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On the New Solution of Arched Bridge

loaded with a Torsional Moment

Sakutaro Nakamura

Abstract

This is a thesis, in which the author proposed new solution in order to
solve the distribution of torsional stress when unit torsional moment was loaded
on any point of arches and he calculated torsional stress of two arches with
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4 —0.340] 0.234 8742/ 0.1513 | 0.9885 80427 | 0.0229 | 0.9770 | 0.15302
5 0 0 0° 0 1.0000’ aJ° 0 1.0000 0
6 +0.340] 0.234 | — 8°42/ | —0.1513 \ 0.9885 | — 8°42" | 0.02292 | 0.9770 —0.15302
7 +0.680| 0.416 | —17°01" %_0.2926 0.9562 | —17°01 | 0.03570 | 0.9145 —0.30605
8 +1.020[ 0.546 | —24°39' | —0.4171 | 0.9089 | —24°3%/ 5 0.17400 | 0.8260 —0.45889
9 +1.360‘ 0.624 | —31°28" | —0.5220 | 0.8529 | —31°28/ 0.27250 1 0.7276 —0.61200
10 “ 4+1.700, 0.650 | —37°25" | —0.6076 | 0.7942 ‘ ——37°257 | 0.36900 0.6307 |—0.76502

5=19.0cm, 8.=2.5cm, 6:=1.8cm, %=57.5cm, 2/'=550cm, #7"=60.Ccm

J=0.000002381m*,  7,=0.00002538m*, 7,=0.00098172m*, A=0,016C4m:

w=132. 94kg/m,  I;=0.0000143m", ,,,I!_,,:o‘ 1666, \/7’}0. 1083, .l =591
r I

s 1=088 2% | T -
cal=0.88—+ \/_,j;,_k 2.0

2) THmE, b, KERIEL~DAL Xo, IEEV L -»ALL X, wilicTEE
HECAT 2T b —DA L Xy (B55 REM) BiiER, AWMEBESR5E0CAT, AR
O AGCERRETEEG0X, Xor Xo X (44), (45), (BRI AT, ®hEHRD & DA
L DRI/ N AR L, dscosf=dx H T HFENESRS,

" inf Y tand
: /in__‘L 2 *aﬂ 7T -
_LM" Jcosf, dx J‘_ lrMol 7 ds
X1: - : [=—— 2
+L 6 +L 9 ., i 6’ 2 n+l‘ (_}
®_sin®0s 2 _cosha ¢ tantsinfy » costh
J_z_]cosg.1; d “f_z I, dx J_Z 7 dx+JJ; I, “dx
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Xo=— - (76)
a1
* tanf,sind. ® cosy
| ;i g | o,
r+l (g )
CO8{ z” s )
‘J _ L]‘/{O/ ]COSHA dx
X=—r (77

Xy, X Xo, BATAUZ, B8EMNMELHh, BERRAEIE BUNomL b

3 BEOHOWERIILANEOS L —~DA M., HEOSOWEY I v Fo il
TIROHT &~ A LW, FEOMCRT BIE O LX TR 7 7 v FOBEHD,, [EEO
ST WO LT 7 7 v FOlTF e & L7 3 Bl N X 53R 0 &~ A Wy

( B, (50), (52), (B33, M) B Wilfle AMWmHEHBETLT, AG RSN CHHEE
WWCEHR U, 8B9%, 108, 811K, BI2E, ol b,

o, ARz, DuHE, BCEREFHE2HE&D M., M, D, My’ 11 BlflERE, A wEH
AGHMEE I N CHE GO H LD, AFT ML EMEHLH LD, O
BT, WMWmEEe 2580/ ko 2T NTED AHBEERZEED M, T,
D, Ma!, OL54RKYkbiuE, $BI5X, FI6N, HI7TN, HI8M ol td,

o8
X,

TlNE { - T
153 g Xy = Z0
7ﬁg/m?)jr1 (m“) (eg—m) 7

0| 40, 130.00 367,854.00 | —0.109I
11.99,130.00 367, 854.00 | —0.2694
2 (137, 760.00| 367, 854.00 | —0.3745
31157, 500.00| 367, 854.00 | —0.4280
4160, 173.00| 367, 854.00 | —0.4353
51148, 780.00, 367,854.00 | —0.4045
6 126, 805, 00| 367, 854.00 | —0.3447
7| 98,262.00| 367,854.00 | —0.2670
81 66,483.00| 367,854.00 | —0.1807
91 33,733.00 367,854.00 | —0.0917
o 0 367, 854.00 | 0
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Me =M +X;8in00+ X,c0800 4 X3c08 (82—7)

B E & AW HE AGHHEBIN W56
5 - ‘%:w 50] —0.40 | —0.30  —0.20 & —0.10 | 0 | +0.10
LT o B _ i
0 —0.50 | 4+-0.41430 1-0.46033 -40.49681 10.51845 10.51895 -1-0.49365, +0.44099
! —0.40 ~O=42560¥ +0.16855 +0.22350, +0.26968 +o.2994-51 +O.30985: 4-0.29505
2 —0.30 | 050070 —0.58205 +o.0018% +o.05435!1 +o.11479{, 10.14830 +0.15971
3 —0.20 | —0.70330 ~0.58880 —0.66310 moimso? *06%910; 40.00220. +0.03131
4 —0.10 | —0.73470 ~-0.72540 —0.70740 —0.67390 —0.18092 —0.12110° —0.03018
5 o ~ﬁo.70550“ 070490, —0.69495 —0.67180 —0.63376 —0.22680 —0.17624
6 £0.10 | —0.63000 —0.63730| —0.63685 —0.62590 —0.60130 —0.56200, —0.26030
7 1020 | —0.50365 —0.52105 —0.52825 —0.52745 —0.51615 ~0.49zzo{ —0.45735
8 40.30 | —0.35730 —0.33150 »«0.393201 —9.39937 —0.39326% —0.38780 —0.36864
9 +0.40 | —0.19467) —0.20503 021449 —0.22114 —0.22415, —0.22230 —0.21512
10 40.50 “ 0 o 1 o 0 0 0 0
B o1 E
/a\.
ALy [fe—as0 =00 -0 | —0.20 [ —0i0 | 0 +0.10
o | —os0 | O, 0. O 0 10972 |40, 150315 0. 192890 +0.235625
| Oissra 00998 Omoss Y !
| =040 | +0.03655 +0.04289 +0.05050 70}, 10 40.183909+0.233750 40.279941
2 | —0.30 | £-0.04847 +0.05712 +0.07577+0, 132975 +0. 192308 0. 245800 -+0.300922
3 ~0.20 | +0.05170 +0.05162, --0.03332 +O.105640j+0.,174675 +0.239775,+0.296730
4 ~0.10 | 4:0.01815 +0.05826 +O.03056!—'r091055101+O.129030‘+0.202350‘+0,266320
5 0 +0.03965) +0.04910, --0,07054 +O,694280+0.1176501+0.136500‘—%01210350
6 | 4+0.10 | 40.02809 +0.03671 +0u05526+O,O76700?+O.0984751+0.11625O:+O.126325
7 \ £0.20 4—0.017721; 4+0.02422 +0.03915 +O.056480“+O<074730;+O.0901001‘+O,O99470
8 } £0.30 | +0.00711 +0.01183 +0.0225 +O,035120T+OLO}8820j+0.030980§+0.038930
o | 1040 | +0.00185 +0.00393 +O{')09545+O.0165201+0“023851?1‘—0,030940 40.035889
10 +0.50 0 j 0 0 0 i 0 0 0
i ! |
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,_ 1 B S S e Brw B =
Sk # P lgme 7 () |G
4020 | 4030 | 4+0.40 | 40.50 0 52,420,001,343,134.05 — 0.03903
T o | T 1149, 050, 00|1, 343, 134,001 — 0,11095
+4-0.36236 +0A,2627o: +O.146Ii“ +0.01652 2 234,390.00|1, 343, 134.00] — 0.17440
+0.25577 +0.19400] +0.11223 +0.01263 31303, 020.00!1, 343, 134.00, — 0.22710
0. 14745 +0.11155] 10,0541 | 0.02313 4356, 730.001, 343, 134.00 — 0.26550
N : K 5384, 750.00)1, 343, 134,00 — 0,23640
+0.03705) +0.01960 40,0200 —0.03340 6384, 150,091, 343, 134.00, — 0.285¢0
—0.05250 ~—0.os9zof-mo.09935‘~—o.15130 71340, 000,001, 343, 134.00 — 0.25310
~0.14910] —0.14675 —0.16920 —0.21390 8 278, 035.00/1, 343, 131.00) — 0.20650
91162,805.00]1, 343, 134.00] — 0.12120
~0.22210) ~0.21025 —0.22433 —0.26250 0 0|36 154.09 0
—0.26395 —0.23950 —0.24350 —0.27315
- 0.3422&!»~0,243625~—O,23155‘-O°24875 S T e
~~O,2036(iv~0ﬂ18944i~w0$15754‘-0.15832 f«7f§;gégf>ﬁf§“j”(zg22§ggggggjjéif
0 i 0 o o0 0| 66,0:0.00 9i2,168.0) . 0.07180
11178, 770,001,022, 65000 —— 0.17475
2 270, 280.00 1, 127, 875.00) — 0.23940
3 337,56o,oo¥,203,410,00ih« 0.28050
4376, 450.00/1, 272, 800,00 — 0.29550
5 1384, 420.00(1, 314,220.00 — 0.29240
6(360, 070001, 259, 850.00 - 0.27920
- ; 7305, 650.00]1, 222, 570,00 — 0.25000
81224, 805,001, 128, 070.00 — 0.19920
+0.20 | +0.30 ] +0.40 | 4050 9 121,14i.03J,022,570.0J;fa 0.11835
ey - 1) 0| 91898009 0

| i
+0.277655 40319347140, 361647 -+0. 408922

i
*‘Oé127865ﬁ%0,36022o>%0.397760;%0.441950

+0.344175+-0.381870,+0.416980 464280

+0.344210 4+0. 383930‘

+0.321010 40, 364840&-1'—&4-0334 +-0.448650
‘ i f
+0.272520 +0. 323510‘1—{—0. 367850\‘%—0.417150
| ]
+4-0.19940) 4-0.260530,4-0.312970,4-0.367270
| i |

+0. 236780“—{—0. 297330

+0.418920

»
[‘+O,463OSO
|

1-0.101720 40, 174350

i
-+0.071830 »{—O.OYOOSO*J\'O. 144105%4—0.213130
I |

+0.037800 4-0. 037395 +0.034940 +0. 111360

| \
o | 0o | 0 0
‘ |
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4 11 %
oy oy Bl b @K  E h d@@@w,,}
"Gy "2 dx? Gj 2 dx®
B E AW A AGHHRESR T bBA
_ 1 !
& = F=-0.50 —0.40 | —0.30 | —0.20 ' —0.10 0 ‘ 40.10
0 —0.50 4).29055‘4).3095752—0,3407604).3663602 0.395225 —0.429350 —0. 476125
i |
1 —0.40 | —0.05340 9 4277400 472065—0.489402-—0.494215 0. 494170 —0. 503285
Y- 050‘ ) |
2 —0.30 | —0.03650—0. 136500 3" o2ee0—0.597310 —0.585385 —0. 558800 —0.535125
‘ 00!
, o —0.705430 ol .
3 —0.20 —0.099zo~o.15810\)!—0.2251()0',%0‘225750 —0. 67&00‘ 0.627340 —0. 581760
4 —0.10 | —0.10110—0.162550 —0.236250.—0. 242100, - Tee2 2 —0.699720 0.633260
: - 520
5 0 | —0.09450—0. 154490~0 225900.-0.235550—0.211100 0 1370010, 705100
[ P
6 40.10 | —0.03650—0. 13/8/O~~0 199800; 0.216975 0. 1977;0l 0.139250‘:8-522223
| | .
7 £0.20 | +-0.05500 0. 1071>0~—0 161 300‘ 0.177900—0. 168100 —0. 123700 —0.038100
| \ s i
8 40.30 | —0.04720—0. om>o~~o 116450‘ . 31500‘ 129300 —0. 100300 —0. 05450
| | |
9 40,40 | —0.02130—0. 038475‘~0 052100—.071530 0072100 —0.030190 0. 034300
10 +0.50 o o .0 i 0 ‘ 0 Lo
; | |
%12 %
My’ =Dy = ( ETJ b @r(Xsingy) Bl h d2(X,c080,) }
Mol =o' ==Dy 151 3 ds G 2 die
I B A E :%a[ﬁzMwmﬁéniuéé '
w8 M, al=—=2.0
¥
= S e 5g ~0.40 f —0.30 | —0.20 | —o.10 | 0 +0.10
7777777777777 L — S R L Y PR
| |
0 ~0.50 +0a29os5o“+o 309575{+o.340760;4.—0,366260!-%0,395225 £0.429350 +0.476125
| | i
1 —0.40 +o.0534.00‘18 A2TT401 10.472055/4-0. 489402 +0.494215+0.494170) +0.503285
2 —0.30 +o.036500‘+0.,130500‘$8 ?ggg%g +0.597310 +0. 585385 +0, 558890 0. 535125
_ 25000 1. "1-0, 705430 I ,
3 0.20 |-0.099200+0. 158100, +0.225100 15,2570 +o.678300‘4 0.627340 | 4-0.581760
. +0.766272!
— n 1100 - 0.
4 010 |4+0.101100 1 O.162550\—}—0.23625014,—0.242 00t 8- 150215 +0.699720 +0.633260
; ‘ :
5 0 |40.094500+0. 1%4450‘% 225900 4-0.235550 4—0.211100‘18{2?288 40.705100
| : ; " .
6 40,10 140.036500 +0. 135850}4”0 199300 +0.216075|--0. 197750 +-0. 139250 +8g§’g§§g
i i | ; VY.
7 +0.20 |4+.055000 40, 107150 +0 161300‘+O.177900‘+0.168100‘+O.123700‘+0.058100
; i : !
8 +0.30 +o.omoo}+o.077030l+o.116450;+o.1315001+o,129soo‘+o.1oo3oo 40.054500
\ ) \
9 4+0.40 +OuOZISOOH—OD038475‘4—09062700‘4—0.07153014—0.072100‘—!—0.,060190 4+0.034300
10 +0.50 o‘o‘ro‘o‘o‘o 0
‘ \ ‘ ! ‘ ,
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