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On the Exact Solution and the Calculating Method of the
General Truss Bridge with Special Reference to the
Rigidity of its Panel Points and the Deformation
of its Members (No. 2)

Sakutaro Nakamura

Abstract

The present writer induced the fundamental solution of truss on the theory of deformation
including the overloading case, taking into consideration the rigidity of its panel points and the
deformation of its members in the Report (No. 1) already published.

This paper is written regarding the fact that he has simplified the equations of the displacement
of panel points, the stress, the end moment, and the shear of any member and induced the new
general solution of deflection at any point of truss by the virtual-work’s law of deformation, referr-
ing to the exact method of calculating them.

At the same time, he has introduced not only the connecting coefficient of panel points into the
general equation of truss, but also the rigid coefficient of panel points and the deformed coefficient
of members into the deflection formula of truss induced by the virtual-work’s law of deformation.

He has devised the exact calculating method of the truss shown in the following order:

(1) Calculating the exact deflection in the centre of the span.

(2) Inducing the simulaneous equations on the displacement of panel points by applying the
general solution and calculating every displacement of panel points by use of the electronic digital
computer.

(3) Calculating the ratio of the common and exact deflections in the centre of the span and
multiplying the values of (2) by its ratio so as to get the exact displacements.

(4) Calculating strictly the end moment, the shear and the stress intensity of every member by
use of the above-mentioned exact displacements of every panel point and the exact general equations.

By the above-mentioned exact calculating method, the present writer calculated the deflection in
the centre of the span, the displacement of every panel point and the end moment, the shear and
stress intensity of every member of seven truss models (span length, about 1280 ¢cm) —three through
Warren truss models (the panel points welded, riveted and pinned), two deck Warren truss models {the
panel points welded and pinned) and two deck Pratt truss models (the panel points welded and pinned).

Also by the same calculating method he has exactly calculated the deflection in the centre of
the span, the displacement of every panel point, the end moment, the shear and stress intensity of
every member of the two tentative truss bridges— the Double Warren truss bridge (span length
1=62.0 m, uniform load w=100kg/cm) and the three continous Warren truss bridge (span length

(177)



634 oA E R M

1=3@ 78 m=234 m, uniform load w=97.9kg/cm), in which the panel points are mixedly welded
and riveted.

As the result of the preceding calculation, it is obvious that the new exact calculating method
is far more suitable than the old inexact one as regards the calculation of truss, because the former

is much nearer to the experimental values than the latter.
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(%) 7% 300kg, #=0935, a=0850 3 440,028 586

21 354 *{- =40,028.586 X 2—8,550.630 = 71,506.542 kg?/cm

s 71,506.542
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694 guA fE KR

F—6 MHAS(VARy oW Smitzry i (P=300kg 0HAE)

K ‘ P .
T | E‘ ga | s swa s S eSSt
) | | |
T Aem?y | s (em) ‘ (1/em) | (kg) | (kg/em) (kg) (kg) (kg?/cm)
F |3~5| 1080 | 10000 | 9250 | —0723 | — 6604 | —216960 | —176822 | +1,183.646
# | 5~7( 1080 | 10000 | 9250 | —0723 | — 6604 | 216960 | —176.822 | +1183.646
B | 7~9| 1080 | 10000 | 9259 | 1445 | —13389 | —433830 | —363571 | +4733.962
T l1~21 1080 | 10000 | 9250 | +0362 | + 3352 1108480 | + 88411 | + 296.354
g |2~4| L1080 | 10000 | 9250 | 40362 | G 3350 | 108480 | i S8ALL| + 296354
4~6 | 1080 | 10000 | 9250 | +1085 | 410046 | +325410 | -+265.209 | +2,664.290
Bt 6~8| 1080 | 10000 | 9259 | 1085 | +10.046 | +325410 | +265.200 | +26642%
# | 1~3] 1080 | 17067 | 15803 | —0617 | — 9750 | —185.160 | —150.905 | +2,471.324
3~4| 0540 | 17067 | 31606 | +0617 | +19501 | +185.160 | +150.905 | 42942798
4~7| 0540 | 17057 | 31605 = —0617 | —19501 | ~185160 | —150.905 | -+2:942.798
B | 7~8| 0540 | 17087 | 31606 | +00617 | +19501 | +185160 | +150905 | +2912793
@ | 2~3| 0540 | 13830 | 25611 | 0 0 0 0 0
& | 4~5| 0540 | 13830 | 25611 | 0 0 0 0 0
Hol6Z7| o510 | 13830 | 25610 | 0 0 0 0 0
B |8~9| 0540 | 13830 | 5611 | +1000 | +25611 | +300.000 | 1244500 | +6,261890
() T 300kg x=0734, a=0900 ¥ +29,584.150

> Ss£ a =29,584.150 X 2—6,261.890 =52,906.410 kg?/cm

s 52960410 _

BAS (Y ~v b) OMEiE— 2 Y P Mz ks 4V 3 (P=300kg DB &)
¥ v=0518, f=0.900, v/8=0576 LEE Lihb, B 1 (7 No. 1) OIEEE,
F-4 0 MM /B (s/T) = 10,349.784 kg¥/em # il , KO H kb5 = LA KD

s 10,349.784 0576
o= DMM5 =5 100000 < 0650 000436 em

Mz, f&aE s
6 = 85+ 0 = 0.0251940.00436 = 0.02955 cm = 0.0296 cm

SRR UER &7 1, 6=00290cm CIERIC X <L LTV B,

LIF, RBOFEHE TR 6~ BRI 9D 27 I 2 BECHE L, FOoBROZRT &
WDBY TH A,

iv. A6 (EBEXNT7—LY, B 0¥II G

HE P=10t OoB&T, & #=070, a=10, v=085, =10 & L, + v o g%
DR E U CEBTIUER OB Y T 5,

0 =0s+0y= 2% Sa + O MM B IE = 0.02454-0.0045 = 0.0290 cm

Rt LSRR RS, 0=0.0280 cn CIEECHEE LT\ B,
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vi. B8 (FBRXTSy b, B 0TI
W P=10t, B ~2=0850, a=10, v=0950, f=10 & L, = vEHIDOEEDLME
&L THEMTIITRO@BY T 5,
8=24 -+mr—ZSS-—uE-+ZAﬂwB IE = 0.0203--0.0037 = 0.0240 cm
CTHIEHLER &Y I §=0.0230cm TIEFECEEL T 5,
vil. #HY (FBRXTS v b, FY) DTS
W& P=10t T, #=10, =019 L L, WHS o2zt s 27 Rl

S

AE

5:6y=Z§S{? =0.126 cm

T, EB{E 0125 cm LIERIC L <SR LT B,
Ubomh, &oBIs - TLRMOBE; EYITH 5w, BEHERE Bt R
FRLTER F Y DL CBEL TR AV D
C. ZEBEHEISIAOEHACH T IRBEEMITE
BB L 5N, A L7 A0 PR MR AR OB 4 7 ¢ (REERD 20K £ - f
B THE B, T B), 6), 1) Xk 0 HEEGE RN FRENEE L, BT e (E
LU, A AEE T A v & — TG0 HIPAC-103) 12223 T4 MM % 10 o
W, TFEMAHRRE AR 22 OBEBERLN LSRR A ORBEEEZLL L olEER &
LB IEFRED) A kDB D PE L7c,

=7 AL OE ROR (5exact/’5ordinary)

&

Bom @ g | OB | BES | Bm5S | EE6 | BET | BEs | Mm9

LW E B K

0.658 1.102 l 0.957 0.871 5.165 0.960 5.040
| |

(Fr) #E# 1~5 TuwiE P=300kg 0B AT, BB 6~9 TIHHE P=10t DBJFTH B,

IR OB RIAIE R Y BT HER TR NN OBEN BT 5 F 8 EEI T, &
B 31T BB COMBH STV Y RE LI, FOBEAYFEC L CREIEROBY Th 5,
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ii.

RN = B o R

EEEEDL BT AROREREL Lo RETTRE oV T

R 6, T ORBEEREL

(m2g) 697

(&) o0 Tid, T TRl EEREORRA R T RC L -

0 M6 TOREWMALL (P=10t 0BA)
o B DER (mm) B 7 (2 7] DER (mm)
N mamBme |, | o hEES O mae g \
W e HBEHE %y
G N K F|mom (EFEEE v om )k ¥ mom |FOEE
1 0 o —00390! o 0 0 0 | —o0225 0 0
2 +0.0694| 0 +0.0272] 0 4+0.0128{ +0.3842| 0 ‘ +0.1618| 0 +0.0796
3 +0.0671 | +-0.1458 | —0.0310} 4-0.1458 | 4+0.1219 | 4-0.0422| +-0.8635 | —0.1836 | +0.8635 | +0.8480
4 +0.0649 | +-0.1458 | +0.0265 | +0.1458 | +-0.1332 "] +0.3842 | +0.8635| +0.1570 | +-0.86356 +1.1070
5 +0.1621 | +0.2779| —0.0193 | +-6.2779! +0.2138| +0.9580| 4-1.6450! —0.1140 | +1.6450 +1.4810
6 +0.0516 | +0.2779 +0.0134 | 4-0.2779 | +0.2155| -+0.3051 4-1.6450 | -+G.0795 | +1.6450 | +1.5590
7 +0.03701 +0.2900. 0O +0.2900 | +0.2800 | +0.2185| +1.7200| © i +1.72001 +1.9100
8 +0.0393 | +0.3906 0 +0.3909 | +0.3191 ) +0.2323 | +-2.31401 O +2.3140| +1.9730
9 +0.0547 | +0.2779 | +0.0193 | +0.2779 | +0.2138 |, +-0.3242 . +1.6450  +-0.1140 | +1.6450 | +-1.4810
10 +0.0248 | +0.2779° —0.0124 | +-0.27791 4-0.2155 | +0.1468 | +-1.6450 | —0.0795 | 4+1.6450 | 4-1.5580
11 --0.0692 | +0.1458 | +0.0310 | +0.1458 | 4-0.1219 | +-0.4090 | +0.8635| +0.1836 . +0.8635 +0.8480
12 -+0.0120 1 4+-0.1458 . —0.0265 | +0.1458 | +-0.1332} +0.0707 | 4-0.8635 —0.1570 | +0.8635 | +1.1070
13 +0.0780 ‘ 0 +0.0390, G 0 +0.46201 O +0.2275| O 0
14 +0.0105; 0 —-0.0272] 0 4-0.1281 | 4-0.0624| © —0.1618j G ‘ -+0.0790
() (+). (C) OEFRETARAL L, = $A0E (4, v @ TFH% (+) £ 35,
£10 BOR6, TORWERI L SREMAEL (P=100)
— ) i) 1 TH (2] DR (mm)
~F A i e o % B W & i
e et 7 | [ S ]
wos | k¥ mOER | k¥ | B O | mEER
1 —0.0456 0 0 —0.1898 0 0
2 +4-0.0382 +0.0282 +0.0128 —+0.2570 +0.0568 +0.0790
3 —0.0453 +0.1115 +0.1219 —0.1998 +-0.7340 -+0.8480
4 +0.0459 +0.1123 +0.1332 +0.2550 +0.7340 +1.1070
5 —0.0354 +0.2164 +0.2138 —(.2488 +1.1402 +1.4810
6 +0.0177 +06.2164 +0.2155 +0.1315 -+1.2076 -+1.5550
7 0 +0.2900 +-0.2800 0 +1.7200 +1.9160
8 0 +0.2915 +0.3191 0 +1.7300 +1.97306
9 +0.0354 +0.2164 +0.2138 -+-0.2488 +1.1402 ~+-1.4810
10 —0.0177 +0.2164 +0.2155 —0.1315 +1.2076 +1.5590
11 +0.0453 +0.1115 -+0.1219 -+0.1998 -+0.7340 +-0.8480
12 —0.0459 +0.1332 ' 4+0.1332 —0.2550 +0.7340 -4-1.1070
13 +0.0436 0 0 +0.1898 0 0
14 —0.0382 +0.0128 -4-0.0128 —0.2570 +0.0568 +0.0790
@) () () ORBRELAXBMAL L, o @BNY (F), v R TR% () 2 T8, ErRREEREh

EWEERELARECABRRA LB CRo e SHQEM, £

Db DTH S,
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698 R fE K

CTROBHI S (LA P LTciE Dy, —IRBERAE GRS = & > CL AR A & K ALY &

FEDIDRD T, BT bORRY, FEEAOEEARZTOXENE LWL, R

OFBTH HAEAEABC L > TROMEIEAF RS EO RN D Z EX BB LT,
i, TS, 9 DRI AN

F-11  EE8 I oEFBEHRAEM (P=10t OHA)

N B8 (G DL (mm) TR (2] Ok (mm) "
T P CURE & |
\\ wEpEe | DRBER |y opl pepwe | OERBRE o g
N s — | T | - EEE
A\ x vlm e |k ¥lEw " ok reE| ko w [P
| R 1
1 0 0 00088, 0 0 o 0 —0.0462| 0 0
2 £0.0268 } 4002711 +0.0224 1 4-0.0271 | -0.0256 || +0.1409 | +-0.1424 | +0.1178 | +-0.1424 | +-0.0971
| ! \
3 +0.0001 © +0.0833 1 —0.0088 | +0.0833 | +0.0822 || +0.0007 | +0.4372 1 —0.0462 | +-0.4372 1 +0.4587
4 +06.0237 ; +0.1104 | +0.0193 | +0.1104 | +0.1691 {| +0.1244 | +0.5796 ) +0.1016 | +0.5796 | +-0.5802
5 +0.0029 } +0.1903 | —0.0044 | +0.1903 | +0.2069 | +0.0153 | +0.9992 | —0.0231 | 4-0.9992 | +0.9082
6 +0.0180 | +0.2290 | +0.0136 | +0.2290 | +-0.2424 || +0.0946 | +1.2020 | 4-0.0716 | 4+1.2020 | +1.0270
7 +0.0088 | +0.2400 ] +0.2400 | 4-0.2300 || +-0.0462 | -4-1.2600 0 +1.2600 | +1.2500
8 +0.0088 | -+0.2936 0 +0.2936 | +0.3047 || +0.0462 | +-1.5410 0 +1.5410 | +1.5380
9 40 0117 | +0.1903 | +0.0044 | +0.1903 | +0.2069 | +-0.0614 | +-0.9992 | +0.0231 | +0.9992 | --0.9082
10 fO 0092 | +-0.2290 ‘ —0.0136 | +0.2290 | +0.2424 | —0.0484 | +1.2020 | —0.0716 | +-1.2020 | -1.0270
11 +0.0176 | +0.0833 | 4+0.0088 | +-0.0833 | +0.0822 | +0.0924 | +0.4372 | +0.0462 | +0.4372 | +0.4587
12 —0.0149 | +0.1104 | —0.0193 | +0.1104 | +0.1691 || —0.0783 : +0.5796 | —0.1016 | +0.5796 | +0.5802
13 +0.0176 0 -+0.0088 0 0 +0.0924 4] +0.0462 0 0
14 | —0.0180 | +-0.0271 | —0.0224 | +0.0271 | +0.0256 —0.0945 | +0.1424 | —0.1178 | 4-0.1424 | +0.0971
] i
BE) (4 (=) pEE R AR A Ly o Al (v Tl (1) &+ 5,
VS b5 AR C, FECEANMEREORE L L I AR E/RED 7 ABBRIC L
LAY IFHEELEIMEOMIEZE L VERER RO N, BERECIAKE LY I HEBOEA
PIEEC A ST o & STERE R, Mie — 4 v M X D SRISHEOEINC oL T, Bk
NS A TLo bbb RKEVEELLNDLDT, MEMSEVAY B FRboELYRCH

J %,
D. EBEENPSRACHEIT BBV CNEOCEKBITE
TR B R AA R Ay, BEASEEY O L) @~18) Rz kb O
MIENEXFTE L, (kOB L 23R, RE & L T, R-120@0hicins,

4. RERH IS ABORBHE

-5 % L O -6 12T & 5 7esAR O HRE L 7 AR, ThbbRERTEY v - b
I ARG (ZH620m) L =RMERY —v v - b7 2B (EKHE 8m+ 78 m + 78 m =234 m)
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AR EERORELEE LR 7 AROREBEFRLEL CoHETEC VT (B2H) 701
a) BMHSIERE—-RYDE
F—14 EHSKIB—Kk£7 3 (WE w=100kg/cm OHAE)
H ' . S G S
M Wi E OB | WM B sJA N S SS SS (s/AY{a/p)
A | BHE | 4 (o / ’ ’
e | Aflem?) | s {em) {1/cm) (kg | (kg) {kg? {kg?/cm)

k 1~3 " 251.24 775.00 3.085 —0.1922 ‘ —111,600 + 21,453 | + 66,183 {a/p)
3~5 340.84 775.00 2274 - —0.1577 —333,200 +219,139 | 4+ 498,322 (a/p)
5~7 442.00 775.00 1.753 —1.0592 —959,100 +486,292 | + 852,470 (a/p)

# 7~9 506.44 775.00 1.530 —1.5755 ‘ —526,200 +829,012 | 41,268,388 (/)
i \

F 2~ 4 268.24 J 775.00 2.889 ‘ +0.2383 122,000 + 29,075 | + 83,998 (a/p)

4~6 306.64 775.00 2.527 +0.6338 +300,800 +190,704 | + 481,909 («/p:)

[3 :
6~8 | 44744 775.00 1.732 +1.0936 +-441,800 +483,130 | + 836,781 (af )

M 8 ~10 492.24 775.00 1575 +1.4384 +508,200 +731,005 | 41,151,333 (af 1)
1~4 207.42 1,187.70 5.726 +0.2946 +171,000 + 50,377 | 4+ 288,459 (a/p)
2~3 207.42 1,187.70 5.726 —.3652 —186,700 + 68,261 | 4 390,862 (a/p)

#
3~6 171.42 1,187.70 6.929 +0.3481 | +152,400 + 53,046 | + 367,556 (a/p)
4~5 | 17142 1,187.70 6.929 —0.3118 ] —116,925 + 36,454 | 4+ 252,590 (a/p2)
5~8 129.55 1,187.70 9.168 +0.3036 +-102,500 + 31,121 | + 285317 (a/p)
6~7 129.55 1,187.70 9.168 —0.3562 — 85,663 + 30515 | 4+ 279,762 (a/p)

)

! 7 ~10 97.15 1,187.70 12.226 +0.4349 + 70,125 + 30,600 | -+ 372,893 (a/p)
8§~9 97.15 1,187.70 12.226 —02249 | — 56475 + 12,701 | 4+ 155,282 (a/p)

= 1~2 258.00 900.00 3.488 —0.2232 —129,600 + 28932 | + 100,915 (a/p)
3~4 72.00 900.060 12.500 -+0.0130 + 27,463 + 357 | + 4,463 (a/p)

[l 5~6 | 72.00 900.00 12.500 +0.0062 + 19,225 + 119 | + 1,488 (a/p)
7~8 : 72.00 900.00 12,500 —0.0597 + 23,600 — 1408 | — 17,600 (a/p)

# 9 ~10 ‘ 72.00 $00.00 12.500 -+0.3408 -+ 23,763 + 8,099 | 4 101,238 (a/p)

37,822,609 (a/p)

Wz, HKOBRIT L H—KR 27 313, (@/w=10 LisZ, 8S(s/A)(a/m=8S (s/A) Lich

R
By = 2088 AP
BiSENE L Ao BERYER UI-BRE-~R 27 $i%

S

AE

am&:zﬁsg- = 7.4019% 0.815 = 6.0325 cm

(195)

= (7,822,609 % 2-101,238) <+ 2,100,000 = 7.4019 cm == 7.402 em



702 A P
b) HEE—AVIMMICLBR-RSTI
E-15 figr-—AvrMicXs%ksy i (WE w=100kg/cm DBA)

Ry !_W,M WA= K ypm | | i/f;m{ N EM EMa )
WA EME | 7 ewt) | s fem) | (Jem?) | (kg-cm) l (kg-cm) | (kg*cm?) (kg¥/cm)
N ‘ 1~3 |100,869.41 775.00 0.00768 | —0.0568 — 15335 | + 870261 + 6.016

3 ~5 | 154,489.85 775.00 0.00502 +0.3474 +303,595 | + 10546280 + 476.481
= 5~7 | 172,460.34 ] 775.00 0.00449 +0.7224 +511,553 | + 369,566.00| -+1,493.416
# 7~9 21739997 775.00 0.00356 -+-2.9805 +133,329 | +2,185,716.00| -+7,003.034

| l - !

¥ 2 ~4 | 114,604.77 775.00 0.00676 +0.00875 + 98,550 | + 861.82| + 5.243
) 4 ~6 | 142,089.02 775.00 0.00545 -4-0.8360 +482,130 | 4+ 403,070.00! +1,977.059
?2 6 ~8 | 171,876.54 775.00 0.00451 —0.7591 4505222 | — 383,489.00, —1,556.581
# 8 ~10 | 204,534.00 775.00 ¢ 0.00379 +4.0283 +310,188 | +1,249,524.00 +4,262.126
1~4 48,747.41 | 1,187.70 0.0244 —0.0502 — 17,084 | + 857.86 ; + 18.389

. 2~ 3 48,747.41 | 1,187.70 0.0244 +0.0348 + 38,185 | + 1,326.93] + 29.139
it 3~6 35,128.00 | 1,187.70 0.0338 +0.1116 4+ 34,056 | + 3,800.31: + 115605

4 ~5 35,128.00 | 1,187.70 0.0338 +-0.0748 + 56,290 | + 4,212.18 + 128.135

5~8 20,630.02 | 1,187.70 0.0576 —{.0242 + 22265 | + 53837 — 27.909

6~ 7 20,630.02 | 1,187.70 | 0.0576 +0.0211 + 33,104 | + 60931 + 36.252
# 7 ~10 12,870.00 | 1,187.70 0.0923 +0.1151 + 42746 | 4 4921.811 -+ 408.855

8~9 12,870.00 | 1,187.70 0.0923 = +0.1654 ! + 41,098 | + 6,797.97 + 564708

| i
= 1~2 44,109.71 900.00 0.0204 —0.0629 — 51,393 | + 3,230.28| + 59.308

3~4 1,529.62 900.00 0.5884 —0.00134 © — 423 | + 057 + 0.300
= 5~6 1,529.62 900.00 0.5884 +0.00345 | — 94 | + 033 + 0.172

7~8 1,529.62 900.00 0.6884 —0.00789 — 376 | + 297 + 1.571
Mol 9~10| 152062 90000 | 05884 0 £ 298 0 0

21 +15,001.768
M, ZEPRES100 Micr sk 27 1t
Oro = MM 2 5 ISE % =0.01429 cm
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HAR s EWORBLEEEL—B 7 ABOREREL TOHEHERC VT (E2H) 703
¢ WHEUBHQLXB=RITE

16 PHevBH O Is=key 1 (WE w=100kg/cm OBE)

N - S R AU 0= Q= ~
T i T e i s l‘:’{‘\ S/tx ( mn_mnm)/s (M}Ln_Mnm)/S QQ QQ ()’/7>(‘)/I;)
BB EMA A emy)| s fom) | (em) | (kg) | (kg) | (kg?) | (kg?fom)

| ; | ! i

L[ 1~3 | 25124 77500 3085 —000047 | — 39580 | + 0.00400 + 001111

| 3~5 ] 34080| 77500 | 2274| 0000897 | 4 TEB5TO | + 070260 |+ L43790

T 5~ 7 | 44200 i 77500 | 1753 | 40001865 | 1320317 | -+ 2.46240 4 3.88490

Bl 7~9 50644 77500 | 1530 | 0007693 | 1892722 | +1456070 420.05010
o - ‘\ ; : i - |

| | | |
| 2~4 26824 TI500 2889 40000226 | + 254368 | + 0.00570 4 0.01493
4~6 | 30664 77500 | 2527 | 40002158 | +1.244378 | + 2.68540 + 610740
G |
6~8 | 44744 | 77500 | 1732 —0001959 | +1303978 | — 255450 . 3.98200
Mol get0! 40224 | 77500 | 157 | 10010400 | + 800595 | + 832650 +11.80240
- ] ~ _ | o
‘ ! | {
1~4 | 20742 118770 | 5726 | —00000846 | — 28760 | + 0.00243 + 001254
2~3 | 20742 118770 | 5726 | 400000585 | + 64304 . + 000376 + 001940
#/ ; |
8~6 | 17042 | L18770| 6920 | +00001880 | + 57350 | 4 0.01078 + 0.06722
4~5 | 17142 118770 6929 | 400001260 | + 94792 | + 001194 + 007446
|
5~8 | 12055 | 118770 | 9168 | —00000407 | - 37494 | — 0.00153 — 0.01260
L 6~7 12055 118770 | 9168 | 400000356 | - 55746 | + 0.00198 + 001636
it ~
7~101 9715 | 118770 | 12226 | 00001940 | + 71985 | 4+ 0.0139% + 0.15363
8~9 | 9715 118770 | 12226 | 400002790 | -+ 69209 | + 001928 4021213
— ; bl i | _ _ .
; | |
g | 1~7 | 25800 90000 3488 | 00001260 | — 102785 | + 00129200 | -+ 0040550
- i i
3~ d ‘ 7200 | 90000 | 12500 | —0.0000027 | — 0845 | + 000000227 + 0.0000255
B | 5~6 | 7200 900.00 | 12500 | 400000119 | — 0188 | + 00000224 | 00002520
‘ | )
7T~8 | 7200 900.00 12500 | —00000158 | — 0753 | -+ 00000119 | -+0.0001340
. !
Mol g~10 ‘ 72.00 | 900.00 | 12500 0 L 059 0 0
7 1-39.91084

W, FRRRESO VYN QL ASW AT 3T

X S s 6 39910842
Sty = DOQT L = ¢ X S p o005 = 0.0001183 cm

WEBE sV 1k
810 = G108 -+ 01900+ Oro(gy = 6.0325-+0.0142940.0001183 = 6.0469083 cm = 6.047 cm
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704 SRR I o N

. EHEAOHBBELE
(HRIVFEULL-EBOFA
A0SR T A2 & A B L R R o B (L & M, F7edo B BT R AR IE AR Gexac
Bozainary =6.0469/6.9899=0.865 & R b, I A EH SEMICHT THEEL
o D PRI LTz,

:SA
&
B
%
f%"
I
et
-]

1T AEEOBREENMIME (om) (WE w=100 kg/cm i)

Bl WA EIC LA B A Lo [N R TEHBCLIAE | REHIC L OE
NES A mv%m;mm%mgﬁg\“m%%&}@ﬁ%mgmwym‘ﬁﬁﬁm
1 +2.5667 | +02153 . +2.2192 | 4-0.1862 10 ‘ +1.2753 | 4-6.9899 | 4+-1.1036 | +6.0470
2 0 4} 0 0 ? 11 1 08019 | 163570 1 +0.7722 | L+54907
3 +2.4028 ~+-2.7417 +2.2192 +-2.3100 12 16563 | +0.4657 | +1.4331 -+5.5874
4 -+-0.1678 | +2.8965 -+0.1451 --2.5035 13 +0.5086 | +4.9594  +0.4396 +4.2813

+2.0421 | 149554 | +23704 | 442813 | 14 +2.0208 +5.0189‘ 4 1.7476 | -4.3417

o

6 +0.5299 | 50189 | 104584 | 443417 | 15 +0.1818 | +2.7417 | +0.1572 @ 423100

15 +2.3829 | +2.8965 | +-2.0602 | +2.5035

7 -+]6588i +6.3570 | +-1.4331 1 454907
|

bt
o

+2.5507 0 +2.2072 0

|
8 +0.8943 | +6.4657 | +0.7740 %—5.5874{ 17 —0.01608] +0.2153 | —0.013%1] +0.1862
9 +1.2753 —“—6‘88401‘ +1.1036 | +5.9140 ‘

(ﬁij (Fh () oRFeEFTAYEAL L, oG l0% (+), v Tz (+) T35,

. |MIEHEORERE
FAT IR LI F WA O B e R, BAZEGRY Otz L) @)~03) ik - <
WML DA BEC RO IUL, R-18 8L D,

£-18 WM HEOREFEE (FE w=100kg/cm i)
Woh o HEF R XD WMIEIE o (kg/em?) ! ﬁﬁ?ﬁﬂﬁ&: L HHMIGTIE ¢ (kg/em?)
T IS 4 o | e
wooM T RIS RN E D RRERENE L — KB T E | EkamENE

,{ i |

L | 1~3 1 — 444.30 — 525.65 —326.12 —392.02
N 3~5 — 977.40 —1,072.65 —717.41 —794.61
% 5~7 —1,038.50 —1,116.59 —762.26 —825.51
# 7~9 -1,039.10 —1,154.79 —762.70 —856.40
T 2~4 + 454.70 4+ 633.30 | +333.74 : +478.34

) 4~56 + 98110 +1,069.82 +720.13 +792.03
Bﬁ 6~38 + 987.50 +1,107.94 4-724.83 +822.33
# 8 ~10 +1,032.40 +1,160.46 +757.73 4-861.53




HARE L EHOBESHEE s — 7 AHOREREL 2OEHEKCo0T (H2H 705
— o TR EC MM NE o (kg/em?) | MBI EIC L B uMA EE o (kglem?)
\ P | ‘ ., | e :
oM T - KENE | RKARENE | - KB N E | BRREREIE
1~4 L 82460 4 86154 | +605.26 163517
o 2~3 — 901.20 —980.32 —661.48 72556
3~6 +890.20 1+ 968.14 1-653.41 1716.54
4~5 — 42690 — 549.02 —313.34 _412.24
5~8 69390 + 765.66 +500.32 1-567.42
6~7 — 818.00 — 896.11 —600.41 —663.66
# 7 ~10 + 405.50 1+ 44213 129764 1-327.30
§~9 —1.208.20 —1,270.32 —886.89 —937.12
= 1~2 — 502.40 — 677.34 —368.76 —510.36
3~4 136520 1 469.74 1+ 268.06 1352.66
= 5~6 4+ 154.80 4 24722 411862 1-188.42
7~8 4+ 25540 1 817.89 1+187.46 123806
) 9 ~10 4 247.10 T 247.10 1181.37 1+181.37
() (H) oD EFRIRIENE, (—) 0B REHLIEX R,
C. =ZEMEHEAEI—LY - PSABOREBHE
(EHE, FHEOARE w=979kg/cm)

-6 12T =R

T & P IE, E19OMY TH B,

gy vy -

b ATBO &M OWNERE, M ike— AV 1

19 AWM OKEE, FE_Ke—- A1
TEN [—B00m | FEm (-1300m ) W =132lm

I L= I LS 3 wma | TE K| e | K

JA{em?)| I (em?) Alem?)| I (cm?) ‘ Alem?)| I (cm¥) ‘\ ‘A (cm?)| I (cm¥)
1~ 3| 3946 | 174,585 | 0~ 2 ‘ 3127 | 141,201 || 0~1 } 410.2 | 208,176 ) 9~10 | 376.2 ‘ 120,082
3~ 5| 5522 258105 | 2~ 4 D 3667 | 180,795 | 1~2 | 3044 | 160531 | 10~11 | 3762 120,082
5~ 7| 5522 | 258105 | 4~ 6 4162 I 216,240 ~3 | 2912 : 87,673 || 11~12 | 479.8 ‘ 274,564
7~ 9| 4588 | 202871 6~ 8| 4014 : 207,127 | 3~4 | 2236 78,582 || 12~13 | 440.8 | 214,808
9~11 1 321.2 | 124,208 ‘ 8~10 | 3025 | 139,012 | 4~5 | 2120 x 38,264 || 13~14 | 331.0 | 125,281
11~13 | 458.8 | 202,871 | 10~12 | 3025 | 139,012 i 5~6 | 212.0 ‘ 38,254 || 14~15 | 321.8 | 102,125
13~15 | 321.2 | 124,208 12~14 | 3472 ' 163,795 || 6~7 | 233.6 ‘ 70,428 || 15~16 | 223.6 78,582
15~17 | 376.0 | 225220 | 14~16 | 3025 = 139,012 | 7~8 | 2012 ‘ 87,673 | 16~17 | 224.0 i 39,154
17~19 | 3424 | 193,376 | 16~18 | 312.7 | 141,201 || 8~9 ‘ 304.4 ‘ 169,531 || 17~18 | 200.0 42,269

W E MM, T ED A

-

D AT I AEE L

Fw=979 kg/emp #2510, BERRZ L 558
L WSS EAR L, Thebb, TP REMO TR PRI A 18 10w (3), 4Rz &

(1) R & 0 FE L1 69 Lo G2 G Bl B et B 20 Tk

{199)



706 RS AEE SI Go N
i:.éz?fbf\: %’ﬁﬁ/ﬁ@ 2{&&1, Lijg%éﬁ)\h: 18 D RT3 Lt (E{ﬁ/é};y}{{‘z%ﬁﬁﬁéﬁ> 6ex&ct/5ordinary:5-352/
6.080=0.881 & T EE A A AL IE Lic, TOBEROABITIUEROHE Y TH B,

L BHAOERBEMHER

£-20  AEAERLOMEIM (Ccm) (w=979kg/om H)
EBasE_ | BETER  BENB® EE A B

oo - e g i E . e < jo <

ﬁ’“\*%%ﬁﬁﬁﬁ%ﬁ‘m$ﬁmlﬂﬁﬁm WS xwme | mEke | KVEE | BEER
! | - DA ;

0 0 | 0 ‘ 0 0 19 +0.256 +4.130 +0.252 +3.685

1 +2.810 +1.520 +2.477 +1.338 20 +0.048 +3.420 +0.042 | +3.011

2 +0.333 ‘ . -+2.280 +0.294 +2.008 | 21 —0429 - 42660 -8311 . +2341
3 +3.572 +4.569 | +3.149 +4.031 ) +0.095 +0.758 +0.084 +-0.668
4 +0.476 +4.940 +0.425 +4.349 23 —0.714 +0.375 —0.629 +0.331
5 +0.486 +5.318 +0.428 +4.683 | 24 { —0.476 0 —0.420 0

6 +0.333 +6.840 +0.294 +6.022 || 25 +0.762 +1.900 +0.671 1 +1.637
7 +1.714 +6.459 ¢ +1511 +5.686 26 +24476 +3.420 -+2.183 : +3.011
8 +0.571 ‘ +5.320 +0.503 +4635 P27 +-0.286 +4.180 +0.252 +3.681
9 +0.952 +4.180 +0.840 +3.681 28 +1571 | +5.320 +1.373 4-4.635

10 +4.095 +3.420 ‘ +3.610 +3011 | 29 —0.286 +6.459 —0.252 +5.686
11 +0.619 +1.900 +0.546 +1.673 . 30 +1.429 +6.840 +1.259 | +6.022
12 +2.333 G +2.057 0 31 +2.143 +-5.319 +1.889 | +4.683
13 +0.714 +0.375 +0.627 +0.331 32 —3.283 +4.940 —2.854 +4.349
14 +3.952 +0.758 +3.483 +0.668 33 —0.619 +4.559 —0.545 +4.031

15 +0.714 +2.660 +0.627 +2.341 34 +1.619 +2.280 +1.369 +2.008
16 —+0.667 +3.420 +0.588 +3.011 35 +7.762 +1.520 +6.843 +1.338

17 +0.429 +4.180 +0.379 +3.685 36 +1.429 0 +1.259 | 0

18 | 41286 | 46080 | -+1134 | 15352
| . I

() EEZROFEAEE L, cAHE, v TFTHE () 235,

i BEMEHEORZHEE
F£-20 TR LI BEETGAEM Y RV, SBASEREY offHicih B~13) Rzt » T£H
MISHE R BRI E-21 0@ i 5,
5 #
A, BEPSIOEBHEERCDODOWTOER
i BERBMSRAOBAEL
B &L L OBEBEH AR R LB AERT T L, 2 h OEBARL T

)
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HAAE L EROREL R~ 7 ABOBERRL TR TR owT (H2w) 707
£-21 HEMENEOREIEE (HE w=979 kg/om %)
CLEM OB TE o (kg/emd) TEM O HE o (kglem?)
BB AE WEHEE  TmatEE | mwisrEME
® oM — K| mAARR | — K mk LW M — k| BRAR | — || BAAR
S ES D EIE o E o EL ﬁﬁﬁﬁ‘573§ﬁﬁﬁ§‘ijﬁ
1~ 3| — 8869 | —1,4382 —7795 | —1,294.3 i O~ 2‘ 4 8486 i +1,277.0 | + 7455  +1,1457
3~ 5] — 9603 | —1.2188 —894.0 « —1,1357 | 2~ 4| 41,1570 = 4-1591.8 | +1,016.0 | +1,422.2
b~ 7| — 9847 | —1,2439 i —865.0 | —1,107.1 ; 4~ 6] 41,2165 | +1,441.1 | +1,069.2 | +1,278.9
T~ 9| — 8876 | — 9923 —7795 : — 8783 P 8} +1,113.2 J +1,363.0 . ++ 9780  +1.2112
9~11| + 590.3 | +1,171.9 | +5184 }+Lmn41 8~40‘+Lausl<+uma7 + 0165 | +1,5846
11~13 | +1,026.8 | +1,5105 +902.3 ‘5+1,354.3 §10~'12 — 993.7; —1,2228 | — 8734 | —1,0875
13~15| + 6550 | + 7043 | +5755 |+ 6216 } 12~14 — 9143 ‘ —15268 | — 8039 —1,3764
15~17 | — 8783 f1,312.2! —772.0 ‘ -1,177.2 ‘ 14~16| 4+ 560.2 : j +1,116.2 | + 4922 | +1,0120
17~19 | — 9326 _1’121'Gi —872.0 j — 9919 i 16~18i +1,010.2 i\ +1,0634 | - 883.2 | + 9286
H o B B s Geomy o
 BmEFE % B Al (A W B
— BAAER R M T OBERER | — K| mKER
T S ) JE EHE EAEIEDE KD g
O0~1 — 8790 | —1,292.0 L 7725 i —1,158.5 : 9~10{‘ — 8819 —12631 1| — 7745 | —1,130.7
1~2 | 41,2751 | +1,467.9 | +1,121.0 ; +1,301.2 10~11! +1,266.4 | +2,033.0 | +1,1125 | 41,8285
2~3 | — 8029 | —12970 | — 7054 | —1,167.2 11~12§ — 9212 | —1,4447 | — 809.0; —1,298.0
3~4 | +12147 | +1,4243 | +1,066.5 | +1,262.3 12~13! — 9762, —1,8644 | — 8573 ‘ —1,688.3
4~5 | — BB7T8| — 8539 | — bl6.2 L 765.0 \ 13~14 | +1,236.2 | +1.744.7 ‘\ +1,086.0 | +1,561.0
5~6 | — 587.8 | — 9361 | — 5080 | — 8335 | 14~15! — 9158 | —1.250.0 | — 804.2 | —1,116.4
6~7 | +1,1916 | 420452 | +1,046.0 | +1,8435 | 15~16| +1,2748 @ +1,8469 | +1,1180 | +1,6527
7~8 | — 8087 | —1,1830 | — 7105 | —1,0604 | 16~17 | — 7230 | —1,7149 | — 635.0 | —1,562.0
8~9 | +1,236.1 | +1,257.1 | +1,087.2 +1,106.6§ 17~18 1 + 937.8 | +1,196.1 | + 8230  +1,0644
() () o FRIERIETE, (—) 0RBRERCIEL R,
Lo trebhh, BWEFIF ALY Xy b b5 A TSI EM O I 233%58 o HEME LN 0.658~
096 DHBTNHNEL > Twbh, CHERTLHLEY, BB gE T H7key Ay
RHNESCEABATHY, LonbERICK Tw5, Tk, EREREL L L LCGHERD
DEBRHAED T LD T, BETEKEOFHE L CERMCEEL Q20 L 4K
EVvx XH, €V T ATERBCEESREO G2 SO BEICHASEDPICRE <7 T

B, ZHUEL NI AOFET BT L MM EO RS LERT S
O EfEE N 1.102~5.165

FirisdbosB
HAafrizoic
EORH

K-9 1z, MR 5 2t Ui - 7o Biss

DTILE
EHETIRC KSR £ L X < BRE LIRS BB R 5 5 Th b,
R o MR

=

Lig> T 5,

DRI

SERBAETHY, Wil
I OB VLD,

PN TR

5 75, Karl Bung W 07l » o ERER E LR—0@EEA /R L, HEOF

i

(201)

LfEThdh, BEHEHENEIEL LLBRL > KD, FER
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708 oA ORI

BERR LIS Z7THD, DI I 7R BT LS, BRI ADAY 2KV T

ACHANRELNR L, HARMEOFEN L > &) cdlbh T4,

. ¥)
¢ 1A :%:rm’g% ¢ e e ey LAY
g 1:[553 & ﬁﬁz : ;Mﬁ%ﬁﬂff;m.z
: HiEpdts W3y AT
2 | g %;'33@ ‘%}‘ﬁ B4 Lowvpisd-taa g
i % R Hus: gSvrsetasgs
: RO Rs [y AL D EFGH 1R edE GREL.
# ! G Lam 13 A
AN TR br | e ]
1 \} U i 330 Q] |
~3 I T {%ﬂéw Lo ko ipe-| Y
£7 <l | o oyl ealda /]
& : § 08 ¥ 43, /] / G
S | < o [ e/ ¥
& J v rr 0§ . ¥ /1
Y i Y S\M’ ) ;%
| ! G o4 /D %;7 q
1 1 03
I of //( EI
1 q
0 2000400 &0 500 Jumo j200 0 TR 20 sw 40 5o G0 T
—HE P HE Py
(a) THEEH 0~HBHE (b) WEHE 0~500 kg HEDEAK
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