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- Khi vét chiu téc dung cua luc, vat cd khuynh hudng thay déi kich thudc va hinh
dang. Su thay déi nay goi la bién dang.

- Chuyén vi la dai lugng c6 hudng dung dé chi su’ dich chuyén ctia mét diém tur vi tri
nay dén vi tri khac.

- Xét vat & trang thai ban dau chua chiu luc. Cac diém A, B, C trén vat dudc tinh tir
mot hé truc cd dinh. Khi ngoai luc tac dung lam bién dang vét, cac diém A, B, C dich
chuyén dén vi tri méi la A, B, C. :

Undefermed body Deformed body

- Chuyén vi ciia diém A dugc biéu dién bang vecto.

- Do bi bién dang nén cac doan thang AB va AC bién thanh cac dudng cong AB’ va
A'C’. Nén cac chiéu dai AB = AB’; AC=AC' vao =0

Két ludn: khi ¢ su bién dang phai tinh dén su thay déi cua chiéu dai cac doan
thang va thay ddi cac goc clia ching.
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a) Bién dang dai: la do dan dai hodc do co lai cia mét doan thang trén mot don
vi chiéu dai.

- Xét doan AB cua vat chua bién dang nhu (2.1)

(2.1) (2.2)
Undelvmed budy Deformed hody Undeformed body Deformed body
- Khi biéndang: A > A";B—>B"; C—C.
- Bién dang dai trung binh: _As"— Ay

€avg = As :
b) Bién dang géc: 1a su thay d6i vudng goc gitta hai doan thdng sau khi bién
dang. Goc thay déi dugc ky hiéu la y va dudc do bang radian.

- Xét doan thdng AB L AC khi vat chua bién dang nhu hinh (2.2).

- Sau khi bién dang, cac doan thang trg thanh dudng cong va goc gilra ching
la o :
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c) Xét mot phan tir bién dang trong khong gian:

z

2% g iepay
Undeformed Deformed
element clement
() (b) (=)
- Nhu vay, bién dang dai cia phan tir theo cac truc x, y , z la:
_Ax' - Ax c _ Ay’ — Ay _ Az’ - Az
B = Ty Y Ay 2= T Az
Ax' = (1 +€,)Ax Ay' = (1 +¢€,)hy Az' = (1 +¢€,)Az
- Su' thay déi cua cac gdc sau khi bién dang theo cac truc oxyz :
, _T , _m , _m
}‘(xy_z_yxy ]‘{yz_z-]ﬁrz yzm_E-YPrm
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Vidu 01: The slender rod shown in Fig. 8-31 is subjected to an increase . of

‘temperature along its axis, which creates a normal strain in the rod of
€, = 40(107*)z!2, where z is given in meters. Determine (a) the
AR, displacement of the end B of the rod due to the temperature mcrease,
and (b) the average normal strain in the rod. .0~

“Part (@). Since the normal strain is reported at each pomt aleng the_.- ..
rod, a differential segment dz, located at position z, Fig. 8-31, has a
deformed length that can be determinéd from Eq 8—12 that Is, o

dzr =+ 4000 H P dz
: The sum total of these segments aleug the axis ylelds the defomed
{£1200 mm Iength oftherod ie., S T

= L [t + 40(10-3);_”2] dz
: o 02 m

e 2+ 40107 2 )

. S =020239m G
The displacement of the end of the rod is therefore SRR

A5=020239 m — 02 m = 000239m 239mm4,
Part (b). 'The average normal stram in the rod i is determmed from

Eq. 8-10, which assumes that the rod or “line segment” has an ori gma[
Iength ef 200 mm and a change in lengtll of 2 39 mm. Henee_ :
M As _ 239 mm

_ _.00119 mm!mm
ffws-. A 200mm .

gt

Fig, 8-31

:ns.
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Vi du 02:

A force acting on the grip of the lever arm shown in Fig, 8-32a causes
the arm to rotate clockwise through an angle. of 6= l} {)0‘2 rad
Determine the average normatl strain developed i mn the w1re B C .

A 1m
:: I ———1m i

@ ®)

Solution

Since @ = 0.002 rad is small, the stretch in the wire CB, Fig, 8~32E1 is

BB’ = g (0.5 m} (G 002 rad)((} 5 m) = 0.001 m. The average normal
strain in the wire is therefore, ' :

BB 0.001
Eave j CB =g = 0.001 m/m Am‘..
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2.2. BIEN DANG DAI & BIEN DANG GOC
Vi du 03:

The plate is deformed into the dashed shape shown in Flg 8-33a.If in
this deformed shape horizontal lines on the plate remain horizontal
and do not change their length, determine (e) the average normal strain
along the side AB, and (b) the average shaar strain in the plate relatwe_

tc the x and y axes.

"éi - |

250

BT
Part (@). Line AB, coincident with the y axis, becomes line AB
after deformation, as shown in Fig. 8-33b. The length of this line is

r,r’ = V(250 - 2)? + (3)F = 248.018 mm

The average norma] strain for AB is therefore

‘ AB — AB _ 248018 mm ~ 250 mm

( = -
(€adavg AB 250 mm

= —7.93(10"*) mm/mm Ans.

The negative sign indicates the strain causes a contraction of AB

Part (b). As noted in Fig, 8-33c, the once 90° angle BAC between
the sides of the plate, referenced from the x, y axes, changes to & due
to the disptacement of B to B'. Since 7, = w/2 — @', then 7y, is the

angle shown in the figure, Thus,
3 mm
) = 0.0121 rad Auns.

x
Yoy = fan (ZSE}mm 2 mm

7]
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Vi du 04:
y
150

f—150 mmv—w—Hkam Pare (b).
{a) ©is first necessary to find the angle

Cl

2.2. BIEN DANG DAI & BIEN DANG GOC

The plate shown in Fig. 8-34a is held in the rigid horizontal guides at
its top and botiom, AD and BC. If its right side CD is given a uniform
horizontal displacement of 2 mm, determine {a) the average normal
strain along the diagonal AC, and (b) the shear strain at I relative to

the x, y axes.
Part (o). When the plate is deformed, the diagonal AC becomes AL,

Fig. 8-34b. The length of diagonals AC and AC' can be found from the

Pythagorean theorem. We have
AC = V(0.150)* + (0.150)* = 021213 m
AC =V (0.150) + (0.152)* = 0.21355 m

Therefore the average normal strain along the diagonal is
AC — AC _ 021355 m — 021213 m

(acders = & 0.21213 m
Ans.

= 00669 mm/mm

To find the shear strain at £ relative to the x and y axes, it
¢, which specifies the angle

between these axes after deformation, Fig. 8-34b. We have

tan (E’) _ 76 mm
2 75 mm
— O750% = — 7 _ roQ); = 1.58404 rad
& = 20759 180° {90.759%) r

Applying Eq. 8-13, the shear strain at £ is therefore

Yay = % — 1.58404 rad = —0.0132 rad Ans,

According to the sign convention, the negarive sign indicates that the
angle & is greater than 90°. Note that if the x and y axes were horizontal
and vertical, then due to the deformation y,, = 0 at point E,
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