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A Study on the Stress Distribution and Plastic Area Propagation in the
Beams with a Circular Hole

H.C.Kim, J.S.Wang, S.]J.Park, K.H.Lee

Abstract

The beams with a circular hole are often used for constructing structures. The center of
the circular hole is normally located in neutral axis and the stress state around the hole due
to bending mement is trivial. But the stress level around the hole due to shear force is
expected to be significant especially in the case of beams made of shape steels.

In this paper, the stress distributions around the circular hole of beams were presented.
Using polar coordinates and generalized stress function, the formulas of stress components
were derived. The aspects of plastic area propagations based on von Mises yield criteria
were also shown graphically.

In order to verify the formulas presented in this paper, a beam of [ -shape steel with a
circular hole was made and the strains around the hole were measured under various load-
ing conditions. The experimental results were proved to coincide fairly well with the calcu-
lated values.

Nomenclature &, &, 7 ¢ Strain components in polar
coordinates
%, ¥, 2 . Rectangular coordinates Gsy Gyy Txy i Stress components in Car-
r, 8 : Polar coordinates tesian coordinates (kg/mm?)
@ : Radius of hole (mm) us : Stain energy per unit volume
b : Radius of circle for boun- (kg. mm/mm?®)
dary condition (mm) o, : Equivalent stress (kg/mm?)
¢ : Generalized stress function oo ¢ Yield stress of materials in
avs o5, Ty ¢ Stress components in polar simple tension (kg/mm?)
coordinates (kg/mm?) F : Shear coefficient

* EER, MBERERE
* EgR, AFTH
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V : Shear force (kg)

M : Bending moment (kg.mm)

Vo : Shear force at hole center (kg)
M, : Bending moment at hole center

(kg. mm)

~

Moment of inertia of cross section
(mm*)

A Cross sectional area (mm?)

E : Modulus of elasticity (kg/mm?)

v : DPoisson’s ratio of materials

t : Thickness (mm)

G : Shear modulus (kg/mm?)
Tmax ¢ Maximum shear stress (kg/mm?)

Tmean - Mean shear stress (kg/mm?)

1L #
S FlHsI BEdhE My dde B

el ot " Sllev, @%}LE BIL =

s YEZ Flfiste H#= T #mEL 5
Bl HEI- 3 #&EE &1A F»TEL PECEGY
ol v} ZEMELT whe HEHY wlv WBLKO]
)= gheb wbebA o] HTZIL EES ELE
EREs] fLEst) EYT HRE 42 LB S

T},

HZIL JEEel AT HaiglaR, e
o, MEBIE, :ﬁé{,ﬁﬁjﬁﬁ)ﬁ Fo BEifel st
A= olm] BEERE ] a0 o] 5o fA
o EASfiw Bk skl TR 4 9
O zey o] s flawter k¥ F e
BEL wed ‘E'no—“LEﬂF g & Fksel
#lol ek BYET 0] lEhe A2
2 =27 7b % ErEel el 2Ebal
= 2% BWslz gl EelEel 23k TmE

< u@ﬂl wbeh wepal o
ofie A=

=

WMoz RumEel A BA Aok Ae
2 el Al B o)

GH

2 OBE S AR Ehe EEt
| P A =B | [@%}L E
FElEel 23t ﬁﬁ@ﬁ I
Hubo] frEst=S gt
gy el & %@?E@J} | TRz A

EEESG] velel ERY 4+ 4 w9
o, BUMHES O] MASL W% wirEe] BB
el frREbebd 29 B o TR A
prol lem R 2 WEE Helddt A
S wE LE 9

& Bimel e BBAL A4 BEE e
B A BRI AR EHATGE BEEE
RISt MFTsloch. EhEMe #SEe —

BEHBYE AT, TUEsUE T
LG5 B I WS W
RUSHE HENRAE2 Bstel, SRMEES
RS BB AREE EE %
Be AomD o EhEMe Getd EEIL A
Hel WORASEE BRAoD HAsd. =
@ ol XE Von Misese] WPEBIHIAIR
fostol BENE Foln o 238 kB
HRBS sl o

& Bl re MmRES EBEE &
arsbsl slstel IM@eE HERIE AU 2E
Bffske 42 tAEs WIEDE (A B
Bl el ~Edlel e ety o HMiRel
e S Y
BB R RREAA ST HEET AU
shol metgos, ~E=9 e BRI AR 4

e fifd 2EHQAAE 2ola HAR
el e e Westd ek

PR A A

2.1 fmER 28t 2RT AR
WEEE FH 20T BN T Vil

HEXS HihE mRY HE gk 2ol H

r}. ®



ERILE Jhal 2o EhGfeh YRR EERDC WL FE

dor 1 Oty ar—0oy

o T o 0
1 80' aT,— 2Tv —
T aﬁo + 87’0 + ’,6 =0 (1)
o] F THHERS EHRE o0, OHF #&
sl ARG EE v o] FomzAq
A VA Ias
_1 % 19
= o r? 9g°
a2
[ ] —arz
9 (1 99
779'__"'3'? (T‘aa) (2)
g ~EdHQ RKaGE Abelel iz o e
BEGMHERES BEHRS L2 FRshy e 3
o] =t}

2 2

(P +aa)Eatan=0 ©
orto,=o,ta, Y& HHEE KD (e

z 0 EEEE R OKE AN 9

@ MATERS deh

® , 13,1 p°
(G977 36
P . 1 9p , 1 %\ _
(gt e e ) =0 @
K2R HRESS WESEE o8 T3
o K(2d RAFNE EHRTEE T + A
T o] 58 gk fRAS L= BKAE
&+ Tk
$,=‘Z}:~(o',—-uo-,9)
‘962’21;;—(0'9 va,)
T )

7] 4 vi= poissontpolm Eix  EEM: (R o) =
G BEMEREC] ).

2.2 Ry¥ —HENHHO o8t Bk

i hER (DF WEle —REI&RE
o, OF &3 Lol BEHEE E3 o] &
B £AREE o7t ReEd MEY BREAS

WRSEE Aoid Ashe Mo ok AR

(55)

227

&7, 0)=(br*+ay’r~*+by'rlogr)cos 6
+(d73+c/r~t4dy rlogr)sin 0

+ f} (a,r"+b,r"t24a,' v "
=9

+b,/r~"+2)cos nb

+ X (™ Fd e,
n=2
+d./ r-"*¥)sin 1 (6

Guy buy Coy dny @'y, b, ¢, d'E BRGNS
of o3ty B EEelr
XL B)E X @ RAst] EHRS o
op Tl AT —BEEE T oS3 2o,
o,=(2b17 —2a'r=8+byr1) cos 8

+ (2d17’—26117’"3+d1,7_1)5in 0

+ iz{ (n—n2)a@ "2+ (2+n—n)b,r"
—(n+nda, r -2
+(2—n—n?b,'r="} cos nd

+ i,:z{ (m—n®)cr" 2+ (2 +n—n)d,r*

—(n+t-nd)c,/ r-"-
+(@2—n—n)d,/ r"}sin 16

o y=(6b1r+2a,"r~8+b,'¥Ncos 9
+(6d1742¢,'7"3+d ¥ Vsin 6
+§2{n(n——1)anr”"2+(n+ D (n+2)b,7"

+nr(n+1Da,/r -2
+(n—1)(r—2)b,/r~*}cos ng

+§2{n(72— Der™ 24 (41D (s +2d 2"

+n(n+1c,/r="2

+n—1)(n—2)d, r"}sin no
Trp=(2byr — 2@, r=3+by/rDsin 6

—(2dyr—2¢1'r34d'rcos §

+§2n{(n—1)a,,r"'2+(n+l)b,,r"
—(n+Da,r " 2—(n—1)b,r""}sin nf
__ni;zn{(n—1)c,,r"‘2+(7z+1)d,,r"

— i+ De/r"t—(n—1)d,' 7"} cos #o

P



228 HEMAIHRMEEE F9% MW, 1985
2:3 BWHR Y BREHS

AT A, =¥ 14
B O0E Ave yihel A
Mo 338 s& Verl stx, & O
L HE EhamE

5
i
|o
it
o o

i)
3
c

ez}

~ -

Fig.1. Polar coordinates around the hole
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Fig. 8. Plastic zone for the Fig.9. Plastic zone for the

case of a=2.5mm case of a=2.5mm
and V,=5, 000kg and Vo= 7, 500kg
Fig.7. Contour lines of equivalent stress o,(Unit:
kg/mm?) for the case of hole radius a= v
2.5mm and shear force V,=5, 000kg Vo = 8750 Kg mm

Fig.10. Plastic zone for the case of a=2.5mm and Fig.11. Plastic zone for the case of a=2.5mm and
Vo=8, 750kg Vo=10, 000kg
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Fig.12. Contour lines of equivalent stress o, (Unit:
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mm and shear force Vy=5, 000kg
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Table. 2. Values of radial strains and tangential strains (&,, &) in loading shear forces

Directions c0° | 45° e
Strains [Loads(kg) Distance 6 15 | e 9 13 20| 6 9
2. 000 Calculated 1.5X1078 7.7X10°% —327 —181 —167 —168 0 0
! Experimental —8 -9 —331 —217 —203 —202 —67 —77
3,000 Calculated 2.3X107® 1.1X167%  —490 —270 —250 —252 0 0
E4(u8) ’ Experimental -9 —13 —478 —310 —292 —290 —118 —103
4,000 Calculated 3.1X1078 1.5X107% —654 —361 -333 ~337 0 0
' Experimental —8 —15 —644 —414 —390 —387 —142 —132
5,000 Calculated 3.8X1078 1.9X1075 —818 —452 —416 —421 0 0
i ! Experimental —5 —19 —814 —516 —485 —484 —167 —159
‘ 2, 000 Calculated —2.6X10"% —5.7X107¢ 56 61 110 147 0 0
! Experimental —8 —59 57 45 112 163 9 10
3,000 Calculated —3.9X107% —8.6X10° 84 91 165 220 0 0
8,(u8) ’ Experimental —11 —72 80 66 163 238 10 11
r
4, 000 Calculated —5.2X107% —1.1X107° 112 121 220 295 0 0
! Experimental —14 —79 102 88 218 310 8 14
5, 000 Calculated —6.5X10"8 —1.4X1075 140 152 276 368 0 0
' Experimental —15 —81 123 109 267 377 7 16
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Fig.27. Radial and tangential strains (&,, &) for
45°-diretcion under shear forces
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