0582
0,0565
0,0550
0,0534
0,0519
0,0506
0.0493
0.0476
0,0466
0,0454
0.0443
0,0432
0.0422
0,0412

0,0180]0,0267
0.0199 10,0265
0,0218 10,0262
0.0236 | 0.0258
0,0254 | 0,0254
0,0271}0,0248
0,0287 | 0,0242
0,0302 | 0,0235
0,0316 | 0,0229
0.0329 | 0,0222
0,0341 10,0214
0.0352 | 0,0207
0,0362 | 0,0200
0.0369 | 0,0193
0,0376 | 0.0186
0,0383{0,0179
0,0388 10,0172
0.0393 | 0,0165
0.0396 | 0.0158
0.0388 | 0,0152
0,040010,0146

0.0694
0,0705
0,0708
0,0710
0,0707
0.0700
11,0689
0,0676
0.0660
0,0641
0,0621
0.0599
0,0577
0.0555
0,0531
0,0507
0,0484
0,0461
0.0439
0.0418
0,0397

0.0269
0,0282
0.0292
0,0301
0.0309
0.0314
0,0319
0.0320
0.0323
0.0324
0,0324
0.0323
0.0321
0,0319
0.0316
00313
0.0308
0.0306
0.0302
0.0209
0.0204

0.0269
00255
0.0242
0.0228
0,0214
0.0202
0.0188
0,0176
00165
00154
0.0144
0,0134
0.0125
0.0117
0,0109
0,0007
0,0096
0.0089
0,0084
0.0078
0.0074

0,0625
0.0655
0,0675
0.0691
0.0703
0.0710
0,071
0,0711
0.0709
0.0703
0,0695
0,0686
0,0678
0.0668
0.0657
0,0645
0,0635
0.0622
0,0612
0,0599
0.0588

00625
0.0590
0.0558
0.0522
0,0488
0,0454
0.0421
0,0391
0,0361
0.0334
0.0310
0,0286
0.0265
0,0245 |
0.0228
0.0211
0.0196
0.0183
0,0169
0.0160
0.0147
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Phu luc 12 S6 liéu tinh todn bdn hai phuong (tiép theo)

S0 dasé7 Sadass $0ds9

£ 4 1. 4 1 4 4 4 1
_ _y S
Ly
L
rFr77z7sz 77 77
l 1P 1

R T T )

- e e
BB D W i M
L,

LN . .

A T 3 1P

my My, kn L my | my ey [ ™ My, L™ Ky ky2

1,00 |0.0226[0,01980.0556 | 0.0417 | 0.0198{0,0226 |0,0417 0,05560,0179|0,0179|0,0417 [0,0417
1.05 |0,0231]0.0184 {0,0560 | 0,0385 | 0,0213|0,0221 0.0456 0.,0545|0.0187 10,0171 0.0437 [ 0,0394
1,10 |0,02340,01690.0565 |0.0350|0,0226 10,0212} 0,0481]0,0530 | 0,0194 | 0.0161]0,0450 | 0,0372
1,15 10,0236 10,0154 { 0,0564 | 0,0319}0,0238 { 0,0206 | 0,0507 } 0,0511 | 0,02000,0150 | 0.0461 | 0,0349
1,20 10,0236 0.014210,0560|0,0292 | 0,0249 0.0195 0.05300,04910,0204 [ 0,0142 | 0.0468 | 0,0325
1,25 10,0236 |0.0132|0,0552 10,0267 | 0,0258 | 0,0189 | 0,0549 | 0,0470 | 0,0207 {6,0133 [ 0.0473 | 0.0303
1.30 10.0235]0.012010.0545]0.0242 | 0.0266 | 0,0181 }0,0565 | 0,0447 | 0,0208 | 0,0123 [ 0,0475 { 00281
1,35 10,0233/ 0,0110]0,0536 }0.0222 {0,0272 10,0172 0,0577 | 0,0424 | 0.0210 }0,0115}0.0474 | 0.0262
1,40 |0,02300,0102 | 0,0526 §0,0202 | 0,0279 ] 0,0162 | 0,0588 | 0.0400 } 0.0210 {0.0107 | 0.0473 | 0,0240
1,45 10,0228]0,0094 10,0516 |0,0185]0,0282 | 0.0154 | 0,0593 | 0,0377 | 0,0209 [ 0,0100 | 0,0469 | 0,0223
1,50 |0,0225]0,0086 | 0,0506 | 0.0169 | 0,0285 | 0,0146 | 0,0597 | 0,0354 | 0.0208 | 0,0093 | 0,0464 | 0,0206
1,55 |0,0221]0,0079]0,0495}0,0155|0.0289 |0,0138 | 0,0599 } 0,0332 | 0.0206 | 0,0086 | 0.0459 | 0.0191
1.60 10.0218]0.0073|0.0484 | 0,0142|0,0289{0,0130]0,0599}0,03120,0205 | 0,0080]0.0452 |0.0177
1,65 |0,0214|0,0067|0,047310.0131 10,0290 }0,01230,0597 } 0,0293 ] 0,0202 | 0,0074 | 0.0446 | 0.0164
1,70 10,0210} 0,0062|0.0462 |0.0120]0,0290 |0,0116|0,0594 } 0.0274 ] 0,0200 | 0,0069 | 0,0438 | 0.0152
1,75 ]0,0206 | 0,0058 | 0.0452 10,0112 10,0290 | 0,0109 | 0,0589 | 0.0256 { 0.0197 | 0,0064 | 0,0431 | 0,0141
1,80 |0,0203 10,0054 | 0,04420.01020,0288 |0,0103 | 0,0583 [ 0,0240 | 0,0195| 0.0060 { 0.0423 [ 0,0131
1.85 10,0200}0,0050]0.0432|0.0095 | 0,0286 | 0,0097 [ 0.0576 | 0,0225 ] 0,0192 | 0.0056 | 0,0415 | 0,0122
1,90 10,0196 {0.0046 | 0.0422 10,0088 { 0.0284 10,0092 10,0570 {0.0212 0.0190]0.0052 | 0,0408 | 0.0113
1,95 10,0192]0,00430,0413 | 0,0082 0.028‘2 0,0086 10,0562 0,0198 | 0,0186 | 0,0049 { 0,0400 | 0,0107
2,00 {0,01890.00400.0404 | 0,0076 | 0,0280 | 0,0081 0.6555 0.01870.0183 10.0046 | 0.0392 | 0.0098
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Phu luc 12 Sé liéu tinh todn bdn hai phuong (tiép theo)

S0 dd 10 So dsé 1
L L L
j 7
/
A A f
. b
1 y Y
- 77 7777
1, 4
frrrrr o ;m:m::d:%
Mo M Kk1o-1 kio-2 M M2 k11 K112
1,00 0,0099 0,0457 0,0510 0,0853 ‘ 0.0457 0.0099 0,0853 0,0510
1,10 0,0102 0,0492 0.0574 0,0930 | 0.0421 0.0084 | 0,0777 0,0448
1,20 0.0102 0.0519 0,0636 0,1000 0,0389 0.0087 0.0712 0.0397
1,30 0.0100 0.0540 0,0700 0,1062 0,0362 0.0079 0,0658 0,0354
1,40 0,0097 0,0552 0.0761 0,‘” 15 0.0336 0,0070 0,0609 0,0314
1,50 0.0095 | 0.0556 0.0821 0,1155 | 0,0311 0,0059 0,0562 0,0279
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288 Phy luc
. Phu luc 18 Sé li¢u tinh todn bdn hinh thang chiu tdi
p—hdn bé dang tam gidc
a,
AX | AX I |‘£° .
57 /4 3; 42 1 60
NN/ NN NN\/\f
NNANN N\
s 2
™ = P
X-x Ax | ,\x_! Ax a
a,
a = gaz, M, = p.qr®; M, = pqax®; M, = pygax’
Dang tai a Dang tai b
Diém I _ Digm
Mo M iy Mo P Ry
1 - -0.0685 -0.4110 - -0,1098 -0,6588 1
2 - ~0,0569 | -0,3417 - -0,0961 -0.5767 2
3 - -0,0301 -0,1806 - -0,0598 -0,3591 3
4 - -0,0074 -0,0443 - -0,0186 -0.1118 4
5 0 0 0 0 0 0 5
6 - 0,0488 -0,0105 - 0,0830 0.1390 6 .
7 - 0,0161 0,0022 - 0,0630 0,1444 7 -
8 - -0.0318 | 0.0167 - 0.0015 | 0.1146 8
9 -0.0443 | -0,0315 -0,0166 -0,1118 | -0,0885 -0,0419 9
10 - 0,1678 | 0.2171 - 0.1888 | 0,3210 10
11 - 0,1201 0,1829 - 0,1537 0,2805 11
12 - -0,0604 0,1180 - 0.0135 0,1499 12
13 -0,2003 | -0,1584 | -0,0751 -0,3356 | -0,2656 | -0.1258 13
14 - 0,2041 0,2521 - 0,1736 0,1745 14
15 - 0,04 11 0,1296 - 0,0510 0.1237 15
16 -0,4049 | -0.3205 -0,1518 -0,4638 | -0,3671 ~0,1739 16
17 - 0.1418 0,0931 - 0,0854 -0.0543 17
18 - 0,0935 0.0376 - 0.0386 | -0,0773 18
19 -0,4219 | -0,3604 -0,1707 -0.3754 | -0,2971 -0,1408 19
20 - -0,0832 -0,4993 - -0,0559 -0,3354 20
21 -0,1805 | -0,1805 | -0.1805 | -0.1184 | -0.1184 | -0,1184 21
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Phy luc 18 Sé ligu tinh todn bdn hinh thang chiu tdi
phaén b6 dang tam gidc (tiép theo)
a'
) Ax AXx Ax
IR 4 7
0 V
,&
>'°’° :_J; £ g
] o | a
x-x M | ax | Ax q
a,
a = ‘3'02’ Mu = “-qux ’ Mx = “rqsz; My =u qAx2
8 Y
Deng tii a Dang tai b
Pidm piém
Hy Ma Hy ™ He Hy

1 - 0 o - 0 0 1

2 - 0 0 - 0 Y 2

3 - 0 0 - 0 0 3

4 - 0 0 - 0 0 4

5 0 0 0 - 0 0 5

6 - 0,1195 0,1728 - 0,1979 0.,4472 6

7 - 0,0539 0,1405 - 0,1291 0,3764 7

8 - -0,0455 0,0755 - -0,0141 0,2243 8

9 -0,0866 | -0,0686 | -0,0325 | -0,1896 | -0,1501 -0,0707 9
10 - 0,2272 0,2841 - 0,2773 | 0,3847 10
11 - 0,1614 0,2437 - 0,2239 0,3731 11
12 - -0,0332 0,1225 - 0,000 0,1803 12
13 -0,3020 | -0,3497 | -0,1656 0.5170 -0,4093 | -0,1939 13
14 - 0.2367 0,2510 - 0,2291 0,1757 14
15 - 0,0399 0,1148 - 0,0397 0,0377 15
16 -0,5111 | -0,4046 -0;1917 -0,6472 | -0,5124 | -0,2427 16
17 - 0,1538 0,0618 - 0,1058 | ~0,1055 17
18 - 0,0945 0,0073 - 0,0402 | -0.1291 18
19 -0,5220 | -0,4132 | -0,1960 | -0,4800 | -0,3871 | -0,1834 19
20 - -0,0018 | -0,5510 - -0,0705 | -0,4230 20
21 -0.1980 | -0,1980 | -0,1680 | -0,1480 | -0,1480 -0,1480 21




290 Phu Iyc

‘Phu luc 18 Sé ligu tinh todn ban hinh thang chiu tdi
phdn b6 dang tam gidc (tiép theo)

a,

5 4

AVAVAVAVAVAVAY,
Vi v,

1 -
- I E:
"lo"’ 5 £ g
A ! o o
x-x Ax | Ax | Ax q
a,
3 2 _ 2, _ 2
@ = Zaz; M, = p,qax”; M, = p,qgAx”; M, = p,qAx
Diém Dang tdi a Deng tii b ok
He Hx My Ho Hr Ky
1 - 0 0 - 0 0 1
2 - 0 0 - 0 0 2
3 - 0 0 - 0 () 3
4 - 0 0 - 0 0 4
5 0 0 0 0 0 ()} 5
6 - 0,1349 | 0,1742 - 02097 | 0.4483 6
7 - 00541 | 0.,1435 - | o292 | o,3788 7
8 - -0,0560 | 00721 - .| %0222 | 02225 8
9 -0,0922 | -0,0730 | -0.0346 | -0,1938 | -0,1535 | —0,0727 9
10 - 02708 | 0,2040 - 03201 | 0.4434 10
1 - 0,1804 | 0,2529 - 02385 | 0,3802 11
12 - 00545 | 0,1261 - -0,0163 | 0,1831 12
13 -0.3303 | -0.4579 | -0,2169 | —0.5386 | -0,4264 | -0,2020 13
14 - 03062 | 0,2956 - 02818 | 0,2068 14
15 - 00241 | 0,1313 - 0,0275 | 0.0503 15
16 -0,5935 | -0,4609 | -0.2226 | 07102 | -0,5623 | -0.2663 16
17 - 02747 | 02520 - 0,1984 | 0,0383 17
18 - 01528 | 0,1263 - 00845 | —0,0381 18
19 -0,6956 | -0,5507 | -0,2609 | 0,6217 | -0,4922 | -0,2332 19
20 - 0 0 - 0 0 20
21 0 0 0 0 0 0 21
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Phu luc 18 S6 liéu tinh todn bdn hinh thang chiu tdi
phdn bé dang tam gidc (tiép theo)
q

L] L

b g

= o

c | [

[+ [:3

. a fal

X-x W w| a
e
_3 c M. = 2. M. = 2, 2
a = ‘502’ u = HaQAR; x = HeqAXT; My = HyqAx
Deng tai a Dang tai b
Piém , Diém
Hu Hx Hy Mo Hax Hy

1 - -0.0765 | -0,4590 - -0,1152 | -0,6910 1
2 - -0,0629 | -0,3774 - -0,1001 -0,6006 2
3 - -0,0322 | -0,1935 - 00613 | 03677 | 3
4 - -0,0076 | -D,0456 - -0,0188 | -0,1126 4
5 0 0 0 0 0 0 5
6 - 0,0547 -0,0287 - 0,0870 0,1268 6
7 - 0,0147 -0,0026 - 0,0609 .0,1374 7
8 - -0,0393 0,0130 - -0,0031 0.1123 8
9 -0,0456 | -0,0361 -0,0171 -0,1126 | -0,0892 | -0,0422 9
10 - 0,2003 0,2183 - 0,2106 0.3221 10
11 - 0,1329 0,1919 - 0,1623 0,2823 11
12 - -0,0411 0,1053 - 0.,0016 0,1507 12
13 -0,2160 | -0,1709 | -0,0810 -0,3461 | -0,2740 _—0.1298 13
14 - 0,2630 0,2922 - 0,2132 0,2014 14
15 - 0.0270 0,1457 - 0,0316 0,0745 15
16 -0,4681 | -0,3705 | -0.1755 -0.5061 | -0.4006 -0,1898 16
17 - 0,2492 0,2671 - 0,1574 0,0623 17
18 - 0,1458 0,1476 -~ 0,0734 | -0,0037 18
19 -0,6042 | -0,4783 | -0,2266 -0,4750 | —0,3761 -0.1781 19
20 - 0 0 - 0 0 20
21 0 0 0 - 0 0 ’ 21




292 Phuy lye

Phy luc 18 S6 ligu tinh todn ban hinh thang chiu tdi
phén b6 dang tam gidc (tiép theo)

Dang tdi a
Dang tai b

a; = %az ; My = puqAx®; M, = p.qax®; M, = p,qAx?
b
Dang tiia Dang tai b
Pidm Di€m
He Ha Hy Mo [ By
1 - -0,0767 | -0,4600 - -0,0941 ~0,5465 1
2 - -0,0649 | -0,3896 - -0,0832 | -0,4994 2
3 - -0,0359 { -0,2153 - -0,0532 | -0,3193 3
4 - » -0,0093 | -0.0456 - -0,0170 | -0,1022 4
5 [ 0 0 0 0 0 5
6 - 0.0546 0.0191 - 0,0720 0.1472 6
7 - 0,0290 0,0277 - 0,0605 0.1451 7
8 - -0,0260 0,0545 - 0.0092 0.1111 8
9 -0,0563 | -0,0441 -0,0209 | -0,1022 | -0.0809 | -0,0383 9
10 - 0,1646 0,3027 - 0,1454 0,2923 10
11 - 0,1400 0.2583 - 0.1293 0.2519 11
12 - -0,0002 0,1383 - 0,0245 0.1309 12
13 -0,2374 | -0,1878 -0,0890 | -0,2921 | -0,2312 | -0.1095 13
14 - 0.1629 0,3297 - 0,1119 0.1633 14
15 - 0,0995 0.1851 - 0.0554 0.0642 15
16 -0,4238 | -0,3354 | -0,1586 -0,3673 | -0,2907 | -0,1377 16
17 - 0 0 - 0 0 17
18 - 0 0 - 0 0 18
19 0 0 0 - 0 0 19




Phu luc | 293

Phu luc 18 S6 li¢u tinh todn bdn hinh thang chiu tdi
phén bé dang tam gidc (tiép theo)

a,

AX I X I I AX

VAVAVAVAVAVAVAY
VeVAVAVAVAV.

L NABANKIS B3
l SNAAAN IR

AX | A\
a,

a; = %ag; M, = p,,qsz; M, = p_,qsz; M, = pqux2
Dang téi a Dang tai b
Diém Piém
Hu Max Hy He Hx My
1 - -0,0594 | -0,3562 - -0,0812 | -0,4869 1
2 - -0.0514 | -0,3083 - -0,0731 | -0,4387 2
3 - -0.0301 | ~0.1806 - -0.0489 | -0,2934 3
4 - -0,0084 | -0,0504 - -0.0164 | -0,0082 4
5 0 0 0 0 0 0 5
6 - 0,0415 | 0,0397 - 0,0623 | 0.1625 6
7 - 0,0301 0.0408 - 0,0614 | 0.1549 7
8 - -0,0162 | 0,0321 - 0,0201 0.1151 8
9 -0,0504 | -0.0399 | -0,0189 | -0,0982 | -0,0777 | -0,0368 9
10 - 0,1100 | 0,2450 - 0,1045 | 02492 10
1 - 0,1047 |- 02133 - 0,1030 | 02183 1
12 - 0.0219 | o0.1211 - 0,0398 | 0.1179 12
13 -0,1949 | -0,1543 | -0,0731 | -0,2604 | -0,2062 | -0,0977 13
14 - 0.0815 | 0,1465 - 0,0510 | 0.0265 14
15 - 0.0699 | 0.0848 - 0,0341 | -0,0105 15
16 -0,2096 | -0,2371 | -0.1123 | -0,2748 | -0.2175 | -0.1030 16
17 - -0.0778 | -0,0778 - -0,0588 | -0.3528 17
18 - -0.0647 | -0,0647 - -0.,0482 | -0,2889 18
19 -0,1356 | -0.1356 | -0,1356 | -0,1356 | -0.1356 | -0,1356 19




294 Phu luc

Phuy luc 19 S6 ligu tinh todn bdn chi nhdt chiu tdi tép trung

M1l= alP; M2 = 0.2P; M[ = —[31P; M" = —ﬂ2P

Sodd 1 Soad 2
] A
b 1
o - 1 P r P
L 1 1
hL b ‘
ll
‘P
ay az a o2 B B2

1,00 0,146 0,146 0,108 0,108 0,094 0,094
1.10 0,162 0,143 0,118 0,104 0,113 0.083
1,20 0.179 0,141 0.128 0,100 0.126 0,074
1,30 0.198 0.140 0.136 0.096 0.139 0.063
1.40 0,214 0,138 0,143 0.092 0,149 0,055
1,50 0,230 0,137 0.150 0,088 0,156 0,047
1,60 0.244 0,135 0,156 0,086 0,162 0.040
1.70 0.258 0.134 0.160 0.083 0.167 0,035
1.80 0,270 0,132 0.162 0.080 0,171 0,030
1.90 0.280 0,131 0.165 0,078 0,174 0,026
2,00 0.290 0.130 0.168 0,076 0,176 0,022
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Phy luc 20 S6 liéu tinh todn bdn hinh tam gide chiu tdi
phdan bé tam gidc

4
l:-l-; dévéngz:a& :
8 D
Db 1 pr?
o cong: = Yay
Mémen: M, =n, p)L2 ‘ VAVAVAVAVAV
\ \/ \/
M, = nyp\
Phan lyc: R = BpA ‘ :l
Po cing tru: D = —-—El—la—-—
121 - p?)
Diém a Te T ™ ny B
1 0 0 0 0 0 0,409
2 0 0 0 0 0 0,351
3 0 0 0o - 0 0 0,189
4 0 0 0 0 0 -0,018
5 0 o 0 0 0 -0.123
6 0 0.1279 -0.1279 | -0.1066 | 0,1066 10,027
7 0 0.1848 -0,1848 | -0,1540 0,1540 0,300
8 0 0,1585 -0,1585 | ~0,1321 0,1321 0,590
9 0 0.0594 -0.0594 | -0.0495 0,0495 0,866
10 0 -0,0824 00824 | 0,0686 | -0,0686 0,953
11 0 -9.2119 0.2119 0,1766 | -0,1766 0.877
12 0 -0,2364 0.2364 01970 | -0,1970 0.478
13 0 0 0 0 0 -0,227
14 0.40440 | -0.1107 -0,1521 0,1361 014705 | -
15 0.29368 | -0.0551 -0,1510 0,0802 0,1602 -
16 0,12790 10,0379 -0,1452 | -0,0137 0,1389 -
17 072617 | -0,2364 -0,2557 0.2790 0,2951 -
18 0.60796 | -0,1770 -0,2513 0.2189 0.2808 -
19 031273 | -0,0175 -0,2329 0.0563 0,2358 -
20 079707 | -0.3259 -0,2718 0.3712 0,3261 -
21 0.47120 | -0,1453 -0,2405 0.1854 0.2648 -
22 1075283 | -0,4444 -0.1990 0.4776 0.2730 -
23 0,53064 -0,3084 -0,1679 0,3364 0,2193 -
24 044027 | -0.4483 -0,0327 0.4537 0,1074 -
25 023638 | -0,4728 0,1249 04519 | -0,0461 -




296 : ’ Phu luc

Phy lyc 20 S& ligu tinh todn bén hinh tam gidc chiu tdi
phén bs tam gidc (tiép theo)

A=-; dp)vong z = a —

D A A 14
-——r—.| '.—.
1 pl.z

PR 1
D6 cong: ors = Yx,y D VAVAVAVAVAVAVAV
Mémen: M, = n,pA° % Y
M, =n.p¥
M, =n,p)?
Phan luc: R = BpA

00|~

3
D6 cing tru: D = -—Eh—2
12(1 - p%)
Diém a 1 W L% L ny B
1 0 0 0,8543 - ~0,1424 | -0.8543 1,638
2 0 0 0.7348 - -0,1225 | -0.7348 1,491
3 0 0 ' 0.4366 - -0,0728 | -0,4366 1,087
4 0 ] 0,1289 - -0,0215 | -0,1289 0,557
5 0 0 0 0 0 ] 0
6 ] 0,0967 | -0,0322 | -0,1289 | -0,1021 | -0.0483 0,503
7 0 0,3170 0,1057 | -0,4226 | -0,3346 | -0,1585 0.948
8 0 0.5048 0,1683 | -0,6730 | -0.5328 | -0.2524 1,206
9 0 0.5372 0,1791 | -0,7162 | -0.5670 | -0,2686 1,164
10 0 0.4014 0,1338 | -0.5352 | -0,4237 | -0.2007 0,846
1" 0 0.1907 0.0636 | -0.2534 | -0,2013 | -0.0954 0.402
12 0 0.0420 00140 | -0,0560 | -0,0443 | -0.0210 0.069
13 0 0 (] 0 0 0 0
14 0,32036 | -0.0896 | -0,1001 - 0,1063 0.1150 -
15 0,23075 | -0,0444 | -0,1288 - 0,0659 0.1362 -
16 0,09671 0,0373 | -0,1235 - -0,0168 0,1173 -
17 0,59925 | -0,2240 | -0,3535 - 0,2829 0,3909 -
18 048728 | -0,1550 | -0,3193 - 0,2082 0.3452 -
19 0,22027 0.0467 | -0,1950 - ~0,0142 0.1872 -
20 0.55699 | -0,2725 | —0,2334 - 0.3114 0,2788 -
21 0,28450 | -0,0120 | -0,1145 - 0.0311 0.1165 -
22 0,40235 | -0,2004 | -0,0321 - 0,3047 0,0820 -
23 0,25267 | ~0.1030 0.0207 - 0.0995 | -0.0035 -
24 0,14877 | -0,1488 0.1175 - 0,1292 | -0,0927 -
25 . | 0,04196 | -0,0839 | 0.1144 - 0.0659 | -0,1005 -
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Phu luc 20 S& liéu tinh todn ban hinh tam gidc chiu tdi
phén b8 tam gidc (tiép theo)

k:i, dévéngz:a&_ -
8 D L. T’L
i 1 pxz ! 4' 3 1
b cong: ey Yoy = A AVANVAVANVAVAVAY,
\ 2 N\ANNNNN\L
Mémen: M, = n,pA 7 VAVAVAVAVAV
M, = n.pA ’ VA‘MVAV
M, = lepk2 v%x%l#
.>
Phén luc: R = BpA ”l AR WAV
s/ 12
D6 cd .. ER®
0 cing try: D = ———— = >
: 12(1 - p*®)
Pidm a e T Ny N ny B
1 ) 0 0,2891 - -0,0482 | -0,2891 0,345
2 ] 0 0,2367 - -0,0394 | -0,2367 0,281
3 (] 0 0,1202 - -0,0200 | -0,1202 0,132
4 0 0 0,0280 - -0,0047 | -0,0280 0,007
5 0 0 0 0 0 0o 0
6 ) 0.0210 | 0,0070 | -0,0280 | -0,0221 | -0,0105 0,081
7 0 0,1006 | 00335 | -0,1341 | -0,1062 | -0,0503 0,271
8 0 0,2239 0,0746 | -0,2985 | ~-0,2363 | -0,1119 | 0,565
g 0 0.3204 | 0,068 | -04271 | -0,3382 { -0,1602 | 0,819
10 0 03272 | 0,1001 | -0,4361 | -0,3454 | -0,1636 0,926
11 0 0,2268 | 00756 | -0,3025 | -0,2394 | -0,1134 0.816
12 0 00757 | o0.0252 | -0,1010 | -0,0790 | -0,0379 0,496
13 0 0 0 0 ) 0 0
14 0,10840 | -0,0393 | 0,0297 - 0.0343 | -0,2332 -
15 0.06914 | -0,0089 | 0,0058 - 0,0080 | -0,0048 -
16 0.02098 | 00272 | -0.0119 - -0,0252 | 0.0074" -
17 0.25736 | -0.1124 | -0.1048 - 0.1288 | 0,1235 -
18 0.20117 | -0,0655 | —0,1004 - 0.0821 0.1113 -
19 0,07962 | 00419 | -0,0700 - -0,0303 | 0,0630 -
20 0.29962 | -0,1553 | -0,1334 - 10,4776 | 0,1593 -
1 0.14427 | 00111 | -0,0838 - 0,0029 | 0,0820 -
22 0,28610 | -0.2200 | -0,0886 - 0.2348 | 0.1253 -
23 0.17610 | -0,0661 | -0,0509 | - 0.0746 | 00619 -
24 0.15113 | 0,1511 0.0060 - 0,1301 0,0192 -
25 0.07573 | -0,1541 0.0500 - 0,1431 | -0,0248 -




298 Phu luc

Phu luc 20 S6 lidu tinh todn bdn hinh tam gidc chiu tdi

phén bé tam gidc (tiép theo)
4

A:i; dévéngz:a& !
8 D
2
B(? cong: 1 = Yxy p2
Pr,y D
Mémen: M, = n,pA’
M, = mp)L2
M, =n yplz
Phén luc: R = BpA
3
D¢ cing tru: D = Lz XX _
12(1 - %) ' P
Diém o T Ty n N Ty B
1 0. 0 0 - 0 0 0,253
2 0 0 0 - 0 0 0.194
3 0 0 0 - 0 (] 0.078
4 0 0 0 - 0 0 -0,069
5 0 0 0 0 0 0 ~0.041
6 0 00427 | 0,0142 | -0,0569 | -0,0451 | -0.0213 0,126
7 o 0.1537 | 0.0512 | -0,2050 | -0,1623 | -0.0769 0.369
8 0 0.2815 | 0.0938 | -0.3753 | -0.2971 | -0.1408 0.651
9 0 0.3612 | 0.1204 | -0.4816 | —0.3813 | -0,1806 0.869
10 0 0.3466 | -0.1155 | -0,4621 | -0,3658 | -0.1733 0,942
11 0 02317 | 00772 | -0,3089 | -0,2446 | -0,1158 0.815
12 0 0,0759 | 0.0252 | -0,1012 | -0,0801 | -0,0379 0,551
13 0 0 0 ) 0 () 0
14 .19923 | -0.0690 | -0,0925 - 0.0844 | 0,1040 -
15 0.13020 | -0,0185 | -0.0740 - 0.0324 | 0,0871 -
16 0.04271 0.0448 | -0.0548 - -0.0356 | 00473 -
17 034002 | -0,1489 | -0.1456 - 0.1732 | 0,1705 -
18 0.27456 | -0,0891 | -0.1343 - | 01114 | 0,149% -
19 0.11104 | 00525 | -0.0847 - -0.0384 | 0,0759 -
20 035235 | -0,1819 | -0.1294 - 0,2034 10,1597 -
21 017047 | 0.0114 | -0,0742 . - 0,0010 | 0,0728 -
22 031006 | -0.2386 | -0.0697 - 0.2502 | 0,1095 -
23 0.19076 | -0,0715 | -0.0324 - 0.0769 | 00444 -
24 0.15581 | -0.1558 | 0.0209 - 0.1523 | 10,0051 -
25 0.07583 | -0.1518 | 0.0560 - 0.1424 | —0,0307 -
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Phu luc 20 S6 ligu tinh todn ban hinh tam gidc chiu tai
phén b6 tam gidc (tiép theo)

4
A=£; d6v6ngz=a£}l- !
8 D
2
bj cong 1. Yr,y L
Px,y D
Mémen: M, = nup%.2
M, =n,p)?
M, = ‘]yp;‘2
Phén lyc: R = fph
3
D6 cing tru: D = —-—Ei—T
P 12(1 - p®)
o =
! D-!m/ a Tx /% Nu Nx Ny B
1 0 0 0 - 0 0 1,359
2 0 0 0 - 0 0 1,220
3 0 0 0 - 0 0 0.827
4 0 0 0 L - 0 0 0,284
5 0 0 0 0 0 0 -0,163
8 0 0.1697 | 00566 | -0.2262 | -0,1791 | -0,0848 0,745
R 0 04900 | 0,633 | -0.6534 | -0,5173 | -0,2450 1,279
T8 0 0.6866 | 02280 | -0.9155 | -0,7247 | -0,3433 1.477
9 0 06642 | 02214 | -0,8856 | -0,7011 | -0,3321 1,318
10 0 0.4812 | 0.1537 | -0.6149 | -0,4868 | -0.2306 0.896
1 0 02056 | 0.0885 | -0.2741 | -0,2170 | -0,1028 | 0,396
12 0 00424 | 00141 | -0.0565 | -0.0448 | -0,0212 0.092
13 0 0 0 0 0 0 0
14 0.60141 | -0,1765 | -0.4787 - 02563 | 0.5081 -
15 042480 | -0.0787 | -0.4158 - 0,1480 | 0,4289 -
16 0.16966 | 0.0856 | -0,2674 - -0,4100 | 0,2531 -
17 0.88314 | -0,3339 | -0.4814 - 0.4142 | 05372 -
18 0,71617 | —0.2288 | -0,4250 - 02996 | 0.4631 -
19 0.32037 | 00754 | -0,2390 - -0,0356 | 0,2264 -
20 072033 | -0.3541 | -0,2204 - 0,3008 | 0.2794 -
21 0.36621 | -0.0121 | -0,0828 - 00259 | 0,0848 -
22 047637 | -0,3567 | 0,0266 - 03522 | 0.0329 -
23 0.20803 | -0.1197 | 0,0783 - 0.1066 | -0,0584 -
24 0.16318 | 01632 | 0,1638 - . 0,1359 | -0.1366 -
25 0.04241 | -0.0848 | 0,1327 - 0.0627 | -0.1186 -




300 Phu luc

Phy luc 20 S6 liéu tinh todn bdn hinh tam gidc chiu tdi
phén bé tam gidc (tiép theo)

! p\' '
A==; d6vong 2 = a —
8 D
2
P cong: -1 = Yr.y %-
x.y
Mémen: M, = n,pA®
M, = n,p)?
Phan lyc: R = BpA
3
Dg cing txu: D = Eh
12(1 - pn°)
Piém « D W L ny p
1 0 0 0 0 0 1,661
2 0 0 0 0 0 1,544
3 0 0 0 0 0 1177
4 0 0 0 0 0 0.506
5 0 0 0 0 0 ~0,350
6 0 0.3643 -0.3643 | -0,3036 0.3036 0.460
7 0 0.3777 -03777 | -0,3147 0.3147 0,066
8 0 0.1931 -0,1931 ~0,1609 0.1609 0.304
9 0 ~0,0594 0.0594 0.0495 | -0,0495 0.204
10 0 -0,2692 0.2692 02243 | -0,2243 0.940
1 0 -0,3506 0,3506 02922 | -0.2922 0,489
12 0 -0,2558 0,2558 02132 | -0,2132 0.009
13 0 0 0 0 0 -0.246
14 1,00184 -0,2408 " | -0,6214 0.3444 0.6615 -
15 0,76100 -0,1559 -0.5755 0.2518 0.6015 -
16 0,36428 0.0324 0.4876 0.0488 0.4822 -
17 1,59414 -0,4667 -0.7287 0.5881 0.8065 -
18 136079 -0,3855 -0,6862 0.4998 0.7504 -
19 074195 -0,1231 -0.5639 0.2171 0,5845 -
20 1,52324 -0,5882 -0.5016 0.6718 0.5996 -
21 0,93505 -0,3468 | --0,3923 0.4122 0.4501 -
22 1,21592 -0,6806 -0.1760 0,7100 0.2895 -
23 '0,87561 -0,5353 -0,1134 | 0,5542 0,2026 -
24 0.60642 -0,6064 0.1499 0.5814 | -0,0488 -
25 0.25581 -0.5116 0.2969 0.4621 -0,2117 -
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Phy luc 20 Sé ligu tinh todn bdn hinh tam gidc chiu tdi
phén bé tam gidc (tiép theo)

: s

}‘—”=0,5O;dé_‘)v()ngz=otp)”r L

Ay D N A L
o NP

Do cong: =y 4 =

Py 0D NINANNNN

Mémen: M, = n,pA2 VAVAVAVAVAVAY,
M, = n,pAs

Phan luc: R = BpA,

3 >
D cing tru: D = _ER "I
12(1 - u?) WV
Ay = %‘; ;"y = l’é‘ -—— —

Diém « ! = v L ny B

1 0 0 1,1146 | -0,1858 -1,1146 2,391

2 0 0 0,9670 -0,1612 -0,9670 2,175.

3 0 0 0,5861 -0,0977 -0,5861 1.521

4 0 0 0,1765 -0,0294 -0,1765 0.559

5 0 0 0 0 0 0

6 0 1,2424 0,0294 -1,2473 -1,2365 1,782

7 0 1,7609 0,0675 -1,7721 -1,3610 | 2219

8 0 1,3700 0,0790 -1,3832 -1,3073 1,736

9 0 0.7485 0,0572 -0,7580 -0,1819 1,079
10 ) 0.3030 0.0296 -0,3080 -0,0801 0.576
11 0 0,0817 0,0116 -0,0836 -0,0252 0.251
12 0 0.0070 0.0032 -0,0075 -0,0044 0,062
13 0 ] 0 0 0 0
14 2,22914 -0,5905 -0,5222 0.6775 0.6206 -
15 1,63865 -0.,3423 -0,4352 0.4148 0.4924 -
16 0,70591 0,2268 -0,2541 -0,1845 0,2163 -
17 2,44725 -0,8015 -0,2839 0,9488 0,4341 -
18 1,99651 -0,6416 -0,2297 0,6798 0,3366 -
19 0,90423 0.1881 -0,0889 -0,1732 0,0576 -
20 1.30455 -0,6495 0,0537 0,6406 0,0546 -
21 0,65504 ~0,0055 0.0774 -0,0074 -0,0765 -
22 0.54332 -0,4148 | 0.1120 0,3861 | -0,0429 -
23 - 0,33595 -0.1285 0,1008 0,1118 -0,0794 -
24 0,12636 ~0,1264 0,0583 0,1166 -0,0372 -
25 0.02918 -0,0584 0,0207 0.0549 -0,0109 -
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Phuy luc 20 S6 ligu tinh todn bdn hinh tam gidc chiu tdi
phén b6 tam gidc (tiép theo)

4
:— 0,75; 46 vong z = "1’;’ .
y
: 2
Pp cong: = y,, 2 0
Pr.y D
Mémen: M, = n,pi2
M, = nypli
- Phén lyc: R = ppA,
3
bd cing tru: D = _Eh
121 - p?)
Ay = l_"‘; xy = é‘_y_
8 8
Biém a ™ Y LN ny p
1 0 0 1,1097 -0,1850 | -1,1097 2,106
2 0 0 0.9622 -0,1604 | -0,9622 1,908
3 o 0 0,5835 ~0,0973 | -0,5835 1,331
4 0 0 0,1761 -0.0204 | -0.1761 0.511
5 0 0 0 0 0 0
6 (i 0.4696 0,0559 | -0,5627 | -0,1342 1,009
7 0 0.9874 0,1031 | -1,0046 | -0,2677 1,682
8 0 1,0884 01280 | -1,1097 | -0.3094 1,706
o 0 0.7949 0,1097 | -0.8132 | -0.2421 1,246
10 () 0,3894 ' 0,0678 | -0,3781 -0,1327 0.668
11 0 0,1148 0,0282 -0,1195 -0.0473 0,251
12 . 0 0,0144 0,0061 | -0,0154 | -0,0085 0,051
13 0 0 0 0 0 0
14 2,98637 | -0.2622 -0,3222 0.3159 0.3659 -
15 0,72419 | -0,1490 -0.2997 0,1989 0,3245 -
16 0,31303 0.0981 -0,2102 | -0.0631 0.1938 -
17 1,46605 | -0,5265 -0,4262 0,5976 0,5139 -
18 120279 | -0,3856 -0,3686 0,4470 0.4328 -
19 0,55394 0,0949 -0.1927 | -0,0628 0,1769 -
20 105655 | -0,5156 | -0,1093 0,5338 0,1953 -
21 054094 | -0,0253 -0,0126 0.0274 0.0168 -
22 056125 | -0.4232 0.1029 0,4060 | -0.0323 -
23 0,34967 | -0,1381 0.1156 01188 | -0,0926 -
24 0,14304 | -0,1430 0.1235 01225 | -0,0997 -
25 0,02884 | —0,0577 0.0561 0,0483 | -0,0465 -




Phy lyc : ' 303

Phu luc 20.8 S6 ligu tinh todn bdn hinh tam gidc chju tdi
phan b6 tam gidc (tiép theo)

As 1,00; do vong z = pl, .
A, D )
2
D) cong 1 _ Ph: p
pl,y
Momen: M, = n,pA%
M, = nypli:
Phén luc: R = BpA;
3
dd cing tru: D = __Eh” _
121 - p?)
Az = 'li; A'y = {l
8 8
Diém a Yx Ty Nx Ny 8
1 0 0 0,9571 —0,1595 | -0.9571 1,849
2 0 0 0,8261 -0.1377 -0,8261 1,672
3 0 0 0,4948 -0,0825 | -0,4948 1,174
4 0 0 0.1473 -0,0246 | -0,1473 0,510
5 0 0 0 0 0 0
6 0 0.1767 00460 | -0,1844 | -0,0755 0.605
7 0 0.4933 0,127 | -0,5120 | -0.1950 1,185
8 0 0,6975 0.1611 | -0,7243 | -02774 1,446
9 0 0,6581 01573 | -0.6843 | -02670 1,282
10 0 0,4265 01092 | -0,4447 -0,1803 0.818
11 0 0,1682 0.0503 | -2,1765 | -0.0783 0.316
12 0 0.0292 0,0110 | —0,0311 -0,0158 0.031
13 .0 0 0 0 0 0
14 0.47856 | -0,1310 -0,1626 0,1581 0,1844 -
15 034753 | -0,0692 -0,1789 0,0990 0,1905 -
16 0,14728 0.0530 | -0.1514 | -0,0277 0,1425 -
17 0.83876 -0.3079 -0,3968 0,3741 0,4481 -
18 068480 | -0,2180 -0,3531 0.2768 0.3896 -
19 0.31286 0.0591 -0,2068 | -0,0246 0,1969 -
20 072519 | -0,3526 -0,2119 0,3878 0,2707 -
21 037265 | -0,0201 -0,0915 0,0354 00948 | -
22 047715 | -0,3543 0.0149 0.3519 0,0442 -
23 029998 | -0,1228 0,0574 0,1133 | -0,0369 -
24 015539 | -0,1554 0,1349 0,1329 | -0,1090 -
25 0,03653 | -0,0731 0,1006 0.0563 | -0,0884 -




304 » Phy Iyc

Phy lyc 20 S6 liéu ttﬁh todn bdn hinh tam gide chju tdi .
phdn b6 tam gidc (tiép theo)

4
}i_ =1,50; 4% vong 2z = a&
Ay D .
2 b A Ay
D) cong: pl = TYa,y pzx 5 4 3 2 1 L P
x5y ’ -
o -t NSO
My = ﬂypﬁr | 7
' 8
Phan lvc: R = @pi, -
3
D§ cimg tru: D = Eh > =
121 - p®) *l
'A_x = l_x; A'y = li
8 8
Dim a Y 1 L™ ny p
1 0 0 0.6625 -0,1104 -0.6625 1,452
2 0 0 0,5663 -0,0942 -0,5663 1,310
3 ] 0 0,3300 -0,0550 -0,3300 | 1,936
4 .0 0 00960 - | -0,0160 -0,0960 0,470
5 0 0 0 ] 0 0o -
6 0 0.0427 0,0029 | -0,0432 -0,0100 0,296
7 ] 0,1314 00629 | -0,1419 -0,0848 0,629
8 0 0.2367 0.1404 | -0,2601 -0,1799 0,914
9 0 0,299" 01902 | -0,3142 -0,2401 1,027
10 0 0278 - 01823 | -0,3090 -0,2287 0,895
1 0 0,182¢ 0.1161 -0,2018 | -0,1465 0.525
12 0 0.0768 00292 | -0,0817 -0,0420 0,077
13 0 0,0393 -0,0221 -0,0356 0.0156 0
14 0,14721 -0,0432 -0,0211 0.0467 0.0283 -
15 . | 0,10402 -0,0182 -0,0619 0,0285 0,0649 -
16 0,04267 0,0187 -0,0816 | -0,0051 0.0785 -
17 0.30398 -0,1190 -0,2621 0.1627 0.2819 -
18 | 0,24447 -0,0774 -0,2427 0,1179 0,2556 -
19 0,10752 0.0294 -0,1579 | -0,0031 0.1530 -
20 0.31453 -0,1568 -0,2313 0,1954 0.2574 -
21 0.15771 -0,0009 -0,1293 0.0224 0,1294 -
22 0,26222 -0,1975 -0,0965 0.2136 0.1294 -
23 0.16348 -0,0647 -0,0356 00707 0.0464 -
24 0,11764 -0,1176 0.0660 0.1066 -0,0464 -
25 0,04468 -0,0894 0,1139 00704 | -0,0991 -




Phu luc 305

Phu luc 20 S6 ligu tinh todn bdn hinh tam gidc chiu tdi
phén bé tam gidc (tiép theo) v

4
Ay = 2,00; 46 vong z = a.—p—l—’i-
y D 1
0 .
b6 cong LS. Yay Py 0
Pxy D
Moémen M, = n,pkz,,
M, = n,pA;
Phan luc: R = Bpi,
3
b6 cing tru: D = El
12(1 - p?)
Ay = l—f-, Ay = l—y
8 8
piém a n T S L% B
1 0 0 0.4587 | -0,0765 -0,4587 1,170
2 0 0 0,3872 -0,0645 -0,3872 1,051
3 0 0 0.2231 -0,0372 -0.2231 0,759
4 0 0 00652 | -0,0109 -0.0652 0.425
5 0 0 0 0 0 0
6 0 0,0163 -0,0163 | -0.0136 0,0136 0,171
7 0 0,0430 00223 | -0,0467 -0.0295 0,391
8 0 0.0851 0.0867 | -0,0996 -0,1009 0.600
9 0 0,1234 0.1518 | -0,1487 -0,1724 0.750
10 0 0.1368 0.1850 | -0,1676 -0,2078 0.776
11 0 0.1134 01586 | -0,1397 -0,1775 0,611
12 0 0,0680 00637 | -0,0786 -0,0750 0,213
13 0 0.0659 -0.0659 | -0,0549 0.0549 0
14 0.05%34 -0,0179 0,0165 0.0151 -0,0136 -
15 0,03947 -0,0053 -0,0228 0,0091 0,0237 -
16 001631 0.0069 -0,0514 0,0017 0,0502 -
17 0.12780 -0.0538 -0,1691 0,0820 0,1781 -
18 0,10089 -0,0310 -0,1598 0.0577 0,1650 -
19 0,04295 0.0150 -0,1094 0,0033 0,1069 -
20 0.14252 | -0,0737 -0,1834 0,1043 0,1957 -
21 0,06880 0,0049 -0.1068 0,0129 0,1060 -
22 0.13239 -0.1040 -0,1133 0,1228 01306 | - -
23 0,08043 -0,0285 -0.0564 0.0379 0.0611 -
24 0,06798 -0,0680 00157 0,0654 -0,0043 -
25 0.03293 -0,0659 0,0743 0,0535 | -0.0634 -




306 Phy luc
Phuy luc 20 S6 liéu tinh toén bdn hinh tam gidc chiu tdi
phan b6 tam gidc (tiép theo)
. L B A —E
mv‘zl
s ' - —
by M, = a,P M, =a,P; My=-p.F
M, = a,P M, =a,P; My =-B,P
oy ay x ay Bu By
0,50 0.0404 0.0273 0.0212 0.0123 0.0413 0.0262
0.55 0.0407 0,0289 0,0211 \0,01 30 0,0410 0,0308
0,60 0,0408 0.0300 0,0209 00137 0.0405 0.0332
0,65 0,0408 0,0312 0,0207 0.0143 0,0401 0,0352
0.70 0.0409l 0.0322 0,0204 0,0150 0,0395 0.0372
0,75 0,0410 0,0333 0,0201 0,0157 0.6390 0,0392
0.80 0,0409 0,0343 0,0198 0.0164 0,0387 0,0409
0.85 0,0408 0,0353 0.0195 0,0170 0,0376 0,0423
0,90 0,0405 0,0362 0,01 91 0,0176 0,0370 0,0434
0.95 0,0399 0.0369 0.0187 00182 0.0361 0,0443
1,00 0,0391 0.0377 0,0183 0,0187 0.0350 0,0450
© 1,10 0,0375 0,0388 0,0175 0,0192 0.0326 0,0459
1,20 0,0358 0.0397 : 0.0167 0,0194 0.0300 0.0465
1,30 " 0,0343 0.0405 0,0158 0,0193 00268 0,0468
1.40 0,0328 0.0409 0,0149 0.0191 0,0238 0,0469
1,50 0,0314 0,0411 0.0139 0.0188 0,0211 0,0467
1,60 0.0302 0,0411 0.0130 0,0185 0,0190 0,0464
1,70 0,0292 0,0410 0.0121 0,0182 0,0173 0.0460
“ 1,80 0.0283 0,0408 0.0113 0.0179 0,0157 0.0453
‘1 1,90 0.0276 0,0403 0,0105 .0.0176 0,0143 0,0444
2,0d 0,0268 0,0398 0,0098 0,0172 0.0129 0.0430

oA i Mt g




Phu luyc 307
Phy luc 20 S6 ligu tinh todn bdn hinh tam gidc chiu tdi
| phdn b6 tam gide (tiép theo)
A A
L+ - 0,50; 4o vong z = a 222 ,
y D .
A, Ay
2 -—r-'| -
1 A
D9 cong = ¥ey B2 ) oo
Py VAVAVAVAVAVAVAV
v 2
Mémen: M, = n.pAs VAV NV VAVAVAY,
M y =Ny plzx “‘Mv‘vev
Phén luc: R = BpA,
, J—
e
P cing tru: D = .__Eh_z_ :‘ —
121 - p*) <
l l
8 8
Diém a Tx Yy N Ny B
1 0 0 1,3418 | -0,2237 -1,3418 2,656
2 0 0 1,1606 -0,1935 -1,1606 2,388
3 0 0 0,6976 -0,1163 -0,6976 1,502
4 0 0 0,2078 ~0,0347 -0,2078 0,460
5 0 0 0 0 0 (i}
6 0 1,4631 0,0457 | -~1,4708 ~0,2895 2,046
7 0 2,2778 0,0809 | -2,2930 ~0,4705 2,876
8 0 2,0235 0.1107 | -2.0420 | -0,4480 2,649
9 0 1,3472 00892 | -1,3621 -0,3138 2,079
10 0 0,7239 00545 | -0,7329 -0.1751 1,517
iR 0 0,2845 0,0264 | -0,2889 -0,0738 1,003
12 0 0,0282 , 00129 | -0,0303 -0,0176 0,500
13 0 0 ¢ 0 0 (] 0
14 2,68349 -0,7246 | -0,5657 0.8188 0,6864 -
15 1,95896 -0,4031 ~0.4787 0,4829 0,5459 -
16 0,83132 -0,2963 -0,2866 | -0,2485 0,2372 -
17 3,22220 -1,1963 -0,3729 1,2585 0,5723 -
18 2,62405 -0,8451 -0,3080 | 0,8966 0,4499 -
19 1,18080 -0,2625 -0,1344 -0,2400 10,0907 -
20 1,97017 | -0.9815 0,0129 0,9793 0.1507 -
21 0,98870 -0,0072 0.0605 | -0,0029 ~0,0593 -
22 1,01650 -0,7717 0,1138 0.7527 0.0148 -
23 0,63065 -0.2448 0,1105 0,2264 -0,0697 -
24 0,32527 -0,3253 0,0783 0,3122 -0,0240 -
25 10,11730 -0,2346 0,0373 0.2284 0,0018 -




308

Phy luc

Phu lyec 21 S6 ligu tinh todn bdn hinh tam gide chiu tai phén b6 déu

é

L3
l.y

M, =aP M. =a,P: Mu=-B,P

My = o,P My = a,P; H.v =-B,P

P= %Ilp P 11211 p

Ox ay ax oy Bu By

0,50 0,0396 0,0209 0,0187 0,0089 0,0356 0,0210
0,55 0,0404 0,0224 0.0203 0,0110 0.0365 0,0245
0,60 0,0411 0,0236 0,0209 0,0123 0.0370 0,0267
0,65 0,0418 0,02490 0,0211 0.0133 0.0372 0,0290
0.70 0,0424 0,0260 0,0211 0,0142 0,0372 0,0310
0.75 0,0428 0,0272 0,0210 0,0148 0,0371 0,0328
0.80 0,0432 0,0284 0,0207 0,0153 0.0367 0,0344 ,
0,85 0,0433 0,0298 0,0205 0,0157 0,0361 0,0361
0,90 0,0433 . 0,0310 0,0202 0,0159 0,0354 0,0372
0.95 0,0431 0,0320 0,0199 0,0162 0,0346 0,0384
1,00 0.0428 0,0332 0,0196 0,0164 0,0338 0,0392
1,10 0,0421 0.0355 0.0190 0,0168 0.0321 0.0407
1,20 0,0413 0.0369 0.0184 0.0171 0,0303 0,0416
1,30 0,0404 0,0376 0,0178 0,0174 0,0284 0,0423
1.40 0,0304 0,0378 0,0171 0,0177 0.0265 0,0429
1.50 0,0385 0.0378 0.0164 0,0178 0.0246 0,0432
1,60 0,0375 0,0378 0,0157 0,0180 0.0225 0,0434
1.70 0,0366 . 0,0378 0,0149> 0,0181 0.0206 0,0434
1,80 0,0355 0.0377 0,0140 0.0181 0,0186 0.0430
1,90 0.0342 0,0377 0,0130 0,0181 0,0167 0.0424
2,00 0.0324 * 10,0377 ‘ 0.0117 0.0181 0,0148 0.0413




Phy Iyc 309

Phu luc 21 S6 ligu tinh todn bdn hinh tam gide chiu tdi
phan bé déu (tiép theo)

4
LTS ,75; d0 vong z = pk, !
Ay D x
2
bo cong L. Yx.y L P
Px.y D
Mémen: M, = n,pA2
M, = nypl?x
Phdn lue: R = Bph, -
. 3
Po cing tru: D = B
12(1 - p*)
Ae = l—’; Ay = l—y
8 8
Piém a Yr T Nr ny p
1 0 0 1,3977 | -0.2330 | -1.3977 2,444
2 0 0 1,2044 | -0,2008 | -1,2044 2,184
3 0 0 07111 | -0,1185 | -0,7111 1,428
4 0 0 0.2055 | -0,0343 | -0,2055 0,442
5 0 0 0 0 0 0
6 0 0,5630 00772 | -0,5758 | -0.1710 1,148
7 0 1,2920 0.1406 | -1,3155 | -0.3559 2,175
8 0 1,5756 0,1850 | -1,6064 | -0.4476 2,531
9 0 1,3232 01734 | -1,3521 | -0,3939 2,240
10 0 0.8056 0,1219 | -0,8258 | -0.2561 1,633
11 0 0,3343 0.0623- | -0,3447 | -0.1180 1016
12 0 0.0560 0,0236 | -0,0600 | -0,0330 0,493
13 0 0 o | o 0 0
14 124235 | -0,3436 | -0,3328 0,3990 0.3901 -
15 089879 | -0,1799 | -0.3224 0,2337 0.3524 -
16 0.37532 0,1482 | -0.2360 | -0,1088 0,2113 -
17 199139 | -0.7371 -0.5477 0,8284 0,6706 -
18 162283 | -0,5180 | -0.4792 0.5979 0,5655 -
19 0,73625 0,1503 | -0,2647 | -0,1062 0.2396 -
20 158247 | -0,7775 | -0,2052 08117 0.3348 -
21 080496 | -0,0275 -0,0656 0,0384 0,0702 -
22 0.98360 | -0,7395 0.0746 0.7271 0,0487 -
23 061384 | ~0,2441 0.1087 0.2260 .| -0.0681 -
24 033246 | -0,3325 0,1535 03069 | -0.0981 -
25 0,11205 -0.2241 0,0925 02087 | -0.0551 -




310 "~ Phylyc

Phu lyc 21 S6 ligu tinh todn bdn hinh tam gidc chiu tdi
phén b8 déu (tiép theo)

Ax _ 100; a0 vong z = a 22
» . D L
A X
b 1 A% =
$ cong = Y,y P
P,y D X
Mémen M, = n.pk; AVAVAVAVA'A'
M, = n,pi uvmmuv
Phdn luc: R = BpA VAVAVAVAV ~
- 2 = X
ER® . Y ]
Pj cing try: D = ———— :l al
12(1 - u°) <
Ay = l—‘; Ay, = li =
8 8
pi¥m a Tx 1/ M 42 B
1 0 0 1,2547 -0.2091 -1,2547 2,219
2 0 0 1,0721 -0,1787 | -1,0721 1,968
3 () 0 06232 | -0,1039 | -06232 | 1204
4 () 0 01784 | -0,0297 | -0,1784 0.481
5 () 0 0 0 0 0
6 0 0.2141 0,0601 | -0,2241 -0,0958 0,577
7 0 0.6496 0,1516 | -0,6748 | -0,2598 1,515
8 0 1,0074 .0,2337 | -1,0464 | -0.4016 2,118
9 0 1,0600 02510 | -1,1018 | -0.4276 2,204
10 () 0,7986 0.1975 | -0,8148 | -0,3305 1,796
1 () 0,3987 01090 | -0,4169 | -0,1754 1,116
12 0 0.0927 00348 | -0,0984 | -0,0502 0.481
13 0 0 0 0 0 0
14 062733 | -0,1825 -0,1446 0.2066 0.1750 -
15 0.44479 | -0.,0838 -0.1814 0.1141 0,1954 -
16 0,17844 0,0879 -0,1677 | -0,0600 0153 | -
17 1,17677 | -0,4494 -0,5116 0,5347 0.5865 -
18 095205 | -0,3050 -0.4617 0,3819 0.5125 -
19 0.42236 0,1073 -0,2810 | -0,0605 0,2531 -
20 1,10230 | -0,5443 -0.3396 0.6009 0,4303 -
21 056797 | -0,0136 -0,1697 0.0419 0,1719 -
22 081779 | -0,6130 ~0,0554 0.6222 0,1576 -
23 051131 -0,2048 0,0210 0.2013 0.0131 -
24 0.32460 | -0,3246 0.1544 0.2980 | -0.1003 -
25 0,11584 | -0,2317 0.1584 0,2065 | -0,1122 -




Phu lyc 311

Phy luc 21 S6 ligu tinh todn bdn hinh tam gidcbch.iu tdi

phan b6 déu (tiép theo)
4

Ae o 1,50; do vong z = p?\,
Ay D I
2
Do cong: 1 _ Yov P 0
Pxry * D
Mémen: M, = n,p\%
M, = ’lypﬁr
Phan luc: R = Bphx
. 3
b6 cing tru: D = _Eh
121 - u?)
ool oAy =b
8 . 8
piém a Y T L ny (]
1 3 3 0.9215 -0,1536 -0,9215 1,823
2 0 0 0.7729 | -0.1288 -0,7729 1,603
3 0 0 0.4201 -0,0715 -0,4291 1,061
4 0 0 0,1169 -0.0195 -0.1169 0,478
5 0 0 0 0 0 0
6 0 0.0520 0.0035 | -0.0526 -0,0122 0.318
7 0 0,1771 0.0778 | -0.1901 -0.1073 0.780
8 0 0,3466 0.1966 | -0.3794 ~0,2543 1,313
9 0 04777 0.2064 | -0,5271 -0.3761 1,708
10 0 0.4898 0.3182 | -0,5428 -0,3998 1,774
11 0 0.3577 02365 | -0.3970 -0,2961 1.303
12 0 0,1607 0.0840 | -0,1747 -0.1108 0.613
13 0 0.0047 -0,0533 | -0,0858 0.0375 0
14 0,20477 -0.0660 0.0230 0.0622 | -0.0120 -
15 0,13276 -0,0208 -0,0458 0.0284 0.0493 -
16 0.05195 0.0349 -0.0869 | -0.0204 0.0811 -
17 045050 | -0,1893 | -0,3440 0.2466 0,3756 -
18 035502 | -0.1133 | -0.3224 0.1670 0.3412 -
19 0.14802 0.0599 -0.2143 | -0.,0242 02043 | -
20 0.49613 -0.2553 | -0.3608 0,3154 0.4033 -
21 0,24086 0.0144 -0,2127 0,0210 0.2103 -
22 0.45203 -0.3487 -0,2081 0.3834 0.2662 ~
23 0,27768 -0.1033 -0.1055 0,1209 0,1227 -
24 0.22829 -02283 0.0431 0.2211 -00081 | . -
25 0.10768 -02153 0 1504 01902 | 01145 | - 7




Phu lue

Pﬁu luc 21 S¢ ligu tinh todn bdn hinh tam gidc chiu tdi

phén b6 déu (tiép theo)

4
. Ay 2,00; 4 vong pl);‘ .
y . ]
2
D§ cong 1 Yry Phy 4 3 2 l'_’_ 0
Pr.y D
Mémen: M, = n,pA2 VAVAVAVAVAVAY,
M, < VAV:V:VAVAV.
yPhrx 8
\/ \/
Phén luc: R = BpA, 9 ]
3
b cing tru: D = -——Eh—z Zl
12(1 - p®)
Ay = I—I; ;\'y =‘l_y =
8 8
Pidm a T T N ny p
1 0 0 06614 | -0,1102 | -0.6614 1,507
2 0 0 05460 | -00910 | -0.5460 1,318
3 () 0 0,2951 -0,0492 | -0,2951 0.890
4 0 0 00798 | -0.0133 | -0.0798 0,450
‘5 0 ‘0 0 0 0 0
6 0 0,0200 -0,0200 | -0.0166 | -0,0166 0.184
7 0 0.0596 00202 | -0.0630 | -0,0301 0,468
8 0 0.1264 01121 | -0,1451 -0,1331 0.835
9 0 0,1973 0.2285 | -0.2353 | -0.2614 1.219
10 0 0,2359 03146 | -0.2884 -0.3540 1,481
1 0 0.2096 03083 | -0.2610 | -0.3432 1,444
12 0 0,1295 0.1585 | -0,1559 | -0.1801 0,884
13 0 0,1440 -0,1440 | -0,1200 0.1200 0
14 0.08268 ~0,0289 0,0617 0.0186 -0,0569 -
15 0.05381 -0,0050 -0.0042 0.0057 0,0050 -
16 0.01996 0.0139 -0,0543 | -0.0048 0.0520 -
17 0.19607 ~0,0901 -0,2252 0.1276 0,2402 -
18 0.15104 -0.0464 -0.2148 0.0822 0.2225 -
19 0.05962- 0,0318 -0.1483 | -0,0071 0.1430 -
20 0.23064 -0,1242 -0,2891 0.1724 0,3098 -
21 0.10645 0,0177 -0,1727 00111 0.1698 -
22 0.23115 ~0,1870 -0.2217 0.2240 0.2529 -
23 0.13764 -0,0441 -0.1239 0.0648 0.1313 -
24 0.12948 -0,1295 -0,0248 0,1336 0.0464 -
25 0.07200 | -0,1440 0.0859 0.1297 0.0619 -




Phu luc 313
Phu luc 22 S6 litu tinh todn bdn hinh chiz nhdt chiu tdi
phén bé tam gidc
l—x = 1; }\x = éi; )\_y = ll ._xll
y 6 6
M s
Pj vong: z = o = BN p
D 4 3 I2 1 ! ., I
! 2z TERTT 1Y
bo cong: = Yy PAx
Pr.y - D 6 |23)24 |25 1
Mémen: M, = w,p)% 7 |20]21)22 :?I -
9 8 |17]18 |19 ,}E[
M y = My p?» x %
. > 18 f14]15]16 f
Phan luc: R = fpA, N ozl ,
3 Y S Shi JE SE JERY GEN S 4
Po cing tru: D = Eh | [, I
12(1 - p?)
Diém a 7 Yy e ny B
1 0 0 0 0 0 1,495
2 0 0 0 0 0 1,333
3 0 0 0 0 0 0,721
4 0 0 0 0 0 0
5 0 0,7502 0 -0,7502 -0,1250 1,388
6 0 1,0593 0 -0,0593 -0.1765 1,553
7 0 0,9798 0 -0,9798 ~0,1633 1,298
8 0 0.6566 0 -0,6566 -0,1094 0.814
9 0 0.2533 0 -0,2533 -0,0422 0.236
10 0 0 0 0 0 0
11 0 0 0,2533 -0,0422 -0,2533 0,152
12 0 0 0.5585 ~0,0931 -0,5585 0,503
13 0 0 0.6815 -0,1136 -0,6815 0,631
14 0,12666 0.0259 0.0750 -0.0384 -0,0793 -
15 0.27927 -0,0911 0,1463 0.0667 -0,1311 -
16 0,34075 -0,1230 0,1738 0,0940 -0,1533 -
17 0.32827 0.0483 -0,0400 | -0.0417 0,0319 -
18 0,70487 -0,2262 -0,0966 0.2423 0,1343 =
19 0.85528 -0.3008 -0,1122 -0,3210 0,1713 -
20 0,48992 0.0540 -0,1219 -0,0337 0.1129 -
21 1,03888 -0,3292 -0,2700 0,3742 0,3249 -
22 1,24863 -0.4295 -0,3305 0,4846 0.4020 -
23 0.52963 0,0336 -0,1942 -0,0012 0,1886 -
24 1,09288 -0,3446 -0,4018 0,4115 0.4592 -
25 1,31151 -0.4373 -0,4820 0,5177 0.5549 -
26 0,37512 -0.0002 -0.2206 0,0370 0,2206 -
27 0.75000 -0,2325 -0,4071 0,3004 0,4459 -
28 0.89237 -0,2847 -0,4732 0,3635 0,5207 -




314 Phu luc

q

Phy luc 22 S6 ligu tinh todn bdn hinh chiz nhdt chiu tdi
phén bé tam gidc (tiép theo)

2210, A, = 4, =2 xx
' 6 6 —
” mt
o = X A A
PDovong z=a D . s I‘;‘I‘TI
1 PAx 45 |26]27]28 (
D¢ cong: — =vy,,
Pr.y D 16 |23]24 |25 y
Momen: M, = n,pA% 17 [20]21]22 :H -
18 |17|18 |1 3
M, = nyp;‘-%r il A ;
hén lye: R = ppA ~ 10 |14 ]1s 116 ,
Phan lyc: = PPAx ] ™ 41011 |12]13 f
7 LAY AR A AR Ja Au G 4
D$ cing tru: D = —Ell—2— | 1, | Py
121 - %)
biém a Yx Yy Nx Ty p
1 0 0 0 0 0 0,444
2 0 0 0 0 0 0.337
3 0 0 0 0 0 -0,021
4 0 0 0 0 0 0
5 0 0.3998 0 -0,3998 -0.0666 0.488
6 0 0.7295 0 -0,7295 | -0,1216 0.925
7 0 0.9049 0 -0.9049 -0.1508 1,237
8 0 0.8315 0 -0.8315 -0.1385 1.299
9 0 0.4617 0 -0.4617 -0.0770 0.937
10 0 0 0 0 0 0
11 0 0 0,4617 | -0,0770 -0.4617 1.020
12 0 0 0.8981 -0,1497 -0.8981 1,589
13 0 0 10583 | -0,1764 ~0,0583 1767
14 0,23087 -0.0127 -0.0460 0.0203 0,0481 -
15 0,44906 -0.1381 -0,0527 0.1469 0.0757 -
16 0.52915 -0,1602 -0.0485 0.1683 0.0752 -
17 0.41575 0.0139 -0.1482 00107 0.1458 -
18 0.84545 -0,2654 -0,2950 0.3145 0.3392 -
19 1,00976 -0,3286 -0.3498 0.3869 0,4045 -
20 0.45245 0,0420 -0,1244 | -0,0212 0.1174 -
21 0.94686 -0,3007 -0,2709 0,3453 0.3210 -
22 1,14061 -0,3875 -0,3299 0.4425 0.3944 -
23 0.36473 0.0479 -0,0771 | -0,0351 0,0691 -
24 0.77740 -0.2485 -0,1775 0,2780 0.2189 -
25 0,94160 -0.3284 -0,2196 0.3650 0.2743 -
26 0.19991 0.0307 -0,0351 | -0.0248 0.0300 -
27 0.43048 -0,1380 -0,0836 0.1520 0.1066 -
28 0.52302 -0.1851 -0,1044 0.2025 0,1353 -




Phu luc 315
Phy luc 22 S6 ligu tinh todn bdn hinh chi nhdt chiu tdi
phén b6 tam gidc (tiép theo)
Loy 0, =k a, =2 XX
y 6 6
) (TN te
Py vong: z = apl‘ |°k—'|‘ll'|
D 4 3, Ry AL s o
2 4
P§ cong: 1 - pA : 5 {2627 }28
%y D 16 |23]24 |25
Y,
Momen: M, = n.pA: J A Kol
M 2 18 |17}18}19
y = NyPhs o K1 A RER AL
Phén lyc: R = pph. > Y1011 ]12]13
s 7 7z 72 7 72 72 7 7 7
Do cing tru: D = Eh | L | Py
12(1 - u®)
Bllm a Tx Yy Nx ny B
1 0 0 0.5992 —0,0999 | -0,5992 0.578
2 0 0 0,4949 -0,0825 -0.4949 0,468
3 0 0 0,2302 -0,0384 -0.2302 0,157
4 0 0 0 0 0 0
5 0 0.2302 0 -0,2302 -0,0384 - 0,240
6 0 0.5729 0 -0,5729 -0,0955 0.766
7 0 0,8051 0 -0,8051 -0,1342 1,158
8 0 0,7835 0 -0,7835 -0,1306 1.271
9 0 0.4485 o -0,4485 -0,0747 0.940
10 0 0 0 0 0 0
11 0 0 0.4485 | -0,0747 -0,4485 1,023
12 0 0 0.8615 —0,1436 -0.8615 1,569
13 0 (] 10110 | -0,1685 -0,0110 1,737
14 0,22426 -0,0178 -0,0567 | -0,0272 0,0597 -
15 0,43076 -0,1318 -0,0756 | ~0,1443 0.0975 -
16 0.50550 -0,1495 -0,0764 0,1622 0.1014 -
17 0.39177 0,0024 -0,1567 0,0237 0.1563 -
18 0,78596 -0.2456 | .-0,3116 0,2975 0.3526 -
19 0.93455 -0,2972 -0,3693 0,3587 0.4188 -
20 | 0.40256 0.0024 -0,1269 | —-0,0033 0.1228 -
21 0,82953 -0,2622 -0,2718 0,3075 0.3155 -
22 0,99428 -0,3205 -0,3295 0,3844 0.3844 -
23 0,28643 0,0285 -0,0552 | -0.0193 0.0504 -
24 0.60132 -0,1917 -0,1257 0.2127 0.1576 -
25 0,72451 -0,2464 -0,1551 0.2722 0.1962 -
26 - 0.11513 00172 0.0562 | -0,0265 -0.0590 -
27 0.24744 -0,0801 0,1064 0,0624 -0,0931 -
28 0.29961 -0,1043 0,1253 0,0835 -0,1079 -




316 Phu luc

Phuy luc 22 86 li¢u tinh todn bén hinh chit nhét chiu tdi
phén bé tam gide (tiép theo)

l )
l—j=1,0; Ay =%’; Ay =Ey XX
o HHTHEE
bovong z=a ?’ A p
\ 4_3 | 2 | L] 1
D6 cong: 1 Yes PAs 452627 |28 f
Pr.y D A6 ]|23]24 )25 r
.Mémen: M, = n,pr2 17 |20]21]22 i
M, = n,pA2 18 |17]18]10 E.\P
Phan lyc: R = PpA, 7 42 is e ‘
f
s 41011 }12 |13
Bo Cl‘rng trl‘]: D - _-_Eh—2 l 7/ rd Il, T AR A S 4 I
12(1 — p*) *
Diém a Yx Ty Nx Ny B
1 048090 | -1,2931 02155 1,2571 0 0
2 0.83437 | -0.9162 | 01527 0.8908 0 0
3 027162 | 0.2911 -0.0485 | -0,2830 0 0
4 0 25432 0 -2.5432 | -0.4239 3,500
5 0 2.1397 0 21397 | -0.3566 2.320
6 0 1,7142 0 -1.7142 | -0.2857 1,862
7 0 1,2435 0 -12435 | -0,2072 1,356
8 0 0.7369 0 -0,7369 | -0.1228 0.790
9 0 0.2630 0 -0,2630 | -0,0438 0,198
10 0 ) 0 0 0 0
11 0 ) 02630 | -00438 | -0,2630 0.114
12 0 0 06124 | -01021 | -06124 0.492
13 0 0 17503 | -01265 | -0.7593 0.637
14 0.13150 0.0432 01054 | -0.0608 | -0.1126 -
15 030620 | -0,1012 0.2216 00643 | -0.2048 -
16 0.37966 | -0,1469 0.2692 01020 | -0.2447 -
17 0.36844 0.0972 00164 | -0,0999 | -0.0325 -
18 083404 | -0.2711 00366 0.2650 0,0086 -
19 102856 | -0,3890 0.0446 0.3816 0.0203 -
20 0.62174 0.1550 | -00179 | -0,1520 | -0.0079 -
21 1,39845 | -04531 | -0.0409 0.4600 0.1164 -
22 172202 | -06471 | -0.0510 0.6556 0,1588 -
23 0.85710 02077 | -0,0226 | -02040 | -0.0120 -
24 192193 | -06222 | -0,0587 0.6320 0.1624 -
25 236453 | -0.8852 | -0,0744 0.8976 0.2219 -
26 1,06983 02471 | -00100 | -0.2453 | -0.0302 -
27 238675 | -0.7710 | -0,0172 0.7739 0.1457 -
28 293265 | -1,0918 | -0,0199 1,0951 0.2018 -




Phy lyc 317
Phu luc 22 S6 ligu tinh todn bén hinh chix nhdt chiu tdi
phdn bé tam gidc (tiép theo)
5!.:1,0; x,=£6£; M:’J’. _xx
x 6
. (T 1o
Dy vong: z=a LY N
D P
4 3 2 1
Do cong: 1 . Yxy 2% 15426127128 s
Pr.y D 16 |23)24 |25 y
Mémen: M, = n,pA% 17 ]20]21]22 :*"
1 17 |1 &
M, = n,ph; Sttt T 1
. ’ > P
Phén lye: R = ppA. > Jrof11]12]1s f
. . Eha 7 77 7 7 7
bj cing tru: D = ———- I I, { 120
121 - p®)
Diém a Tx Ty Nx Ny B
1 0,83852 -0,3528 0,0588 0,3430 0 0
2 0,66213 -0,2226 0,0371 0,2164 0 0
3 0,26317 0,1358 -0,0226 -0,1320 0 0
4 0 2,5263 0 -0,5263 -0,0877 0,269
5 0 0.7036 0 -0,7036 -0,1173 0.677
6 0 0,8787 0 -0,8787 -0,1464 0,993
7 0 0,9670 0 -0.9670 -0,1812 1,251
8 0 0.8511 0 -0,8511 -0,1418 1,294
9 0 0,4643 0 -0.4643 -0,0774 0.928
10 0 0 0 0 0 0
1 0 0 04643 | -0,0774 -0,4643 1,011
12 0 0 0.9117 -0,1519 -0.9117 1,587
13 (] 0 1,0778 | -0,1796 -1,0778 1,769
14 0.23215 -0,0085 -0,0388 00149 0.0402 -
15 0,45583 -0,1406 -0,0346 0,1464 0,0580 -
16 0,53890 -0,1661 -0.0255 0,1704 0,0532 -
17 0.42554 0.0260 -0,1354 | -0,0034 0.1311 -
18 0,87705 -0,2763 -0,2638 0,3203 0,3008 -
19 1,05226 -0,3504 -0,3104 0,4022 0.3688 -
20 0,48350 0.0675 -0,1021 -0,0505 0,0909 -
21 1,03451 -0,3303 -0,2178 0,3666 0,2729 -
22 1,25520 -0,4414 -0,2635 0,4853 0,3371 -
23 0,43934 0.0955 -0,0434 -0,0882 0,0275 -
24 0.97415 -0,3144 -0,0987 0,3308 0,1511 -
25 1,19459 -0,4409 -0,1217 0.4612 0,1951 -
26 0,35181 0.1115 -0,0011 -0.1113 -0.0175 -
27 0.81512 -0.2661 0,0060 0,2651 0.0383 -
28 1,01231 -0,3944 0,0085 0.3930 0,0572 -




Phy Iyc

Phy luc 22 S6 ligu tinh todn bdn hinh chi nhdt chiu tdi
phén b6 tam gidc (tiép theo)

l l l
i=1,5, o= hy =2 xx
o " (I e
- —_— ®
ogvong z=a D 3 Ik. lk. |
4/ ya Vi ) yayi Vi
b .1 PN 5 f26 f7 28 f
6 cong: 2,y —— 1
Px.y D 16 |23f2a]2s y
Mémen: M, =n,pA} 17 l20]21]22 r <)
‘ M, = T]ypli 18 |17]18]19 E.\r
Phan lyc: R = BpA, LA R AL '
R A1w0}11 1213 f
7 7 s 7 77 rd
121 - u?) : =
Pidm a ) Yy N Ny B
1 0.83852 0 0.2014 | -0,0336 | -0.2014 0,253
2 0.66213 0 01631 | -0,0271 -0,1631 0,194
3 0.26317 0 00718 | -0.0120 | -0.0718 0.036
4 0 0 0 0 0 0
5 () 0,1615 0 -0,1615 | -0,0269 0,244
6 0 0,3857 0 -0.3857 | -0,0643 0.636
7 0 0.5641 0 -0,5641 | -0,0940 0,968
8 0 0.6129 0 -0,6129 | -0,1021 1,150
9 0 0,4189 0 -0.4189 | -0.0698 0,958
10 0 0 0 0 0 0
11 0 0 0.1862 | -0.0310 | -0,1862 0.721
12 0 0 0.3860 | -0,0643 | -0.3860 1,115
13 0 0 04639 | -0,0773 | -0,4639 1.246
14 0.09310 00153 | -0.0500 0.0070 0,0474 -
15 0.19300 | -0,1371 ~0,0920 0,1524 0,1149 -
16 023196 | -0,1753 | -0.1063 0,1930 0,1355 -
17 0,13620 0,0486 -0,0539 | -0,0396 0,0458 -
18 029398 | -0,2119 | -0,1182 0,2316 0,1535 -
19 035759 | -0,2862 -0,1442 0.3103 0.1920 -
20 0,12536 0,0587 -0,0288 | -0,0539 0,0190 -
21 0.27681 ~0,2009 -0,0680 02122 0.1014 -
22 033898 | -0.2798 -0,0848 0.2939 0.1314 -
23 0.08571 00456 | -0,0102 | -0,0439 0.0026 -
24 0.19167 | -0,1396 -0,0250 0,1437 0,0482 -
25 0,23560 | -0,1977 -0,0316 0,2029 0.0845 -
26 0.03589 0.0220 00139 | -0,0243 | -0,0176 -
27 008157 | -0.0598 00285 | -0,0551 | -0.0186 -
28 0,10065 | -0.0859 00343 | -0,0802 | -0.0200 -




Phy luc 319

Phu luc 22 S6 ligu tinh todn ban hinh chi nhét chiu tdi
phadn bé tam gidc (tiép theo)

l-_r=1;5; }‘-x'_‘%; }‘-y=% : —= j
v g
" kS b by
b6 vong  z = * | e e
D
2 ]
DJ cong: L Yr.y Pry A
Pr,y D A
A
Mémen: M, = n,pA? 1
/]
M, = rlyp>‘-2x :
> >
Phan luc: R = PpA, >l y
3 7 7 7 7 7 777
D6 cing tru: D = __Eh” | A | LRy
12(1 - u?)
a e T N ny 8
1 0 0 0 0 0 0.411
2 0 0 0 0 0 0.354
3 0 0 0 0 0 0,109
4 0 ) 0 0 0 0
5 0 0.2104 0 -0,2104 | -0,0351 0,360
6 0 0,3691 0 -0,3691 -0,0615 0,664
7 0 0.4291 0 -0,4291 -0,0715 0,852
8 0 0,3605 0 -0,3605 -0,0600 1,856
9 0 0,1777 0 -0,1777 | -0,0296 0.613
10 0 0 0 () 0 0
1 0 0 0.3999 | -0,0666 | -0,3999 0,961
12 0 0 06902 | -0,1151 -0,6902 1,368
13 0 0 07828 | -0,1305 | -0,7828 1,475
14  0,08886 -0.0243 0.0057 0,0233 | -0,0017 -
15 0,15337 -0,0439 0.0445 00365 | -0,0372 -
16 0,17397 -0,0412 0.0627 00307 | -0.0559 -
17 0,18027 -0,0340 -0,1285 0,0554 0.1342 -
18 0,32652 -0,0969 -0,2225 0.1340 |- 0,2387 -
19 0.37582 -0,0986 -0,2521 0,14086 0.2686 -
20 0.21455 -0,0283 -0,1447 0,0524 0,1494 -
21 0.40077 -0,1214 -0,2776 0,1677 0,2078 -
22 0,46560 -0,1297 -0,3249 0,1838 0,3465 -
23 0,18453 -0,0174 -0,1109 00359 | -0,1138 -
24 0.35164 -0,1078 -0,2244 0,1451 0.2423 -
25 0.41100 -0,1187 -0,2667 0.1632 0,2865 -
26 0,10523 -0,0076 -0,0583 0,0174 0,0596 -
27 0.20280 | -0,0625 -0,1214 0,0828 0,1318 -
28 0,23785 -0,0701 -0,1456 0,0944 0.1572 -




320 Phu luc
Phuy luc 22 S6 liéu tinh todn ban hinh cha nhét
chiu tdi phdan b6 tam gidc (tiép theo)
l
l—y'= 1,5; A, =l—"; A, == X=X
l, 6 Y 6 —
ot (TN Te
b6 vong: z=a -Fy T‘;"‘I‘l_'l
' 4 3 2 1 .
A
Db cong: L Ya.y Ty
ny : 162324 |25 /
2 y ,?[
Mémen: Mx = nxpky j 7 120]21]22 f -
v - 2 8 |17]18 |19 ,E[
y = Py ~ 19 |1alis]is f
Phén lyc: R = Bpi, 7| 410f11]12]13 f
3 4 T AN A A A A A A e
P§ cing tru: D = _E_h_z I L | L2
12(1 - p%)
Diém a Yx Yy Nx Ny B
1 (1] 0 0 0 0 0,220
2 0 0 0 0 0 0,154
3 0 0 0 0 0 -0,049
4 1] 0 0 0 0 0
5 0 0.2167 0 -0,2167 -0,0361 0,342
6 0 0,4203 0 —0,4203 ~0,0700 0,679
7 0 0,5787 0 -0,5787 ~0,0964 0,981
8 0 06174 0 -0,6174 ~0,1029 1,152
9 0 0,04197 0 -0.4197 -0,0700 0,958
10 0 0 0 (¢} 0 0
1 0 0 -0,1865 -0,0311 -0,1865 0.720
12 0 0 0,3872 -0,0645 -0,3872 1.115
13 0 0 0.4655 -0,0776 -0,4655 1,246
14 0,09327 0,0158 -~0,0493 -~0.0076 0,0467 -
15 0,19358 -0,1376 -0,0904 0.1526 0.1133 -
16 0,23275 -0,1763 -0,1043 0,1937 0.1337 -
17 0,13721 0,0502 ~0,0526 ~0.0415 0.0442 -
18 0,29674 -0,2140 -0,1150 0,2331 0.1506 -
19 0.36117 -0,2899 -0,1403 0,3133 0.1886 -
20 0,12859 0.0625 -0,0266 -0,0580 0.,0162 -
21 0.28405 -0,2070 -0,0633 0,2175 0.0978 -
22 0,34932 -0,2897 -0,0792 0,3029 0.1274 -~
23 0.09340 0.0518 -0.0100 -0,0504 0,0014 -
24 0.20984 ~0,1530 -0,0258 0.1572 0,0513 -
25 0,25830 -0.2181 -0,0329 0,2235 0.0693 -
26 0,04815 0,0284 -0,0291 -0,0279 0,0018 -
27 0,10892 0,0795 ~0,0080 0,0808 0,0213 -
28 0.13436 -0.1144 -0,0104 0,1162 0.0295 -




Phy lyc 321
Phy luc 22 S6 ligu tinh todn bdn hinh chiz nhdi
chiu tdi phdn b6 tam gidc (tiép theo)
l l l
Z=15;A, =X; A, =2
"W x ’ y X-X
Do v6 Px, o o b
o vong: z = oa—— p
D P L»
9 43 2 f , ,
5 coi 1 A, 15 l2slerfee| [ |
Do cong: =Yy
5y A6 }23]24 |25 4
Momen: M, = n,pA} 17 |20]21]22 P <]
4 4 =
_ 2 8 {17]18 |19 [,
My =n,p ;“y J b
Phén lyc: R = fpA 2| A= /
i A = PPhy > A10]11]12]13] A
: ; 3 r 7 TTT T 7 :
D6 cing tru: D = ———E—h—z— | I, i
12(1 - u%)
Difm [ Ix Yy Nz Ty B
1 0 0 0 0 0 1,154
2 0 0 0 0 0 1,015
3 0 0 0 0 0 0,537
K 0 0 0 0 0 0
5 0 0,5509 0 -0,5509 -0,0918 1,196
6 0 0,6851 0 - =0,6951 -0,1158 1,261
7 0 ..0,5985 0 -0,5985 -0,0987 0,998
8 0 0,3964 0 -0,3964 -0,0661 0,642
9 0 0.1634 0 -0,1634 -0,0272 0,242
10 0 (¢ ] 0 0 0 0
11 0 0 0,0726 -0.0121 -0,0276 0.034
12 0 0 0,1659 -0,0276 -0,1659 0,194
13 0 0 02050 | -00342 | -02050 | 0.254
14 0,03630 0,0232 0,0155 -0,0258 -0,0193 -
15 0,08294 | -0,0609 0,323 00555 | -0,0221 -
16 0.10252 | -0,0881 0,0390 00816 | -0,0243 -
17 0,08809 0,0495 ~0,0069 -0,0484 -0,0014 -
18 0,19819 -0,1445 -0,0174 0,1474 0,0415 -
19 0,24405 -0,2064 -0,0222 0.2101 0,0566 -
20 0,13301 v 0,0675 -0,0235 -0,0636 - 0,0122 -
21 0,29603 '-0,2152 -0.0569 0,2247 0,0828 -
22 0.36338 -0,3031 -0,0715 0,3150 0,1221 -
23 0.15446 0,0830 | -0.0535 -0,0541 0.0430 -
24 0,33692 -0,2435 -0,01201 0,2635 0,1607 -
25 041118 -0,3341 -0,1476 0,3587 0.2032 -
26 0,12243 0,0200 -0,0004 -0,0139 0.,0856 -
27 0,25773 -0,1837 -0,1785 0.2135 0,2092 -
28 0,31130 | -0.2415 | -0.2116 0,2767 0,2519 -




322 Phy luc

Phy luc 22 Sé li¢u tinh todn bdan hinh ch nhdt
chiu tdi phan b6 tam gidc (tiép theo)

l
= =15; 4, =—6{-; A, =%

XX
: (T te
M )

oy
-
At

4
pA,

Py véng: z=a et
‘ D : 4 3 2 1
/ .
: P Tsleslzr]zs] | | |
D¢ cong: i fy " ;
' P.y YD 46 |23]24 |28 f
«?‘
Mémen: M‘ = nxp??y A7 12012122 :-_{ -
. 18 [17]18 |19 ,3
M, =n,pk, o 1ala]is]e f
Phén lyc: R ~ fp, > L1011 ]12]13 f
N I 3 4 7 7 77 d
Do cing try: D = —Ln | A | 2
12(1 - u?)
Diém a Yr Yy Nx Ny i
1 0.89308 | -0,3414 | 00569 | 03319 0 0
2 072236 | -02378 | 00396 | 02310 0 0
3 031401 | 00943 | 00157 | -0,0017 0 0
4 0 0.6280 0 -0,6280 | -0,1047 0.515
5 0 0.6335 0 -0,6335 | -0,1056 0.663
6 0 0.6262 0 -0,6262 | -0.1044 0.811
7 ) 0.5664 0 -0,5664 | -0,0044 0.903
8 0 0.4184 0 -0.4184 | —0,0697 0.851
9 0 0.1907 0 -0,1907 | -0,1318 0.581
10 0 0 0 0 0 0
1 ) 0 04291 | -00715 | -0.4201 0.937
12 0 0 07912 | -0.1318 | -0.7912 1,408
13 0 0 09185 | -0.t531 | -0.9185 1,547
14 009535 | -00149 | 00416 | 00079 | -0,0391 -
15 017583 | 00522 | 01273 | 00310 | -0,1185 -
16 0.20412 | -00566 | 0,659 | 0.0289 | -0.1565 -
17 020918 | -00102 | -00896 | 00251 |0.0013 -
18 040820 | -0.1252 | -0.1303 | o0.1484 |o0.1602 -
19 048199 | -0,1476 | -0.1514 | 10,1728 | 0.1760 -
20 028319 | 00123 | -00092 | 00043 |0,0072 -
21 057865 | -0.1815 | -0.1844 | 02122 | 0.2148 -
22 060258 | -02279 | -02135 | 02635 | 02515 -
23 031310 | 00410 | 00501 | -0,0311 | 00522 -
24 066716 | -02120 | -0,122¢ | 02333 | 0.1579 -
25 080820 | -0.2823 | -0.1468 | 03067 | 0,1938 -
26 031676 | -0.0877 | -00144 | 00653 | 0,0031 -
27 070125 | -02270 | -00202 | 0.2318 | 0,0670 -
28 0.8587s | 03150 | 00363 | 03211 | 0,0888 -




Phu lyc 323

Phu luc 22 Sé6 liéu tinh todn bdan hinh chit nhdt
chiu tdi phdn bé tam gidc (tiép theo)

l l
li=1,5; AL =%; R
x 6 i,
D6 va p).';
o vong: z = o —=
D P
2
A .1 PA
D¢ cong: =Yey
xy
Mémen: M, = nxpki;,
2
M, =n,ph,
Phén luc: R = BpA,
3
D% cing tru: D = _Eh”
- 12(1 - p?)
Biém a ¥x Yy N Ny B
1 2,80109 | -0,9929 0,1655 0,9654 0 0
2 2,30462 | -0,7360 0,1226 0.7155 0 0
3 1,07218 0.1602 | -0,0267 | -0,1558 0 0
4 0 2,1444 ()} -2,1444 | -0,3574 3,857
5 0 1,7535 0 -1,7535 -0,2922 2,046
6 0 1,3487 0 -1,3487 | -0,2247 1,582
7 0 0.9266 0 -0.9266 | -0.1544 1.079
8 0 0.5105 0 -0,5505 | -0,0851 0.540
9 0 0.1643 0 -0,1643 | -0.0274 0,017
10 0 0 0 0 0 0
1 0 0 0.3695 | -0,0616 | -0,3695 0.209
12 0 0 0.8542 | -0,1423 | -0,8542 0.739
13 0 0 10525 | -0,1754 | -1,0525 0.939
14 0.08211 0.0256 0.2048 | --0,0597 | -0,2091 -
15 0.18983 | -0,0636 0.4251 -0,0072 | -0.4145 -
16 023389 | -0.0881 0.5147 0.0023 | -0,5000 -
17 0.25526 0,0581 0785 | -0,0712 | -0.0882 -
18 0.56859 | -0.1854 0.1577 0.1591 -0,1268 -
19 0,69654 -0,2559 0,1883 0.2245 -~0,1456 -
20 0.46330 0.0909 0.0067 | -0,0920 | -0.0219 -
21 1.01747 | -0.3288 0.0046 0.3280 0,0502 -
22 1.24288 | -0.4508 0.0023 0.4505 0.0728 -
23 067433 | 01197 | -00194 | -0,1165 | -0,0005 -
24 1,46840 | -0,4722 | -0,0582 0.4819 0.1369 -
25 1,79024 | -0.6437 | -0,0754 0.6562 0.1827 -
26 0.87674 0.1400 | -0,0157 | -0,1337 | -0.0077 -
27 189347 | -0.6061 -0.0313 0.6113 0.1323 -
28 230409 | --0.8212 | -0.0379 0,8276 0.1748 -




324 Phy lnc

Phy luc 22 S6 lidu tinh todn bdn hinh chiz nhdt
chiu tdi phdn b6 tam gidc (tiép theo)

il . l l .
ll=1,5;hx=é;ly=—6‘!- XX
X
iy T
D) vong: z = a—= |."—'-|—"-'.‘ e
b 0 4 2 1 - _
. X T-.,.ﬁ.-.-rsj (
D cong: 1 Yoy f_l 5 |26]27 |28
Pry v D 46 ]23f24 |25 f
/
M_émen: Mx = Tlex‘; 17 j20]21-122 : < -
: 2 18 |17]18 |10 , &
M, =n,ph, o 19 |1a]15 |16 f
Phin lyc: R = fpi, ’“l 410]11]12]13 f
v ~ Ehs 4 s 7 7 7 77
Db cimg try: D = ——— l L |
12(1 - p*)
Biém a s Y Nr_ Yy B
1 0 0 0 0 0 1,145
2 0 0 0 0 0 1.070
3 0 0 0 0 0 0,711
4 (] 0 () 0 0 0
5 0 0,3370 0 -0,3370 | -0.0562 0.979
6 0 0.5017 0 -0,5017 | -0,0836 1,081
7 0 0,4800 (] -0,4800 | -0,0800 0.907
8 o 0.3240 0 ~0,3240 0,0540 0,555
9 0 0.1225 0 -0,1225 | -0,0204 0,120
10 -0 0 0 0 0 0
11 0 0 02756 | -0.0460 | -0.2756 0.285
12 0 0 05360 | -0.0893 | -0.5360 0.616
13 0 0 0,6277 ~0,1046 -0.6277 0,718
14 0.06125 | -0,0034 00889 | -00114 | -0.0883 -
15 0,191 -0,0375 0.1627 00104 | -0.1564 -
16 0.13949 | -0.0408 0,1894 |~ 00002 | -0,1826 -
17 0,16200 | -0.0135 | -0,0512 0.0220 0.0534 -
18 031052 | -0,0959 | -0,1085 0,1139 0,1245 -
19 0.36317 | -0,1053 | -0,1300 0.1270 0.1476 -
20 0.23999 | --0,0263 | -0.1511 | 0,0515 0.1554 - -
21 0.45371 | -0,1383 | -0.2957 0.1876 0.3187 -
22 0,52806 | -0.1507 | -0,3481 0.2087 03732 -
23 0.25085 -00362 | -0,2097 0.0712 0.2157 -
24 046048 | -0,1399 | -0,3869 0,2044 0.4102 -
25 054023 | -0,1495 | -0,4482 0,2242 0.4731 -
26 0.46850 | -0.0317 | -0.1939 0,0640 0,1991. -
27 0,30532 | -0.080y | -0,3266 0.1443 0,3416 -
' 28 0,35222 | -0,0038 | -0,3695 0,1554 0,3851 -




Phy lyc 325
Phuy lyc 22 S6 ligu tinh todn ban hinh chit nhdt
. chiu tdi phén b6 tam gidc (tiép theo)
l l l :
X - . - X . = 2 X-X
=154, =Xk, =2 X
) | (Tt
. [ 1
- pA, oM
Do vong: 2z = a—= =t
D 4, ,3 2.2z s ¢ 2
DA 1 p}\,i A5 }26]27}28 f
cong: = —Z
0 cong Px, *y " p / 6 |23]|24 |25 r
7 |20]21]22 ,T::{
Moémen: M, = A2 y ~
x = NePRy 18 |17]18]19 ,H
_ 2
M, =n.px, o 49 ]fis]|te f :
Phén luc: R = Bp) >l 410111213 f
y 7 g 7 & 7 77
: 8 ! P
b6 cing tru: D = ——E’-l-—z— ' * | =
12(1 - p*)
Didm a Tx Yy ] Ny B
1 0 0 0.4562 | -0,0764 | -0.4582 | 0,564
2 0 o| 003002 | -00865] -0.3902| 0.497
3 0 0 02183 | -00364 | -0.2183| o0.258
4 0 0 0 0 0 0
5 0 0.0970 o{ -00070| -0.0161| 0,134
6 0 0,2423 o| -02423| -00404| 0493
7 0 0.3326 0| -03326| -00554| 0.749
8 0 0.3069 0| -03069| -00511| 0816
9 0 0.1610 o| -01610| -00268{ 0622
10 0 0 0 0 0 o
11 0 0 0.3622 | 00604 | -0.3622 | 0,944
12 0 0 05004 | . -0,0009 | -05904 | +1.289
13 0 0 06700 | -0,1117 | -06700| 1372
14 0,08048° -0,0279 -0.0179 0,0306 0,0216 -
15 0,13320 -0,0370 | -0.0006 | - 0,0371 0,0067 -
16 0.14889 -0,03t4 | 0.0089 0,0299 | -0,0036 -
17 015343 | -0,0407 | -0.1351 0.0632 0.1419 -
18 026615 | . -0,0771 | -0,2306 0.1156 0.2435 -
19 © 0.30173 -00712 | -0.2601 0.1145 0.2719 -
20 0,16631 -0.0360 | -0.1306 0.0578 0.1366 -
21 0.29660 -0,0879 | -=0.2419 0,1282 0.2566 -
22 | 033898 -0,08:8 | -0,2798 0.1314 0.2939 -
23 0.12113 -0,0227 | -0.0618 0.0330 | . 0,0655 -
24 0.21950 -0.0660 | -0,1208 0.0861 0.1318 -
25 025180 | -00648 | -0,1417 0,0884 0.1525 -
26 0.04850 €.0083 0,0543 |  -0,0007 | -0,0530 -
27 0.08871 6.0271 0.0947 00113 | -0.0902 |- -
28 0.10183 00262 | _ 0.1085 00081 | -0.1042 -



326 Phy Iyc

Phu luc 22 Sé liéu tinh todn bdn hinh chiz nhét
chiu tdi phén bé tam gidc (tiép theo)

l l
2 =15; 4, = li; A, =2 XX :
l * 6 Y 6
X
| . (I -
Po vong: z = 222 |..’;-.'.’z.|
D 4 3, 2. ALy
. 1 px"; 5 |26 a7 |28 f
© cong: sy = Yay D 16 |23]|24 |25 4
/ »
Mdémen: M, = nxp;“i 17 j20]21]22 c—[ -
; 18 |17 |18 |19 "_i[
M, =m,px, o 49 ]1a]s]e f
Phén lyc: R = BpA, 1 410)11 |12 |13 f
3
Do cing tru: D = — Eh” ' s I L
12(1 - p?)
Di&m a Yx Ty Ny Ny B
1 010694 | -0,1072 0.0179 0.1042 0 0
2 0,08312 | -0,0635 0,0106 0.0617 0 0
3 0.03109 0.0471 | -0,0078 | -0.0458 0 0
4 0 0.1399 0 -0,1399 | -0.0233 -0.026
5 0 0.2772 0 02772 | -0,0462 0,391
6 0 0,4393 0 04393 | -0,0732 0,687
7 0 0,5826 0 -0,5826 | -0.0971 0,979
8 0 0.6174 0 -0,6174 | -0,1029 1,149
9 0 0.4193 0 -0,4193 | -0,0698 0,957
10 0 0 0 0 0 0
11 0 0 0.1864 | -0,0310 | -0,1864 0.720
12 0 0 0.3869 | -0,0643 | -0,3869 1,114
13 0 0 04653 | -00774 | -0,4653 1,245
14 009319 | 00160 | -0.0492 | -0.0077 0,0465 -
15 019347 | -0.1375 | -0.0899 0.1525 0,1128 -
16 023264 | -0.1763 | -0.1036 0.1936 0.1330 -
17 0,13721 00509 { -0,0518 | -0,0423 00443 . -
18 029705 | -02142 | -0,1128 02330 .| 0,1485 -
19 0,36167 -0,2908 -0,1374 0,3137 0.1859 ~
20 0,12946 0.0651 | -0,0241 | -0,0611 0,0132 -
21 0.2878¢ | -02092 | -0,0569 | - 02187 0.0917 -
22 035328 | -02944 | -0.0710 03062 | 0,1200 -
23 0,097€3 0,0596 | ~0.0042 | -0.0589 | -0.0057 -
24 022175 | -0.1620 | -0,0111 0.1638 0.0381 -
25 027390 | -02342 | -0,0143 0.2370 0.0534 -
26 0.6159 0,0480 0.0055 | -0,0489 | -0,0135 -
27 | o0.14452 | -0.1062 0.0157 0.1036 | 0,0019 -
“28 © 0,18023 |  -0.1607 0,0204 | - 0.1573 0,0064 -




Phu luc i 327

Phu luc 22 S6 lidu tinh todn bdn hinh chiz nhét
chiu tdi phén bé tam gidc (tiép theo)

L, l I
Y y
==15;A, =5, A, == )
L, ¥ 6 Y 6 XX
Db v Py, | oy L
ovdng: z=a | I‘P’l
9 4 3 2 1
D cong: 1 _ Yey & 45 |e6}27 |28 f
P.y D 16 23|24 |25 r
Mémen: M, = n,pA} 17 ]20]21]22 :;{ .
‘ 9 18 |17]18]19 E[
M y = MyPA, : f
Phin lyc: R = Bp) 2| Attt f
S = PPA, > A1ol11 )12 ]13 f
3 r4 Ty rrTer
P6 cing tru: D = __Eh" . I, i
12(1 - u®)
Didm a s Y s Ny B
1 074970 | -0.6391 0,1065 0.6214 ) 0
2 0.60767 -0,4442 0.0740 0.4318 0 0
3 0.26824 0,1602 -0,0267 | -0.1557 0 o
4 0 1,2071 0 -1,2071 -0.2012 2,135
5 0 1,0229 0 -1,0229 | -0,1705 1,612
6 0 0,8339 0 -0.8339 | -0,1390 1,310
7 0 0,6248 0 —0,6248 | -0,1041 0,983
8 0 0,3952 0 -0,3952 | -0.0659 0,624
9 0 0.1604 0 -0,1604 | -0,0267 0.235
10 0 0 0 0 0 o
1 o 0 00713 | -0,0119 | -0,0713 0,031
12 0 0 0,1639 | -00273 | -0,1639 0.188
13 0 0 02030 | -0,0338 | -0,2030 0,247
14 0.03565 0,0240 00165 | -0,0268 | -0,0205 -
15 008197 | -0,0602 0.0358 0.0543 | -0.0257 -
16 0.10152 | -0.0880 0.0437 0.0807 | -0.0291 -
17 0.08783 00542 | -0,0012 0,0540 | —-0,0079 -
18 0.19973 | -0.1459 | -0,0019 0.1462 | . 0.0262 -
19 024678 | -02117 | -0,0022 0.2121 0.0374 -
20 0,13884 00853 | -0,0045 | -00845 | -0,0097 -
21 031558 | -0.2305 | -0.0106 0.2323 0.0490 -
22 0,38988 | -0.3343 | -0.0132 0,3365 0.0690 -
23 0.18531 0,1130 | -0.004¢ | -0.1122 | -0,0144 -
24 0,42083 | -0,3074 -00118 0,3093 0,0630 -
25 0.51974 | -0.4451 -0.0150 0.4477 0,0892 -
26 | o0.22732 0.1343 | -0,0011 -0,1341 -0,0213 -
27 051432 | -0.3752 | -0,0001 0.3752 0,0627 -
28 0.63456 | -0.5411 -0,0003 0.5410 0,0899 - :
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