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1 ) Gidi Thiéu
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* Théng sé cua dong co
- S6 vong quay
n Vong/phut

- Céng sudt

P Woat

_30P

7Tn

= M

(N.m)



* Thanh chi chiu tic dung cua ngiu luc tip trung hay ngau luc phan bo
quay quanh truc thanh.

* Mot thanh chiu xoan thuan tay khi trén mit cat ngang cua thanh chi ton
tai duy nhat mot thanh phan noi luc: mémen xodn M,



2 Néi Lue Trén Miit Ciat Ngang

* Ton tai duy nhat M-

* Qui woc dau cua: M:




* Xdc dinh momen xoan noi luc phat sinh trén cac mat cat a-a va b-b




* Xdc dinh momen xoan noi luc phat sinh trén cac mat cat a-a va b-b

J00N'm 500 N-m

-
-

A r‘%




* Xdc dinh momen xoan noi luc phat sinh trén cac mat cat a-a va b-b

300N'm 500 N-m

*
.....




* Xac dinh momen xoan ngi lwc phat sinh trén cac mat cat ngang qua
G va H.




* Xdc dinh momen xoan noi luc phat sinh trén cac mat cat a-a va b-b




* Xdc dinh momen xoan noi luc phat sinh trén mat cat ngang qua C

300 mm

J b/

A
— A
m=5kN.m/m p ‘



@ Néi Lue Trén Miit Ciat Ngang

* Qui woc dau cua: M:

* Biéu do noi luc:

Wy 1. v
|
Z Z . T
3IM 1 ’
(4 B
J a ) a
D 1"
3IM
- A
) oM
I A
@ ! @
|




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc




* Vé biéu do noi lwc moé men xodn phdt sinh trong truc




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc

300N'm 500 N-m




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc

300 N'm

T T,




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc

300N'm 500 N-m




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc

300 N'm

T T,




* Vé biéu do noi lwc mé men xodn phdt sinh trong truc




(Ap lwc = cwong dp noi

lg’rc tren mot don vi dién o Kéo-Nén
tich)
Ung Suit

T Cit, trwot

Not Luc

(Lwc phdt sinh trén AL
mdt cat, la lwong thay BD dai

doi luc lien két giira
cac phan twr trong chi
tiet do sw thay doi )
hinh déng, kich thuéc ~ (Sw thay dbi hinh BD goc /4
cua chi tiey) ding, kich thuwdc

ciia chi tiét)

Bién Dang




@ Ung Suat Trén M:it Cit Ngang Ciia Thanh Tron Chiu Xoin

3.1 Cic gid thiét vé bién dang:

* Mat cat ngang phdang, thanh khéng
co bién dang dai doc truc, ban kinh
mat cat ngang van thang va co chiéu
dai khong doi

oc.-0,-0_=0

X ¥ z

*

Goc vuong thay doi nén ton tai
ung sudt tiép trén mat cat va vuong
goc voi badn kinh.




@ Ung Suat Trén M:t Cit Ngang Ciia Thanh Tron Chiu Xodn

3.2 Biéu thirc tinh trng sudt trén mdt cdt ngang:

M

* Goc truot: )

* Goc xoan: d @

* Vi bién dang bé:

bb' pde

~ [ = —
= T i




@ Ung Suat Trén M:it Cit Ngang Ciia Thanh Tron Chiu Xoin

T
* Theo dinh luat Hooke: 7 = (5
. : /4 r =Gy
G: modun truot cua vt liéu
/4
Modulus of elasticity E Shear modulus of elasticity G
Material
ksi GPa ksi GPa
Aluminum alloys 10,000—-11,400 70-79 3,800—4,300 26-30
2014-T6 10,600 73 4,000 28
6061-T6 10,000 70 3,800 26
7075-T6 10,400 712 3,900 27
Brass 14,000-16,000 96-110 5,200-6,000 3641
Bronze 14,000-17,000 96-120 5,200-6,300 3644
Cast iron 12,000-25,000 83-170 4,600-10,000 32-69
Concrete (compression) 2.500-4,500 17-31
Copper and copper alloys 16,000—-18,000 110-120 5,800-6,800 40-47
Glass 7,000-12,000 48-83 2,700-5,100 19-35




@ Ung Suat Trén M:it Cit Ngang Ciia Thanh Tron Chiu Xoin

_ Modulus of elasticity E Shear modulus of elasticity G
Material
ksi GPa ksi GPa

Magnesium alloys 6.,000-6.,500 41-45 2,200-2.,400 15-17
Monel (67% Ni, 30% Cu) 25,000 170 9.500 66
Nickel 30,000 210 11,400 80
Plastics

Nylon 300-500 2.1-34

Polyethylene 100-200 0.7-1.4
Rock (compression)

Granite, marble, quartz 6.000—-14.,000 40-100

Limestone, sandstone 3.,000-10,000 20-70
Rubber 0.1-0.6 0.0007-0.004 0.03-0.2 0.0002-0.001
Steel 28,000-30,000 190-210 10,.800-11,800 75-80
Titanium alloys 15,000-17,000 100-120 5,600-6,400 3944
Tungsten 50,000-55,000 340-380 21,000-23,000 140-160




@ Ung Suat Trén M:it Cit Ngang Ciia Thanh Tron Chiu Xoin

Moduls of  Modulus of Yield Strength (MPa) Ultimate Strength (MP'a) Coef, of Therm.
Materinls Density p | Elusticity £ Rigidity G oy T, YeLlongation in | Poisson’s | Expansion a
(Mg/m*) (GPa) (GPu) Tens,  Comp® Shear | Tens,  Compt  Shear | 50 mm specimen | Ratio » (r-srce
Metallic
Aluminum 2014-T6 279 73.1 27 414 414 172 469 469 290 10 0.35 23
Wrought Alloys — 6061-T6 2.71 68.9 26 255 255 131 | 290 290 186 12 0.35 24
Cast ImnE Gray ASTM 20 719 f7.0 27 - - - 179 669 - (L6 .28 12
Alloys Malleable ASTM A-197 7.28 172 il - - - 276 572 - 3 (.28 12
Copper— Red Brass C83400 8.74 101 3 00 700 - 241 241 - 35 0.35 18
Alloys '— Bronze CE6100 8.83 103 38 345 345 - 655 655 - 20 0.34 17
Mﬂﬂﬁ“’“ [Am 1004-T61] 183 “7 18 12 12 - | 276 26 1S 1 0.30 2
Structural A-36 7.85 200 75 250 250 - 400 400 - ki 0.32 12
Sieel Structural A992 T.85 200 75 345 345 - 450 450 - a0 0.32 12
Alloyst— Srainless 304 7.86 193 75 207 207 - 517 517 - 40 0.27 17
Tool L2 8.16 200 T3 703 703 - L L1 - 22 0,32 12
“ﬂﬁ;’“ [Ti-6A1-4V] 4.43 120 44 024 924 - | 1000 1000 - 16 0.36 9.4
Nonmetallic
Low Stre 3 : . . " - - - - 0.15
DJI]CI‘[:U.‘E l‘-w Strength 2.38 22.1 12 1.1 11
High Strength 2.37 29.0 - - - 3R - - - - .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 -
. 'l““’gl““q [~ Douslas Fir 0,47 13.1 . - - - 216 260 62 - 0.29¢ -
cleet STUCHT L. white Spruce 3.60 9.65 - - - - | 25 3 67 - 0316 -

Grade




@ Ung Suat Trén M:t Cit Ngang Ciia Thanh Tron Chiu Xodn

~r=G6p%2 ()
dz

* Quan h¢ gitra irng suat va no1 luc:

M . j’rde IG de Gdgp_[p

I ) momen quan tinh cuc cua mdt cat ngang doi voi
yo,

bat: J, = trong tam ciia mdt cdt ngang.

- M. Gd¢J (2)
dz



@ Ung Suat Trén M:t Cit Ngang Ciia Thanh Tron Chiu Xodn

- M _: mémen xodn tai mat cat ngang cé diém tinh trng sudt

- J , . momen quan tinh cuc cua mat cat ngang co diém tinh wrng sudt

- P : khodng cdch tiv diém tinh vrng sudt dén tim mdt cat



@ Ung Suat Trén M:t Cit Ngang Ciia Thanh Tron Chiu Xodn

* Momen quan tinh cuc cua mat cat ngang hinh tron dac

R 4 4

TR 7D
JpszzdF:jp22ﬂpdp: =
F 0

2 32

- M : mémen xodn tal mat cat ngang
co dlem tinh irng sudt

- J . momen quan tinh cuc cua mat
cit ngang c6 diém tinh irng sudt

- P : khodng cdch tir diém tinh irng
sudt den tam mat cat



@ Ung Suat Trén M:t Cit Ngang Ciia Thanh Tron Chiu Xodn

* Sy phan bd Gmg suat trén mit cat ngang hinh
tron dac:

A

Ung suat 16n nhat trén mit cat:

o _M.d_M, d|
max Jp2 W

Yo,

W, : mémen chong xodn ciia mdt cat




3 ) Ung Suit Trén M:it Ciat Ngang Ciia Thanh Tron Chiu Xoian

* Sy phan bd Gmg suat trén mit cat ngang hinh
vanh khan:

A

Ung suat 16n nhat trén mit cat:

M.D M, Dy-
max Jp 2 W

T
Yo,

max

W, :moémen chong xoan ciia mdt cat




Vi du: Truc diic chiu tic dung ciia mé men xoian M= 5 kN.m. Xdc
dinh irng suat tzep phat smh tai cdc diém A va B. Vé qui ludt phén
bo ung sudt tlep trén mat cit ngang.




Vi du: Truc r5ng chiu tic dung cia mo men xodn M= 10 kN.m.
Xac dinh vwng Suat ttep phat smh tai cdc diem A va B. Vé qui lugt
phadn bé veng sudt tiép trén mdt cit ngang.




Vi du: Truc r5ng chiu tic dung cia mo men xoidn M= 50 kN.m.
Xac dinh vwng suat tzep phat smh tai cdc diem A va B. Vé qui lugt
phadn bé veng sudt tiép trén mdt cit ngang.




Vi du: Truc dic cé dwong kinh 40 mm chiu cdac ngau lwc nhw hinh
ve. Tinh wng sudt tiep lon nhdt (vé do lon) phat sinh trong truc.




Vi du: Truc réng tir A dén B va dic tir B dén C. Tinh irng sudt tiép
lon nhdt (vé do lon) phat sinh trong truc. Biét rang truc co dwong
kinh ngoai 80 mm va bé day thanh cua doan AB bang 10mm.




Vi du: Truc réng cé dwong kinh ngodi 42 mm, dwong kinh trong
38 mm. Tinh wng sudt tiep phat sinh tai cac diem A va B.




Vi du: Truc réng cé dwong kinh ngodai 40 mm, dwong kinh trong
37 mm. Tinh wng sudt tiep lon nhat phat sinh trong truc.

A

P

\"30 N-m

o
o



Vi du: Truc cé dwong kinh 35 mm, tinh irng sudt tiép l6n nhat phdt
sinh trong truc.




Vi du: Truc cé dwong kinh 50 mm, tinh irng sudt tiép l6n nhat phdt
sinh trong truc.

500 mm
=

400 mm
.




Vi du: Truc cé dwong kinh 40 mm, tinh irng sudt tiép l6n nhat phdt
sinh trong truc.




Vi du: Truc cé dwong kinh 30 mm, tinh irng sudt tiép lon nhit
phat sinh trong tung doan cua truc.

300N'm 500 N-m




Vi du: Truc cé dwong kinh 140 mm dwoc dé trén cdc 6 lan nhén tai
E va F, tinh wrng sudt tiép lon nhdt phat sinh trong tung doan cua
fruc.




Vi du: Pong co cé cong suit 1.5kW quay vdi toc dp 450 vong/phiit.
Truc cua dong co co dwong kinh 2,5 cm. Tinh wng suat tiep lon
nhdt phat sinh trong truc.




Vi du: Truc thép A36 dai 2 m, c6 dwong kinh ngodi 50 mm va bé
day thanh 10 mm. Truc quay véi toc dp 40 rad/s va truyén mot cong
sudt 25 kW tir dong co M dén bom P. Xdc dinh irng sudt tiép lon
nhdt phat sinh trong truc.




Vi du: Xdc dinh irng sudt tiép I6n nhdt phdt sinh trong truc tai mit
cdt a-a.

Section a—a



Vi du: Truc dic dwong kinh 25 mm dwoc dé trén cdc 6 lan nhén tai
D va E. Truc dwoc noi voi dong co co cong sudt 3 kW va quay voi
toc do 500 v/p. Cdic banh ring tai A va B tiéu thu lan lwot 1 kW va 2
kW twong trng. Xdc dinh trng sudt tiép l6n nhat phdt sinh trong cdc
doan AB va BC.

kW 25 mm




Vi du: Truc dic dwong kinh 25 mm dwoc dé trén cdc 6 lan nhén tai
D va E. Truc dwoc néi voi dong co co cong sudt 12 kW va quay voi
toc dp 300 v/p. Cdc banh ring tai A, B va C tiéu thu lin lwot 2 kW
4kW va 5 kW twong vrng. Xdc dinh teng sudt tiép lon nhat phdt sinh
trong truc.

5 KW 12 kW

IKW 4 kW 25 mm
|




@ Ung Suat Trén M:t Cit Ngang Ciia Thanh Tron Chiu Xodn

* Hién twong tip trung wng suat




@ Ung Suat Trén M:it Cit Ngang Ciia Thanh Tron Chiu Xoin

* TAap trung (ng suat

2.0

| I I 11 1§ 7 I 1 1 7T

1.9

-

1.8

1.9

r

Lo

1.6

1.4

1 1.67
|

1.3

1.25

1.2

1.11

1.1

1.0

0.00

0.05

0.10



@ Ung Suat Trén M:it Cit Ngang Ciia Thanh Tron Chiu Xoin

* TAap trung @ng suat

1.8

j B

1.6

1.4

1.3

1.2

1.1

1.0

\
}(
\
\

0

0.05

0.10 0.15 0.20 0.25
r/d

0.30



@ Bién Dang

* Tu (2) ta co:

M

= do = GJZ dz

Yo,

- M,: momen xoan noi luc
- G: modun trwot (cat) cua vit liéu

- J, :moémen qudn tinh cyc cia

mdt cdt ngang




@ Bién Dang

* Cac trwong hop dac biét

+ Néu z_— const trén toan chiéu dai L
GJ ,
ML
(D —
GJ

e,




z

= const trén timg doan chiéu dai L,

n M L.
= @ = L
; GiJPi
()




@ Bién Dang

+ Néu GJ , = const trén tung doan chiéu dai L,

: dién tich bi€u d0 momen xoan M,

: M6 dun truot, cat cua vat liéu




@ Ung Suiat Truwot Thuan Tiy

* U'ng suat trén mit cat nghiéng —

-

o, =7SIn2a

T =—TCOS2c

. Uuv




T, khia = 45°

umax

Toax = > khia =0

O

=7S8SIn 2

r

,Z.
—

T  =-—TCOS2«

\

3

@ Ung Suat Trugt Thuan Ty
GM

i

n
O-max — T



@ Ung Suiat Truwot Thuan Tiy

* Dang pha huy cua vat lieu (-\
M,

l




@ Ung Suat Trugt Thuan Ty

* Phan to bi bién dang trwot T

-
+ Theo dinh luat Hooke: Y = E
+ Bién dang dai theo ph E T-I-VT (1+v)T

1€n dang dai theo phuong G, e — — = —

ang p g I I >
+ Theo quan hé bién dang tala1 co: &, = g
E
_ At~ A \ X — G —
=> Quan h¢ gitra modun dan hoi E 2(1+v)

va modun truot G:



@ Pidu Kién Bén, Pidu Kién Ciing

6.1 Piéu kién bén

6.2 Piéu kién cirng

I
N
A
D,

P max



Vi du: Truc dic dwong kinh 60 mm dwoc dé trén cdc é lin nhan.
Truc lam bang hop kim nhém 6061-T6 cé vrng sudt tiép cho phép
[t[=85MPa. a) Xac dinh T, ,. ma truc co thé chiu dwoc. b) tinh géc
xodn twong doi ciia dia A so vdi dia B.




Vi du: Truc dic dwong kinh 60 mm dwoc dé trén cdc é lin nhan.
Truc lam bang hop kim nhom 6061-T6 co wng suat tiép cho phép
[t[=85MPa. Xac dinh T, deé truc dam bao bén va goc xoan twong

doi giita dia A va dia C khéng vwot qud 0,05 rad.




Vi du: Truc dic cé6 dwong kinh d chiu cdc ngau lwc nhw hinh vé.
Truc lam bang vit lidu c6 [t]=85MPa; G=75GPa.

-Xdc dinh dwong kinh toi thiéu ciia truc (d ;) theo diéu kién bén.
-Tinh géc xodn tai A so véi C.

200N.m



Vi du: Truc dic chiu xodn béi cdc luc theo phwong ngang F=12kN
tic dung vao tay don tuyét doi cieng nhw hinh vé. a) Truc lam biang
vit liéu cé vrng sudt tiép cho phép 32 MPa, xdc dinh dwong kinh toi
thiéu ciia truc. b) tinh géc xodin ciia truc. Cho G=28GPa.




Vi du: Truc ciia chia vin dai éc cé6 dwong kinh 8 mm va cé chiéu
dai 200 mm. Truc dwoc lam bang vit ligu cé [t]=85MPa va
G=78GPa. Xdc dinh giéi han ciia ngdu luc (T ) VA tinh goc xodn
cua truc.




Vi du: Truc dic dwoc diing dé truyén cdc ngdu lwe tic dung vao
cdc banh rang nhw hinh vé. Truc lam bang vit liéu c¢6: G=75GPa;
[t]=60MPa . A) Xdc dinh dwong kinh toi thiéu cia truc theo diéu
ki¢n bén. B) Tinh géc xodn twong doi tai A so véi B.

300N'm 500 N-m
A r' \

o o)

H.
e

300 mm Ty




Vi du: Truc lam bang hop kim dong C8380 cé [t]=20MPa. Xic
dinh gioi han lon nhat cua cac ngau luc T, va T, theo diéu kién bén
va tinh goc xoan tai A so voi C.

Section a—a



Vi du: Truc rong dwong kinh ngodi 150 mm dwoc lam bang vit
lieu co: [t][=85MPa . Xac dinh bé day thanh toi thieu cua truc
theo diéu kién bén.




Vi du: Truc dic dwong kinh d dwoc lam bang vit lidu cé:
[t]=35MPa . Xac dinh dwong kinh toi thieu cua truc theo diéu
kién bén.




Vi du: Truc rong dwong kinh ngodai 80mm, bé day thanh 3mm chiu
lwc nhw hinh ve. Truc lam bcing vat lieu co: G=75GPa; [t]=60MPa .
a) Xdc dinh tdi trong cho phép M, . theo diéu kién bén. B) Tinh
gdc xodn tai A so vdi B.




Vi du: Truc cua dong co dién co dwong kinh 25 mm dwoc lam
bang vit ligu cé: [t]=75MPa . Biét rang dong co cé cong sudt 5
kW, xdc dinh toc dé cho phép toi thiéu ciia truc theo don vi
vong/phut.




Vi du: Truc cua dong co co dwong kinh ngoai 20 mm, bé day
thanh 2,5 mm va dwoc lam bang vat lieu co: [1']—75MPa Xac

dinh céng sudt cho phép lon nhit ciia dpng co néu dopng co cé toc
do 1500 v/p.




Vi du: Truc thép A36 cé chiéu dai 2 m, cé6 dwong kinh ngoai 40
mm va dwoc lam bang vit ligu cé: [t]=75MPa . Truc dwoc ding
dé truyén mét cong sudt 32 kW tiv dpng co E dén mady phdt G véi
toc do 300 v/p.

-Xac dinh dwong kinh trong cua truc theo diéu kién bén.

-Tinh goc xodn ciia truc.




Vi du: Truc thép A36 cé chiéu dai 2 m, cé6 dwong kinh ngoai 40
mm va dwoc lam bang vit lidgu cé: [t]=75MPa . Truc dwoc ding
dé truyén mot cong sudt 32 kW tir dong co M dén bom P véi toc
do 450 v/p.

-Xdc dinh bé day thanh ciia truc theo diéu kién bén.

-Tinh goc xodan ciia truc.




Example: The hydrofoil boat has an A992 steel propeller shaft that
is 100 ft long. It is connected to an in-line diesel engine that delivers
a maximum power of 2500 hp and causes the shaft to rotate at 1700
rpm. If the outer diameter of the shaft is 8 in. and the wall thickness
is 3/8 in., determine the maximum shear stress developed in the
shaft. Also, what is the “wind up,” or angle of twist in the shaft at

full power?




Example: The drive shaft AB of an automobile is made of a steel

having an allowable shear stress of t,,, = 8 ksi. If the outer
diameter of the shaft is 2.5 in. and the engine delivers 200 hp to the
shaft when it is turning at 1140 rev/min, determine the minimum

required thickness of the shaft’s wall.




Example: The drive shaft AB of an automobile is to be designed as
a thin-walled tube. The engine delivers 150 hp when the shaft is
turning at 1000 rev/min. Determine the minimum thickness of the
shaft’s wall if the shaft’s outer diameter is 2.5 in. The material has
an allowable shear stress of T, = 7 ksi.







* Bu 1ong chiu cit va chiu ép mat



* Ung sudt cdt trung binh phdt sinh trén mdt
cat cua bulong

V {V Luc cat

r=— |
F, Dién tich bi cat

2
(V:P;P;:”d j
4



})b FPb Luc ép mat
O, = 7 e A
F F, Dién tich bi ép mit
5 _

(B, =P;F,=d1)




i H
P/2
C
P P K
<— B A —p P>
e
| D = . PP
T e
G ] }
* Ung suat cit phat sinh trén mat cit ciia bulong:
V 2
avg T =— (V:P,F;:zﬂj j
—)-
— * Ung suat ép mat (dap) phat sinh giira bulong
V— va tim noi:
—

O, =

Lo (p=PiF=1a)
F,



8.5 Ung suat trén miit cit ngang ciia 16 xo hinh tru buéc ngin

Bang tra hé s6 F

D/d 2 3 4 5 6 7 8 9 10 11 12 | >12

K, |206|158 140|131 (125|121 1,18 |1.16| 1,14 | 1,13 | 1,12 ] 1
K, [1.12 1,11 | 1,09 | 1.08 | 1.07 | 1.06 | 1,05 | 1.05 | 1.05 | 1,04 | 1,04 | 1

Tmax +
F W, T’ 2

Q. M _4P  16PD 1 d\8PD _ 8PD
“"n ) T




Example: The yoke-and-rod connection is subjected to a tensile
force of 5 kN. Determine the average normal stress in each rod and
the average shear stress in the pin A between the members.

40 mm

5 kN
\ :




Example: The long bolt passes through the 30-mm-thick plate.
If the force in the bolt shank is 8 kN, determine the average
normal stress in the shank, the average shear stress along
the cylindrical area of the plate defined by the section lines
a—a, and the average shear stress in the bolt head along the
cylindrical area defined by the section lines b—b.




Example: The circular punch B exerts a force of 2 kN on the top
of the plate A. Determine the average shear stress in the plate due to
this loading.

2 kN




Example: Determine the average punching shear stress the
circular shaft creates in the metal plate through section AC and BD.
Also, what is the average bearing stress developed on the surface of

the plate under the shaft?

:10 mm

¥

= 120 mm




Example: If the allowable tensile stress for the bar is (c),,, = 21
ksi, and the allowable shear stress for the pin is t,,, = 12 ksi,
determine the diameter of the pin so that the load P will be a
maximum. What is this load? Assume the hole in the bar has the
same diameter d as the pin. Take t = 1/4 in. and w = 2 in.




Example: The bar is connected to the support using a pin having a
diameter of d = 1 in. If the allowable tensile stress for the bar is
(6) .., = 20 ksi, and the allowable bearing stress between the pin
and the bar is (o) ,,,, = 30 ksi, determine the dimensions w and t so
that the gross area of the cross section is wt = 2 in? and the load P is
a maximum. What is this maximum load? Assume the hole in the
bar has the same diameter as the pin.




Example: If the joint is subjected to an axial force of P = 9 kN,
determine the average shear stress developed in each of the 6-mm
diameter bolts between the plates and the members and along each

of the four shaded shear planes.




Example: The average shear stress in each of the 6-mm diameter
bolts and along each of the four shaded shear planes is not allowed
to exceed 80 MPa and 500 kPa, respectively. Determine the
maximum axial force P that can be applied to the joint.




Example: The compound wooden beam is connected together by a
bolt at B. Assuming that the connections at A, B, C, and D exert
only vertical forces on the beam, determine the required diameter of
the bolt at B and the required outer diameter of its washers if the
allowable tensile stress for the bolt is (c),,, = 150 MPa and the
allowable bearing stress for the wood is (o), = 28 MPa. Assume
that the hole in the washers has the same diameter as the bolt.

3 kN 15kN  2KN
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Example: Determine the required diameter of the pins at A and B
to the nearest in. if the allowable shear stress for the material is
T 0w — 0 ksi. Pin A is subjected to double shear, whereas pin B is

subjected to single shear.

o 3 kip




Example: Determine the size of square bearing plates A' and B’
required to support the loading. Take P = 1.5 kip. The reactions at
the supports are vertical and the allowable bearing stress for the
plates is (6y) ,,,, = 400 psi.

3 kip
2 kip 2 kip 2 kip

~S5ft— 5ft— 51t 7.5 ft——

R P



Example: Determine the maximum load P that can be applied to
the beam if the bearing plates A' and B' have square cross sections
of 2 in. X 2 in. and 4 in. x 4 in., respectively, and the allowable

bearing stress for the material is (o), = 400 psi.
3 kip
2 kip 2 kip 2 kip

~S5ft— 5ft— 51t 7.5 ft——

L .



Example: The pin is made of a material having a failure shear
stress of T4, = 100 MPa. Determine the minimum required diameter

of the pin to the nearest mm. Apply a factor of safety of ES. = 2.5
against shear failure.




Example: Six nails are used to hold the hanger at A against the
column. Determine the minimum required diameter of each nail to
the nearest in. if it is made of material having 7, = 16 ksi. Apply a
factor of safety of E.S. = 2 against shear failure.

300 Ib /ft

-..._______-‘

= 9 ft <



Example: The hangers support the joist uniformly, so that it is
assumed the four nails on each hanger carry an equal portion of
the load. If the joist is subjected to the loading shown, determine the
average shear stress in each nail of the hanger at ends A and B.
Each nail has a diameter of 0.25 in. The hangers only support

vertical loads.

40 1b /ft




Example: The hangers support the joists uniformly, so that it is
assumed the four nails on each hanger carry an equal portion of
the load. Determine the smallest diameter of the nails at A and at B i
f the allowable stress for the nails is t,, = 4 ksi. The hangers only
support vertical loads.

40 1b /ft

30 1b /ft | T =
I v Y __ii}

A B




Example: If the bolt head and the supporting bracket are made of
the same material having a failure shear stress of t,,; = 120 MPa,
determine the maximum allowable force P that can be applied to the
bolt so that it does not pull through the plate. Apply a factor of

safety of E.S. = 2.5 against shear failure.

80 mm——|




Example: Determine the

required thickness of

member BC to the
nearest in., and the
diameter of the pins at A
and B if the allowable
normal stress for member

BC is 6,,, = 29 ksi and

llow

the allowable shear stress
= 10

for the pins is t,
ksi.

llow

1.5 1n.

8 ft

2 kip /ft




Example: The lever is held to the fixed shaft using the pin AB. If
the couple is applied to the lever, determine the shear force in the
pin between the pin and the lever.

0.2m

20N 20NN



Example: If P = 5 kN, determine the average shear stress in the
pins at A, B, and C. All pins are in double shear, and each has a
diameter of 18 mm.




Example: Determine the maximum magnitude P of the loads the
beam can support if the average shear stress in each pin is not to
exceed 80 MPa. All pins are in double shear, and each has a

diameter of 18 mm.




Example: If P = 15 kN, determine the average shear stress in the
pins at A, B, and C. All pins are in double shear, and each has a
diameter of 18 mm.

H P 4P 4P 2P
0.5m
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Example: An angle bracket
having thickness t=19 mm is
attached to the flange of a
column by two 16 mm diameter
bolts. A uniformly distributed
load from a floor joist acts on
the top face of the bracket with
a pressure p=1.9 MPa. The top
face of the bracket has length
L=200 mm and width b=75
mm. Determine the average
bearing pressure o, between
the angle bracket and the bolts
and the average shear stress
T,. N the bolts. (Disregard

friction between the bracket
and the column.)




Example: Truss members supporting a roof are connected to a 26-
mm-thick gusset plate by a 22-mm diameter pin as shown in the
figure and photo. The two end plates on the truss members are each
14 mm thick. (a) If the load P=80 kN, what is the largest bearing
stress acting on the pin? (b) If the ultimate shear stress for the pin is
190 MPa, what force P, is required to cause the pin to fail in

shear? (Disregard friction between the plates.)
Roof structure

Truss
member

End P
plates

plate —jf— 26 mm



Example: The upper deck of a football stadium is supported by
braces, each of which transfers a load P =700 kN to the base of a
column (see figure part a). A cap plate at the bottom of the brace
distributes the load P to four flange plates (1, =25 mm) through a
pin (d,=50 mm) to two gusset plates (1,=38 mm) (see figure parts b
and c). Determine the following quantities. (a) The average shear
stress t,,,. in the pin. (b) The average bearing stress between the

flange plates and the pin (6,9, and also between the gusset plates
and the pin (o,,). (Disregard friction between the plates.)



i{a) Stadium brace
(® Barry Goodno)
P

(b) Detail at bottom of brace
(® Barry Goodno)

P =700 kN

=— Cap plate

P 1

[ J— Pin (d, = 50 mm)

+—— Flange plate
(=25 mm)

e e

11’!2

Gusset plate

(t,= 3% mm)
P2

ic) Section through bottom of brace

Cap plate

Flange plate

1_ - (ly=215mm)

= —Pin{dp‘-—i[lmm:l

Gusset plate
(ty= 38 mm)



Example: 4 torque T, is
transmitted between two
flanged shafts by means
of ten 20-mm bolts (see
figure and photo). The
diameter of the bolt
circle 1s d=250 mm. If
the allowable shear
stress in the bolts is 85
MPa, what is the
maximum  permissible
torque? (Disregard
friction  between the

flanges.)




Example: A tie-down on the deck of a sailboat consists of a bent
bar bolted at both ends, as shown in the figure. The diameter
dg of the bar is 6 mm, the diameter dy, of the washers is 22 mm, and
the thickness t of the fiberglass deck is 10 mm. If the allowable
shear stress in the fiberglass is 2.1 MPa, and the allowable bearing
pressure between the washer and the fiberglass is 3.8 MPa, what is
the allowable load P, ., on the tie-down?




Example: A steel column of hollow circular cross section is supported on
a circular steel base plate and a concrete pedestal. The column has
outside diameter d=250 mm and supports a load P=750 kN. (a) If the
allowable stress in the column is 55 MPa, what is the minimum required
thickness t? Based upon your result, select a thickness for the column.
(Select a thickness that is an even integer, such as 10, 12, 14, ..., in units
of millimeters.) (b) If the allowable bearing stress on the concrete
pedestal is 11.5 MPa, what is the minimum required diameter D of the
base plate if it is designed for the allowable load P allow that the column
with the selected thickness can support?




Example: Lateral bracing for an elevated pedestrian walkway is
shown in the figure part a. The thickness of the clevis plate t, =16
mm and the thickness of the gusset plate t,=20 mm (see figure part
b). The maximum force in the diagonal bracing is expected to be
F=190 kN. If the allowable shear stress in the pin is 90 MPa and
the allowable bearing stress between the pin and both the clevis and
gusset plates is 150 MPa, what is the minimum required diameter
d,.. of the pin?

Gusset plate




Example: A pressurized circular cylinder has a sealed cover plate
fastened with steel bolts (see figure). The pressure p of the gas in
the cylinder is 1900 kPa, the inside diameter D of the cylinder is
250 mm, and the diameter dy of the bolts is 12 mm. If the allowable
tensile stress in the bolts is 70 MPa, find the number n of bolts
needed to fasten the cover.

Cover plate

— i
= =

\ T / \Steel bolt

< P —>

/ l\ «—Cylinder
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Example: A square steel tube of length L=6 m and width b,=250
mm is hoisted by a crane (see figure). The tube hangs from a pin of
diameter d that is held by the cables at points A and B. The cross
section is a hollow square with inner dimension b,=210 mm and
outer dimension b,=250 mm. The allowable shear stress in the pin
is 60 MPa, and the allowable bearing stress between the pin and
the tube is 90 MPa. Determine the minimum diameter of the pin in
order to support the weight of the tube. (Note: Disregard the
rounded corners of the tube when calculating its weight.)






Example: A plane truss is subjected to loads 2P and P at joints B
and C, respectively, as shown in the figure part a. The truss bars
are made of two L102%x76%6.4 steel angles [see Table F-5(b): cross-
sectional area of the two angles, A=2180 mm?, figure part b] having
an ultimate stress in tension equal to 390 MPa. The angles are
connected to an 12 mm-thick gusset plate at C (figure part c) with
16-mm diameter rivets; assume each vrivet transfers an
equal share of the member force to the gusset plate. The ultimate
stresses in shear and bearing for the rivet steel are 190 MPa and
550 MPa, respectively. Determine the allowable load P, if a
safety factor of 2.5 is desired with respect to the ultimate load that
can be carried. (Consider tension in the bars, shear in the rivets,
bearing between the rivets and the bars, and also bearing between
the rivets and the gusset plate. Disregard friction between the plates
and the weight of the truss itself).
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Example: What is the maximum possible value of the clamping
force C in the jaws of the pliers shown in the figure if the ultimate
shear stress in the 5-mm diameter pin is 340 MPa? What is the
maximum permissible value of the applied load P if a factor of
safety of 3.0 with respect to failure of the pin is to be maintained?




Example: A4 ship’s spar is attached at the base of a mast by a pin
connection (see figure). The spar is a steel tube of outer diameter
d,=80 mm and inner diameter d, =70 mm. The steel pin has
diameter d=25 mm, and the two plates connecting the spar to the
pin have thickness t =12 mm. The allowable stresses are as follows:
compressive stress in the spar, 75 MPa; shear stress in the pin, 50
MPa; and bearing stress between the pin and the connecting plates,
120 MPa. Determine the allowable compressive force P, in the
spar. Mast

llow

£ 7 > Connecting
| plate



Example: Two steel tubes are joined at B by four pins (d,=11 mm),
as shown in the cross section a—a in the figure. The outer diameters
of the tubes are d ;=41 mm and dgz =28 mm. The wall thicknesses
are t ;(z=60.5 mm and tyz=7.5 mm. The yield stress in tension for the
steel is 6y=200 MPa and the ultimate stress in tension is ¢;,=340
MPa. The corresponding yield and ultimate values in shear for the
pin are 80 MPa and 140 MPa, respectively. Finally, the yield and
ultimate values in bearing between the pins and the tubes are 260
MPa and 450 MPa, respectively. Assume that the factors of safety
with respect to yield stress and ultimate stress are 3.5 and 4.5,
respectively. (a) Calculate the allowable tensile force P,,,
considering tension in the tubes. (b) Recompute P, for shear in
the pins. (c¢) Finally, recompute P, , for bearing between the pins

and the tubes. Which is the controlling value of P?






Example: A steel plate of dimensions 2.5%x1.5%0.08 m and
weighing 23.1 kN is hoisted by steel cables with Ilengths
L,=3.2 m and L,=3.9 m that are each attached to the plate
by a clevis and pin (see figure). The pins through the clevises are
18 mm in diameter and are located 2.0 m apart. The orientation
angles are measured to be 0=94.4° and 0=54.9. For these
conditions, first determine the cable forces T, and T,, then find the
average shear stress t,,,. in both pin 1 and pin 2, and then the

average bearing stress o, between the steel plate and each pin.
Ignore the mass of the cables.



Clevis

Center of mass
of plate
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