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1 ) Gidi thiéu

1.1 Thanh théng chi chiu tic dung ciia luc

P tap trung hay luc phén bé cé phwong tring
Vol truc thanh
i

-
-

1.2 Mt thanh chiu kéo-nén diing tam khi trén mdt cit ngang ciia thanh
chi ton tai duy nhat mot thanh phan noi luc la luc doc N,



@ Néi Lue Trén M:it Ciat Ngang P

2.1 Ton tai duy nhdat mot thanh phd‘n noi lyc: lwe doc N,

2.2 Qui wéc dAu cia ndi luc: lwe doc dwong khi huwéng ra N,
mdat cat (keo)




Vi du: Xdc dinh thanh phan lwc doc phdt sinh trén cdc
mdat cat a-a va b-b cua truc chiu luc nhw hinh ve.

~—— 600 mm —-—|-H 400 mm —

50 kN

a |—— b 40 kN
- —
¢ S0 oy 7 ©

18 kN




Vi du: Xdc dinh thanh phan lwc doc phdt sinh trén cdc
mdat cat a-a cua truc chiu lwc nhw hinh veé.

20 mm 20 mm
B [ ¢ 15kNw
4| 10KN__F : D
10 kN 20 kN
e e

ka;_& a 15kNT=}

—
| -

400mm = 400 mm

Vi du: Xdc dinh thanh phan lwc doc phdt sinh trén cdc
mat cat ngang qua C cua truc chiu lwc nhw hinh ve.

30 kN/m

.‘_4_‘_4_4_4_‘_4%

900 mm "

300mm

A



Vi du: Xdc dinh thanh phan lwc doc phdt sinh trén cdc
mat cat ngang qua D va E cua truc chiu luwc nhw hinh ve.

300mm 30kN

«—»‘ 3 300mm
b E / 90 kN
A
B x

A

7

30 kN
~— 400 mm - 600 mm

\

Vi du: Xdc dinh thanh phan lwc doc phdt sinh trén cdc
mat cat a-a va b-b cua truc chiu luwc nhw hinh ve.

e g

fiL




Vi du: Xdc dinh thanh phan lwc doc phdt sinh trén cdc
mdat cat a-a va b-b cua truc chiu luc nhw hinh ve.

P P A0kN
AT R N

a_ a A i
a a
p a a a
a A40em! SO0kN| | 50kN
P }
B()—
“"‘[“—B e "'i["_'"B -
b b 1.5a
b b
2a b b 60cm
C == i
0 | A | A




Vi du: Xdc dinh thanh phén luc doc phdt sinh trén mit cit
ngang cua thanh BC.




Vi du: Xdc dinh thanh phén lwc doc phdt sinh trén cdc mdt cdt
a-a va b-b la ham cua 7, va z, cua cot chiu lwc nhw hinh ve.

A
: —C ——=
Ziﬂa._.}.._a
Ll
b %l b
z, 21\ f B lzx
qz\(
__lz_.l_._.l? L,
|
| a4 |

w0000



2 ) N@i Lwe Trén Mt Ciat Ngang

1P:qa
2.3 Biéu d6 ndi luc: i
i
+ Xét doan BC: 1 l 1
q| ¢
N, =—(qa+qz,) Pl s P
0<z <a \ l / “
+ X¢ét doan AB: q i
) i ) 2a
N, = —[4qa+q(z2 —a)] l
0 7

a<z,<3a

/777777722

a

™)

=> Biéu do ngi lwe la do thi mé ti qui ludt phin bé ciia néi lwc doc theo

truc thanh



Vi du: Vé biéu do lwc doc Nz phdt sinh trong truc bing
phwong phap mat cat bién thien.

~—— 600 mm —*'* 400 mm —
50 kN
| ——— 40 kN
, =
B 50 kN ¢

|g1ma‘e15m—r'*—125mj

T -—=| | o—
A 9kN B C 4kN D 2 kN
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18 kN
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@ Néi Lue Trén M:it Ciat Ngang

2.4 Vé Biéu Po Noi Luc Bing Phwong Vé Nhanh

lP
D N(z):N(l)_P
i Z Z
lPC dz
1 [N
20 2 |
E . |
Pl . |B 1P P
NIz i
ql -
4_._l._ -4 —
3_._L_ 3 __w_dZ 2 2 —
| |4 N®

Y

(dN,
dz 1
N(B) _ N(A) _|_R(AB)
LTz z q
\NZ
3 3 —
'q dz
4 Y 4 )
N_ +dN._




2 ) N@i Lwe Trén Mt Ciat Ngang

N,>0 ,
------------ N, gay kéo la dwong

- —) N, hon lyc phan b6 mét bic

Néu trén so dé tinh cé lyc tdp trung,

| bieu d‘é‘Nz co buwoc nhay, gia tri buoc
nhay bang gia tri luc tdp trung. Nhay
vé duwong khi luc gay kéo, nhay ve am
khi luc gay nen

N. cuéi dogn bang N, dau doan céng
H4 s 4
== hop lwc phin b6 trén doan dé (luc
phdn bo kéo dwong, nén dm)




Vi du:  Vé biéu do lwc doc Nz phdt sinh trong truc bang
phwong phap vé nhanh.

Pl< DﬁP _‘_l
e
Niee

4



Vi du:  Vé biéu do lwc doc Nz phdt sinh trong truc bang
phwong phap vé nhanh.

P=3qgL

4




Vi du: Vé biéu do lwe doc Nz phdt sinh trong truc bang
phwong phap vé nhanh.

2a

A
7727777777




Vi du: Vé biéu do lwe doc Nz phdt sinh trong truc bang
phwong phap vé nhanh.

|

--J—'-1

1.5a

| i

2a

40kN
_C

60cm

S0kN

Iy




Vi du: Vé biéu do lwe doc Nz phdt sinh trong truc bang
phwong phap vé nhanh.

~—— 600 mm —-'-H 400 mm —
—|<(ﬂN 40 kN
A B }‘_ C
50 kN
20 mm 20 mm
B C
A ] 10 kN M 15 kNl D
10 kN 20 kN
— —

" 10kN b L kNT:

L F_|=‘

400 mm | 400 mm




Vi du: Vé biéu do lwe doc Nz phdt sinh trong truc bang
phwong phap vé nhanh.

/30 kN /m
A - - - i - - < -
B4
L 900 mm -
30 kN
5
b /‘4’ 90 kN
3 L 4 Al
A B & C
30 kN
~— 400 mm ——= 600 mm -




40 kN




Ap lwe = cwong dé noi luc

tren mot don vi dién tich @ Keo-Nen

N @ Cit, triot
Lwc phat sinh trén\1 @
mdt cat, la lwong thay
dsi luc lien két giita P @
cac phan tw trong chi
tiet do sw thay doi N

hinh dang, kich thudc Sw thay doi hinh =Y
cua chi tiét ding, kich thuwoc
cua chi tiet







O Ung Sudt

* Ung sudt trung binh: h
} Aq Vi phan noi luc
U = — . A . A ,
b AF
t AF Vi phan dién tich
5

=> Ung sudt bang cwong dp ciia ndi lwc trén mot don vi dién tich

y 4 i ] . A_» d_’
* Ung sudt tgi mpt diem: U, = IA}VIR AI’Z } dfz

* Thir nguyén ciia irng suat: [lyc]/[chiéu dai]?

Ung sudt cé don vi: N/m?. kN/cm?



O Ung Sudt

* Y nghia cua wng sudt: ung sudt tai mot diem la
dai luwong dac trung cho kha nang chiu dung cua
vat lieu tai diém do va la tieu chi de kiém tra bén.

* Phan logi rng suat:

+ O: Ung suat phap

+ T Ung suat tiép



O Bién Dang

*  Bién dang: la su
thay doi hinh dang,
kich thuwoc cua chi
tiet khi chiu tdc dung
cua ngoai luc.

* Phén logi bién dang:

- Bién dang dai: 1a lvong thay doéi chiéu dai P,
+ Bién dang dai tuyét doi: AL = O A —-04
’ AL _0'4-04
+ Bién dang dai twong doi: & = = (A))
L OA
- Bién dang goc (Bién dang trieot): la lwong thay doi ciia géc vudng
T oo
-~ _A40'B
4 2

* Chuyén vi: la sy thay doi vi tri ciia mét diém thudc vit trude va sau khi
vat bi bién dang.



@ Ung Suat Trén Mt Cat Ngang

3.1 Gia thiét vé bién dang ciia thanh:

Trwée khi bién dang Sau khf bién dang



@ Ung Suat Trén M:it Cit Ngang

3.1 Gia thiét vé bién dang cua thanh:
* Gia thiét mat cat ngang phang
=> Bién dang dai nhu nhau trén cdc [6p doc truc thanh: ¢ =const

=> Bo qua wng suat tiep tréen mat cat

* (Gia thiét vé cac thé doc O,
dF

=> Trén mdt cit ngang chi ton tai trng
suat phap doc truc o,

* Gia thiét vé vat lieu: vdr liéu lién tuc, dong v
nhdt, dang huong o
z
3.2 Biéu thuc tinh Ung suat:
o, =Eke,

+ Theo dinh luat Hooke: o, = E¢,

E: modun dan hoi cua vt lieu E



@ Ung Suat Trén Mt Cit Ngang

Moduls of  Modulus of Yield Strength (MPa) Ultimate Strength (MP'a) Coef, of Therm.
Materials Density p | Elasticity £ Rigidity & Ty o, Yo Elongation in | Poisson's Expansion a«
(Mg/m*) (GPa) (GPa) Tens.  Comp! Shear | Tens.  Compt  Shear | 50 mm specimen | Ratio v (-4rc
Metallic
Aluminum 2014-T6 279 73.1 27 414 414 172 469 469 290 10 0.35 23
Wrought Alloys — 6061-T6 2.7 H8.9 26 255 255 131 24910 290 186 12 .35 24
Cast Iron— Gray ASTM 20 7.19 67.0 27 - - - 179 669 - 0.6 (.28 12
Alloys Malleable ASTM A-197 7.28 172 (i - - - 276 512 - 3 (.28 12
Copper(— Red Brass C83400 8.74 1 37 70.0 0.0 - 241 241 - 35 .35 18
Alloys '— Bronze CE6100 8.83 103 38 345 345 - 655 655 - 20 0.34 17
Aa"?:um [Am 1004-TH1] 1.83 447 18 152 152 - 276 276 152 1 (.30 26
Structural A-36 7.85 200 75 250 250 - 400 400 - 30 032 12
Steel [~ Structural A992 7.85 200 75 M5 WS - | 450 450 - 30 032 12
Alloyst— Srainless 304 7.86 193 75 201 207 - 517 517 - 40 0.27 17
Tool L2 8.16 200 T3 703 703 - L L1 - 22 0,32 12
“A";‘]’g:’“ [Ti-6A1-4V] 4.43 120 44 024 924 - | 1000 1000 - 16 0.36 9.4
Low Stre 3 : . - " - - - - 0.15

D.Jnﬂr::tu[ w Strength 2.38 22.1 12 11 11
High Strength 2.37 29.0 - - - 38 - - - - 0.15 11
Plastic Kevlar 49 1.45 131 - - - - b 483 20,3 2.8 0.34 -
Reinforced “— 30% Glass 1.45 724 - - - - 90 131 - - 0.34 -
. a“’;l“”m [~ Douslas Fir 0,47 13.1 . - - - 216 260 62 - 0.29¢ -
. Uradmc "L White Spruce 3460 9.65 - - - - 250 360 670 - 0.31° -




@ Ung Suat Trén Mit Cit Ngang O,

+ Theo dinh luat Hooke: o, = E¢, . =ke,

q
I

Vi ¢, = const trén toan mat cat

=> o,=consttrén toan mat cat

+ Quan h¢ gitta g suat va ndi luc

N, :jazdF:GszF:GzF
Ja F T
N - F: dié¢n tich mdt cat ngang cé diém tinh irng sudt

= o =—

T Z F - N, : lwe doc tai mat cit cé diem tinh wg-sudt




@ Ung Suat Trén Mt Cat Ngang

O

4

* Ung sudt phan bé déu trén mdt cdt ngang

- F: dién tich mdt cat ngang cé diém tinh irng sudt

- N, : luce doc tai mat cat ngang tinh irng sudt




Vidu: Thanh chiu tic dung ciia lwc P= 15 kN nhw hinh vé.
Tinh wrng suat phap phat sinh tai cac diem A va B trén mat cat
ngang cua truc.




Vi du: Thanh chiu tac dung cua lwc 300 kN nhw hinh veé.,
Tinh wng sudt phap phat sinh tai cac diem A va B tren mat cat
ngang cua truc.

300 kN

80 mm

100 mm




Vidu: Bu long vong chiu kéo nhw hinh vé. Xdac dinh dwong
kinh d cua than bu long dé wng suat phap phat sinh trong
than bu long khong vwot qua 21 kN/cm?.




Vi du: Truc AC cé mdt cit ngang
hinh tron dwong kinh 10 cm va
chiu luc doc truc nhw hinh vé. Xac
dinh trng sudt phdp lon nhét phat
sinh trong truc.

60cm




Vidu: Truc AC cé dwong kinh khéng doi bang 150 mm. xdc
dinh wng sudt keo lon nhdt, wng sudt nen lon nhat phat sinh
trong truc.

-~ 600mm - 400 mm —

_iﬂN 40 kN
: q —
A BLU™ C




Vi du: Truc AC co dwong kinh khong doi bang 200 mm.
Xdc dinh gid tri ciia luwc P dé teng sudt phdp lén nhit phdt
sinh trong truc khong vwot qua 21kN/cm?.




Vi du: Truc AC gom 2 doan dwoc han vdi nhau. Poan AB la
ong tron cé dwong kinh ngodi 28 mm, dwong kinh trong 20
mm. Doan BC la tru dac co dwong kinh 12 mm.

- Xdc dinh vng sudt phdp phat sinh tai cic diém D, E va
tinh irng sudt phdp l6n nhdt phdt sinh trong truc.

- Vé cdc phén to trng suidt tai D va E.

8 KN




Vi du:  Truc AC cé dwong kinh khong doi bang 200 mm.
Tinh wng sudt phap lon nhat phat sinh trong truc.

~30kN/m

B'L
< 900 mm -




Vi du: Thanh AC tuyét déi cirng dwoc dé béi diy cip CD
nhw hinh ve. Day CD co dwong kinh 20 mm. Xac dinh wrng
sudt phap phat sinh trong day CD.




Vi du: Thanh BC tuyét doi cirng dwoc dé béi diy cap AB
nhw hinh ve. Day AB co dwong kinh 20 mm. Xac dinh wng
sudt phap phat sinh trong day AB.

- 60°
FQ‘_F:15kN/m

| ] TS




Vi du: Thanh AB tuyét doi cirng dwoc dé béi diy cap BC
nhw hinh vé. Day BC co dwong kinh 20 mm. Xac dinh gia tri
ciia lwc P dé vrng sudt phdp phdt sinh trong diay BC khéng
viwot qua 17 kN/cm?.

]- 400 mm -



Vi du: Xdc dinh ieng sudt phdp phat sinh trong thanh AB.
Biét rang tai trong co khoi luong 50 kg va thanh AB co duwong
kinh 8 mm.




Vi du: Thanh AC tuyét doi cirng dwoc dé boi hai ddy cdp
AB va CD nhw hinh vé. Day AB cé dién tich mdt cdit ngang 10
mm2, thanh CD cé dién tich mt cit ngang 15 mm2. Xac dinh
cwong do q ciia lwe phén bo dé irng sudt phdp trong hai diy
cap khong vuot qua 0,18 Gpa.




Vi du: Xdc dinh luc P tic dung vao tay don dé irng suit
phap phat sinh trong thanh CD khong vwot qua 175 Mpa.
Biét rang thanh CD cé dwong kinh 10 mm.

300 mm )
N M
N




@ Ung Suat Trén Mt Cat Ngang

* Hién twong tip trung @ng suat




@ Ung Suat Trén M:it Cit Ngang

* Hién twong tap trung (ng suat



@ Ung Suat Trén Mt Cat Ngang

* Chi tiét bi pha huy tai nhirng noi c6 dién tich mit cat ngang nhd va
nhitng no1 xay ra hién tugng tap trung trng suat




@ Ung Suat Trén Mt Cat Ngang

3.0

* He sO tap trung
ung suat 2.8
2.6
— N z 24

Oy = 2
22
K

2.0
O-max = K'O-tb 1.8
L6
1.4
1.2
1.0

=11 11 I ]
1 L
! L
W
| A2E— 40
v,
il W
i 3 wW_
- —-h / EHZ-G
-2 =15
& K=12
7=1
~ =g ]
“'l-=_.'r-[/’_ht —_—
e ——)
0 01 02 03 04 05 06 07 08 09

r

h

1.0



@ Ung Suat Trén Mt Cat Ngang

, 32
* HE SO tap trung ¢
ung suat " | L
3.0 - \H = a i o
o =2V K AN
- 2.8 p
o =
i w — 2r)t
% ( )
2.6
Gmax =K 'th \_\
2.4 . =
.
\\'\-\
2.2 =
\_“
2.0
0 0.1 0.2 0.3 0.4

~

0.5



@ Bién Dang

* Bién dang dai doc truc:
- Bién dang dai doc truc

o N Adz

z z

gZ = = =
E EF dz

- Bién dang dai doc truc cua vi phan chiéu dai dz

Adz = ¢ _dz

- Bién dang dai doc truc cua doan

thanh ¢ chiéu dai L:

_+ F: dién tich mdt cit ngang

—+ E: Médun dan hoi ciia vit liéu

1 + N, lwe doc trén mat cit ngang

e e e

dz

Adz




@ Bién Dang

* Cac trwong hop dac biét:

<

EF

= const  trén toan chiéu dai L:




Vi du: Xidc dinh lwong gidn dai doc truc cua thanh thép A36
chiu luc nhw hinh ve.

P = 50kN 600 mm

P =50kN



Vi du: Thanh AC tuyét déi cirng dwoc dé béi diy cip CD
nhw hinh ve. Day CD co dwong kinh 20 mm va dwoc lam
bang thép A36. Xac dinh lwong gian dai doc truc cua ddy cap.




Vi du: Thanh AB tuyét doi cirng dwoc dé béi diy cip BC
nhw hinh vé. Ddy BC cé dwong kinh 3 mm va dwoc lam bang
thép A36. Xdc dinh gid tri ciia lwc P néu lwong gidn dai doc
truc ciia ddy cdp bing 0,2 mm.

|— 400 mm -|



Vi du: Thanh BC tuyét doi cirng dwoc dé béi diy ciap AB
nhw hinh ve. Day AB co dwong kinh 20 mm va dwoc lam bang
thép A36. Xac dinh luong gian dai doc truc cua day cap.

LC Sm "l




Vi du: Thanh AC tuyét déi cieng dwoc dé béi day cdp BD
nhw hinh ve. Day BD co dwong kinh 6,5 mm va dwoc lam
bang thép A36. Xdac dinh lwong gidn dai doc truc ciia ddy cdp.
Cho P= 2,6 kN.

B




Vi du: Thanh AC tuyét déi cirng dwoc dé béi diy cip DE
nhw hinh ve. Day DE co dwong kinh 5 mm va dwoc lam bdng
thep A36. Xac dinh luong gmn dai doc truc ciia ddy cdp. Biét
rang ngwoi cong nhan cé khoi lwong 80 kg.




Vi du: Thanh AD tuyét doi cirng dwoc dé béi thanh BC nhw
hinh vé. Thanh BC c¢é dién tich mdt cdt ngang 14 mm2 va
dwoc lam bang hop kim nhém 6061-T6. a) Xdc dinh lwong
gidn dai doc truc cia thanh BC. b) Tinh chuyén vi theo

phwong dirng tai D.




@ Bién Dang

* Cac trwong hop dac biét:

LF

= const trén ting doan chiéu dai L;:

L

'

P




Vi du: Truc thép A36 co dwong kinh 20 mm chiu luc nhw
hinh ve. Tinh dich chuyén cua mat cat ngang tai C so voi
ngam A.

~— 600 mm ——~— 400 mm —

40 kN




Vi du: Truc thép A36 co dwong kinh 50 mm chiu luc nhw
hinh ve. Tinh dich chuyén cua mat cat ngang tai C so voi
ngam A.

~——— 600 mm ——~~ 400 mm —
_&N 40 kN
[ | —
A B LU C




Vidu: Truc téo hop gom truc thép BC gin véi truc nhém AB,
hai doan cé cing dwong kinh 12 mm. Xdc dinh chuyén vi ciia
mdt cit tai A va B so véi ngam C. Biét rang nhom va thép cé
mé dun dan hoi lan luot la E,, = 70 GPa, E =200 GPa.

l=——__1—> 18kN

6 kN
3m -'- 2m—-




Vi du: Truc t6 hop gom truc dit AB, BC gin véi ong BC.
Xac dinh chuyen vi cua mat cat tai A so voi D. Biet rang truc
lam bang hop kim nhom 6061-T6.

20 mm 20 mm
10KN_ D ¢ {5kN
A < — D
10 kN Y 20 kN
— <
J 10 kKN | \a 1 15 kNT _
400 mm 400 mm " 400 mm
| a-a
1d




Vi du: Truc thép A992 dwong kinh 30 mm chiu lyc nhw hinh
vé. Tinh chuyén vi cua C so voi ngam A.

30 kN
5
e
L 00 kN
w4
B \ﬂ\’\ ¢
‘ 30 kN

600 mm -




Vi  du:  Néu
chuyén vi tai A so
voli B va tai B so
véi C lan lwot la
0,08 in va 0,1 in.
Xac dinh gia tri
cua cac luc P, va
P, Biét rang cét
lam bang bé tong
cuwong do cao.

10 ft

10 [t

6 1n.
6 1n.
Section a-a

_Tl 0 1n.
-
10 1n.
Section b-b



@ Bién Dang

* Cac trwong hop dic biét:

EF = const trén chiéu dai L

—+ E: Médun dan hoi ciia vit liéu

4+ Sy, Dién tich biéu do N,

_+ F: dién tich mdt cdt ngang



Vi du: Coc AB dwoc lam bang gé Douglas fir cé dwong kinh
60 mm. Coc chiu luc eép 20 kN va ma sat thanh w = 4 kN/m.
Xdc dinh luc F dé coc cin b&ng. Tinh bién dang dai doc truc
cua coc.

20 kN

:

S
.

e e >

-,,_LL+ +_+ +_

S <




Vi du: Truc thép A36 dwong kinh 80 mm chiu lyc nhw hinh
vé. Tinh chuyén vi cua A so voi ngam B.

~30kN/m

B4

L 900 mm -




@ Bién Dang .

1.4 I\ _______ - 1
* Bién dang ngang: | |
: | |dz
: |
Material Poisson’s !
ratio v o7 S 1
_ ~— ' " [Adz
Aluminum alloys 0.33 — s, —=
2014-Te6 0.33
6061-T6 0.33
7075-T6 0.33
' GZ
Brass 0.34 E =—VE =—V
z
Bronze 0.34 E
Cast 1ron 0.2-0.3
Concrete (compression) 0.1-0.2 Vv hé 5(3’ Poisson. o<y < (), 5
Copper and copper alloys 0.33-0.36
Glass 0.17-0.27
Magnesium alloys 0.35




Material Poisson’s
ratio v

Monel (67% Ni, 30% Cu) 0.32
Nickel 0.31
Plastics

Nylon 04

Polyethylene 0.4
Rock (compression)

Granite, marble, quartz 0.2-0.3
Limestone, sandstone 0.2-0.3
Rubber 0.45-0.50
Steel 0.27-0.30
Titanium alloys 0.33
Tungsten 0.2




@ Ung Suat Trén M:it Ciat Nghiéng

* Bi€t rng suat trén mat cat ngang, tim rng suat trén mat cat nghiéng:

ZF =0 < N, =N_.cosa

=0 0, =N_.sina




@ Ung Suat Trén M:it Ciat Nghiéng

uy

Qq

(\O)

* Phan to rng suat chiu kéo

Q
q
9

l

q

\)

(04
O —> <
) o
Zz
) (
=0,C08 O,ax — O
= o
o T =E—=
Z o4 max
sin 2a s 2




@ Ung Suat Trén M:it Ciat Nghiéng

=> Dang pha huy cua vat liéu
gion




@ Ung Suat Trén M:it Ciat Nghiéng

=> Dang pha huy cua vat lieu deo




@ Pac Trung Co Tinh Cua Vat Li¢u

* Thi nghiém kéo-nén




@ Pac Trung Co Tinh Cua Vat Li¢u

* Thi ngiém kéo-nén vat liéu déo:

200 | |
100 / |

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Engineering Stress [MPa]

Engineering Strain [m/m]




@ Pac Trung Co Tinh Cua Vat Li¢u

* Thi ngi€ém kéo-nén vat liéu déo:

O-JIL

Ultimate —
stress

Yield stress N

Proportional
limit

-
-
——

Fracture

0

-«

/

Linear
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g
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@ Pac Trung Co Tinh Cua Vat Li¢u

* Thi ngiém kéo vat liéu déo: . ‘ N
+ @Giar doan dan hoi

(OA). Gidihantilé o,

JZ
D
Tl — ﬂ\. + Giai doan chay déo
| / = (BC). Giéi han chay o,
Ot /[ op
o ch#g/ 8 + Giai doan bién cung
Oul™7 94 (CD). Gidi han bén o,
3 + Giai doan co that va
| pha hay (DE). Gidi
i han pha huy o,




@ Pac Trung Co Tinh Cua Vat Li¢u

* Thi ngiém kéo vat liéu déo: A P VPR
gicm keo vat licu deo + Modun dan hoi1 cua vat licu

GZ
D
7l ya —
o-f I / \OE A - . A
B + Phan tram bién dang
Gch P ’ O dél
i 1 o= L0 1000,
L,
AYe) g > 5% => Vatliéu déo
F
\OL Ag £ < 5% => Vit liéu gion
O | | | | 1 I |
O gch gtl gf gZ

A,

+ Phan tram co that dién tich: L 100%




@ Pac Trung Co Tinh Cua Vat Li¢u

+ D0oi véi mot so loai vat liéu
(hop kim nhém) ma biéu do
tng suat-bién dang khong thé
hién rd gi61 han chay. Gia tr1
cua gid1 han chay tuong Ung
tai do khi bd tai mau co6 luong
bién dang du bang 2%
(phuong phap offset 2%)



@ Pac Trung Co Tinh Cua Vat Li¢u

* Kéo-nén vat liéu gion:




@ Pac Trung Co Tinh Cua Vat Li¢u

* Co tinh cua vat liéu:

Yield stress oy Ultimate stress o,
Material
ksi MPa ksi MPa
Aluminum alloys 5-70 35-500 15-80 100-550
2014-T6 60 410 70 480
6061-T6 40 270 45 310
7075-T6 70 480 80 550
Brass 10—-80 70-550 30-90 200—-620
Bronze 12-100 82—-690 30-120 200—-830
Cast iron (tension) 17-42 120-290 10-70 69—-480
Cast iron (compression) 50-200 340-1,400
Concrete (compression) 1.5-10 1070
Copper and copper alloys 8—110 55-760 33-120 230-830




@ Pac Trung Co Tinh Cua Vat Li¢u

Yield stress oy Ultimate stress o,
Material
ksi MPa ksi MPa

Glass 5-150 30-1,000

Plate glass 10 70

Glass fibers 1,000-3,000 | 7.,000-20,000
Magnesium alloys 12-40 80-280 20-50 140-340
Monel (67% Ni, 30% Cu) 25-160 170-1,100 65-170 450-1,200
Nickel 15-90 100-620 45-110 310-760
Plastics

Nylon 6—12 40-80

Polyethylene 1-4 7-28
Rock (compression)

Granite, marble, quartz 8—40 50-280

Limestone, sandstone 3-30 20-200
Rubber 0.2-1.0 1-7 1-3 7-20




@ Pac Trung Co Tinh Cua Vat Li¢u

Yield stress oy Ultimate stress o,
Material
ksi MPa ksi MPa
Steel
High-strength 50-150 340-1,000 80—180 550-1,200
Machine 50-100 340-700 80—-125 550-860
Spring 60-240 400-1,600 100-270 700-1,900
Stainless 40-100 280-700 60—150 400-1,000
Tool 715 520 130 900
Steel, structural 30-100 200-700 50-120 340-830
ASTM-A36 36 250 60 400
ASTM-AS72 50 340 70 500
ASTM-AS514 100 700 120 830
Concrete (compression) 1.5-10 10-70
Copper and copper alloys 8—110 55-760 33-120 230-830




@ Pac Trung Co Tinh Cua Vat Li¢u

Yield stress oy Ultimate stress oy
Material
ksi MPa ksi MPa
Steel wire 40-150 280-1,000 80-200 550-1,400
Titanium alloys 110-150 760-1,000 130-170 900-1,200
Tungsten 200-600 1,400—4.000
Wood (bending)
Douglas fir 5-8 30-50 8—12 50-80
Oak 6-9 40-60 38—14 50-100
Southern pine 6-9 40—-60 814 50-100
Wood (compression parallel to grain)
Douglas fir 4-8 30-50 6—10 40-70
Oak 4—6 30—40 5-8 30-50
Southern pine 4-8 30-50 6—10 40-70




@ Pac Trung Co Tinh Cua Vat Li¢u

Modulus of Modulus of Yield Strength (MPa) Ultimate Strength (MPa) Coef. of Therm.
Materials Density p | Elasticity £ Rigidity & oy Ty, % Elongation in | Poisson’s | Expansion a
(Mg/m") (GPa) (GPa) Tens. Comp.” Shear | Tens. Comp.” Shear |50 mm specimen | Ratio v (107%)/°C
Metallic
Aluminum C 2014-T6 2.79 73.1 27 414 414 172 | 469 469 290 10 0.35 23
Wrought Alloys ' 6061-Té 2.71 68.9 26 255 255 131 | 290 290 186 12 0.35 24
Cast Iron [ Gray ASTM 20 7.19 67.0 27 = = = 179 669 = 0.6 0.28 12
Alloys — Malleable ASTM A-197 7.28 172 68 - - - 276 572 - 5 0.28 12
Copper [Red Brass C83400 8.74 101 37 700 700 = 241 241 ~ 35 0.35 18
Alloys '— Bronze C86100 8.83 103 38 345 345 = 655 655 = 20 0.34 17
M:gﬂ“z;‘m“ [Am 1004-T61] 1.83 447 18 152 152 - | 276 276 152 1 0.30 26
Sogp [ Structural A36 7.85 200 75 250 250 = 400 400 ~ 30 32 12
alee
Al ESlainless 304 7.86 193 75 207 207 = 517 517 = 40 0.27 17
Tool L2 8.16 200 75 703 703 - 800 800 - 22 0.32 12
Hi’]‘l’“m [Ti-6A1-4V] 4.43 120 44 924 924 - | 1000 1000 = 16 0.36 9.4
Nonmetallic
Low Strength 2.38 22.1 - - - 12 - - - - 0.1 11
Concrete [ i_)w reng
High Strength 2.38 29.0 = = = 38 - = = = 0.15 11
Plastic [ Kevlar 49 1.45 131 - = = - 77 483 20.3 28 0.34 -
Reinforced '— 30% Glass 1.45 724 - - - - a0 131 - = 0.34 =
wYaod Douglas Fir 0.47 13.1 - - - — | 2a¢ 264 6.24 - 0.29¢ -
Select Structural ]: ; _ .
Grade White Spruce 3.60 9.65 - o o~ - 2.5° 36¢ 6.74 . 0.31° -




@ Ung Suit Cho Phép & Hé So An Toan

* Ung suit cho phép:

+ O, 'ng suatnguy hiém

+ n  hé sOan toan

n

k
* Vatliéu gion: 0, =0, |:> [O-]k — ﬁ; [O.]n _0%,
n n

“Vatlicu déo: 0, =0, (0,=0,) =) [o]=2<
n




Tinh Thanh Chiu Kéo-Nén Dung Tam

* Diéu kién bén: g sudt I6n nhat phdt sinh trong chi tiét phdi nho
hon hoac bang gioi han chiu dung cua vat liéu (irng suat cho phép)

+ Vit ligu déo: o.| = |NZ <|o]
F max
o o <[0],
+ Vat lieu gion:
\‘O-min S [O-]n

* Piéu kién cieng: Bién dang cua chi tiét khong dwoc vuot qua gid
tri cho phép A < [AL]

AL | AL
gl =
L L




Vi du: Truc thép A36 dwong kinh 50 mm chiu lyc nhw hinh
vé. Biét rang thép cé vrng sudt phdp cho phép [o]=19kN/cm>.
- Xac dinh luc P, truc co thé chiu dwoc.

- Tinh chuyén vi tai A so vdi C. Cho a =30 cm.




Vi du: Truc thép A36 dwong kinh d chiu luc nhw hinh vé.

Biét rang thép cé ieng sudt phdp cho phép [6]=0,19kN/mm?.

- Xac dinh dwong kinh d ;. cua truc.

- Tinh chuyén vi tai A so vdi C.

3m




Vi du: Truc thép A36 chiu lwc nhw hinh vé. Biét rang thép coé
irng sudt phdp cho phép [a]=19kN/cm?.
- Xac dinh luc P, truc co thé chiu dwoc.

- Tinh chuyén vi tai C so vdi A.




Vi du: Truc thép A36 chiu luc nhw
hinh vé. Biét rang thép cé vng suit
phap cho phép [6]=19kN/cm’.

- Xac dinh luc cac dwong kinh cua
truc.

- Tinh chuyén vi tai C so voi A.

2m

P, + 75kN

2m




Vi du: Cét chiu lwe nhw hinh vé. Biét rang cot lam bang vit
lieu co E=1,2.10° kN/cm?; [c]=19kN/cm’.

-Xac dinh cac dién tich mat cat ngang toi thiéu cua cac doan.

-Tinh chuyén vi tai C.

P] = 400 kN
e W Ve
L=375m
A wmmms P, =720 kN B
- "
L=3.75m
1A Y




Vi du: Cét thép chiu lwc nhw hinh vé. Biét rang cét lam bing
vt liéu co E=2,1.10% kN/cm?; [6]=21 kN/cm’.

- Xdc dinh dién tich mdt cdt ngang téi thiéu ciia cét.

- Tinh chuyén vi tai D.

P% ylP—lklNlm
lifg
1ifg

/77777



Vi du: Cot chiu lwe nhw hinh vé. Biét rang cét lam bing vit
lieu co E=1,2.10¢ kN/cm?; [6]=10 kN/cm?.

-Xac dinh cac dién tich mat cat ngang toi thiéu cua cac doan.

-Tinh chuyén vi tai C. P=200kN;q=0,5kN/m;a=>3m VP .
y
Bl )
2P Ql 2P
e [ N L il
N
!
q
\ 2a
Rl i
{
Y
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Vi du: Thanh AD tuyét doi cieng dwoc dé béi diy cap BC nhw
hinh vé. Ddy BC cé dwong kinh d va dwoc lam bing vit liéu cé
E=2.10¢ kN/cm?; [6]=19 kN/cm?. Cho P =19 kN.

-Xdc dinh dwong kinh can thiét ciia diy BC.

-Xac dinh luong gian dai doc truc cua day cap.

-Tinh chuyén vi thing dirng tai D.

400 mm -




Vi du: Thanh BC tuyét doi cirng dwoc dé béi diy cdp AB nhw
hinh vé. Ddy AB dwoc lam bang vit ligu cé6 E=2.10* kN/cm?;
[6]=19 kN/cm?.

-Xdc dinh dién tich mdt cit ngang can thiét ciia diy AB.

-Xac dinh luong gian dai doc truc cua day cap.

-Tinh chuyénli thang dirng tai B.

600
q=15kN/m




lwcnhw hinh ve. Thanh dwoc

\T” lam bing vit liéu c6 E=2.10"
= kN/em?; [o]=19 kN/cm?>.

N -Xdc dinh dién tich mat cit

ngang cdan thiét ciia thanh
AB.

8 -Xdc dinh bién dang dai doc

truc cua thanh.

"|P =150kN



Vi du: Thanh AB tuyét doi cirng dwoc dé béi thanh CD nhw
hinh vé. Thanh CD dwoc lam bang vit liéu cé6 E=200 GPa;
[c]=0,19 GPa.

-Xdc dinh dién tich mdt cit ngang cén thiét ciia thanh CD.
-Xac dinh luong gian dai doc truc cua thanh CD.

-Tinh chuyén vi thang dirng tai B.




Vi du: Thanh AB tuyét doi cirng dwoc dé béi thanh CD nhw
hinh vé. Thanh CD dwoc lam bang thép A36 cé [6]=0,19 GPa.
-Xdc dinh dién tich mdt cit ngang cén thiét ciia thanh CD.
-Tinh bién dang dai doc truc ciia thanh CD.

-Tinh chuyén vi thang dirng tai B.

25kN /' m

3m




Vi du: Cho hé dan phing nhw hinh vé. Biét rang cdc thanh
trong dan cé cung dién tich mdt cit ngang 2180 mm? va dwoc lam
bang vit ligu c6 E=200 GPa; [6]=0,19 Gpa. a) Xdic dinh lic doc
trong cdc thanh. b) Xdc dinh gidgi han ciia luc P. ¢) Tinh chuyén
vi thang dirng tai A.

1.5m




Vi du: Cho hé dan
phang nhw hinh vé. Biét
rang cdc thanh trong
dan co cung dién ftich
mdt cat ngang 2180
mm? va dwoc lam bing
vat lieu co E=200 GPa;
[c]=0,19 Gpa. a) Xac
dinh luc doc trong cac H q_
thanh. b) Xac dinh gioi
han cua luc P. ¢) Tinh
chuyén vi thing dirng 4 o

tai B - BvP P
‘ _a [ a'l a




@ Bai Toan Siéu Tinh

* H¢ tinh dinh: 13 hé ma ta chi can st dung cac phuong trinh cin bang
tinh hoc cting c¢6 thé xac dinh day du cac thanh phan cua phan luc lién két
va no1 luc cua hé.




@ Bai Toan Siéu Tinh

* He siéu tinh: 13 hé c6 sO luong lién két nhiéu hon s6 lién két can thiét dé
h¢ khong bién hinh. SO lién két thira dugc qui ra 1i€én két don dugc go1 la
bac s1éu tinh.

* Uu diém ciia hé siéu
tinh: 13 bién dang, ndi luc
phat sinh trong hé la nho
hon so vo1 hé tinh dinh
trong duong. St dung hé
siéu tinh ta co thé dicu
chinh nd1 luc trong he.

* Nhwoc diéem cua hé siéu tinh: 1a c6 thé phat sinh no1 luc khi ¢c6 chuyén
vl cuong birc hodc co6 su thay doi cua nhiét do.



@ Bai Toan Siéu Tinh

* Gidai H¢ siéu tinh: ngoai cac phuong trinh can bang tinh hoc, ta can thiét
1ap thém cac phuong trinh twong thich bién dang.




Vi du: Thanh AC tuyét doi cieng dwoc dé béi cdac diy cap BD
va CE nhw hinh vé. Cdc ddy cdp cé cung dién tich mdt cit ngang
F =16 mm? va lam cung logi vit liéu co E = 200 Gpa.

-Xac dinh luc cang trong hai dday cap theo P.

-Tinh irng sudt phdt sinh trong hai ddy cdp. Cho P= 45 kN
-Tinh chuyén vi thang dirng tai C.

D




Vi du: Thanh AC tuyét doi cieng dwoc dé béi cdac diy cap BD
va CE nhw hinh vé. Cdc ddy cdp cé cung dién tich mdt cit ngang
F =200 mm? va lam cung logi vit liéu co E = 200 Gpa.

-Xac dinh luc cang trong hai day cap.

-Tinh irng sudt phdt sinh trong hai ddy cdp.

-Tinh chuyén vi thang dirng tai C.

2 m 3im

g =45 kN/m



Vi du: Tay don tuyét doi cirng dwoc giit bii cdc diy cap AB va
CD nhw hinh vé. Cdc diy cdp cé cung dién tich mt cit ngang F
= 90 mm? va lam cung loai vit liéu co E = 200 Gpa.
-Xac dinh luc cang trong hai day cap.

-Tinh irng sudt phdt sinh trong hai ddy cdp.

-Tinh chuyén vi thang dirng tai A. 450 mm

P




Vi du: Thanh géay khiic tuyét doi cieng dwoc giw bdi cdc day
cap tai C va B nhw hinh vé. Cac day cap co cung dién tich mat
cit ngang va lam cung logi vit liéu c¢é E = 200 Gpa; [6]=0,19
Gpa.

-Xdc dinh dién tich mdt cit ngang can thiét ciia hai déy cdp.
-Tinh chuyén vi ngang tai C.

i* 300 mm o
) C |

125 m

1.75 kN



E2F ;
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Vi du: Thanh AB tuyét doi cirng dwoc giww béi cdc thanh tai C
va B nhw hinh vé. Cac thanh dwoc lam cung loai vat lieu co E =
200 Gpa; [a]=0,19 Gpa.

-Xdc dinh cdc dién tich mdt cit ngang can thiét ciia cdc thanh.
-Tinh chuyén vi ngang tai diém dit luc. Chol=1 m



T
.
- |
I
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Vi du: Thanh AB tuyét doi cirng dwoc giww béi cdc thanh tai B
va D nhw hinh vé. Cac thanh dwoc lam cung loai vat lieu co E =
200 Gpa; [6]=0,18 Gpa.

-Xdc dinh gmax ma cdc thanh BC va DE cé thé chiu dwoc.

-Tinh chuyén vi ngang tai D. Chol =1 m



Vi du: Thanh AB tuyét doi cirng dwoc dé béi cdc diy cdp BC
va CD nhw hinh vé. Cdc day cdp cé cung dién tich mt cit ngang
F = 180 mm? va lam cung logi vit liéu co E = 200 Gpa.

-Xac dinh luc cang trong hai day cap.

-Tinh irng sudt phdt sinh trong hai ddy cdp.

-Tinh chuyén vi thing dirng tai diém ddt luc.



4m

JEREYARNNERELY
_'TALE; 2m !D 2m 2m B

Vi du: Thanh AB tuyét doi cirng dwoc dé béi cdc diy cdp BC
va CD nhw hinh vé. Cdc day cdp cé cung dién tich mt cit ngang
F =150 mm? va lam cung logi vit liéu co E = 200 Gpa.

-Xac dinh luc cang trong hai day cap.

-Tinh irng sudt phdt sinh trong hai ddy cdp.

-Tinh chuyén vi thing dirng tai diém ddt luc.
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Vi du: Thanh AB tuyét doi cieng dwoc dé béi cdc diy cdp BE
va CF nhw hinh vé. Cdc ddy cdp cé ciing dién tich mdt cit ngang
F =140 mm? va lam cung logi vit liéu co E = 200 Gpa.

-Xac dinh luc cang trong hai day cap.

-Tinh irng sudt phdt sinh trong hai ddy cdp.

-Tinh chuyén vi thing dirng tai diém ddt luc.



Vi du: Truc ABC chiu lwc nhw hinh vé. Truc lam bang vit liéu
co E =200 Gpa. Cho P=15 kN.

-Vé biéu dé noi lwc phdt sinh trong truc.

-Tinh teng sudt phdp lén nhdt phdt sinh trong truc.

-Tinh chuyén vi ciia mdt cit tai B.

——600 mm e 600 mm —F




Vi du: Truc ABC chiu lwc nhw hinh vé. Ban dau giia C va D
c6 khoing hé la 0,15 mm. Biét riang truc lam bang thép A36.
Cho P= 200 kN.

-Vé biéu do néi lrc phidt sinh trong truc.

-Tinh teng sudt phdp lon nhdt phdt sinh trong truc.

-Tinh chuyén vi ciia mdt cdt tai B.

600 mm

=—(.15 mm

25 mm




* The assembly shown in the figure consists of a brass core (diameter
d,=6mm) surrounded by a steel shell (inner diameter d,=7mm, outer
diameter d,;=9mm). A load P compresses the core and shell, which have
length L=85mm. The modulus of elasticity of the brass and steel are
E,=100GPa and E =200GPa, respectively. (a) What load P will compress
the assembly by 0.1 mm? (b) If the allowable stress in the steel is 180MPa
and the allowable stress in the brass is 140MPa, what is the allowable
compressive load P_, 7

allow:

-_|
1—|




* The column is constructed from high-
strength concrete and six 19mm diameter

A-36 steel reinforcing rods. If it is subjected
to an axial force of 150 kN, determine the 120mm B

stress in the concrete and the steel.

E,=200 GPa, E,=25 GPa. lP = 150kN
_l'l'l'l_l'l'l'l_i - 1

* The column is constructed from high-strength
concrete and six A-36 steel reinforcing rods. If it
is subjected to an axial force of 150 kN,
determine the required diameter of each rod so
that one-fourth of the load is carried by the steel
and three-fourths by the concrete. E_=200GPa,
E =25 GPa.
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* The A-36 steel column, having a cross-
sectional area of 116cm?, is encased in high-
strength concrete as shown. If an axial force
of 300kN is applied to the column, determine
the average compressive stress in the
concrete and in the steel. How far does the

column shorten? It has an original length of
3000mm.

* The A-36 steel column is encased in high-
strength concrete as shown. If an axial force
of 300kN is applied to the column, determine
the required area of the steel so that the force
is shared equally between the steel and
concrete. How far does the column shorten?
It has an original length of 3000mm.
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* The concrete post is reinforced
using six steel reinforcing rods, each
having a diameter of 20 mm.
Determine the stress in the concrete
and the steel if the post 1s subjected
to an axial load of 900 kN.
E.=25GPa; E = 200 Gpa.

* The post 1s constructed from
concrete and six A-36 steel
reinforcing rods. If 1t 1s subjected to
an axial force of 900 kN, determine
the required diameter of each rod so
that one-fifth of the load 1s carried
by the steel and four-fifths by the
concrete. Ec =25 GPa ; E,=200Gpa.




Thé niing bién dang dan hoi

* Thé ning bién dang dan hoi bang

_ uhuigy P cong cua ngoai luc
R I
I dA=dU =(P+AP).d(AL)=Pd(AL)
P
Nmhns AL | A A:UZIP“’(AL)
i A .__I_l —> g
P

PAL NZL
2 2EF

Dan héi tuyén tinh — A=U =



@ Chuyén Vi Ciia Hé Thanh

* Pmh ly Castigliano:

=> Trong mot hé dan hoi tuyén tinh, chuyén vi tai mot vi tri va theo
mot phu’o’ng nao doé bang dao ham riéng ciia thé ning bién dang
dan hoi tlch luy trong hé lay doi véi bién sé la lwc tai vi tri va theo
phwong can tinh chuyén vi.

2

* P6i voi thanh chiu kéo-nén ding tim: U = Z j dz
=y 2EF
ON
LoU, & “ OP,
= A, =) —= j L dz
L.



@ Chuyén Vi Ciia Hé Thanh

* P61 v6i hé dan (hé thanh-khdp) chi chiu kéo hodc nén dung tdm va co
N/(EF) = const trén suot chiéu dai L,

* Néu tai vi tri va theo phuong can tinh chuyén vi khong ¢6 luc P, ta dat
mot luc P, tai v1 tri va theo phuong can tinh chuyén vi. Sau khi dao ham
ON., /an ta cho P,=0



11) Chuyén Vi Ciia Hé Thanh

* Cong thirc Mohr:
+ Trang thai “m”: 1a trang thai chiu tai

+ Trang thai “k”: 1a trang thai don vi bang cach bo tai va dat mot luc
P,=1 tai vi1 tri va theo phuong can tinh chuyén vi

N

* Cong thitc Mohr: NV, y
z
EF.

Akmzzn:j

i=l1 L,

* P61 v6i hé dan (hé thanh-khdp) chi chiu kéo hodc nén dung tdm va co
N_/(EF) =const trén sudt chi€éu dai L,

+ N, : n01 luc ¢ trang thal “m”

+ N, : ndi lyc & trang thai “k”



G

* The beam AB is pin connected at A and supported by link CD shown. The
link has modulus E=2.10°kN/cm’ and allowable normal stress of
[o]=18kN/cm?’.

- Determine the required cross-sectional area of the link CD.

- Determine the elongation of the link CD.

- Determine the vertical deflection of the bar AB at B.



* The rigid bar AB is supported by the pin-connected rod CD that is
made from A-36 steel. If the allowable tensile stress for the steel is
[o]=19kN/cm?”.

- Determine the required diameter of the rod CD.

- Determine the vertical
deflection of the bar AB at B.




* The beam AB is pin connected at A and supported by link CD shown. The
allowable normal stress for the link CD is [o]=19kN/cm?.

- Determine the required cross-sectional area of the link CD.

- Determine the vertical deflection of the bar AB at B. E=2.10°kN/cm?



* The rigid floor AB is pin connected at B and supported by the pin-
connected rod CD that is made from A-36 steel. If the allowable tensile

stress for the steel is [o]=21kN/cm’.

- Determine the required cross-sectional area of the rod CD.

- Determine the vertical deflection of the floor AB at A.
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* A plane truss is subjected
to loads as shown in the
figure. The truss bars are
made of two L102%x76%6.4
steel angles: cross-sectional
area of the two angles,
A=2180mm?. If the
allowable normal stress for
the steel is [o]=21kN/cm?.

H G
- Find axial forces in truss
members.
A ) 9.
- Determine the allowable a YP a P "' a IP a |
load P

allow *

- Determine the vertical displacement at B.



* A plane truss is subjected to loads 2P and P at joints B and A,
respectively, as shown in the figure. The truss bars are made of two
L102x76%6.4 steel angles: cross-sectional area of the two angles,
A=2180mm?. If the allowable normal stress for the steel is [o]=21kN/cm?’.

P 2P

- Find axial forces
in truss members.

- Determine the
allowable load

P

allow -

- Determine the
vertical

displacement at
A.




@ Giai hé siéu tinh bang phwong phap lwe

* H¢ khong bién hinh: 1a hé khong c6 sy thay doi hinh dang, kich thudc
khi chiu luc néu ta xem cac phan tu trong hé 1a tuyét do1 ciing

H¢ bién hinh

Hé khong bién hinh




@ Giai hé siéu tinh bang phwong phap lwe

* H¢ co bdn: 13 hé khong bién hinh dugc suy ra tir hé siéu tinh bang cach
bo di cac lién ket thura.

21’11_"}"_2[11_"‘ | 3m | 2m | 2m

|" 3m

=> Tir mét hé siéu tinh ta cé thé tao thanh nhiéu hé co bén.
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Giai hé siéu tinh bang phwong phap lwe

* Phwong trinh chinh tic:

Chuyén vi tai vi tri va theo phuong siéu
tinh X, do tai trong P gay ra trong hé co
ban.

Chuyén vl tai v1 tri va theo phuong siéu
tinh X, do tai trong don vi X,=1 gy ra
trong h¢ co ban



* A rigid bar AC is hinged to a support at A and supported by two vertical
wires attached at points B and C (see figure). Both wires have the same
cross-sectional area (F=16mm?) and are made of the same material
(modulus E =2.10°kN/cm?).

(a) Determine the tensile stresses in the wires due to the load P=970N.

(b) Find the downward displacement oy at B of the bar.




* A rigid bar AC is hinged to a support at A and supported by two vertical
wires attached at points B and C (see figure). Both wires have the same
cross-sectional area (F=200mm?’) and are made of the same material
(modulus E =2.10°kN/cm?).

(a) Determine the tensile stresses in the wires.

(b) Find the downward displacement o, at C of the bar.

g =45 kN/m



* A rigid lever is hinged to a support at E and supported by two vertical
wires attached at points A and C (see figure). Both wires have the same
cross-sectional area (F=90mm?) and are made of the same material
(E=2.10°kN/cm?; [c]=21kN/cm?).

(a) Determine the greatest possible magnitude for P, P

(b) Find the vertical displacement o , at A of the lever.

450 mm




* A rigid lever is hinged to a support at A and supported by two horizontal
wires attached at points B and C (see figure). Both wires have the same
cross-sectional area (F) and are made of the same material
(E=2.10°kN/cm?; [a]=21kN/cm?).

(a) Determine the required cross-sectional areas of both wires.

(b) Find the horizontal displacement o, at C of the lever.

300 mm N

1.75 kN



E2F 5 >
o P

P=450kN

.

[ ‘

* A rigid beam AB is hinged to a support at A and supported by two bars
attached at points B and C (see figure). Both bars are made of the same
material (E=2.10°kN/cm?; [6]=21kN/cm?). The bar CD has cross-sectional
area 2F and the bar BE has cross-sectional area F.

(a) Determine the axial forces in two bars.
(b) Determine the required cross-sectional areas of both bar.
(c) Find the downward displacement o4 at B of the beam. [=1m.




* A rigid beam AB is hinged to a support at A and supported by two bars
attached at points B and D (see figure). Both bars are made of the same
material (E=2.10°kN/cm?; [c]=18kN/cm?). The bar DE has cross-sectional
area 2F and the bar BC has cross-sectional area F=650mm?’.

(a) Determine the axial forces in two bars.

(b) Determine the allowable load q ,,,,,, -

(c) Find the vertical displacement o, at D of the beam. [=1m.



* A rigid bar AB is hinged to a support at A and supported by two wires
attached at points B and D (see figure). Both wires have the same cross-
sectional area (F=16mm?) and are made of the same material (modulus
E=2.10°kN/cm?).

(a) Determine the tensile stresses in the wires due to the load P=450kN.

(b) Find the downward displacement o4 at B of the bar.
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* A rigid bar AB is hinged to a support at A and supported by two wires
attached at points B and D (see figure). Both wires have the same cross-
sectional area (F=160mm?’) and are made of the same material (modulus
E=2.10°kN/cm?).

(a) Determine the tensile stresses in the wires due to the load q=15kN/m.
(b) Find the downward displacement o4 at B of the bar.



* A rigid beam AB is hinged to a support at A and supported by two wires
attached at points B and C (see figure). Both wires have the same cross-
sectional area (F=160mm?) and are made of the same material (modulus
E=2.10°kN/cm?).

(a) Determine the axial forces in two bars.

(b) Determine the tensile stresses in the wires due to the load P=15kN.

(c) Find the downward displacement oy at B of the bar.
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