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Theoretical Solution and Experimental Investigation
for Torsion Problem of Prismatical
Bar with T-Section

Hiroshi HANZAWA
Hiromasa ISHIKAWA

Abstract

The torsion problems of prismatical bars can be solved, as Saint Venant confirmed,
by integrating the equation 49=0, as a first boundary value problem. Thus, hitherto
considerable mathematical analyses have been applied to the torsion problems of prismati-
cal bars with various sections.

In this paper, the torsion problem of a prismatical bar with T-section is investigated
by means of application of Schwarz-Christoffels’ transformation.

In order to calculate the stress components, which define the complete system in
pure torsion, a digital computer is used.

As to the experiment for verifying this calculation, stress components are measured
by a photoelastic method, employing stress freezing and oblique incidence method.

The experimental results are found to be in satisfactory agreement with the calcu-
lations except for some extreme points which are under the influence of other factors.
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CEESNTORRDEEICROMNY, BEZ 120°0C £ TLEYFT1EBZORE 2> Th
SIMD e~ A v b EDDGI, TDFEORET 80°C T 1K 5°C DA THRE L, 80°C
DOMATERE TESLISHERZR T L,

BIRZIEHPHEEINEHRBA LA 54 2200 WTBTFERYT, #1103 H
LItR 54 2%RY,

M. M. Frocht K iz & 2 & §lidR © 2 521 2 K OR A G ERIT O &, FASA 6
WX n, YRy E35E, DXOHFRATH B,

n = 2at’ sin G4/, cos® 0+1,2 (19)
feB LT T T, o ek
0 =90° DKE (19) Xid
n=2at’ Ty, (20)
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3\
)

NN
A\

VA
BIR =274 A LE

B10K

LB, LEDB>THAITAZADORARNAZELEZ 2B EHEZ L 19KIT KD to,

Ty BWHEIN D,
(i) THFRHOBEROER —zD1—
S IR I RIS B A SR T B,
[ =FA0EEE 99 mm, HEF 4K 130 mm, HUEBEIGIEREL 120°C
6 =454 21° (0.366 rad)
T=#Hbx~»>v}+ 182kg-mm
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a= LR RE  32.7 mm/kg
0 = & DOl & SLHRIRY A B 60°, 90°
t=274 ZDEX 3.6 mm
v =HRERR ¢ = t/sin (60°+0)
G = BERiME 53 0.435 kg/mm?
WISk 88 18 BRUCIR 3 IS IMRHT AL AM A 0 =60°, 6=90° ® 2> D 1M (85 11
X, $812K) K 0F778o 72,
U 274 ZDOBRTRVIS, T8bS5, H2AHMO R TEES ¢ B8—5F O BH
DS SIEHT
COLARBIBHOR 74 2HRRic BT T FHHHO L3 (R H-H X 0 ko
) TR A-A 5 AnA, ORI, TH (R’ H-H X b FTosgs) ol B-B, »5 B,-
B, il TH 5, B IUKOBABRALHETH S,
0=90°Ti (20) X &b

ey ’”11

«.;m{‘r) 3

B1K

F12K
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D9=0 Wdlryrecx HEITHE

N6=0 Ylx ) cx

Her &

2€
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Tyz =213%x10"°n (21)

__n
2at’
0=60°TiE (19 K&
T2 =0.722% 10~ n* — 41,2 (22)
2N, @2) T2 DEEFELWETRY, ZNEIEHERI O WEL Thb 3,
LietoTC, &3 (4, 8) 555 T, #IBBRORIA AR T a-a 125 A1 FIM L
O0=90° It 28 1L MESMT 5 LR n=525 25500 1) R&LD
Ty = 1.11X 10~% kg/mm?
Pl DELETE>TH=601C L T2=29%18555(22) LD
Tay = 1.05 X 10°? kg/mm?*
MRE B,
CTT, (x y) BHL&R, THERFH ThLLDAGRAOFMIC 2, FEFZELEL
ENED L y BHHOEATHS, BMBREUBT 20K 8mm ZHAEZ1 LT3,
Lieds>T (4, 8) Dxiid (05, 1) &%, T TORREEMND,
® 274 Z20BRDOEST, TROLLHHAMMOICHTIES C B—ETEOES O
VS TIIRET
COBARBLBRORF 4 AR T, T FEMHEOLH Wtk H-H X0 Lo#s3)
T AFA, AFA, OAMIOMEIE, T (i H-H X ) T oifs) Tid BB, BB, D4
Mo Tthds, B UHDGEESRCHEATH S,
(19) %, (20) K &
=90t LT
n=4att,. (23)
0=60° kLT
n = atfT i+ 4T,k (24)
FRTCEEENHE Y TR, AT74 ADES ¢ T:MJ EpN TS, tIdHEK36
mm TH 5, BRORS THMHCBRDILTHE, B 73&*2—&: 155 & MRBRES—E (¢
=36mm) EEATEED2EORBEEZ B, 2)RE 2K T H(=36mm) Z—FEL,
Z WS DI t D la WY TNIE na BRI E UTEHTT 2,
wE, cofiflcodERNE &0k ichis,
na = 4at vy, (¢ = 90°) (25)
na = atri+4,; (0 =60° (26)

PIFEOHHETES LR EP ZRICRT, B2ROUEBMER, DEFOMEHA LM
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'(;%50
" / =
bl = 1-—=——>><100 %
ol = (1- G (%)
HEBEE DI D E DI o ®, FOMIE w2 DHBHETH B,
B23k ERSE & FRETEE o kg
. Al ey — = B IS 1) M B oW o ) By
4 9 n a Ty- kg/mm? Tz kg/mm? Iy= kg/mm? Zxe kg/mm? %
9° | 1 1
15 0  6°| 2 | 1 0.21x10-2 1.5%10-2 0 1.68x10-2 | 106
L9t | 17 |1 6.2
05 | 05 60°| 095| 1 0.36X10-% | 0.86x107* | 0.384X10° | 0.384x10°* | 62
| PR
C9c 18 1 1.0
10 05 60° | 091 1 0.38x10-2 | 0.12x10-? | 0.384x10-2 | 0.128x10-% | 62
‘ |
9° | 14| 1 | —17
125 05 60° 08| 1 0.3x10-2 | 0.32x10-% | 0.256x10-2 | 0.384x10-2 | 166
90° | 18 1 10
025 075 60° 095 1 0.38x10-2 | 0.25x10-2 | 0.384x10-% | 0.256x10-% | 2.4
9° | 26 1 — 60
05 075 60°| 16| 1 055x10-% = 0.805x10-% | 0.52x10-2 | 0.77x10-2 |— 45
| i 3 !
90° | 36 1 2.0
075 075 60° 2 | 1 0.76x10-2  0.74x10-2 | 0.775x10-% | 0.775%10-% | 45
9° | 32| 1 12.2
10 075 60° | 25| 1 068x10-2 | 163x10-% | 0.775x10-* | 232x10-% | 29.7
90° | 22| 1 9.5
1251 075 60° | 20| 1 047x10-2 | 144x10-2 | 052x10-2 | 2.06x10-? | 30.1
9° 2 | 1 107
025 1 60 1 1 | 0425%x10-2 0 0.384x10-2 | 0.129x10-*
90° | 525 1 140
05 1 60°| 29| 1 LIIX10-2 | 1.05x10-%* | 1.29x10-2 | 116x10-2 | 95
90° 4/3 120
075 1 | 60°| 42| 1 17x10-2 | 1.09x10-2 | 1.93x10-% | L.16x10-2 | 60
90° | 48| 2
1 1 60°| 3 | 18 | 204x10-% | 2.04x10-2 - .
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21 TR 3R » R o BRI & BRI
HT2E T2
. : At alezend e EN YR IR Heii
y 0 n a Ty~ kg/mm? Tze Kg/mm? | zy. kg/mm? Tz kg/mm? %o
90° 0 1

1.25 1 60° 27 1 0 2.3x10~2 0 2.7X10-2 14.8
90° | 5.25 1 14.0
05 | 125} 60° 29 1 1.11x10-* 1.05x10~2 1.29%X10-2 1.16x10~2 9.5
90° | 6 4/3 11.9
0751 1.25 60° 4.2 1 1.7x10-2 1.09x10-2 " 1.93x10-2 1.16 X102 6.0
9° | 42| 2 —380

1 1.25 |1 60° 2.3 1.8 1.78x10-2 0 1.29%x10-2 0
90° 2 1 —10.6
0.25 15| 60° 1.2 1 0.425X10-2 0.6X10-2 0.384x10-2 0.256%x10-2 1—23.3
90° 4.2 1 310
0.5 1.5 60° 2.2 1 0.89x10-2 0.59 X 10~2 1.29x10-2 1.16 X102 49.0
90° 481 4/3 250
0.75 1.5 60° 3.5 1 1.35%x10~2 1.2x10~2 1.8x10-% 1.16x10-2 |— 34
90° 3.7 2 -10.5

1.0 15| 60° 251 1.8 1.57%x10-2 0 1.42x10-2 0
90° 1 1 447
0251 175 | 60° 2 1 0.212x 102 1.6Xx10-2 0.384x10-2 0.256 %102 59.2
90° 26 1 574
0.5 1.75 | 60° 24 1 0.55x10-2 0.87x10-2 1.29x10-2 1.16x10-2 25.0
90° 3 4/3 52.8
075 | 1.75 | 60° 24 1 0.85x10-2 1.12x10~-2 1.8x10-2 1.16x10-2 35
iw 24 | 2 28.1

1.0 1.75 | 60° 1.5 1.8 1.02x10-2 1.05x10~2 1.42x10-2 0

Gy T FEMHEREDHEE —2D2—

ISR I BRI 2 SR T B,

[ = 1A 103 mm

BB 4R 110 mm

6 =N 15.2° (0.265 rad)
T=4#DE~2>v} 6825kg-mm
a = e 32.7 mm/kg

0 =Bl &R AE  60°,

90°

HREPIIAIREL 120°C
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t=A54 ADFEE 1.8 mm
t = EEPEIFR ¢ = t/sin (60°+0)
G = R A% 0.435 kg/mm®
Wi~ #0388 15 e R 7,
FIAH 0=60° 6=90° 02> RAS 16 M, 817 cRT.
JETURHTIER 16 AT &2 NT, v RUBIT LI, B 17 HOIEIE TRAEBS B0
T T DIEFTICE EF D, EB—20 1 —OREOAEHS & &Lk,
UTOMTRER 201 —0B4 LAKTH S, MITRREEE3RICRT,

FIR EBRICTIE & B ERE o kg

ow| Mo % m M oW | M
* Y a (2y= kg/mm?) {2+ ke/mm?) %
1.5 0 1 0 0 0
0.5 0.5 1 0.45 0.191x10-2 0.173x10~2 —10
1.0 0.5 1 0.45 0.191x10-2 0.173x10-2 —10
1.25 0.5 1 0.3 0.127x10-% 0.1156x 102 —10
0.25 0.75 1 0.45 0.191 x10-2 0.173x 102 —10
0.5 0.75 1 0.6 0.254x10-% 0.234x 102 — 7
0.75 0.75 1 0.85 0.36x10-2 0.349x 102 — 3
1.0 0.75 1 0.85 0.36 X102 0.349x 102 -3
1.25 0.75 1 0.6 0.254x 102 0.234x 102 —7
0.25 1 1 0.45 0.191x 102 0.173x10-2 —10
0.5 | 1 1 1.3 0.55x10-2 0.58x10-2 + 5
0.75 1 1.18 2 0.99x 102 0.867x 102 —14
1 1 2 15 1.27x10-* (o]
1.25 1 1 0 0 0
0.5 1.25 1 1.3 0.55x10-2 0.58x10~2 + 5
0.75 1.25 1.18 2 0.99x10-2 0.867x 102 —14
1 1.25 2 1 0.85x10-2 0.58x10-2 — 46
0.25 1.5 1 0.45 0.21x10-2 0.173x10-2 —20
Q5 1.5 1 1.3 0.55%x10-2 0.58x10-2 + 5
0.75 15 1.18 2 0.99x10-2 0.81x10-2 29
1 15 2 12 1.02%10-2 0.64x10-2 59
0.25 1.75 1 0.45 0.21x10-2 0.173x10-2 —20
0.5 1.75 1 1.3 .0.55%x10-2 0.58x10~2 + 5
0.75 1.75 1.18 2 0.99x 102 0.81x10-2 _92
1 175 2 12 1.02X10-2 0.64x 10~ _59
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BILE 274 2ER

FE16 K F1THR

IV. BHRAEERLERBRIERCHIZIER

B3N, HAK, HoMOMMmaI L REREE 2, B3 ROERMEEFFHO LKL E
BE Lo oA S,

1 EGmEl AR, BALCTHACBEEISNRSEIETH D, IR BGN&E—By
5, ERTRETHVESS S, &z iE 0, 1.5) (1.0, 1.25) DET 7y DEMNETIEL,

N, EBREFTAO T ZEMmmOBIRE, HEMmEF EOWmIEIROEVIC X 2580 A-
ADEBELEZOND,

2. mmms@mﬁLvim<,%@ﬂ%@ﬁ%mmﬁm@ﬁsmm@ﬁ%ac&ﬁ@m
HE XMoo h, EEBICBWTS, OISR DOEEEZ YT, M Hs I
FERIEFT S L { —FH L T 3,

3. MABEOSRAEREATRABMRERICED, FOREOCHEATRIGIITREEMHEE
EOFHRDIC XY BB —EHICHETET 5 EBEmFHRIC X DML,

FEETERMABRONNIRREBMELEINENEFEEFLL LR, TNRATAZAD
BEAcEE LN TH B,

BT XY BB —EMICBEE T 580250 I S pasbitd,

4. WEB ZOERT, HRBPRSEGHREED LD IEFLOEELZT T, IGJIHE
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DHFEH XL —~BLIROEARB- 1,

UL LEE—202 —DiIN BIREEAZ B LITLD, E5—BLY XWVEIHEO—H
MRLNB T EHHBFL 72,

5. KEBTIEATAZADEALDKILENL HF CINJMESBRMEE —B Lo 1,

CORCELTE, BREEATORAL TH S, U UNEE 755 M8 E O 1
AR THOBN SN, BmHEE L0—REsk,

O, WIEETE 2 OEE I R B B, B X ORE I E OB LI B K K
e LET,

& E X @

1) E. Trefftz : “Uber die Torsion prismatisch Stibe von polygonalen Querschnitt.”, Math. Ann. 97,
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