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On Some Analyses of Dynamic Stress Concentrations Due to an Elastic
Wave with a Long Plateau of Constant Stress
By
K. KawaTa and S. HasuMoro

Abstract: Dynamic stress concentrations due to elastic waves are analyzed by high
speed photoelasticity and some differences between dynamic and static stress distribu-
tions are clarified. Specimens such as long struts with shoulders or notches are loaded
dynamically by an elastic wave behind the front of which a plateau of constant stress
pcv (p: density, c: elastic wave velocity, v: tensile velocity) of long duration exists.
Such elastic wave is caused in the strut specimen by pulling its lower end in constant
velocity, with a falling weight large enough attached to there. Dynamic isochromatic
patterns caused in polyurethane rubber specimens are recorded with a ‘HIMAC 16 H’
high speed camera (framing speed: 10,000 pictures per second).  The distinctions of
the patterns are nearly equal to those of ordinary static patterns. It is known that
dynamic stress concentration factors, that is, max. fringe order in passage of the wave
front and the plateau of pcv, divided by the fringe order corresponding to the height
of the plateau, are about 0.5~0.6 times static ones, for the specimen dimensions of
the present work. An approximate theory of dynamic stress concentration factor is
derived, considering notches as discontinuities in cross sectional area of strut, as a
rough approximation. The above mentioned theoretical consideration may explain the

values of dynamic stress concentration factors obtained experimentally.
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BIhdewrEzbh, wX L1 cbiEfHah 3. - T, EETHLELTIDE]
BRI EEOBKREEFE) X ETHELEABBLELONEDT, 0, DOYPRIVI W
LEZONBTHEID [=110mm OYIRZFRTHMNE TOMLEERE N L rd
L.

MRE 1RO T ay A8 12 MThah, BEEAFTRELOREILHH, IR
VW 4 fRIC e o TD plateau D BB Z ENRREOND. COFIREELE — Tk
{, 31X 1.8~2.0 tbbDT, F, TRL8L 2.0 xEEHMcLsZLELL
it N,=1.8 i+ 5K A-1, A-2, A3, B D ks % ke LHELDORLIOMNE1L3
MThsd £FORPENNMALTLBETD 3~3.5ms FCOHLMYELD L E, ka B
FRERMIETS ks TOVEVCENREDNS. F 14 ik HEERGKRE % plateau D 1.8
CIRERES, MIETHEL ¢ TD No@) &L o> TKDI Nuax(@)/No(t) D71 v b HEERR
THEL Th 32, No() @ plateau LT L CLiZ L A EZE DLty .

£ 1 % BIOE L CHEBE PRI i 9@ ®
] " EE LR BOEBEE | 4 | 4
AFES | R(mm) F. k!
ks=Nmax/No ks,=1/3ks=Nmnx/No’ kd=Nmax/NO(=1~ 8) s s
A—3 5 6.3 2.1 3.64 0.58 1.73
A—2 12.8 4.9 1.63 2.93 0. 60 1.79
A—1 50 4.2 1.4 2.47 0.59 1.77
B (R=o0) 3.0 1.0 1.60 0.53 1.60
(Bef)

BHETEE | 4, | g

kd= Nmax/ No(=2. 0) s s
A—3 3.28 0.52 1.56
A—2 2.63 0.54 1.61
A—1 2.22 0.53 1.59
B 1.44 0.48 1.44

1F : ks: Nmax: YIREBORARIEREL,
No: IR EBEEE I ORBRE,
No': GIREB AW I DR RER
ka: Nuoox: MR plateau 5 (3ms T TO) BEHDYRBORKIGRY DFHEH,
No: EHIREERRF® [=110mm B4 @89 5%k plateau OEIFRK T,
ERONTYFDE, TR 1.8 & 2.0 & o1,

ik L OCBNIC N EFREOBRYEE TS L, FlEDOI S5k d. kaDEITAR—
R ¢ OB TH AN, T TCRBHEERYRYEEL, ®EEEO plateau e X
Lo TkD, LodbEEFERLZORCHFETIRETRHEINT, FEHELTV3 [=

110mm DNEE CR> TV TCIBIZ—FIEVEY L 50T, FOEHEYFRLT
-

i p

N
!
1
4
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$ 4. HE FETOERNEER

BE, BESHEFRBHO2HETHLE L LTI CELPNIZ L 455 L 5 Ch B2,
Chikfce x i, EEmrbTRSICD2 INTCHEROTHCERE W 5 TE h=0) <
HRATEMZ 58, SN0 2EOERENEZECD LR ErSOEE L 5 4 DT
Wk Bbhon, —ROBHRC L D2BHSHEFOLBRECHL T, DL 5 Ky
TSV THA S . BAETOEBAERERE [14~26] BRERINIZUD T 3.
1R T, HF A-1, A-2, A-3, B DLShic o Th k= (0.5~0.6)k, FEED
BT, ka 2% ks EOESHTV5. EBx T 5BHERANTIR, ERBEEEANCEZL DS
FYFREDOLNBEDOD, EICHVE LV - TL <, bARHEREDOLND L5 CTH 5.
Ric, PR QYR A B BEAER T 5 L EOXHOBHEELUER YR > T
X5. 4, BEOLRRUDTHEH LIS, PREBXEEBX L b0 FEHE LT, #
DOETHEOAERLE2 52 L 2 L L5 [30]1[3]]. HHEFOWEEERO—RTER T,
g & MR OREGB T ORI, REFME ECOR L OYWEEREOEFO LMY

A, (0740R) =A,07 (3)
VI—UR=UT (4)
b, ROFBErh T3 [27][28] ¢, chixfAT5Z & LT5.
24,0,
Pucnh ot = it ey %

A0, — A10104
op="22z— 2l 5 6
ﬂ‘m * AlplCI +A2‘0262 ! ( )

TG, R"FE I R, T Ay, K&, BLOEED

Oi Or or

bt Va vr BT HIEL, Ay, A, ZTHoOWE O EREL =T
15K %ﬁ%®%ﬁ$ﬁ%%? ok, ToTCEERTNECLEZ, K (3), (4) &,

ORELONH, T, BEE - proFEogico1Tazb, EOBRE L

0: BE, c: BMEREE, A:
Wi, o 6H, v: WEEE TR L CEPRICHE L L ThHSD.

BE 1, 2 RENThOWEE IR B e ZET S & &, RNERPORIHZZ
2R A—t e BTl unb,
011 =02C> (7)
ﬁE‘O 19
GT:AZ‘—?—IA * 01 (8)
f&af,%hﬁﬂﬂi%@%@%@fukv.CO@K%X@E%%EET%$%W$
or RYIREXEBEHCISHER 2 AE U 54 HFREHG L RE L LRETHE [30] [31],
= Tmax 0T ﬁfzﬁ.rkﬁf (9)

0y 07 Or
TCT, ka: ARICTHEOR I #EE L LG ERHRE
ks' : YIRBIREMTE _EOSFIGIS 1% M & LIRS T R RE,
B=0r[or (72721, YIREBHEKEHEY 4. L L o7 (8) HOfE)
7: MERETRIRICEVWLEZ LIRS,
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100 . ERAREFEEMEMERRE FTli g25
D EORRCAEZEBROKEY HTUIDTHLS.
_1
&—3A1 (10)

24, 2
B=orl0r= g L = TH1/3 L5 ()

SF DB O or=380; LB M, BBYTCRED Y, LhEEIRLVZ LS. 1=1
EhhiITETARB L,

ka/k! =B=1.5 (12)
BHEAZEEAEETFOLDODHF LR TI VDT, ZOEABROKITLY, BE
RESEHCOWMERERRS L ORHO—RTBROBEXAIVES. F1ROEAELRES
27N (E15K) BHE (12) L3 HBELTARB L, No=1.8T6.7%, N,=2.0T —4.0
%UnEET—HKTH. LTOEHREHSCTIOBEEERBOR) UL 8 v OBRYE~IES 0
Gy Al L RE L CHEYED TV 55, EROBERME, EHEO—HOEE,ND, & ;
DRERBIEELODLETHAL D 2L bz hs. BARRFCRERET VR LLER
FER ka=0.5ks #HHATHEZ L.
wiE, GREx SRS A-1,2,3 EOLWTREFLTAD L, ZF%@BL, EflfE:EHim
# (12) ¥, N,=1.8 ¢ 19%, No=2.0 C 7.3% LINDETE 5. A-RAIK>VTE,
BaEE XD b —HOENRLL K. A-RFID L ) EHHORAFCHL TR, F15KD
5, ECEEE A OBS WFE “17) hOEEEAAR TS L&, YIRE~DOALFIH
CiE 15 Mo EFACEVA, BRBROKHETEL 2 LRVITERAOMS (Him “2” L.
—Ex D) 0% (HFH B, KCEEE A ofs Wfm “37) RFEET 2 BEYIX :
EFALLT, 27 & “3 ORE (Rl 2—3) TORN, EEIBECCANDLELRS
A5, —RTEmCHETS L,

' . .z s .__1“_‘42.
Op ﬁ‘ﬁﬁ 2—3 'CBZ%LVCEEL Z)J;Sjjs O.RI—A1+A2 Op
. o R _ Al—Az)z.
or, MR 1—2 TR LTEL 55, om=(5 ) -or 3
— 3 i ;
or, WRE 23 TRHLTEL BN, or= (T4 or g
A, A, |
Lietin T, op 2% UHCTRE 12 ¥EBLTAHNEESND L & mbHELL £ O
ZBBETI, 27 OFREETOIETS 02 X, i
U2c<t<3l[2c : Op , (14-1)
3lj2c<t<5l[2c: o (1+‘—4—‘:é) (14-2)
VT A+ A,
. A1_A2) (A1—Az)2> _
51/2c <t < T2 : UT(1+( N ARV (14-3)

) Ai— 4, (Al—AZ)z (Al—A2)3 ...... )
troo: "’(”AIMJr a4 \aral t
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A +HA A
= 12142 20'T=Zi0'1 (14-c0)

Oibbﬁnf,%ﬁ%h(%ﬁ®ﬁ)kkb &=%Ala¢nd,@aw1a&5
2

“1” & “3” DIsS], 0y, 03 D t—oo TOEIR 067 L.

ZDRFHEHYIRETFT VT, (9) Ko or ik (14) KD 0, #RA LI ke 703, OF
D,

Oy Opax
kd=a-—a=ﬂ-7ks' (15)

VD o,=0r (14-1) Or &iX (9) &L—FHT 5. A-series KF K D2V TOEEREORKE
X, 0 DPHOME or w ANTCRECBIZHICTE DL RONS. ¢t KT Icoh,
(14-2), (14-3) % T (14-00) ZRA LI DL B, t—oo TiI,

&y P ka===<7ks' =7ks (16)

=1 T, kazk LB, ZOBBRAOVWCTRECEVREL T, EBEVEBEERCH:
S>TERLTARDZIPENRLAS. LEdrb, FROLLWALHEGZ LD L b EXEROKA
FERCoWTiX, BEHEFREOBIRYCRLEBZ DLEEZLbNS.

§5. #& i®

(1) SemdEMEcRY v sy T2xBy, 1 HpsOEREI=EO AT (R
v M@ 0.57mm, THRM: 175 p/s T 7.7us) T, BEERILOREYBEET KA,
W OFE IRITIEHME & KERVCEIA X CREL . _
(2) HFREBUHRLEZOWHAYIR Y  >EMR B L CRE O DT, 2O THICER
EovDRIZEXDZLRID pcv DISHED plateau % & >BEEE # AG 1. &
DWHP IR 2 BB $ 5 & 2 OEFIS T ORI > AR Bk%k O plateau DFFRITE] - T
; BONDEICTEPFRE ks X, 0~3ms ORREIRT, BHEIOLH £ DRy 0.5~0.6 5
P ThdHZELRALNT.
I (3) WIRXBRMA#HE, bOVEL: L CHERORERT L E2, REFETYBET S

: BERO—RTERE AT, bk & ks OBFEZRTELER L E 2. 2 OFELRIT D
L EBAREROBIRCLE, ERAIKEREY X {HHT5.
Rk, BYREEE L @RHErEC CEH TR, ABOECER, TEHRERE
HFRROUF) oL 2 vl e RSN FEATSKK OFRICELMILEL LT 5.
MEE 1965 £ 4 H 10 H

X ik

EEEBEOERI LI S HL 00 550, BHEEHESDY BRil- 7o b Ol HEagd
L. EEEEEO TR, MLEE, £X/9— 7 B X 583 < OBEEE (Cranz-Schardin
FHR), FITEVEEES AT (“Dhw” KRR, “Phbav REEEME) ©ahn
5. REALIDEHFTCHBL, RDOBED :

@
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. 5 -
2
K B 1 % BEBIED CORRBOBIELEIE _;
wom H 6427 H 6425 H 6426 H 6507 H 6429 -
R 11000 2 = /sec 9920 -7 /sec 10000 2 < /sec 9700 2 = /sec 9900 2 = /sec
BH No. A-3 A-2 A-1 (o] bl
(ms) (513 (ms) i (ms) &E (ms) (ms) @ﬂ:: 7
g‘; AME | time t%mfi Now k time t'rmf: Nox & time tlx!mf: Now k time k time t'}lnz; N & g
1 0 0.08} 0.5{0.28 0 |[0.10] 0.5|0.28 0 0 0.5/0281 0 0 [—0.82 g
2 0.10/0.18} 0.5|0.28|0.10{0.20| 0.5|0.28(0.10] 0.10 1.0]0.56 | 0.10 0.10 |—0. 72, o
3 0.18§0.26| 1.0§0.56}0.20|0.30| 1.8/0.72|0.20{ 0.20 1.2]10.67(021 0.20 |-0. 62 é
4 0.2710.35| 1.5/0.83/0.30]|0.40| 1.5]0.83}0.30] 0.30 1.6/0.830.31 0.30 |~0. 5 B
5 0.3610.44| 2.0({1.11[/0.40}0.50{ 2.0}1.110.40{ 0.40 1.811.00] 0.41 0.40 }—0. 42 gf
6 0451053 25/1.39/0.50{0.60] 2.5]|1.39({0.50 | 0.50 2.11117]0.52 0.51 |—0.31 9':.
7 0.55)10.63) 3.0}1.67{0.60]|0.70| 3.0)1.67]0.60(0.60| 2.5 1,391 0.62 0.61 [—0.21 g
8 0.64(0.72| 3.5(/1.94|/0.71{0.81| 38.5]|1.94(0.70] 0.70 2.8{1.56(0.72 0.71 |~0.11 =
9 0.7310.81] 421233/{0.81)0.91| 40)2.22}{0.801{0.80 3.111.72]0.82 0.81 |-0.01 i
10 0.8210.90| 4.8(2.67(0.91{1.01| 4.3]2.39)0.90] 0.90 3.5/1.95;0.93 0.91} 0.09 0.2 ¥
11 0.91/0.99] 5.5|8.05(1.00 {111 47[2.61{1.00/(1.00 3.8/211]1.08 0.2811.01{ 0.19 0.5 b
12 1.00(1.08| 658)322|1.11|1.21| 51/2.8(1.10]1.10 4012221113 0.28|1.11f 0.29 0.7 g
13 1.0911.171 6.013.33|1.21{1.31| 5.8[2.94)1.20]}1.20 4212831124 0.50}1.21| 0.39 0.9 %
14 1.1811.25| 6.2{8.45{1.81(1.41| 55{3.06]1.30] 130 4.5]2.50]1.34 0.67 [ 1.31} 0.49 1.1 S
15 1.2711.35| 6.5)3.61|141]1.51] 55(8.06|1.40] 1. 40 4.512.50{1.44 1.00|1.41} 0.59 1.4 3
16 1.55 117|152 070 1.5
17 1.65 1.39|1.62| 0.80 1.8
18 1.75 1.6511.72] 090 1.9
20 1.7311.81| 7.0(3.89}1.92[2.02] 5.2({2.89{1.90]|1. 90| 4.4)2.4411.9 1721192} 110 2.0
25 2.18|2.26| 7.0[3.89|2.42|2.52| 52289240 2.40| 4.8|2.671]247 1.56|2.42| 1.60 1.8
30 2.641272| 6.5(8.61|2.9213.02| 52289 2.90(2.90]| 45|2.50]299 1.50[2.93} 2.11] 1.8
35 3.0913.17| 6.03.33|3.43{3.53{ 5.0(2.78{3.40] 3.40 4.0{222]3.51 1.50|3.43{ 2.61 1.8
40 3.55(3.63| 6.0/3.33/3.93/4.03] 50(2.78]3.9 3.90| 4.2]2.33]4.02 1.503.94| 3.12f 1.8
45 4.0014.08| 6.8|3.78|4.44|4.54| 55/3.06| 4.40 4.40| 4.512.50}4.54 1.61 1 4.44| 3.62] 1.8
50 4.4514.53| 7.514.17|4.94(504) 6.0(3.33[4.90] 4. 90| 521289505 4.951 4.13] 1.9
55 4.9114.99| 8.0|445{5.44]554| 7.0|3.89}5. 40/ 5. 40| 6.813.22|5.57 1.8915.45( 4.63 2.0
60 5.36 1544 9.0|5001595/6.05] 8.0{4.45|5.90 5.90| 6.5]8.61{6.08 2.1715.9| 5.14 2.1
static 6.3 4.9 4.2 3 1
k=Nuu/No T No=18 & LT 3.
time EIE DA,
Frame No. 1 (1=0) »5 1 gtsshiliic @ 2851 1 2R, R=50 ZEMLLUTEDZ. (m=65m/s)
A-3 R=5 (30/65) =0. 46 ms Frame No. 1 O 0. 08 ms
A-2 R=12.8 (28.5/65) =0.44 ms 0.10ms ;ﬂ;
A-1  R=60  (35/65)=0.56 ms 0 3{;
B R=co 1.5l ms —0.97ms 1
C  mERH 136 ms ~0.62ms g
g
g
#
of
-
[
o
o
N
|
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