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& Chuong 1: UNG SUAT

1.1. TRANG THAI CAN BANG

Vat thé & trang thai can bang khi vector tong moment tai mot di€m bat ky va
vector tong tat ca cac luc bang tac dong Ién vat thé bang khong

SF-0 YH-o0

Chié€u lén truc toa do: ZF-" ~ 0 Z!‘-" -0 2;,: ~0

YM,=0 Y M=0

X a
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S Chuong 1: UNG SUAT

1.2. NOI LUC
— Xét mdt vét thé chiu tdc dung mot hé luc va & trang thai can bang.

~Trudc khi tac dung luc, gitra cac phan tir trong vat thé luén ton tai cac luc tuong tac
gilr cho vat thé cé hinh dang nhat dinh.

— Dudi tac dung clia ngoai luc, cac phan tir clia vat thé cd khuynh hudng xich lai gan
nhau hon hodc tach xa. Khi do, luc tuong tég gitra cac phan ti clia vat thé phai thay
ddi dé chdng lai vGi khuynh hudng dich chuyén nay.

— Su thay déi cla luc tuong tac gilta cac phan tir trong véat thé dudc goi la ndi luc.

— M@t vat thé khdng chiu tac ddng nao tir bén ngoai nhu' ngoai luc, su’ thay déi nhiét
do .. dugc goi la vat thé & trang thai tu’ nhién va ndi luc cta nd dugc coi bang khdng.

F\ £’ "
\}/hl~

mat cat

e \ I~ Sty \ F1/ \AFz

Fi Fz F1 E2

- Cac thanh phan ndi luc téng hgp thanh mdt luc F; va mt moment My, tai diém O bat
ky. Thdng thudng di€ém O dudgc chon la trong tdm clia mat cét.
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& Chuong 1: UNG SUAT

1.2. NOI LUC
- Chi€u luc F & moment My, 1€n cac hé truc toa do, ta co:
v' I\, luc phap tuyén, co chiéu tac dung vubng goc vdi
mdét cat, duoc sinh ra khi ngoai luc tac dung lén vét co
khuynh hudng lam cho vat chiu kéo hay chiu nén.
vV, & V, : luc cat, nam trén mat cat ngang va duoc
sinh ra khi ngoai luc tac dung lén vét co khuynh huong
lam cho 02 phén cua vét truot Ién nhau.
v' T, = M,: moment xoan, duoc sinh ra khi ngoai luc tac dung Ién vat cé khuynh
hung lam cho hai thanh phan cua vat xoan tuong déi vdi nhau.
v’ Mx = My: moment udn, duoc sinh ra khi ngoai luc tac dung 1én vét co khuynh
hudng uén cong vat quanh truc ném trong mat cat ngang.
Fy

- Xét thanh dam chiu hé luc
nhu  hinh dudi. Khi cét
thanh dam, thi cac thanh
phan ndi luc tai mat cét cha
phan bén trdi cd chiéu
ngugc lai cac thanh phéan
noi luc cua phan bén phai
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S Chuong 1: UNG SUAT
1.2. NOI LUC

Trong truGng hop bai toan phang, ta chi cd 3 thanh phan ndi luc ndm trong mét
phadng yz, bao gébm Nz, Vy, Mx. Quy uSc ddu cla cac thanh phan ndi luc nay nhu

sau:
- Lut doc xem la duong khi co chiu hudng ra ngoai mat cat, tuc la géy kéo cho
doan thanh dang xét.

- Lyt cat duoc xem la duong khi co khuynh huong lam quay doan thanh dang xét
theo chiéu kim dong ho.

- Moment ubn duoc xem la duong khi no lam cang thd dudi.

|, 1

Positive shear
M

1 (

Positive moment

Bending moment

& Chuong 1: UNG SUAT
1.2. NOI LUC

Trinh tu cac budc dé xac dinh cac thanh phan ndi luc tai mot mat cit trén
vat thé:

v/ Xac dinh cac phan luc lién két tac dong Ién hé.
v/ S0 d6 hda hé vat thé vdi tat ca cac luc tadc ddng lén hé

v Ap dung phuong phap mat cit dé xac dinh cac thanh phan noi luc tai vi tri
can khao sat.

v S dung cdng thirc trang thai can bang clia hé vat thé.

LTA_ Co hoc vét liéu (215004) 6




S Chuong 1: UNG SUAT

1.2. NOI LUC
Vi du 01: Xac dinh cac thanh phan ndi luc tdc ddng Ién mét cdt tai diém C trén thanh dam:
270 N/m

Giai:
Budc 1: Xac dinh cac phan luc lién két

- Phan luc lién két tai ngdm A: V,; N,; M,. Tuy nhién, d€ xac dinh cac thanh phan ndi luc tai mét c3t C ta
khong can xac dinh cac phan luc lién két tai ngam A.

Budc 2: Xay dung so do tat ca cac lu'c tac dong 1én vat thé ( free-body diagram)

540N

Xay dung sd do cac luc tac dong Ién doan CB nhu hinh 1.2, _
Budc 3: Ap dung cong thirc trang thai can bang cua vat thé
] -Ne=0

Hinh 1.2
NC - 0
11 2F, =0; Vo — 540N — 0
- VG - 540N
FEM. =0 —Mg — 540N(2m) =90
M = —1080 N+m 4
~ 5 > & - . A 1215N
D3u ' - ' cla Mc chi ra rang Mc c6 chiéu ngugc vdi chiéu dugc ' .
thé hién trong s dd cac luc clia thanh dam. 2645 N_m(‘T Hinh 1.3
C6 thé xac dinh phan luc tai ngam A bang viéc xét sG do cac luc
tac dong Ién thanh AC
| LTA_ C0 hoc vét liéu (215004) 7
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1.2. NOI LUC
Vi du 02: Determine the resultant internal iuadmgs acting on the cross section

at C of the machine shaft shown in Fig. 2.1  The shaft is supported
by bearings at 4 and B, which exert only vertical forces on the shaft.

(800 N/m)(0.150 m) = 120N - ON
‘925N 1875N

0.125 m |0.100 m'

|-—‘200mm ~fi ! I 1
/ IOGmm/ 100 mm

By

50 mm 50 mm

Figure 2.1 Figure 2.2 Figure 2.3
Support Reactions. A free-body diagram of the entire shaft is shown Equations of Equilibrium.
in Tig. 2.2 . Since segment AC is to be c0n31dcrcd oniy the re.wlmn_ L3 =0 Ne =10 _
at A has to be determined. Why? ) S . +HzF =0 ~1875N ~ 40N -V =0

) o Vo= —5B8N. "

GFEMp=0; Ay(0400m]4120N(0 125m) .225N(0100m] o IMe=0; MC+4{)N(0025m)+1875N(D25{)m) 0
The negative sign for A, md;cates that A, acts m the opposue sense  What do the negative signs for Vc and Mc mdicate? As an exe:clse
to that shown on the frce body diagram, : " calculate the reaction at B and try to obtain the same results usmg

Free-Bady Diagram. Passing an imaginary scction perpendicular to segment CBD of the shaft.

the axis of the shaft through C yields the tree-body dzagram of
segment AC shown in Fig. 2.3 o :

LTA_ Co hoc vét liéu (215004) 8




& Chuong 1: UNG SUAT

1.2. NOI LUC

Vidu 03: The hoist in Fig. 3.1 consists of the beam AB and attached pulleys,
the cable, and the motor. Determine the resultant internal loadings
acting on the cross section at C if the motor. is lifting the 500-N
(= 50-kg) load W with constant velocity. Neglect the welght of the
pulleys and beam. :

06m

——1.2m I 1.8m

The most direct way to solve this problem is to section both the cable
and the beam at C and then consider the entire left segment.

Free-Body Diagram. See Fig. 3.2

Eguations of Equilibrium.
HLEF =0 500N+ N =0 Ne= —500N
+12F, =0 ~500N—Vc=0 Ve=—3500N
FEMc =0, 500N (135m) - SOON(()lSm)-i-MCHO ' 0.13 m 500N
Mo=—600N -m OO

As an exercise, try obtaining these same results by considering just
the beam segment AC, i.e., remove the pulley at A from the beam and
show the 500-N force components of the putley acting on the beam
segment AC. Also, this problem can be worked by first finding
the reactions at B (B,=0,8,=1000N, Mp = 2100 N - m) and then
considering segthent CB. B S

Figure 3.2
500N
LTA_ Co hoc vét liéu (215004) 9
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1.2. NOI LUC
Vidu 04: Determine the resultant internal loadings acting on the cross section at
G of the wooden beam shown in Fig. 4.1 Assume the’ ]omts at A B - IS0ON - 77s0N
C, D, and E are pin connected.. d
—>6200N
Figure 4.3 ﬂg =
AR
Fi 4.4 ?
igure 4.
F,,,.,-'mmr &,,;,—4650N 9

Suppoirt Reactions. Here we will consider segment AG for the analysis.
A free-body diagram of the entire structure is shown in Fig. 4 2 Venfy
the computed reactions at £ and C. In particular, note that BC is a
two-force member since only two forces act on it. Fcr tlus reason ﬂ'ie _'
reaction at C must be horizontal as shown. ’
Since BA and BD are also two-force members, the fr:ee body.
diagram of joint B is shown in Fig. 4 3 . Agam, venfy the magmtudes of
Figure 4.1 the computed forces Fgy and Fygp. '

Free-Body Diagram.  Using the result for Ky, the lcft sectmn AG of the :
. beam is shown in Fig. 4.4 _ RS

2 M 2 me 6 m !

. Equatlons of Equilibrium. Applying the equanons of cqumbrmm to
< segment AG, we have '

igooN > ZF =0, 7ISON(#)+Ng=0 Nﬁz—-azo_om |
v #TER =0 S1500N+7500N@3)~Ve=0

S Ve=3150N S
- Tl hEMg = 0; Mg - (7750N)(1)(2m)+1500N(2m) =0 S
Jemeoom-oN © M- 6300N - m g R
Figure 4.2 As an exercise, compute these same results using segment GE

LTA_ Co hoc V3t liéu (215004) ' io




& Chuong 1: UNG SUAT

1.2. NOI LUC

Vidu 05: Determine the resultant internal loadings acting on the cross section at
B of the pipe shown in Fig.5.1 .The pipe has a mass of 2 kg/m and is
subjected to both a vertical force of 50 N and a couple moment of
70 N - m at its end A. It is fixed to the wall at C.

The problem can be solved by considering segment AB, whlch does
not involve the support reactions at C. :

Free-Body Diagram. The x, y, z axes are established at B and the
free-body diagram of segment AB is shown in Fig.5.2 . The resultant
force and moment components at the section are assumed to act in
the positive coordinate directions and to pass through the centroid of
the cross-sectional area at B. The weight of each segment of plpe 1s

calculated as follows: S z

Wpp = (2 kg/m)(0.5 m)(9.81 N/kg) = 981N R e im-

(FB)) Mo, A~ 981N -
\._’

Wap = (2kg/m)(1.25m)(9.81 N/kg) = 24.525 N
These forces act through the cente"r‘of gravity of each segment.

Figure 5.1

LTA_ Co hoc vt liéu (215004)
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& Chuong 1: UNG SUAT
1.2. NOI LUC
Vi du 05:
Equations of Equilibriuan,  Applying the six scalar equations of S z
equilibrium, we have* ' _ _ |
2 F.\: = 0; ' (FE]), =0 ’ .
XF =0 (Fg)y =
YF, =0, (Fg),~981N-24525N~50N=10
(Fg), = 843N
(Mg, =0 {Mﬂ)x-l-?ON +m — SON({0.5m) — 24525N(05m)

_ - 98I N(0.25m) =
{(Mg)y = —-303N -m
S(Mg), = 0; (Mp), + 24.525 N(0.625 m) + SON(1.25m) = 0
(Mg)y = —77T8N +m : ] _ :
2 (Mgp); = 0; (Mg}, =0 ' ' " Figure 5.2
What do the negative signs for (Mj), and (M), indicate? Note that
the normal force Np = (Fp), = 0, whereas the shear force is Vg =
V(0)? + (843 = 84.3N. Also, the torsional moment is Tp =
(Mp),=77.8 N- mandthe bendmgmomcntlsMB = v (303)* + (0)*=
303N -m. R : _ _

LTA_ Co hoc V3t liéu (215004)




S Chuong 1: UNG SUAT
1.3. UNG SUAT
- Ung s,ué’t la mot dai lugng cd hoc dac trung cho mirc do chiu dung cua vat liéu tai
mot diém, U'ng suat vugt qua mot gidi han nao doé thi vat li€u bi pha huy.
- Xac dinh (ng suét 1a cd s& d€ danh gid mdc dd an toan cua vét liéu.
- Xét dién tich nho AA trén mat cat nhu hinh dudi. Luc tac dung trén dién tich nay la
AF. Luc AF c¢6 hudng bat ky, dugc chia lam hai thanh phan AF,, & AF..
AF,, : vudng goc vdi mat cat’ - Dinh nghia: AF
AF, 1 ndm trong mat cat Ung suit = lim —
‘ g : 5 84-0 AA
- Ung suat phap: 1a thanh phan (ng
suat vudng goc véi mat cét, ky hiéu: o
AF, uc
o= lim — D—],‘z
44-0 AA [chigu dai?]
Luc phap tuyén: — kéo — ung suat kéo;
— nén — ung sudt nén.
- Ung suat tiép: Ia thanh phan (ng
suat ndm trong mat cat, ky hiéu: t
iy O (el
7= lim — ————
A4—0 AA [chiéu dai?]
LTA_ Co hoc vt liéu (215004) 13
& Chuong 1: UNG SUAT

1.4. CAC THANH PHAN UNG SUAT TRONG HE TOA PO PE-CAC
- Luc AF dudc chia thanh 3 thanh phan trong hé toa d6 bé-cac.

. . . AF,
- Ung sudt phap: 0y = ﬁr_l;loﬂ

z : chiéu vubng goc voi mét cat

, I AF,

- Ung sudt tiép: Tzx = &‘}IT_EIOH
AE

- ¥

T,y = lim —=

2 aA-0 AA

z . chiéu vuéng goc vdi mét cat;
x,y: chiéu cua ung suat tiép

- Khi cat vat bdi sdu mat truc giao, ta c6 dudgc
phan t6 hinh hép chif nhat biéu dién trang thai
(fng suat nhu hinh bén

- Trang thai (g sudt tai mét diém: la tap hgp
tat ca nhitng ’ng suat trén cac mat qua diém
ay.

LTA_ Co hoc V3t liéu (215004) 14
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Chuong 1: UNG SUAT

1.4. CAC THANH PHAN UNG SUAT TRONG HE TOA PO PE-CAC

Cac yéu cau can bang

T W - A 0'”.
v + W ‘
Lol
[ Ty
1 Tay dv
1 C i ..,B T__-. Gxx
: > Ty Ty H A o,
! T‘/ Ty Tey
: P A
] T, g - —i
Txe 1 ,?;_},.,,,,.f' dx +‘
o E!
Uy ,l"’ ] T i
i e gt 1A zy Too'®
B’ ] >
i i F Sxx Txv 0
Toy! i 5
xy / T
1 ya s
g T O 0
z /;. --------------------------------- > x y,\ JJ
S il
. BN 0 0 0
7 D
10y
Abbreviation Units Basic Units
psi Pounds per square inch Ib/in.?
o, [ T .. ; : . (eine - 3905 2
XX xy Xz ksi Kilopounds (kips) per square inch ~ 10° Ib/in.
a2
rvx 0-1:).1 r\: Pa Pascal N/m
‘ . - kPa Kilopascal 10° N/m?
Ty T y O.. MPa Megapascal 10° N/m?
GPa Gigapascal 10° N/m?

LTA_ Co hoc vt liéu (215004)
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Chuong 1: UNG SUAT

1.4. CAC THANH PHAN UNG SUAT TRONG HE TOA PO PE-CAC

Cac yéu ciu can bang

- Section plane

(a)

12
7

y r=
T
ay Pure shear
force
1
stress area
ol o
2F,=0 Ty(AxAy) — 7,,AxAy = 0
Ty = »r;},
moment
1
force arm
1
stress area
1 1
ZM,=0; — T (AxAy)Az + 7, (AxAz)Ay = 0
Tzy = Tyz
Ty = Ty = Typ= Tyr=T

| SFE,=0; o(AA) - (Ad) =0
' o=0
Cx
1
4 '
................. |
o (dvdz) A 7. (dx 2)
o [
T ldv dz)
o (dv dz)
@ o, ldvdz)
T ldy dz)
dx
e | 7, (dx dz)
o, (dyd2)Y

(7., dydz)dx = (7, dxdz)dy

LTA_ Co hoc vt liéu (215004)
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S Chuong 1: UNG SUAT

1.5. UNG SUAT PHAP TRUNG BINH CUA THANH CHIU TAI DOC TRUC
- Xét thanh chiju tai doc truc; xét mat cdt vuéng goc truc thanh

P

0

S
P -'-g-m;;
i
ImmEsd
1‘?; Region of
Internal force 15 15 gion
:ih H uniform
NI [ deformation
Cross-sectional of bar
7
area K

l External force l

p P

- Cac gia thiét:
v TruGc va sau khi chiu luc, trong qud trinh bién dang, thanh vén thang va mat
cat ngang’cda thanh luén phéng. (luu y: khéng xét phdn ngoai cung cua thanh,
noji co thé bi bién dang cuc bo)

v' buong tac dung cua luc P trung vdi truc thanh

v V&t liéu déng nhét: tinh chat co hoc va Vvat ly tai moi diém nhu’ nhau.

vVt liéu ding hubng: tinh chat co hoc va vét Iy xung quanh mot diém bat ky
theo hudng bat ky nhu’ nhau

- Sau khi bi bién dang, thanh bi bién dang déu

LTA_ Co hoc vt liéu (215004)
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1.5. UNG SUAT PHAP TRUNG BINH CUA THANH CHIU TAI DOC TRUC
- Phan b6 'ng suat trung binh:

v'Sy bién dang déu cua thanh la do sy phan b6 déu cua U'ng suat phap trén
mat cat ngang cua thanh.

v'Xét dién tich nhd AA. Luc tac dung & dién tich nay la AF = 6.AA. Tdng cac luc
nay trén toan mat cat ngang sé can bang vai ngoai Iuc P.

v'N&u AA —> dA thi AF — dF va o van khong déi

P

Tension Compression

LTA_ Co hoc V3t liéu (215004)




S Chuong 1: UNG SUAT
1.5. UNG SUAT PHAP TRUNG BINH CUA THANH CHIU TAI DOC TRUC

AF= gAA +1 Fr, =2 Fy;
J dF = j odA
¥ A
P=cA o . Ung sudt phap trung binh tai bt ky
diém ndo trén mat cat ngang;
; P z:o‘hg ngi hre Eha’p tuyén, tic dong
l qua tdm cua mat cat ngang;
A . dién tich mat cat ngang cda thanh.

Két luan:

-Thanh thang cé vat liéu d‘éng nhat va dang hudng chiu tac dung cda tai trong doc
truc P di qua trong tdm clia mat cat cta thanh, luc P sé gay ra su' phan bo u‘ng suat
phap déu trén toan bd mat cat ngang thanh. Ung suat c6 do 16n ¢ = P/A va co chiéu
phan bd tring vdi chiéu cta ndi luc thanh P & mat cdt ngang.

- Can luu y rang: ddi véi bai toan thanh thang chiu nén, chiéu dai la mot yéu t& quan
trong.

| LTA_ Co hoc vét liéu (215004) 19 |
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1.5. UNG SUAT PHAP TRUNG BINH CUA THANH CHIU TAI DOC TRUC

Vidu: 01:  The bar in Fig. 1a hasa constant width of 35, m__m and :a thickness
of 10 mm. Determine the maximum average normal stress in the bar_
when it is subjected to the loading shown. - T o

(1d)

. Internal Loading. By inspection, the internal axial forces :in
regions AB, BC, and CD are all constant yet have dlfferent_-
.. magnitudes. Using the method of sections, these. lcadmgs are.
: determined in Fig. 8-8b; and the normal force . -diagram . which
* represents these results graphically is shown in Fig. &-8c. By
inspection, 1he largest loading is in region BC, where Py = 30 kN.
. Since the cross-sectional area of the bar is consiant, the largest
kN average normal stress also occurs within this Iegion of the bar. -

R 22N -

- Average Normal Stress, Applymg Eq. 8—3 wc have = '

Py 30(16%) N -
780 4 7 (0,035 m)(0.010 m) -85 7 MP"" i
" 'The stress distribution acting on an arbu.réry cross sechon ‘of the
. bar within region BC is shown in HFg. 8-8d, Graph_lca]ly the volume .
© {or “block”) represented by this distribution of stréss is equlvalent to_
" the load of 30 kN; that is, 30 kN = (85.7 MPa)(35 mm)(l() mm)

30
22
12

LTA_ Co hoc V3t liéu (215004) 20




S Chuong 1: UNG SUAT

1.5. UNG SUAT PHAP TRUNG BINH CUA THANH CHIU TAI DOC TRUC

Vi du: 02: The 80-kg lamp is supported by two rods AB and BC as shown in
Fig. 8-9a. If AB has a diameter of 10 mm and BC has a dxameter of
8 mm, determine the average normal stress in each rod. :

Internal Loading. We must first determine the axial force in each

rod. A frec-body diagram of the lamp is shown in Flg (b) Applymg

the equations of force equilibrium yields ~  °

——52!‘1—0, .ch(g)"'I‘BACOSﬁO =D )

3 Fy=0; Fpc)+ Fpysin60° - 7848 N=0
FBC—'3952N _ Fm=6324N

By Newton’s third law of action, equal but opposite reaction, thcsc

forces subject the 1ods to lenslou th.roughout theu“ lﬁngth '

Average Normal Stress. Applymg Eq.8-3, we have. . -

OBC = g‘:(c"-:—- 7(%905'0%3%7 =7.86 MPa_ o - ' Ans
: "'0' Fpy _ 6324 N
L PAT Ay w(0.005 m)y -
The average normal stress distribution actmg OVEr a Cross seclmn
of rod AB is shown in Fig. 8-9c¢, and at a point on this cross section,
an element of praterial is stressed as shown in Fig. (d)

SDSMPa - Ans.

80(9.81) =784.8 N

| LTA_ C0 hoc vét liéu (215004) 21
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1.5. UNG SUAT PHAP TRUNG BINH CUA THANH CHIU TAI DOC TRUC

Vidu: 03: The casting shown in Fxg 8-10a is made of steel having a. spc(:]ﬁc
weight of v, = 80 kN/m>. Determme the average compxesswe stress
actmg at points A and B. i : : ST

z

Internal Loading. A free-body diagram of the top segment of the
casting where the section passes through points A and B is shown in

i Fig. (b) .The weight of this segment is determined from W,, yst,f !
100 mh Thus the internal axial force P at the section is -
- +PZF, =0, P-Wy;=0
200 mm
, . P — (80 kN/m*)(0.8 m)#(0.2 m)%.; 0
(a) P =8.042kN _ .
x _ Average Compressive Stress. The cross- sectlonal area at the sectlon
e is A = 7{0.2 m)” and so the average compressive stress becomes
_ P _ 8042kN B e
A 7(02m) o
= 64.0 kN/m? I Ans.

The stress shown on the volume element of material in Fig. (c)
. is representative of the conditions at either point A or B. Notice that
-~ this stress acts upward on the bottom or shaded face of the element
43 since this face forms part of the bottom surface area of the cut section,
and on this surface, the resultant internal force P is pushing upward.

64 KNfm?

LTA_ Co hoc V3t liéu (215004) 22




S Chuong 1: UNG SUAT

1.5. UNG SUAT PHAP TRUNG BINH CUA THANH CHIU TAI DOC TRUC

Vidu: 04: Member AC shown in Fig. 8-11a is subjected to a vertical force of
3 kN. Determine the position x of this force so that the average
compressive stress at the smooth support C is equal to the average
tensile stress in the tie rod AB. The rod has a cross-sectional area of
400 mm? and the contact area at C is 650 mm?. '

Internad Loading, The forces at A and C can be related by considering
the free-body diagram for member AC, Fip.(b) . There are three
unknowns, namely, F 5, Fe, and x. To solve this problem we will work
in units of newtons and millimeters.

2 F=0 Fap+ Fo - 3000N=0 1)
¢ FEMi=0; —3000 N(x) + F¢ (200 mm) = 0 (2)
l*“ Average Normal Stress. A necessary third equation can be written
| 200 rom i that requires the tensile stress in the bar AB and the compressive
stress at C to be equivalent, i.e.,
o=_tan __ . Fc
400 mm® 650 mm®
FC - 1525F AB
Substitating.this into Eq. 1, solving for F,g, then solving for ¥, we
obtain .
RS ' Fup=1143 N
s —\f Fo=185TN
200 mm B | The position of the applied load is determined from Eqg. 2,
' Fe | x =124 mm Ans.
LTA_ Co hoc vét liéu (215004) 23 |
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1.6. UNG SUAT TIEP TRUNG BINH

- Ung suét tiép 1a thanh phan (ng suat ndm trong mét cit cla vat
F

(b) (©)

- Xét tac dung cla luc F d6i véi thanh ndm ngang, hai vat dé B va D dudc xem la
cing tuyét doi. Néu luc F da I6n sé lam cho vat liéu cta thanh bién dang va pha
huy theo cac mat AB.

- Luc cdt & hai mat cat theo ABva CD la VvV = 1/2F
- Ung sut tiép trung binh & hai mat cit 1a Tavg

Tag - UNg suat tiép trung binh, duoc xem la nhu nhau cho
moi diém trén mét cat nay;

V' . luc cat nam trén mat cat, <., ¢0 cing chiéu vdi luc cat;
A dién tich mdt cat .

LTA_ Co hoc V3t liéu (215004) 24




Chuong 1: UNG SUAT

1.6. UNG SUAT TIEP TRUNG BINH
Lu'c cat don:

- Xét hai tdm thép mong dugc lién k&t véi nhau béng buldng nhu hinh (a) va hai tdm gb dugc
dan véi nhau nhu hinh (b).

- Gia s rang buldng khong siét qua chét, khi d6 bd qua luc ma sat.
- Chiéu day hai tdm théP modng nén bo qua moment qay ra bdi hai luc F.
F _ F

F

Luc cat doi:

-Xét cac tdm thép mdng dudc lién két véi nhau béng buldng nhu hinh (c) va cac tdm gb dudc
dan nhu hinh (d).

-Xét hai mét cit & cac mét lién két, trén than buldng va mét lién két cac tdm gb sé& cd cac thanh
phan luc cat V= F/2. - F
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800 N €—

1.6. UNG SUAT TIEP TRUNG BINH

Vidu: 01 The bar shown in Flg (a)  has asquare cross section for which the
depth and thlckness are 40 mm. If an axial force of 800 N is apphed
along the centrmdal axis of the bar’s cross- sectional area, determme
the average normal stress and average shear stress acting’ on. the
material along (@) sectmn plane a-a and (b) section plane b- b '

@)

Part (a)

Internal Loading. The bar is sectioned, Fig.(b) , and the

% P=800N internal resultant loading consists only of an axial force for w]:uch
P = 800N,

(b) Average Stress. The average normal stress is determmed from

the following equation

500 kPa P _ 300 N B s
7T AT 00dmodmy 0K Ans
No shear stress exists on the section, smce the shear force at the

section is zera,

©

Tavg = 0 PPN PR, "'Ans.‘

The distribution of average normal stress over ‘the cross
section is shown in Fig, (c)
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1.6. UNG SUAT TIEP TRUNG BINH Puri (b) TN
Vi du: 01 Internal Loading. If the bar is sectioned along b-b, the free-body

800N

diagram of the left segment is shown in Fig. (4y ~ Here both a normal
force (N) and shear force (V) act on the sectioned area. Using ¥, y

- axes, we require

—800 N + N sin 60° I V cos 60° = 0
V sin 60° — N cos 60°

Hzr =0
+1EF, =0

or, more directly, using x’, ¥ axes,

P F=10 N~ 800 N cos 30° =
A =0 ¥V —BO00Nsin30° =0
Solving either set of equations,
N=6928N
V=400N

Average Stresses.  In this case the sectioned area has a thickness and
depth of 40 mm and 40 mm/sin 60° = 46.19 mm, respectively,
Fig. 8-164. Thus the average normal stress is

_N_ 692.8 N _ g
7= AT 006 m) 004615 m) o KFa Ans.
and the average shear stress is
vV 400 N : .
(e) Tow = 4 T (004 my0.04610 my 2L KPa o Ans.
The stress distribution is shown in Fig. (€)
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1.6. UNG SUAT TIEP TRUNG BINH
Vi du: 02

(a)

force of
strut on rod

force of

(b)

(©) s

rod on strut

The wooden strut shown in Fig, 8-17a is suspended from a 10-mm-
diameter steel rod, which is fastened to the wall. I the strut supports
a vertical load of 5 kN, compute the average shear stress in the rod
at the wall and along the two shaded planes of the strut, one of which
is indicated as abed. IR

Internal Shear.  As shown on the free-body diagram in Fig. (b)
the rod resists a shear force of 5 kN where it is fastencd to the wall,
A free-body diagram of the sectioned segment of the strut that is in
contact with the rod is shown in Fig.(¢) . Here the shear [oree acling
along each shaded plane is 2.5 kN. o

Average Shear Stress. For the rod,

¥V _ 500N __
Tavg = A~ m{0.005 m)? 63.7 MPa Ans

For the strul, :
v ZON 319 MPa Ans.

T2 T 47T (0,04 m)0.02 m)

The average-shear-stress distribution on the sectioned red and strut
segment is shown in Fig. (d) and () respectively. Also shown
with these figures is a typical volume element of the material taken
at a point located on the surface of each section. Note carefully how
the shear stress must act on each shaded face of these elements and
then on the adjacent faces of the elements.
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1.6. UNG SUAT TIEP TRUNG BINH

Vi du: 03 | -’Zﬁ"m”
7

The inclined member in Fig. (8)  is subjected to a compressive force
of 3000 N. Determine the average compressive stress along the smooth
areas of contact defined by AB and BC, and the average sht.dr stress
along the horizontal plane defined by EDB.

Internal Loadings. ’I_‘he free-body diagram of the inclined member
is shown in Fig. (b) .The compressive forces acting on the areas of
contact are o

L3 F =0 Fap — 3000 NEZ) = 0 Fyp=1800N
HIEF,=0 . Fge—3000N(E) =0 Fge =2400N
Also, from the free-body diagram of the top segment of the bottom
member, Fig.(c) , the shear force acting on the sectioned horizontal
plane EDB is o R '
XEF=0; V = 1800 N

Average Stress. The average compressive stresses along the
horizontal and vertical planes of the inclined member are

_ 1800 N _ 2
Tap = m = 1.80 N/mm Ans,
0'1';5”= _2400N
- (50 mm})(40 mm)
These stress distributions are shown in Fig. (d)

"The average shear stress actmg on the horizontal plane deﬁned
by EDB is :

= 1.20 N/mm® Ans.

o 180N
M (75 mn){40 mm)
This stress is shoyn distributed over the sectioned area in Fig. (€)

= 0.60 N/mm? Ans.
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1.7. UNG SUAT CHO PHEP

La gia tri gidi han d€ dam bao cho vat thé lam viéc, tic 1a (ng suét sinh ra trong
qua trinh lam viéc khong dugc vuot qua gia tri ing suat cho phép.

Hé so an toan:

ES, = Ot
Tallow

FS. — _1_-Iﬂ.lL
Tallow
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