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T 8 M

il P& :1- (Conerete) I% 71: JX (Cement), £M ¥ (Sand, or finc aggr-
cgate) SBL 1 - (coarse aggregate) =& Il 4% if I8 A I o % 22
y SRl W 1 A1 O 1119, R (L O D 5T (e < 1
T HE BR Tl 20 0 SRR R4 I BT IR OB L 22 BT O
Al 2 MR TR S 8 .08 B RE INLin > 6 88 %8 LA
AR U6 s 58 W 2 220 20 T AR OK 5N 8 0 T 6 B
W1 AR B T i U e 2 SRR R A G U8 s A
VR H& J1 (Compressive Shess), P B8 &% &5 Foii 46 HIGHT 7k K
K 45 AN 6 B8 22 68 JnJG JE W S 8N S E g k.

A AR T KRk KGR I I ARG X A A,
Wl TARMILPBE A E R Z KB A NS4 T
HVRA <) St < BN B N1 s R P = B < (O B 4 1 N
TIW— BB AR R AR Z YR R
RSB A R L AR & - L A Bk AR RS TR i T

W—R M ABRBIEKEARERGE N
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86 BR =K 8 %

e il ) 4t Wl 1,760,000
E R R R 1 A ) 210,000
b B K ilé 1T #% il i 750,000
BN IR E) 8T b T R A 480,000
B MK PIT M e 200,000
B R & ] th M ¥ 76:000

AN A B 3,475,000

A AR S W 1 WA 1 R BT 2 A b
G5 26 B IR K -1 — A I R
4 5 24
B OE RN W R ¥ W
b/ 600,000 200,000 200,000 - —_— —_

A

+ # 600,000 200,000 200,000  — — —_—
+—% 1,400,000 200,000 200,000 400,000  —— —
4= 1,400,000 200,000  —— 187,685  —— —_—
+=4 1,400,000 200,000 —— 862,625 180,000 —
+m4 1,400,000 200,000 200,000 387,411 90,000 ——
FiA 1,400,000 200,000 200,000 364,513 120,000 ———
T34 1,400,000 200,000 200,000 385,076 130,000 ——
L% 1,400,000 200,000 200,000 385,076 350,000 ——
TA% 1,400,000 200,000 200,000 863,644 450,000 925,200
A% 1,409,000 200,000 202,000 851,111 550,000 923,000
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BB L 400 K A8 B 4T 8 1,000,000 AT B IR -f- L 41 3
%5 2,726,000, - — 415 v 88 3 = 0% T B R VR A RE T
PR MHZ R

B i 2 Jk W BHE L BF DT 40 4B A 8 OA 22 W
IF 45 A A3 RS B -1 T A B A 2 0 K #40910,0004fT 1
B I — 415 4 & £ 1,400,000 1, B2 BT 348 0L A1 18] o]y 4 46 R
ez mmi e EME A REZMEE
e f RE R,

N = V8 (3 < W P IR DTS (1 R I = g /e B
JE B B3 A7 AT BF g% AR 58 0t W W T 0l R 1Rk U
S T P8 SR O RLT AR B R TS RO BB A B S A ik T O
BF 9% T 14 2 — oA R BRGS0 25 -1 A0 PGl U -1 %8 TR o i
UV ESA M LAY AR 25 L TR R
3 20,36 B B IR 2 W) BE A fF (Portland Cement agsociation) %
R B D L I R | W it () TR AV A S 1)
— L = BDEOE R ER 5T — JL— A ARE A U i KU
e AT S

o5 — ) v g B V8 1 W B8 J) 3R BR(Compression test) 23
AR By — 1, 1916-1920 A1 52 1930-1931 £, 5 40 b 565 14
FI6g J8 05 22 36 I £ 425 2000 BLES WG 41 #0022 Wods 4
T HRYVGE D 2 IR ELIE B R B 8 Y6 P8 1oy
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AT e e INE s "']
BT g ]
S sl LA <rrinrracegis ons %A -
|~ TI0261921> /346 -/320 Qv.of /5 futs S LA
%4”. A larefrzrey wrast
3 % Q
1 4 ¥
¢§ 3use ;’ ".'!) #a
% 2000 VA
4 feoo .
T
< 014')\4-. Y 2y 5y 74 8L Im 6w WY 1Y Y B)
whom A9p Q) rest (Vatuval Icale) Agye at fest (/e3.5¢cale)

Note:~"I'wo of the cemont lots included in the curve
for1926-1930 are a150 included in the Curve
for 1930-1931

u o — B’

-1 45 I 36 A T 5 U8 e, 1916-1920 Hit 1921-1025 35 £ 1],

PRS-t SRR B, B IS0 4k A0 36 I A 0T L 400 9 Al

U B 111 e L 0 I3 T S 9B L 4 A LR B
B B U B ROV B A I IR R ¢ S

BB AR &R T

:

Temsive Shength of briguets Hylat

6990

3

V‘E i}é :t’ih‘i 7}67 (Mortar; ;ﬁl g?i 7){ "i ‘t'g';g'-;ft’:{r /
g \:\ s e Mrian 58
(Briquette) =¥ /M et &g Y Gl A
%4:» V N e
Y TR Y QUL ST I 0y 74 A

/

i

6" x12"2. i Kk f8.0K U8 & n Pi_g
T Z AR B B ke 2 I kk ;
HOR U8 -1 B K U8 8RB AS HE ) i ihidid

Apeat lest(log. Scase)

w B2 K A BR U1 BRI A #o2 M|

Compression
3
2




T # % 7 9

(1,07 500 3R U8 A AE A5 ) IR ) vl B 0 MR AR e S B 1R
B Z SR U BB Z WA ®ON I A Z s
) 528 e o BLUL A% -1 A s e 56 W D 5 HY ot T J80 3R T
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minate, £% 4 A5 A0 I U8 1 HE B4 B4k 15, 36 R 0D A% Tricaleium
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THE METHOD OF SUCCESSIVE INCREMENTS
AND ITS APPLICATIONS TO
PROBLEMS ON RIGID FRAME STRUCTURES.

P
fix 2,

The Method.

T.ot a set of first degree simultancous equations involving 2, 7, zesbo
writen as
r=di+de Ytz s,
Y=by+bextlyzlse
z=cp+cex+tcs y+-~-,
Lot d;.,.=a,,’
dy=by,

dz-q,

d" :o=ag A"t ytas d e
dn y—bz dnt 2+ bg d? Ztene,
diz=¢pd" Y xtesd Yyt

T T Y T R R I PRT TY

then w=d xtd?a+d® 2k,
y=d y+d* y+dd y+-0,
z=d z4+d? y4+dd 24,
provided the series are c.(;;\.;é;o.er;t' — -
Fxample.—Solve
= =02 y—0.32+10 s sseteesnsnsnnennnnsininac (1)
Y=—0.8352—0.15 2+ 200re sessmnincisssssinnnnesee (2)

2= —0.25 2—0.25 % +30+0ssersrsrnssnsrsessnsercensas(3)
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Let dzr= ]0......-...-...................u.--.n-............--.(4)

NG
seerensnenennene (7)
censene (8)
sesesrene (9)

d z=30Qieiirersirnnieienicens

At 2= —=02d" 1 y—0.3 77 zeernne

dr y=—0.35d"1 2~0,15 *" zeors

A z=—0.25d"? x—0.25 " gueee
Wo have

d} x=~0.2%20--03x30=—~4~9=~13,

d? y=-—0.35%x10—0.15x30= —8.6—4.5=—8,

d?z=-0.25x10~-0.25 x20= ~2,5~5=~17.5,

The other increments are calculated in a similar manner. The detail
calculations are put in a tabular form, and are shown in Table 1.

Instead of using cquation (9), the increments of z may be caleulated
from the following equations: —

d? z=—0.25(d 24d? ) - 0.25(d Y+ d® Y)eeerennn (10)

d? z=—0.25 d" 2~ 0.25 di yesessainsssnneinenincannn(11)
the first equation being used for the second increment only, while the
sccond equation being uscd for all other increments.,  With equations (7),
(8), (10) and (11), the unknown quantities are again calculated in Table 2.
By comparing Tables 1 and 2, we sce that much labovr can be saved by
this simple oxpediont.

In the course of calculations, crrors often creep in, so the results
obtained may not be quite correct. Let xy, yrand z, be a set of approximate
values of 2, y, and z. By substituting 2y », and # in equations (1),(2) anéi
(8), a second sct of approximate values s, 4 and z, may be oblained. Let

dats=—0.2(ys—y1)~0.3(zs - z,),

dye=—0.85(2s~21)~0.16(zs — 1),
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TABLE 1,

EvaLvuaTioN

OF Z, J. AND 2.

INCRIEMENT

Total | Check

Equa-
tion

se. Jon, faa e

0,427 | -0.261
0713 {020
e =0

0,118 | —0,062
0,184 | —0.0m
07200 [ —0,153

S 0008
0011

N RpoT

91k, 'xo ool e,

0.049 1 —D.400
0857 |08

L3 =, a2

0,219 10,10
R X ]
0311 | —uv,lu0

=07} 0,013
=0t | 0,006

BOIET NIXU IO

0,878 {—0.258

9| 0534 |—-032%

1212 |—0.618

0156
0,145
03072

—019] 60,010
=0,0181 0,010
SR | 0,020

DRAT4] 20004

TapLe 2,

FVALUVATION OF x, ¥, AND =z,

Equation| 1[ 111 v v VI Total
z -2y | -1 1.6 —0.978 0.103 | —0.024
—03z | -9 0.675 0.537 ) ~0.073 0.011
10 -~13 2.275 1 —0.441 0.032 | —-0.013 | —1,147
Y —035#{~-3.5 4.55 | —0.796 —0.011
—0.152z| —45 | 0.338) 0.269] - 61 0.006
20 —B8.U 1.888 | —0.527 —0.u05 | 16.474
z ~0.25 = 0.7 —0.:i69 0.110 { —0.008] 0.004
—025z (-3 | —1.222| 0.142]—0.030] 0.001
30 —2.25 [ —1.791 0.242 ] —0.038| 0.005 26.168
TABLE 3, EVALUATION OF &, ¥ AND z,
e NCREMENT
Equation Approx. Cheek Diference IMREAENT Fotal
value I It I v
x |=02y - 515! =0.013 [ ~0.016[ —0.080 | =0.012
-0352 o= = 6950 xr-ai= | ~0.I58 | =0 1G] 0.002] 0.002
19 1LM7 |22 =T0165 | =1812 | =005 | =016 <0.087 | =0.010 | —1.142
Yy -0585x 0. 059 02001 0057 _01_\;
~0.152 m = b ~0819| =0 0i3] 01| 0001
2) 16.07: DINED) G 1MW 0.038 0NlL] 16472
e -0.25x 0.011 0.(;):’; "—ﬂ.&\; a
~0.25 2= —0.0190] —0.015 | —0.00¢
5 25.163 —0.008' =0.006 | =0.001| 20.166
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108
2= ~0.27 (e~ xy4d 22) 02500 =y, t d 312),
dr=—02. 0 7eg03 d0 ) )
g ‘_z/v,;_:——ﬂ,."..'. ZERTIPESI I RRARLE-P
A zem 025 g 020 e,
then rezvgdd padd? xa P et e,

a=atd g -d? 2k d? yge,
=zobd npdd? atd? zp b e,
Table 3 gives an example of ealeulating values of =, yand z from a set
of approximate or assumed values.
The Theory of Rigid Frame Structures.

Let OABCDIE (Fig. 1) he a continuous line of members in « rigid
frame structure. et
A=cross sectional area of any member A2,
T=moment of incriin of any momber AR,
{=1length of any member AL,
O=inclination of any member 112,
S=direct stress inany moember A,
E=clastic modulus,
M=moement at any point on the line,

ds=olemental length of the line.



I b5 S S 109

Taking 2 ns the origin of the co-ordinaies, let (x,. . )bz the co-ordinates of
auy point .. Let A, 3, and A: be respectively the horizontal, vertical nnd

angular defiections of point O relative to point E; then

\ L8 M yds ~SleosO
1;,\,=_,f‘( S R R s (12)

\ [P Mzxds .S 8
EYy, =2J~J S ‘% B 1- 7

' < f" AMds
I A_. =3 —F 88000t eaNaeEatIet000s 00000000000 0srsrasisstttioeter (1”
L

where the summations are to include all the members between points

A 8

mo

[4
Fig. 2.
0 and E. Now points O and X may coincide and rigidly connceted to-
guther, so that the line OABCDE becomes actually a closed polygon
(I'ig. 2); then the deflection of point O relative to point E will be zero in
every direction, and equations (12) to (14) become

n S
xf ﬂ.‘ﬁi _,_),_,_!_‘_‘M-o... R T-3)

8 Mards .Slsin g
N e SRR sl s (16)

Ly Mds
Lf, Sl o (17)

Let P ”J' (U—8) M dgeremsmissssssssemmsnnssssssssossssssssessess (18)
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g = 111 f’ 8 M dtevernnennsnsseiinnininsscsennssetsonsnensinns eerereeenn (19)
%M uyds oy, (l—s)y M M ,
then j_. S =f“ 1 11 ST I3

SHa Can= Yy Ypa,

EMads
T SR U~y Upy,

4 ‘
B ds

T T g Up
a ‘

and equations (15) to (17) become

. Scos O
> {‘.’/a Wyn=1n “:.|+—-%0‘—‘—} =0reesensienisaiininaaiiie (20)

Stsi
S { R A "’»} =0uissnnerssinnneonne (21)
N (egp—tigg) ==0snsreeccs irecnmernnnnsecnsenn rrrersennenes (22)

The geometrical meanings of a,r and ap, are simply the angles
between the original axis of the membor (/2 and the tangents at points i
and £ to the clastic errve of the member multiplied by the elastic modulus

I (Pig. 8). If both ends of the member are fixed in directions as well as

.
P — < 8
T~ (=™
£
Fig. 3.

in positions. then
U= gy =0, R

The relations between a,p, 4, the end reactions Ry, B> and end

moments My, My, for the loading shown in Fig. 4. are as follows:—



T 8 & 1 m

L ‘Tf— T
N ])M,,

-
3 1y
Iig. 4.
l ) 3
a.m=7;'[( 2 Mp~ My, )+T)11—l P b 1202,
! )} A7} 1 Pa (lt—a?
un.n—G"(Q- s Man ) =TT a (lt-a?),
1 Pab
g (Jt,,,,_M‘,,) S
2 Pab?
M= -2[ (2 gt g )-’— ln_ N
4 Pazb
Jlm—"%_( a2 tp, )'*'_72 2 ,
P Hi Pl
RI;‘"“}-( Mgy, )+ I - = —‘hf{( Uu.-'i'“n.:)+~~‘: (3a+b),

> 6/ Paz
11’1=%( Jl.m’{“‘lr.‘.v )+ I[a =—:.;-(ﬂ,m+ ’—‘l.‘.l)+" 1‘:7 (a+3 b.

The corresponding relations for other loading conditions can be ob-

tained from these relation by superimpnsing.

Wind Stresses: Building with a Vertical Axis of Symmetry.

Let Fig. 5 rapresent a ton-storied building with o horizontal load P at
each of the floor levels. T.et

I=length of all the horizontal members,
I =moment of inertin of all the horizontal members,

Li=length of all the vertical members,
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I.=moment of incrtia of all the vertical members,

A - I, K. _.
C, 3 = w2
K, L Ky = B E,
0 L
o P
] —7
; P
6
s p
&
3 ]
R »
: 7
C svbre L nad by oty
a £ 4
Iig. 5.

Tor convenience, we shall designate cach joint of the building by a
Ietter and a number; for example, the point of interseetion of column X
and the ath.  floor.bean will be known as joint Xa.  Let My wgupry and
My g1y Do the moments at the ends of column Xn-X(n+1). Tet Mayr

and M,y be the moments at the ends of beam Xa-Yn.  Let

1
U = e ( 2 Myutin = My (egaye ):



I #H £ W 113

1 ;
L TN ( 2 Mytusyn—Myn (nany ) ,

anr =gy (2 Muxr = Marx )

Ly
aurs =gy (2 Mars =y )

On neglecting tho eftect of direct stresses, by equations (20) to (22),

we have
R0y (nt1yn = Anpny vy + Aaiy ¥ — Uy (ni1ya) =0,
U (a@s1yrs— 0y (ag1yaFara(ainy — Gxy) =0,
An (141) = ¥ (n11)a F Ag)xr — Aty vx +H 5 (e 1yn
=ty ninty Faay—aixr=0.
Let Ay (1= 804X T =Batn)
then

ar (1418 = A1) X = Axn(nil) = UaXy == Qyp (1) = Gy =Pa1e

Since the building is symmetrical about a vertieal axis, the moments
for points on the right side of the axis aro exactly same as those for the cor-
responding points on its left side. The direct stresses in the columns on
the two halves of the building are also equal in numerical values, but
opposite in directions. Since the effect of direct stresses has beon neglected,
the joints An, Bn and Cn remain at the same lovel after the distortion
of the building, we have

Cups=%pc

‘The moment equations for joints An and Bn are

Mian-ty+ Mosg+ M ncasy
=2 K (2 @ n a1y + Oy (n1)2) +2 Ky (2 tpantaany)

+2 K2 (2 t ittty F8icatayn)
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TapLy 4, EVALUATION OF (.43's AND tpa’s

Lquation d*a i dbq | &du | d"q | da | 4% a
ciap 021053 «1n.a U.U‘Jl.\.’)l V000 | U0t ] 000K <00 oL -
0.21053 u2s;:.1 Ufulurol LY 330, 0.00002 - 0.00003
-0.25 ) -u—w'?vﬁzl [IXEESIRR w'm 00000 0 1-0.25307
arug -0.03571art i JIRES leuw i
011256 a2z |-0. 4
0360 G} 11]-0.1078¢
Qup 021 ‘J @151 {-1.03571 ~l).UUl\“~U TR uuwln.—u T N
0.03146 4)01177; onoumf mwm
-0.02 0103 &
- AR ! 000 -0.26100
apa QOCUS =060 | O Le0T 004001 '
0.00114 Uuwl"h 000047 - —
0.112:6 usu, A iran]
-0.1517% 5 K3
azep 21053 wzp,1 -0 —(Hlllu‘-UllUt'l""‘)(‘Ll'l‘l 00002 007003
-0.210:3 uaz.t 0] 00103 | 00018 000050, 00000 — 0.00001
0.21058 wang { ).00120 nuwN-n 00003 -0.00008| _ —
-0.10787 -DGOUGT 0.14:001]-0.236%4,
asBy 014286 2.3 [-0.0311 6 -0 155 -0, [=0.na-28 00 LCet2| 6.00001
R KA vh RYTEXT)) uw.mf U (Ml(ll\ Con37! OIhM»h 1,002 — —
U2 6 ad it |- LTS 10,0000 - n(mw
— -0.14221
Giip - uml
O2MEB w5 -
o 0171 2| -0.C00a1 |-0.20611
apy GG asan g t:“sl’l o ‘:w\\\»' umc-m EUXVRTTY R
GHs) 0.0000¢ —
o (VAN \UI 3 ~0 1‘00‘\.’, — —
-0.11607 . (3¢ 0 1‘000] -0.00001 00001 -0.16749
asa 0"lu'v3uu. kanr' 00,000 127> SO LE] RONET I
X Oum"' 00014 00008 —
_ .
i '.'»UMIJ'-O.MW 03-0.00001 {-0.17458
B 142 SOOZHHS0.CO3 14 -0, 00T -0.G00TS 0 00003 - 1, 0noey
-0 \‘3“11(1.‘1!- n 00515] 0.00074] 0.00027| 0.00004) o Om\]s — ¢
0.14256 aoan {: u)t:l? -_,~0| u]'; -0.000051-0 .mn]
BRUAL\ A -0.14185
) 021053 asbt 70026 -U(Olw EXUTT mmu ~0.00008 1.0,
-0.21 »imrmﬂ 01 4 0(\‘0.).5 00005 000N
\H O 0000
- o] -0.14286
684 e e
-0(3.3:1% 1:,4 0. wus .CO0GO 000001
3 :;-Nv Az |- »0.001\;\;; D 00, 00001
0. et -0 U123 -0, o
oy - 11608
0.0131 hY DGO
'm\»s aspyg |-0.00 CO0IS|-0.000003
=0.(¢211 -0, SO W25|-0.0060 1 [l -0 11111
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TABLE 4,

(Continued).

| Bquation | dza | d%a | dte | d®a ] dfu ' d’a | dsa ‘ «
TR 0. 14258 @59 [~0.0164221-0.002 §2 [-0, L0080 -0, 0013+ 0 0000, ]-0,00001
) -0.035714a7 ¢a| 0,00320) 0.00047 | 006017 0.00003] 000001 —
0.142:0 03,45 [-0.00010|-0.0013 1 [-0,00052/-0,00007 |-0.c0003] —
00623 -0,023031-0.60320 | 0,051 24)-0.00017 |- (06007 {-0.00001 0.00¢
T 021053 az 2, |D.01316 0,00 185 ]-0.00060-0,0(4126 -0 0000 1]-0,00001
-0.21033 azp. | 0.000{0] 0.0031G| 0.60051 0.L0018( 000003 —
0.21053 wap 1 [-0.005641-0.00226 | -0.00033-0.000131-0,00001 |0,6000]
-0.00574 I QO -0, 00363 | -0 10051 |-0.00021{-0 00002 |- 008002 -0.07¢
T ainy D.192:6 az.¢p |-0.01310]-0.001ES [-000060 S0 BI0 |- 0, 00004 [<0.6000 1 )
-0.0357 1 ay p| 0.00235] 0.00034] 000013} 0.00002| 00001 —
0.14286 aggp [-0.00561]-0.00028 [-0.0¢031|-0.00005L. 000001 ) —
o ~0.04464 3 1-0 G232 -0.00057 |-0.0001 3 |- (3 60004 [-0.00001 0,064
g 021053 asny C0.00316{-0.0001|-0.00018 |- 0. 0003 | — |
-0,21033 ayz.g | 0.00561) 0.00228{ 0.00033] 0.00013] 0,00001} 0.00001
0.21033aipp.¢ {-0.00230[-0.00:0¢ 5{-0.00005].0.00001 =
-0.0347 -0,00615 216 | 0.00033!-0.06010 | - 00003 | 0.00001 -0.014¢
Qpy 0.142:0 a3 ¢ 5 |-0.80040 |-0.00137 | 0000521 -0.00007-0,060003 _
-0.08571ay.ep| 000141} 0.00022] 0.0(008| 0.00003] —
0.14286 ayg.45 |-0.00275 31-0.000171.0.00002].0 00001
-0.02674 0.01074 2500061 |- 0.60006 |- 000001 R -0.03¢
Moz | 0.80760ayp, |-0.00:21]-0, 0 [—0.000 15[ 20,G00TY - 0.00(02]-0.C0001
-0.40154aton | 0.00524( £.O0210( 0.00033] 0.00011( 0000027 — '
o -0.01¢23 ~0.C0300]-D.00120 |-0.00015]-0.00008 0 |-0.:6r01 -0.023
atep.y 0.18182 ag 1z -0.007 18000112 [20.60030-0.00006 |- 060002 |20 60601
-0.13636 a102.1 | 0.06262( NG040 | 0.0001G] 0.00002| 000001} —
-0.01136 -GS [0 0G0 7 T 1000023 1 -.06000 310760001 | -0.06001 -0.01¢
TABLE 5. PERCENTAGE ERRORS.
Number of increments taken Number of increments taken
2 | 3 | 4 2 | 38 | 4
Ay an 2.67 0.04 0.16 Ceun 5.27 0.89 0.27
Ayny 2.63 0.26 0.19 LAY 5,25 1.60 0.2
LTS 1.82 0.92 0.02 Cran 5.26 0.90 0.26
Tony 2.57 0.93 0 Ty 5.29 1.656 0.28
Qg yp 4.77 0.40 0.27 Veun 504 0.96 0.31
Ugpyq 4.59 0.98 0.24 e n4 5.87 1.62 0.28
Ayin 5.01 0.98 0.16 %545 5.42 0.93 0.25
Qyny 5.16 1.52 0.17 Copy 5.67 1.78 0.25
Us4p 5.24 0.89 0.26 Qyyqn 6.08 101 0.38
D51 5.24 1.61 0.26 Uyony 5.91 1.72 0.3

=4I, 2 Ay g+ Rmgy i3 [5,;)'5‘2 K (2 dugnt0uny)
4 Ky (2 dgn+ 91048 Bua)
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=2 Ky (10 ¢y, +2 0oy ie Fanps +2 2inan+06 0 +6 Bng1)
Mepe—1y+Mang+Mope+ My
=2 N2 (2 tpcumny -t M) +2 Ky (2 g anin)
+2 A3 (2 dunettacn) +2 Ko (2 apagosn a5 (ni1ya)
=1 M) (2 dimg b apmnm+8 Ba) +2 K (2 oy + uan)
42 Ky %8 b4 Ky (2 @04 pyrg+3 fan)
=2 L (13 ctpy+ 2 Qagyard s +2 dppye 6 0+ 6 e ga)

== Qrerrerronissrrrnenransinsanans PPN

The shear equations for the columns immediately below and above the
nth. floor beam are
2% 8 Is (s (u1yn W gugnmty F Gisimty n - Qrucugy)
=24 Ky (W an G+ Gy F0up+4 s )
=(11=0) P hovsesessncssnnnisminisscnimssmsseesssnsesisses (25)
2%6 e (ratusny H iyt pagasny 85 1y0)
=24 Ny (dagn+i0y0n + SnsF Cuynyng+4 fas1)

=(10—-ﬂ) ]’h--....-u-...-.m-...........-..m-........-.....u.u....---...(26)

Eliminating . and .1 among equations (23) to (26), we obtain
1)1~ 3Xu—nyng + 140, . — 4 ayp, +ﬂ(n+1),m—'3"(n+l)n.|=‘*TlK: (21-2n) Ph,
=8 Qu-1).48H -y ng—4 @, 1 +20 0, (—3 "(.-x+1un+u(n+1)m==—417(21—2-n) Ph.

1

After further eliminations, we obtain

88,45+ S iny—8 (Gt Y yyypy) = — (21-2 n) '};\.—h,
fl

56 aupy+2 Uy~ 8 (Apu—ry.in+Qprgygn) = — (21—-2 ) —il,
1
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or
Pk
&, 1= 0.21053 {(Xn1) 11y — tans F Ya i) s ) ~ 0.013158(21—-2 n)—AT-........(27)
A,y =0.14286 (9(a—1j.4n+ Ynt1y.4n) —0.035714 a0, 5
. : Ph
~—0.0089256 (21—2n) oy cestnrrnneneiansse e senns (28)

The equations corresponding to equations (27) and (28) for the top

floor bean are

P
ayon=0.80769 a,, (—0.46154 01»11.1“0-019231_%‘ ...............-..-...-.:-.(29)

oy =0.18182 a4, —0.13636 a,“,,_o,o11364_”K’:_'...........................(30)

The values of «,,;'s and a,;,’8 are ovaluated in Table 4. Table &
gives the percentage crrors in the values of o,,,’s and @,,’8 when com-
paratively small number of increments are taken. The first two incre-
nients will give values with o maximum error of 6.08%5, while the
maximum errers for the first threo and four increments are 1.72%¢ nnd
0.3582¢ respectively.

Let Syatasn =direct siresses in membeor Xo-X(n4-1),

S.yy=direct stress in member Xn-¥n,
VP a4y =shear in member Xn-X{(n+1),

Z.vr=shear in member Xn-Yn,
1
then Pynoany = “T(M.\'n i+ My iy n),

oy = "‘% (Jvuxr + 2";‘1’.\');

St tn-1)a=Suatns1y + Vs,
Sp 1y =Sz a4y~ Vaun+ Vase,
Sisn= Vll('l+l)_ Vi (r—1)n,
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Sune=S0in+ Varinin — Vp—1ys,
Secr=S8nc+ Vaniriy— Vaa-1ya.
The values of the complete sct of «’s, f's, moments, shears and direet
strosses of all the members are given in Tables 6 to 0.

. Ph
Taprt 6. VALUES OF a's AND (¥'s 1IN W
1

n I LARY [ £%: X { Ay n—-1)n ‘ Y in(n—1) 'un(n—-l)n qun(u—-l) l Ba
1 —0.25307 | —0.19788 % 0.21681 | —0.03616 | V.21691 | 0.01903 i (.21691
2 —0.26109 | —0.21247 |  0.07181 0.06330 | 6.12702 | 0.11241 | 0.32483
3 —0.236%9 | ~0.19221 ‘ 1.04791 0.07210 | 0.08652 : 0.11678 | 0.30399
4 —0.20611 } —0.16749 i 0.03671 0.06749 | 0.08139 : 0.10511 1 0.27360
5 —U.14758 ] —0.14185 ] 0.02893] ©0.06043 | 0.067562 30.09316 0.23501
6 —0.14286 | —0.11606 1 0.02134| 0.05306 | 0.05407  0.07986 | 0.19592
7 —0.11111 | —0.09031 | 0.01390 0.04565 | 0.04070 | 0.06645 | 0.15676
8 —0.07960 | —0.06156 |  0.00654 ) 0.03305 | 0.02734 ! 005309 | 0.11765
g —0.04823 | —0.02979 | —0.00072| 0.0306) | U.01432 | 0.0390Y | .007888
10 —0.02307 | —0.01642 | —0.00556 |  (.01890 | 0.0.278 | 0.42565 , 0.04257
Tasry 7. VanUks or Moumesrts iy Ph,
n My | M iwoen ‘ Moan | Mgy | Meagmry | Many | Maze
=Mpanr1y =Jl,,,,(,,_1)§ =M, |=Menquiny | =My : =M.cn J =Mucp
0 1.5506 i 1.8114 ;
1 0.8297 0.5784 '—-1.10S0; 1.4656 : 1.0189 '—1.2977(—1.1873
2 0.67117 0.7976 '—1.4693] 1.2383 ' 1.4473 —1.3720|—1.2148
3 0.6636 0.71684 '—1.332G; 1.0756 | 13203 —1.2426/-—-1.1533
4 0.4729 0.6868 —1.1584| 09123 | 1.1744 -—1.08221—1.0049
b 0.3330 0.56%990 —0982)| 0.7620 1.0154 —093166|—0.8511
(] 0.2438 0.5093 '—0.5036] 0.5914 @ 08552 —07H00|—0.6964
7 0.2045 0.4208 —0.6251] 0.4311 { 0.6944  —0 5835|—0.5419
8 0.1168 0.3330¢ [—0.4475| 0.2709. § 0.5341 !—0.4174 —0.3874
9 0.03u03 0.2423 ’—0.2725 0.1248 | 0.3750 | _0.9556 —0,2387
10 0.1286 L—o.mss | 02163 —0,1160—0.1015
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; Ph
TaBLE 8. SHEARS IN BEAMS AND DIRECT SrrREsSsES 1N COLUMNS N
Shear Direct stress
n Vﬂ.m l SA (r—=1)n Sn(ﬂ—l)u
Vare ! g
= Vnon ! ==-'Sn(;,‘1)n ="'A5L‘(n-1)n
] -2.7057 —92.3746 —16.661 1.786
2 —2.8418 —2.5496 —~13.95b 1.455
3 —2.6748 —2.3066 —11.114 1.163
4 —2.2416 —2.,0098 — 8.539 0.895
A —1.8986 —1.,7022 - 6.297 0.663
6 ~1.6536 —1.3928 — 4.399 0.467
7 —1.2086 —1.0838 -~ 2.846 0.306
8 —0.8649 -0,7748 - 1.637 0.181
9 —0.6281 —~0.4774 ~ 0.772 0.094
10 —0.2435 —0.2030 — 0.244 0.041

TanLE 9. Suears 1IN Conumxs aAND DIRECT

STRESSES 1IN BEAMS IN 22,

~ Shear | Direct stress
n V{(n—l)n I'vls(nu])n
- A Shin Sanc Shen
=Vpi-nn| =Veina
1 2.1680 2.8313 —0.542 —0.5 —0.458
2 1.6273 2.8729 —0.187 ~05 —-0.813
3 1.4401 2.5h96 —0.190 —0.5 -0.810
4 1.2504 2.2500 —0.179 —0.56 ~0.821
b 1.0719 1.9982 -0.179 -05 —0.821
6 0.8928 1.6072 —0.178 ~0.5 —0,822
7 0.7146 1.2858 —0.180 —0.5 —0.820
8 0.5351 0.9652 —-0.176 —0.5 -0.824
9 0.3591 0.6409 —0.200 ~.b —1.802
10 0.1589 0.3411 —0.169 0.5 ~0.841

Wind.Secondary Stresses.

In tho building shown in ¥ig. 5, let

Ay =cross sectional area of all the beams,
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Aqg=cross scctionul area of all the columns.
Taking the cffect of the direct stresses into consideration, by applying
equations (20) and (21), we haveo

1 , .
Uynnm1) = Goxy F i, 3 = Ty uenyy = Agn (b".\,),—b(,,_”“' )---... § eeeen +(81)
(s 5 32
Uy (e—t)n — Q-1 y.x F Au—nyy = fye-n, = Ay A \PO-DXTT O weneee (32)

1A

Ay X E = Oy (10 F Oxuin-1, — Gy = At (S\':n«l)n "“S'l‘(n—nu)""" '(33)

h .
Qyy = Qyu(u—t) T Ay Geeq)n -'“m—Ax.l'.\':"_]—[ S:'(x—l)r- '_'S.\'(n—l)’-)"""'(34)
g
Let Qyngn1) —axy =un,
then

! ;
Uty ~ @ o T '(A\ s Xr= Ny
B=1) 1YY Do TA;IL DX Y TN ),
b (o .
O mipn = ANy +'{'{h’t b)'ru—);u "6.\.:.--1);« ),

. i s L
@y (amgyn = Caegt = + :llﬁh_(b‘ 1, =0 xr) + ‘[T;‘"(SY(_«-!)N ‘*Sx(n—l)n).
In this case, we shall call
“.ln('-«l) - ﬂvn,m =ﬁu| )
Opun—1y— Xpo=lhe,

Ao (u—1) = Wnicp =as.

Since

3
A1)~ Qg =fa+ A (S(n—)),m ~Suan 3

. 1 .
Acynaty— Gep=ilat m(é(n—l)nc - ,.,m),
hence

i l
Bae=Bu+%apy—0pe-+ Zl—,;(s(u-l).m"'smw)'
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v ‘. l 4 4
Pra=da2+ Qcn—cn +m(‘5 (ﬁ—l)!:c_‘snnc)

and

(g =3uy +Qusn— ttupe + Ccn~—anen
I 4 ! J ’
+m Sia—1).4n~S11r +S—njse—Sinc )
By means of equations (32) and (34), we oblain

h
@ipy— Gupe = a(s—=1) B4~ Ur—1)RCT m(2 Sacu-1y n— 9S4 (n_l)n—‘Sc(n-l)n),

L
Gnop—ncp=Cnyycn—Ar-nent =7t 2 Scmiyn— 98 (—13n— S n—ayn )«
dal

P )2 Pl
T.ct 8_'—A,1"."'_'"'—”5A,h ,
applying tho formulas derived above, we have

h
= G®ne="4

(21,786 +16.661.+1.786) x /- =22.0195,
s 1 ttang = 22,019+ (2 1455+ 13.053-+1.455) = 40,5305,
Qg — Aspe=54.942s,

4= @15 =66.166s,

ren—tsco=—22.010,

azca—dgcp = —40.33%¢,

Qsop— azcp = —54.942s,

Oyop—tycp=—006.166s,
s =paa +22.0193—22.019s+7’~,—( 0.542:+0.6) P=f11+5.21s,
i

Bes =1 +40.3393— 40,3593+ Bs( — 0.542 + 0.187~0-5 +0.5) = fig1 ~1.775s,
B3s={41+0.0153,
B =011 —~0.0533,

Q19— Qg g5 =Py,
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Opro=— 0y 9= {5 +3s(040.542) =1, +2.7 1,
LRTRY =ﬁll + (17SG+ 16.661 )8=ﬁu +1$‘1!7*,
gy =542, 7184 18,4475 =41 +21.157s,

Gorg—Aicp= 3 ={1 +5H21s,

Unre =~ Wpe=pha+0.458 X s =[11 + 7.5,
o =15+ (16.661+41.756)s= fiy, 425,657,
Upgr=ih 1+ 7.53+28.065Ts—5.2 8=, 4 25.047s,

Qo1 — Uz g ==fpy,

Opay— Agp=fin -Fﬁs(—0.542+0.187) ={lgy—1.7753,

Lyya==yap=3:1+16.41s,
U2y —trep =i~ 1.715s,
Uorz—Aiep ==, 418,635z,
Qyae =3 1= iy,

Cag— A p= i3 +12.2773,
Uz —cp = 33y 40,0153,
25— Wep =y 12,2923,
ez =ty =gy,

iz — A3 p={hy 4+ 9.434s,
Ceig— Uip = —0.055s,

Cezr— O3cp =P -+9.3793,

Upte=—uy == (Igy +13.G358,
Apry = ttpe =y,
fpyn=~—d:pe =323 +15.41s,
Cpe==p, =i 1+0.015z,
Apan=—= py=1351 +12.202¢,
ap s—(lrnc':ﬁ.!:,

Upsg—~ . po=04 +12.277s,
Apia—aipy =1~ 00553,
A= po={:-+9.870;,
One ~—aypc={1,

Ap3t—Aipe = 41-+90.434s,

The momeont equations at the joints are
453} 2aran+Bu) + 010+ 184478} + 2 K32 pFay s, {
+4 K 2(n+ B +15.418) Fas 4 By |
=2 K104 5 g 2 @y H6(iy +001) +95.5345) =0 veresanes +(85)
4K §2( 0412+ 2.718) + 310 +21.1570§ +2 K12 asp +ay 5}
+2 K3 §2(0154~22.0195) 4 2105 — 22,0103}
+4 K1§2(a1 54+ + 15.6358) 4 ctap  +Bay — 1.775s}



I #® T . 126

=2K:{12a;5, 4% 15+ o+ 2 azpy +6(B11+3:1) +88.0873) =0.++(36)
2K 1}12aicn +@ing+ oo +2 ascp+ G(Beg +-P21) +53.0878} =0ceecrsccennr e (37)
2 K1} 10 aspe+aien+2 ape+6{B11+Bey) +148.5348f =0:eseorsnrcerannscciss (58)
21§10 024542 0y 4ptaep 2 05y 4 6(Brr 4 Ba1) 4 79.9283] =0 seeve1000(39)
9 K} 12 ugng+2 t1pyFassp+asep+2 Gapy+-6(Bas +Bar) —51.6498] =0.-4(40)
2 K1 }12 vacp+2 asentarp s+ e +2 ascp -+ 6(Bar + Bar) — 51.649sf =0...(41)
2 11}10 cope+2 arpe+aren+2 aspo+ 6(der +831) + 79.9288§ =0 creeeerera(42)
2 K10 agsp+2 azan+ asns+2 asnt 6(Bar +B41) +62.208f =0 ceveerianees (43)
2K1}12asp4+2 azp, +assstascot2 aps 6 (Bar +801) ~ 102.776s] =0...(44)
2 K1} 12ascp+2ascptaspataspe+2 aico+6(Bar+301) ~102.7763} =0...(45)
2 N1§10 a: po+2 azne+ aren+2 aapo+6(B31 +B1y ) 462.293f =0 seeresssires (46)
The shear equations for tho columns are
6 Wo(S811+8 a1 +104.6288) =0 ssevercnranennnaane crrennsnissasessnnaiinnieen (47)
0 K2(S Brr +8 ar-54.645) =0 cevserercocersnrtorssssnnnsennne N 1)
6 IV3(8 1311 +8 ar4-49,1668) =0 ssetsrssnrsssssversessussastnsissscssanssanssensns o (49)
6 Ko(S Bor 48 a1-BT.5168) =0 norsseessessresessssnnrannns cereesssmannenssins (60)
where
S av=uvp-y.an+ oasntap-1nit GnsFan-ncp+%Gen+F ap—net woe.
From equotions (35) to (50), we obtain
ay4p= 0.1 aps—0.2 az45—0.6(311+B21) —9.85384 00 ssuvsnreceeiicinisinin (51)
a1 = —0.083333 a;.15—0.083353 arcp— 0. 16667 arzs—0.5 (12 +f2:)
wenp=~0.0833833(ayns+a10c+2 ascn) — 0.5(B11 +821) —4.4348 coerernsnien (53)
arnc==0.1{a1054+2 a2pc) = 0.6 (B11+B2er) —14.358s esevereeicssrsunnininnns(54)
arp=—0.1(2 0y 4ptasp+2 asip) ~0.6{f21 +311) —7.9938eere0sssaeeranna (55)
a2z, =—0.083333(2 asps+aesp+azcopt2asn,s) ~0.5(B21 4 Bs1) +4.804s...(56)
arep=—0.083333(2 aicp+asn st asnc+2 arcn) —=0.5(8214+811) +4.304s:+:(57)
aspe=—0,1(2 a: pot-azco+2 1p0) ~0.6(B21 +831) —T.9938000 000000 00r101 0 (58)
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arp=—0.1(2 tasn+arp+2ay ) —0.6(311 4 311) —6.22080erm0eueeseeere o (50)
azpg=—0.083833(2 @z, 4ty oot Sy, ) —0.5(E514-Fa) +-8.56550+.(60)
azcn=>—0,083333(2 dzcp+ sy Fape+ 2 tyep) = 0.5(Ba1 4 i01) + 8.5658+: (61)
apre= —0.1(2 dap Qo2 ) — 045 (far + 3 ) = 6.2208 000w eevsewnress e (62)
Br1= =y — 13,0708 e000retrasssresnssvorsecennsansrasssnnnvonsosnnnrssesssosressos (G3)
Ber == — (s 6. 8188+ s+ vererses snsresssnssanssassssssnvivsspesssossnsnsntonsonsassos 8 (G4)
Bar = — e 5. 1483 essere sorvsesannassssssissesssssssssssasessassorensssssscssssssess 0 (G5)

Bui= @ —4.603000etmrerierniicerrirerineissinianssaeisnisscinranaressssceesessss ((56)

Tho values of @'s and i’s for the four boltomn stories are evaluated in

Table 10. In this table, tho inrements of «’s of cach order are calculated

first, the increments of 3's arc then caleulated from those of a’s of the same

order us wo have done in the caso of the increments of z in Table 2. The

values of s for thoe fourth floor beam are assumed to be equal o those for
the third Hoor beam. It may bw noted that the convergence in this caso is

not so good. I'he complete set of values of «'s, 3's and moments are given
in Tables 11 and 12,

TanLE 11, VALUES OF a's AND §'5 IN &,

n 1 i 2 3 4
g 7.38 3.88 12.63 1268
anpy 9.48 16.93 20.76 2075
a0 —12.64 —2441 -3419 —45:42
Qo -13.50 —2432 —3419 —45,42
en 8,52 16,02 20,15 2075
a,ne 219 9.82 12.52 1252
@4 (1—1)n 185 6,13 0.36 0.6
Qg nin—-1) —-9,22 -7498 —8,12 --867
QAR {a—-1)n 4. 56 6 46 7.4‘3 8_78
AR xia—1) —4.41 —2.51 -003 ~—0.66
AC (1)1 7.06 550 7.51 8.78
aen(n—1) —2.87 —2.42 -0.03 —0.66
W (a1 935 1.54 130 0,60
ann(z—1) —6,31 —-6.84 -—-8,28 —-8.383
Ba ~16.60 -16.66 —20.80 —21.35
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TABLE 12, VALUES OF MoMENTS 1N K, s,

n . 0 1 2 3
Mgy —23.18 —18.86G ~31.76
Mosn 24,24 33.69 46.11
M qngasry ~11.04 8,56 —14.80 —1430
Mpniay —8.52 288 14.72
Mupa 26.34 4074 5418
Mupe —38.568 —-73,14 - | —102567
Mpainiry 9.42 20.82 29,62 33.80
Meiirey 2.64 .32 14,50
Muce —3v.64 —173.06 —102.57
Mrcn 18,83 41.86 54.02
Mencngry 22,50 17.16 29 98 33.80
Mpaga—y —6.54 - 2428 —30.52
Mupe 14.10 35.66 4579
Mpnnyay 24,78 —7.52 -11,36 ~15.26

Wind Stresses: General Case
Let K. xy =K, for member Xn-¥n,
Kynapry=K, for member Xa~X(n+1),
Knin=Rynnir)y F Kyaepny FKzugusny oo,

Kyw =Ky(uayn+Iaxy + Ko yy + Kyn (1)

f . K.\'n (1)
a(u41)X —“——“2/\».(n+l) »
R — K)'(n—-lz» . — _I\LYL("-H)
Frao-n="37  foam =55,
f = Kn.\')' f B Kn)'l
¥aX 21‘-)_» N JYaz 9 Kl‘l 1)

ha=length of columns between (n-1)th. and nth. floor beams,
H,=total shears in the columns between (n-1)th. and ath, floor

beams.

When there is no tranverse load between the ends of the members, the
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moment ¢quation at joint Yn is
Myn oy Maxy +Mauyz +Mynooss
=2 Kyioty (2 tn yx + dpuosyry+3 Pn) +2 Kaxr (20 vy +axr)
42 Koyz (2 an vy Fanzy Y42 Kruein (2 aeyy +aepnra+3 8aga)
=0
or
anyy =—frn-n{ae-nre+3 B) —frax aaxr
—frnz anzr —franin (acanyrr+3Buga) eoeeeseeenns (67)

and the shear equation for the columns between the (n-1)th, and nth. floor

beams is
6 Ky 1y vt n-tyxy -t anxr T26) 46 Ky gy aCage—pyrx Fan vy +28a)
406 Kz ¢y uan—ryzy +anzy +2p0) +ee=H, h,
or
#a= —F p-nymr (ag—1;ar Fanavr) = fia-ny mr{@-nra+aa ra)

H.h,
—fea—yiz (@a-nzy +-tazy )=+ 4 12 Koaoyn R (1))

Table 13 and 14 give all the nocessay data for the analysis of wind
stresses in the four bottom stories of the building given in Mr. Goldberg's
paper, the Transactions of the American Society of Civil Engineers, Vol.99
(1934), p.962. The values of a’s and §’s for these four stories are evaluated
in Table 15; the values of a's for the fourth floor beam being assumed to be
equal to those for tho third floor heam. Table 16 gives their percentage
errors when the first few increments are taken for their final values. Tho
complete set ot values of a's, {i’s and moments are given in Table 17

and 18.
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TActE 13, Darta or BuiLpixc,

n 1 2 ! 3 4
Kiy(nmtyn 12.9 178 | 117 1.7
Kacn—ayn 12.9 17.8 ‘ 1715 17.15
Ke(n—tyn 10.35 1425 | 14.2 14.2
Kp(n-1yn 1.16 10.7 ‘ 10,6 106
Kuan 15.25 10.7 | 109
Ko 18.65 14.6 | 13.1
Knen 9.(5 64 | 64
I (kips) 7.71 714 | 6.69 6,27
ha(ft.) 22 16 14 14
Kntyn 43.9 6055 | 60.25 60.25

/L 0.3220 0.1512 | 0.12956 0.1214
12 K(n—1yn |
Seu—1ynyg 0.1469 0.147 | 0.1469 0.1469
Joi—ynn 0.1469 0.147 0.1473 0.1473
(n—1)ag 0.1179 0.1177 | 0.1178 0.1178
Jin—1yan 0.4383 0.0884 ! 0.088 0.088
TaBrLe 14, DaTa or BriLoixc.

T Kva Froin—ny Srmn Sraz fraepy
A1 45.95 0.1404 — 0,1659 0.1937
m 64.6 0.0938 0.1180 0.1443 0.1378
a1 52.4 0.0983 0.178) 0,0873 0.13¢0
D1 21.6 0.1404 0.1658 — 0.1938
42 46.2 0.1926 —_ 0.1158 0.1916
B2 60.85 0.1463 0.0879 0.1209 0.1459
c2 49.45 0.1441 0.1476 0.0647 0.1436
D2 21.1 0.1931 0.1155 — 0.1913
43 46.1 0.1920 - 0.1161 0.1920
B3 59.3 0.1497 0.0902 0.1105 0.1497
3 41.9 0.1452 0.1367 0.0663 0.1482
D3 21.6 0.1920 0.1169 - 0.1820
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Tasre 16, PERCENTAGE ERRORS OF o's AND fi's,
Mumber of increments taken
4 | 5 6 7
i 0.62 0.20 0.09 0.04
a148 1.86 0.75 0.29 0.03
g4 1.69 Q.70 0.28 0.14
aico 1387 0.75 0.23 0.06
Wypo 172 0.63 0.20 0.03
® 222 0.96 0.39 0.16
[T} 5.23 2.51 1.18 0.57
Qgpy 482 2.16 0.39 0.32
agcn 4.9 2.93 0.99 0.45
Uypo 5.34 2.68 1.20 0.67
3 3.92 1.78 0.74 025
asz4a 6.97 .3.42 1.60 .68
aspy 6.53 3.07 1.34 0.48
asen 6.74 3.26 143 0.62
azpe 6.91 3.36 1.63 0.65
B 4.69 2.21 1.03 041
TasLk 17. VALUES OF q's AND fis.

n ’ 1 2 3 4
anr | —0349 —0.332 | —o0.307 —0.307
aang ; —-0.213 —0.247 —.23L —0.231
onen i —0.214 —0.242 —0.230 —~{.230
ae | —03i9 ~0.333 —0.377 —0.3U7
ynmryn : 0.461 0.039 0.073 0.081
amoyy | 0412 0.105 0.G98 0431
nintyn | g6l C0-226 0.158 0.157
Ugn(a—t) L 0.8 0-191 0.174 0.157
U gatyn ! 046l 0.224 0.163 015
ey (nt) l0.247 0196 0.175 0.158
Qn-1)n \ 0.461 0.089 0.072 0.081
tpn(a_ty D12 0.1u5 0.093 0.08L

. | 045l 0.438 0.423 0338
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TaprLe 18. Vanves ov MoMENTS IN FT.KIPS,

n 0 : 1 B } 3
! 6 72 9.72
A 270 154 —18.08
M ningy 26.08 10.11 8.61 8.60
M pacacy 21.69 2L.61 17.86
Man, —93.64 - g .gg - }g}xg
{;nr04 N we | 55 W | e
M enin-y 19.77 17.56 14.57
Macp —3.93 —921.35 —18.10
Maco —14.92 --10.46 —9.82
Mesingyy 24.13 18.35 14.93 13.46
Mpnineyy 10.62 6.40 15.23

Mape —16 69 —11.62 —10.
Moncugy 16.03 6.06 5.13 5.5

Vieredeel Girder.

Let Fig, 6 represent a Vierondeel girder with loads as shown. Let the

<

]

I I a A A A 5
¥ig. 6.

panel length of the girder be 10 {t., and the lengths of members A, Bb, Ce
and Dd be 6, 9, 11 and 121t. respectively. Let all the members have the
same uniform cross section, o they have the same moment of inertia, the
value of which may be assumned to be equalto 1. By calculations, the
lengihs of .48, BC and CD are found to be 10.44, 10,198 and 10.05 ft.
respectively. By applying equations (20) and (21) to tho panels in turn,

wo have

Qp— Qg gt =0y p==0,

Ag4— gyt App—0ay, =0,
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6 (@ 10— ty5) +9{0ps—0z) =0,
@pe—pptop,—dpe=0,
Uop—Ozet a0y =0,
9 (‘-‘nb - "BC) + 11 (aen— l'c¢) =0,
g —Aptdp.~acp=0,
e —apy+dgp — g, =0,
11{ec.—acp) +12{anc— 9p;) =0.
Tet Ay —Upy ={}y,
Ugy — O, ==gig,
Upg=—0Op= ﬁly

Upp—Upa ==y}

6 .
then Apy—App= g— (tp—ay)= o (tu—asg) =4,
9
ey =Gee =17 (apc—op)= —‘191 (0. —ayp) ={a,
1 11 .
T Qyp = —1‘;’ (cp—ac) = 12 (@ a—a.c) =i,

@t —0tgp =—£(uf.n~ ) '=“]—:l‘((l»:-i"' ) =B,
12, 12

The moment equations ut the joints are

1
1044

é’(2“~*“+“°-l) + } 2(a,m+—g—6l)+unb+ﬁd==0----.....-......... (69)
_.é~(2uu+a_m)+T10—i 2(0,,A|+—%-3|)+ab,,+ﬂlf=0-.----...m......u.-..(70)
1 9 1 g0, 4o
10.44 f2(“ub+ﬁl)+a.m+—§—.'31(+——§~( e+ 00
1
+ m't 2 (a'nb-l-lgl—ﬁ.)-}-ac,-{-ﬂ,laO...:............... (71)
1280 + augb 2] 4L (200 )
10 b1 Pt Qa g 6 1 3 'Y B

+-116-z 2(ay; +—19lﬂ’)+a‘0 +“$=§ =D seserrcnccrsetctnareisnis (72)

1 1 1
“10.198° 12(0cc+8:) +ap,y +—]-'9—'31 i +Tf(2 acetaco)
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toighs 120t 12 8) kanitBah = Oenessssssnnneon (78)

’%”2(” o+ fe) +nt — h'ff (20(1 +0oc.)

+ jl('i |2 (n‘_c_,__l_l.ﬁz).*_“,,,.* B3] =00erreseres csnsennene(74)

1
m’ 2((1[,‘1'*-]‘]3) +0c- 4 “}% l’li f '*'1173(2 ani- avln)

9 -
+_l(_.10,‘_), ’2(001'*'“!)‘*‘“17':'*“%’1‘3'! =0 rseeeerernnvannsennns (73)

-1%12(%%3)+u¢c+»}fﬁai+i2(2 0up+tpa)

10 ~=12(wnth)t o+ ﬁ f=0reciiinmniiiniiie (76)
Tot 8, Spand S; be the direct stresses in members AL, BC and CD

rospectivelv, then

0. ii =0::(77)

10 8, 6
‘1041 F 6 8 (@t (10.43)7

35, 6 15 10 6 15
10.14 F (10.00y (Cotam + T RO® 10.44 ¥ gz (Ctant =)

+%P‘+%1.’+%1H%p'+%p5=0......................(78)

_108, 108,
1044 T (0. Sy ot 300 A7 T 0008~ ‘(Wﬁs‘)s( 2

20 2
+ a4 Tfﬂ!) X 10,198 -+ ’9'{(“"»'{“ @) ==0rerennennnonses(79)

98, 6 20 10
10.198 +‘(E_‘Fj§)’~[ (aps+ucet 9'5 2) X 10.198 +- 10-, (apntace i~ 5 )

1 4
- "(;‘Pl + '(;'I"'*'%I)“+ E‘P‘+'(;'P°=0"'""""'"'"""'(80)

108e , , 20 2 108 6
~ 10198 T (io. 19>)= CamFocet 300 X 35555 + 1508 ~ (10.05)7 (%

+um+1—ff*.)x 1

o+ om (tee t @ie)=Dinsmmusneas (81



T O# £ 7 137

Ss 6 23 . 6 23
10,05 T Towse OceFant ) X s+ g (acetoan+ 7764)
5
"'“'(1;'1’1—‘%1)2'*‘%1’34'%1)4+%I’:=0 ...... werersnieennens (82)

I'rom equations (69) to (82), we obtain
= —0.31752 g, —0.18248 az, — 0.72993 By,
= —0.3125 a,,—0.1878 a;,,— 0.75 §,,
wry=—0.18705 a 4o ~0.18217 app—-0.16077 a1, —0.54967 {4~ 0.55379 s,
app=—0.16071 0,4 —0.17857 ap, —0.16071 a,—0.5625 §,—0.56357 33,
ac.=—0.16996 a,;, —0.15757 e —0.17247 .ps—0.54767 §2—0.54877 3,
we=~-0.17188 ap; —0.15625 ac, —0.17188 wgp—0.55382 {}2—0.54688 f,
a;;=--0.17621 a,. — 0.14758 w1p — 0.17621 ar. —0.54465 83 —0.54465 by,
wip=—0.17647 a.c —0.14706 aps—0.17647 «.r—0.54545 2 — 0.54545 B4
Sp= —0.15749 ¢ 10 —~0.174 04 +0.06515 a,,,-+0.041257 §y,
8:=0.97682 51 —0.016132 u,.—0.080184 ay,— 0.075541
+0.011539 ac. —0.0433 §,40,025641 8,
83=0.98540 5, —0.011371 a,, —0.055266 ac-—0.049535 o
+0.0059404 ap;—0.025269 §24-0.012421 §s,
By=—1.0197 83— 0.1871(et s +ans) — 0.2199Ca, -+ asn)
--2.957 P, ~2.8656 P,—1.7742 Py—1.1828 P, —0.5914 P;,
fiz= —0.76707 Sy —0.21839(any + 0 ) — 0. 23162 (a3 + @, c)
+0.6434 P, —2.5785 P,—1.9301 P;—1.2868 P, —0.6434 P,
f1=—0.39954 §; —0.28785(ac. +aps) —0.24093(acc +ayp)
+0.6692 I, +1.3385 I, 7—2.0077 Py—1.3385 P, —0.6692 Ps.
Values of a’s, §’'s and §’s are evaluated in Tables 19 to 28. For each
sct of increments the order of calculation is as follows:
(1) increments of a's,
{2) increments of §’s,
(8) increments of p’s.

Tables 19 and 23 are caleulated togother, so that the values of increments
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of Bs, ace. and @, in one of them may be used as those of @, o and o in
. the other by simply changing the signs. Similarly Tables 20 and 22 are
caleulated together. Tablo 24 gives the percentage errors of the values

of a’s, p’s and §’s.  Tle perentage errors of oee and ¢ for unit load

Tapre 28, PERcENTAGE ERbons oF g B"s AND S's.

Unit Joad at#_ Unit loud at ¢ Unit load at d
bLorin inerements | Number of increments| Number of ineaements

; 6 [ 7 i h 16 6 4 5 | 6
Qs G2 T adl | o4 0.16; 0.10] 0.05 | 0.09 | 0.14 -
95 q 0.05 : 0.03 | 003 0.9, 007 002 | 0.0 {0.19 0.01
8, 0.12 | 0.05 0.0t 0.18] ¢.1tf 0403 | 040 | 0.19 —
By 028 011 | 005 020! 0.10( 004 {039 {0.12 | 002
gy 25 0 LI3 ] 043 0.62| 027 010 | 1.29 | 038 | 0.09 -
wp {260 112 | 047 | 0.63] 030 0.3 | 198 | 0.37 | 0.08
S, 0% ey o 00s 039 0.20] 008 | 085 {032 0.05
Be o5 08y | 033 | LO0| 048] 020 |08L |02l | 004
dg: 341, 1.3) | 054 1142906320 27.30 | 1.69 | 0.4Y | 0.11
Yo 317 132 | 057 (110.U0{438) 2110 | 1.70 | 099 | 0.12
S 1us | 083 | 034 113, 0621 021 | 094|033 | 0.05
3 2281086 | 04y | 248] 103 U44 | 0.63 | 017 | 0.04
dp; 449 | 146 | 035 371, LC0]| 069
dyp 4.4 | 1497 0386 370! 1.60| 0£9

| at ¢ Unit load at f
‘_§ A of inerements | Nueber of increments

S 16 17 50 6.1 1
Z | U3h 1000 | U9L |04l (016 ] U.U3
w, | 043 017 | 007 | 053 022 | 010
Sy 047 018 | 009 050 {019 [ 0.I3
3t 0.4 | 0.18 006 0556 1025 011
| 120 £ 055 ) 023 1.55 1070 | 033
wp L2058 024 | 151 (069 | 033
S, 0.97 | 40 | OI8 108 | 943 | 022
1y 135 ) 0.58 024 172 1076 | 032
dg, 3.0% ‘1.32 - 067 1391 196 | 079
g | 804 132 1 06T 1893 | 176 | 019
Sy jlas \\_‘).64 { 025 {199 {086 039
™ 218 1093 i 037 | 283|124 | 052
o \ 371 1 160 | 069 449 | 196 | 085
a 370 1160 ! 069 |449 {197 | 086

at ¢ are misleading, as they are big errors of two small values. Leaving

these (wo values out, the percentage errors are biggest for values of aps, ap
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when a unit load is at b, ¢, ¢ or f; and are biggest for valucs of e¢, and 0.,

when a unit load is at d.

errors for the different loadings are again given in Table 25. The complete

For comparison, the maximum percentage

TABLE 25. Maximtym PERCENTAGE ERRORS oF o's.

Unit load at

Number of incremeuts taken

4 5 i 6 | 7
o or J = 140 197 0,86
core¢ - 3.71 1.60 0.69
1.71 0.49 0.12 —

set of values of a’s, p’s, S’s and moments are given in Tables 26 and 27.

TABLE 26, VALUES OF os, #'s AND S,

| Umit load at panel point

| & i A | T
I 1.671 1.536 1177 0.188 0.394
o, 1.76% 1.617 1.240 0.830 0.416
L1 —3.256 —3.5629 ~2.769 —1.863 —0.933
CXTH -3.210 | —3.769 —2.977 - 2407 -1.006
as. -2.483 | —0.636 -0 299 ~0.176 —0.086
Qy, —~3.116 | —3.677 -2.914 —1.965 —0.584
Q; —2450 | —0.594 ~0.266 —-0.153 —-0.074
dp., 0.773 2.893 2470 1.687 0.847
g 0.808 2935 2504 1710 0,859
V2 1.629 | —3.135 —3.665 —28617 —1.325
arc 2764 | —0.939 —2.009 —-1.512 -0.772
Yoy —0.208 | —3.089 —0.923 —~0.430 —0.197
O 2097 | —0.887 —-1.975 -1.489 —0.760
ay —1,227 -3.075 —0.911 —0.423 —0192
dce —1.837 0.045 2742 2.187 1.128
U, —1.8566 0.060 2.154 2.134 1.133
B3 2.519 2.974 | —2895 | —-3.368 | —1.825
acp 0,911 3.280 -0.416 | —1.487 —1.863
e 0.912 0293 —92.895 ~0.687 —0.218
a4 0.892 33J4 —0.404 ~1.480 —0.858
<. 0.913 0.285 —~2.895 —-U.679 —0.219
Upg ~1.607 —2.68L 0 2.681 1,607
p —~1.606 | —2.689 0 2.639 1.606
Sy —0.693 | —0621L | —0475 | ~0318 | —0.159
Ss —-0.616 | —1,023 —-0820 —0.554 —02i8
Ss ~0.499 | —0.946 —-1.069 -| —0.765 —0.382
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‘PapLi 27. VALUES or MOMENTS.

| Uinit load at panel paint
| ) ¢ | o { ¢ ] F]
My 105 | —1.862 | —~1.183 . —0.803 | —0,402
My, 1.705 1.562 1.193 0.802 0,401
My 1.731 1.590 1.219 2816 0409
Mo, —1736 | —15%0 | —1.219  —0.817 | —0.403
Mys —1565 | —0963 | —0.655 = —0.452 | —0.226
My 0.523 1.533 1.654 1.130 0.567
Mp; 1043 | —0.974 | —0469 —0.677 —0.341
My, —1603 | —0.973 | —0.68 —0.484 | —02%
My 0.530 1.947 1.662 1.185 0.570
My, 1.u73 —0.474 —0.972 - —0.680 —( 342
Moy 0460 | —1895 | ~0.756  —0465 | —0.229
M. — L1005 0.028 1498 1.194 0.616
Men 04544 1368 | ~0742  —-0.729 | —0.387
M 0469 | —1.409 | —0769 = —0467 | —0.229
Mo ~1.009 0.030 1.500 +  1.195 0.617
M.y 0.539 137y | —0.741 1 —0798 | —0.387
Mpe 0.514 0771 | ~1.235 | —0.569 | —0.259
M —0803 | —1.342 0 L1342 0.803
Mo 0.253 0.569 3923  —0771 | —0.544
M e 0544 0775 | —1.239 —0.568 | —0.259
Map —0.803 | —1.343 ] C1.343 0.892
M. 0.259 0.538 1239 ~0.715 - 0.544

Secondary Stresses in Bridge Trusses.
In triangle ABC (Fig. 7), let &, and .1, bo the direct stress and cross
sectional area of any member .12, By equation (20), we havo

S‘“’,"_‘l‘..'i_‘_{_ + Srea cos B _ S C

£ Age ERT

bsin .l (—ac +uon)+ =0eernnnnn(83)

Dividing equation (83) by bsin . (noting bsin.l=a sin B), we have

C

b o
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~Sea 1+ Shc San o
g~ Oop== 4., cot A+ Ape cot B— b €0SeC cersrsresnannciiiiie(84)
Similarly, we have

Sie Sca Srea ,

Uap— W go= A.:n cot B+ Aos ot C — A.-¢ cosec Ileeevensonens coreen+(85)
Sre S 8,

u/:('—ﬂnj:T:f‘— cot C+ T"% cot .1— l—:'(b—t cosec O-..-..-............(S(‘,)
o tan L o, |

When A=90", then equations (34) to (86) become

cf S S
=ty =g jﬁ:__A_::L) (87)

by Sy S
u,,,,_",,‘,m?(].’,‘).i _.71:‘_4‘).(33)

6 8un y bSeu 0 Sna i snness (89)

bogg ' cde, o EP

Uy U=

et us take the truss shown in lig. S, the nccessapy data being given
in Table 28. Applying equations (87) to (89), we have

3 4 7 8 174

V. T

o M
R0}

CEEE] 70 12
¥ » lp R

180 »

Fig 8.
a1z —a13=0.033333 S5 — 0. 22222 Kygerrensenrensrsssrnsreesssssnsosssssnssanses(90)
(25— 0lgg = 0,034001 Sas-+0.22222 Sy —0,26042 Spzeeesesersecssaranannannnns(91)
Qa3 a9y =0.22222 Sy4-+-0.034001 Sy —0.032073 Sygersesesearsrensiarnnses(92)
g3 — 133 =0.01875 Syg— 0.034001 Spaesssersersessnrsossssussiosssassursasasasess (93)
Qye—ay5=0.09375 Sa;—0.084001 Spgeereeeaiirarersanrnssnecaissssssasonsannanses (34)

ass—~u3g=0.16647 Ss;'—022222 Nsesesserectantsntsnnrestsssassitesnsisecesenne (95)
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a,3— aes = 0.023408 843 4-0.22222 S5~ 0.26042 Sczees s (96)
@y 007 =0.22292 815+ 0.023438 17— 0. 13880 Sizersve-ansassssessaressnsens (97)
e p—agyr =0,088889 857 —0.22222 Syyeeseesseesccsnssersesnnncsstsrcaasissinearni(98)
(s~ ey =0.05 857~ 0.023438 Sy eeossnsereararesnruarssscssrasinssssraneesessaese (99)
@y s3=0.09375 15— 0.023438 Sygeeeerssrsersscssssrssnsesansssnsarsanses s (100)
i 0:2 =0.16667 S35—0.22282 Sapeesrseresssnrsssrssnntssasavasussrsssessnsas (101)
@it ttes =0.22222 847 +0.025 825~ 0.13889 Sspresesessstsncssnsnssisassonsss(102)
@ — a7 =0.088889 S57—0,22022 Sygerssesssssesesersassnsssssnsnisessonesesses (103)
s — 76 =0.05 857 0.025 Ssgerseeresssesssasrnisassasersassarasarossssssssosesss (10:4)

By symmetry, we havo
gr = tt7g == 0reeseoresssasornsstonsnstasssssassmnsassassassasassossnassassnrosnssanssas (105)
The moment equations at the joints are
102 age4-ae;) +12.8(2 ags4asi) =0essesaseressnssecsinennsininnesonseness o (106)
10{2 asy +a12) 4-0.5{2 @ra 4 ase) +10(2 azs+ass) =0sesreecssrsaicccssraness (107)
12.8(2 a3y 4-ay3) +0.5(2 asgasy) +0.8(2 ass +azsz)
F16(2assFaug) =0reernrsesrisinnnnnnnesntisnneniasiiaen o (108)
16(2 acr +a31) +0.5(2 aysFass) +16(2 agr +ar) =0eeereeeens eeeerenas(109)
10(2 asy +02:) +0.8(2 ass+ass) +0.5(2 asy+ays)
+2.8(2 0574 075) +15.8333(2 asetans) =0rearsereacecisinnisnnens(110)
The other statical equations are
Six 140.1(ars+aei) +0.0768(0ys +0p:) X 3= —§ Prevesssecssnarneanneann(111)
Se3—0.1(0gatan) +0.1(ar 4 asp) = Processresrsssnsesssirssinnnnnnirssinnnss (112)
SaX 14815+ 857 X 8 — 0.1 (Aas b ase) ~0.0048(c s+ 0s50) X #
+0.0168(as7+ 075) X 14-0.15333 (g +aas) = Prorsraresseessennse(113)
8572 X 0.15333 (as6 +ss) = Prossesersrsnssssnserssnsssnsnsssssnssnssonsensases (114)

S1248,3 % 2~0.0768 (a;s+an) X g::().........................-.................(115)
=8 — S X 48y X ?+S:s—0.0048((l;'.+u;.:) X!—0.00375(“45+u5.)
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= 0.0168 (ctsr-+ ars) X $=0erserinnnenrenssscsssnnnerencsesnnniessesnns (116)
=82+ 825—0.00875(0ps 4 t3z) =0 rsrevsssrnscessssrsavansssnssrsnssrnssssieerense (117)
S12%X 34823+ V22 X L +0.0768 (et +051) X3 —0.0048(ctg+t:2) X 3
~0.18 (a3, 4-aaq ) =Quvessnrsvrecssisesnosnesieiionissnnces e (118)
Sus40.16(asi41t55) — 0. 16 (a1 4 B3¢) = 0rrevvarrrvsernanssncinsarannisaessnnens (119)
= S1a X 3480 X34 835 +0.0768(Ay3+1031) X £ 40.00375( 0125+ ags)
F0.0018 (etg5 4 ats2) X 322 0uroes TSR § 1))
~— 8144 87 +0.00376 (45 4 15 ) = Orsenvcrrnrensriresaansensssssnsnssnssssasssnr s (121)

“

From equations (90) to (110), we obtain
45,6 a12+10 az:1 4 12.8 022 —0.77727 812~ 0.0923 Sy5+ 34467 8., =0,
Al aer +10 612405 age+ 10 weg— 0.65182 850 § 1.0417 854
+2.2222 S53 +1.68152 S2; +0.23428 844 —7.5125 835 =0,
60.2033 +12.8 12 +0.5 ¢'az + 16 s~ 4 0.8 sy —0.87273 S12+0.053333 814
+2.8444 825+ 1.1475 825 +0.39375 54— 12.725 812+ 10.667 835 =0,
65 as +16 s +0.5 o+ 0.54545 8. +0.75.8,4— 12,5 8 5—0.75 8.z
~04.58 :4+6.6667 8ir=0,
58.867 o3y 410 1oy +-0.8 1139 45,5 04 46,6567 Ses +0.30818 $::+0.50625 Sa
=~ 80875 8;:—0.858,:~ 0.45333 8:04-6.5U89 85: — 10,222 8;; =0,
or
@2 = —0.2103 23— 0.2807 115+ 0017015 812 +0.0020285 £13—0.076024 Sys,
Te3== —0.2439 @12~ 0.012195 0y, - 0,2439 a: .+ 0.01655 S1:—0.025407 Sya
~0.0742 8 53— 0.01063 52:—0.0057166 83,-+0.10075 Sys,
gz == —0,21262 @12~ 0.0085065 ap5—0.26578 045— 0.013289 a5,
+0.014497 8,0 - 0.00088593.8,5— 0.047249 .5 — 0.019028 Sy 5
— 00063407 S, +0.21138 &, —0.17719 Sy,
- 015= —0.2461%112~ 0.0076923 <, — 00083015 Sa5— 0.011538 S5, +0.19231 Sis
+0.011538 8y +1.0061538 S:s—0.10256 s,
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5= —~0.16987 a13—0.01 359 a3, —0.0084937 a,5— 0,11325 S5 —0.0062544 S5
—0.0085999 834 40.13654 555 +0.014439 I, 40.0077009 S:4
—0.11667 §57+0.17565 Stz
From equations (111) to (121), we obtain
S11=—=0.125{a12+ a21) ~ 0,0576 (a, 34+ 037) — 3.125 P,
S1e= —0.651:+0.06144Cays +un),
S21=0.1{asz +az;) —~0.(azs +az),
S22 512+ 0,00375(qazs +052),
N34=0.,6.8,3~-0.6 855~ 0.06144 (013 -+azy ) ~ 0.00375( a5 +a3¢)
~0.00384 (ay, ;)
S3:= =812~ 1,25 8:5— 0.0676( @, 3 + a:2) +0.0036 (a3 5 + 053) + 0.2 0tz + 2us)
Ninz= =0,16(ezy +043) +0.16ass + i),
Siz=831—0.00375(ay; + a.4),
8 0=82:40.6 Sus— 0.655; +0.005°4 (a5 -+ 5) +0.00575(ct,s +:4)
+0.01344(a:s 4 u:r),
N2 S0 195 8354 0.125( ttag - 05 ) 4+ 0.00%6 (atss -+ 053) — 0.0126 (5 +azg)
—0.19167 (w35 4+ 0:5) +1.25 P
Niz = 050007 (64 0es) 4 P
The values of §’s und a's are cvaluated in Table 29. The moments at

«nds of the members ave as follows:—

Miy=—1.8889 P, My= 4.889P, My =—3.5021 P,
M= 0.5132P, M= 2.9893 P, M= 5635227,
Mea== 04736 P, My = —6.461 P, M= 53346 P,
Mi=—7713 P, M= 04935 P, Mo= 172106 P,
M= 09272 P, M= 02327 P, M= 0.469 P,

M= 3.1941 P, M= 1.5655P,  Me;=-10.0933P,

J[:‘ = 0.764 P, ‘]175 = 0.3052 I)-
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& ¥ Irrotational flow, A Stream function.

# ¥ Rotational flow. 4 T ¥ Two-dimensional flow.

N (Kl Js Internal friction. 3t 1 ¥ 'Three-dimensional flow.
Hi 75 8 Bernoulli. 2B ¥ Uniform current.

I ¥ Yuler,T. WAtk Source & Sink method.
NP Lagmngt; J.L. M B Source.

%  H TFlow field. A ¥% Sink.

Hi it # Potential. A8 Conformal transformation.
LIRS Laplace,P.S. . ¥ ¥ Cyclicpotentinl-flow.

i 4 Integrate. # i Vortex.

& ¥ Steady flow. LA BB Potential-stream function
EitJitk Reverse method. | & Vortex filament.

K # Stream-line. % B ¥ Vorlox simngth.
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Lamb; Hydrodynamics (5th editiong, Maemillan, 1020,
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Leading cdge,
Trailing edge,
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Lift,

Drag,

Indueed ding,
Airfoil eflicieney,
Unsteady flow

“ath of u particle

(Ists edition) Julius Springer, 1929,

Durand, W, F.: Aerodynamie Theory, (I, edition), Vol 1, Julivs Springer, 1034

Glavert: Fhe Elements of Nerofoil and Arserow Theory (1st edition) Macmillan, 1495

Warner: Airplane Design -

Aerodynamics. (st edition) Metiaw- Hill, 1697
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F 3N B2 ORI 2 3% 40 808 AR IR U7 3 2
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fL 2 i ¢ B Et I (hn 5% & 58 D 3 SR 1 4 5N i AR
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(1) ©. K. Leathi: World minerals and world politics, p. 143
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(1) B. A. Hadfiold: The Metal manganeso and its proportics; p
production of ferro-manganes and its history.
J. 1. &S. 1. Vol. CXV p.151.

(2) H. M. Boylston: The importance of manganese in the steel
industry. Trans. A, I. M, M, E. Vol. 75, p.
397, .
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(3) Modern inorganic chemistry, London, 1925.

(4) The chemical age, Feb, Gth 1926: Manganeso, its alloys and
uses.

(5) Dr. W. Rosenhain: cited by Hadfield in his paper referred to
in (1)



282 22 B JL{e R R 2 b

45 1225°C, % % 2 T T 2R BR 2 074700 & 984095 22 4 56
1 4% 1240°C.
TR A A

250 58 Gk BT A 2 5 35 0055 TR B DAY B0 L H 4 M
LA [ 4 0 4 1 2 32 ‘éa M S 20 B A H BT IR A
A M T 2 3 TUE A 5% HE LT K — 8k (e 8 B AL B
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(6) Daeves: Stahl und Eisen, Juno, 1926,
(7) Cited by G, 1L Gulliver in “Metallic alloys’’, p. 832.



PR S S S I 283

Fec. HE 5GBS A K L A B R B KL &
A 0 A5 I T A A0 IR BT 4T 4R A IR o5k §8 12 g i A
SFBRBRMBAEBEBYEAIL 2 BIFHENEHAE
Z B0 TR S AL B LA £ 3 b 00 2% T IS AR A A 6.
=L SR N 2 B o ) (R
P S K B BE3—A096, 5 1 1 A4y HROUGI0 8% s M By &
K & B a0 R 18 A 80 —cre.o), J0) T 5% 0 €0 B 1630
B AN Az 7 5 4098 Wi 52 (Stoughton) © FB.56 AE 6%
£ LB D HIVBE 2 5 1) 40 B 8% IR R B (FeMa)o0; 1B PR Arnold
S Read Z I Z HFSE 58 8507 & 2 56 A4 81 1y 45896 I,
BB R AL = 5L (i) BB AR =8 (e, R I X 15 9 AR
(Solid Solution); f ## My 4-68% 1T 3% 1338951 A — AT -
MasCHL FesOft, £ 1% B8 BE (G A P00 A 8P, M0 2 23 3\
Bl R (H. T Coe) ™ 25 44 #0 5% 56 BF 42 (€ i 6% 80 258 40
HEwmAa =
a. o i) — B o 2 8k 850 47 Wk 6 A8 B 22 R dE
b. B J2 858 By ¥R M (Butectic Mixtuse) 22 18 JEAV ¥ 42
% 4.

o T3 SE 45 TT Bl 3k 8% . 88 Bli(Pearlite Changepoint), 32

B N S S NN

(8) B. Stoughton; The metallurgy of iron and stecl, p. 469.
(9) Cited by J. E. Huret in *“Metallurgy of cast iron’’, p. 110,
10) J. 1. &S. I. 1910 no. 2.
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(11) ¥. Clemeats: Blast furnace pmctlce Vol. 1.
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(12) %told J I &S I 1‘103 no. i p 146

(13) F. Clements: Blast furnace practice Vol I p. 92.
(14) See (9)
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(13) Sco (9) p. 101,
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(18) R. M. Konny: Manufacture of Forro-dlloys, Crans. A. I. M.
M. K. Vol. Lxli,
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A4 e i 787 A% (Stroke) L {IG M &1 U 4% 2Z 1k 4% -6,
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SR A b P 200 BT B Y 1T T AR K R R e 0 A TR
% 2 3% 36 A WLk 1 b B 1T AN B 4G ILER SR 2 W
B o Bk B B DU UE 5 DR SR AS I WO e
A W AS 9 F510008 JLU B YL IR A ab i R 2308 PLALR,
HE A B S 9 1R 8 2 48 & (Jacket), 8§ WOVE SORY SR W D5
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S VOO S MY A& i U 0 O 2 s ) K AR 10 B
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i M A 22 & R J5 R A — BIGIH BB 15 o 26l A T 4
%% e He—
(D) 2% &L Z08 ) 2 )(Temperature difference) JE BEHIE
(2) 7% KW ZI00 10 T Ail(Area of Work) 6 n% 4 455
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HE 4 7% -30 85/ 0, (3 21 11 160 AT BT 0 11 S & R 28 3
A6 VUEL N DF 32 2 — U1 5% 45 iKe B RL )1 (Wire-dra-
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R S R 2 TR ALY A WO KR & AR
[ 8 415 (4 Air pump, Circulating pump, feed, #i1 Bilge pump %)%
% Hy (I B8 Gl 2 1% % (Piston) HE 816 114 B 4R B &, HI%E
¥{ i)(Condenser) 1)1 Z ¥ 2" (Vacuum) ¥ {it A5 A7 W B 6.0
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B PR 2 16§ Af(Grate Area), 5 8 B 22 ifii ALRG 4 R 6 I I8
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AR & 2 A% T 38w {48 ORE — 71 98 N MOHE 4T
S 2 I 2 I — O mbEE TR O OR (5L A% 4
Z AR RGO KRR DO A 200 45 oA T A0 20 R
Sb 3¢ (Boiler Shell)B) I It & A3 L A3 35 B ¢ A £0,00 7 & 40
mas IR R R

BH T 88 3 S 508 0 0 A7 — M0l 97 2 4508 B
e T BRAK A S5 B 2 OIRE A ) R BB G AR 15080
LA B B W 32 8% ol e SN BOAR =R 3T (8 R KT 2 T
28 50 i R0 e B8 2 05 O o B S o UG M UK ) 2
T B AR /D S R DR B — T AS B 00 4510 3O I &
160 BRI — R AL 8 2000 i 0 R AL 00 ek S 5 IR
B 2 B 30 B0 2R AT MY 0 oS HURT e A0 s 2 sk 0y
SEAE R R EIME SR R R 2 M AL IR - BN
R RN IR LA 27 U TR R A D F DR Y e
P wLAE A f BB — OISR T B Y 11 B (Lio-
yd's Rules). JB 54 7: 4 51 35, 10085 2 49 2500 46 55 LU Sy
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2.3 % S B Boiler PlateAR LA B 75 R 93 6 45 W A 4
i e b AT G ARG I 10 K2R 3T I 2K AR I I IIT AS WO A1 4%
HE 2 B2 00 1 — oK i 0% A DR S AR oy HLEE A R o
045 1 0f LU AT A A By Zo .00 3% I 0% e
TP T A Ty st SR W O B R T A
Ft AT 2 48 MR AR i3
— PR ¥ Z AL W 0k
K JETh v & JT1 &7 %18 4%
iz £ 20 e S -1 1 B B
SRk Bl €1 1k 2 AT @
ZB 5 2 924, i % 1 1

D' I R [ § 2 M AGE ik 216665 2
FOME RHE U 8 4% Z0 R ¥ 2elvKk 108 61 €1 4% 3 ((Hydraulic Rive-
torlifi 1) F J) 8 &1 0 ¥ T S BK 4 #E BHT PR kK 4 4R
TOACAE 71 4 B A 2038 IR % JRORER 3R BRI(Hydraulic Test), 4%
T B8 07 1 B oK I 40 1A OP 2 55 0K ek oAy IO ALK
KA M) 0 245 AN LT Ry IR PSSR 43 (Efficiency
of Joint) 2Z {iinik HF“ET MI™ (Piteh) S A% 1030t {01 184 2 A A
[ RY WU S P O 3 I

(14) 45 A1 (Auxiliaries)

#E VT (Condenser)
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SEOA B 82 008 0 A WC T — 40 7 R R 2z R K I
¥ (Cooling Surface) Gl 2 10 A 8 35 J1 3 7 W 28 707k A5 38,
uﬁ%ﬁWZﬁ%B%%ﬁﬂi%ﬁmﬁﬁﬁ%ﬂ
Ve A% 75 W00 <0 55 %k ¥C il 24048 5 WRR JH 37 %ﬂ‘éﬁn}
W& AN Tl AT A8 22 100 15,00 6'—3", T g 5 )HG'—~2',Lu
JEE A DRG0 & BR824k i &Y -1 o 1B T
4 38 4 Ai (Circulating Pump)

R B 2% 2 RE ¥ i (Steam Consumption) 45 4if J§ ) 42
B8 I)L’ W 7% Bk 22 28 VORI A5 45 2 1y 3000 BGYE B 0T
TR HE £ A 28 IR85)E Zi A0 (5 3 1 2 00 0, I Iy 3
B 277 L8 2 “F 22" (Vacuum), Jif 5 2 Kk 4 e 45 2837
Z 70 (81 47 55 84 &4 350 JE it A)E 4 Tk 18 3 F 40 1%
TR CZ K I 2K R T (8 £ 200 B8 I D8 6T A oK A
W BE IR Z K 0 B AR A 15 8 B H L 2 B R A £
PP AR BER 2L R A B A A 1A A ) R R,
MEBAERARABE B HREAGZGERRE
B (| Rl T K 1A R O | R BT Y
- O YR AR B3R .8 2 A -1 N AR T S 7 o ik B

O Z TR Y 2 LA 287, B K AL A A
W8 Z T I B S B BL T 3 B S 0) de W 3 > b B,
B % LI “H AP AT AAEBEACHUTR A
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A VLB 2 S B VORI H030 T8 B K BeAS 8 3T 2 £ )
W MG A2 2670 A 1 7O Weighton [C i ER L BB 22 2 R
265 I A AR 267 B 287 IRy RE ¥ B ) BE A 4R
3 B0 A UE L E 1
M Ati (Feed Pump) '
AR UL B U)W 06 A0 XEHE SRR B A E (i Mg
Z U0 A W A TR E WGE OB Hh ) B R R B O R ik
JK ["](Suction Vaive) il sk &% i I8 I 34,8 0 5 A1 2 0% ok 1]
B B 7K "](Delivery Valve), ¥ 8 B &) 3\ (Automatic), % B 25 B,
i W K 1] 18 18] o 3,8 18 I3) S 4800 B AR 7% 4B (Plunger)
TAT I B KM A il O R DL AT 08 F AT 08 T ok B 2
HE 7K M 1 5 4R 767 DR W B K 58 oD 22 aRe— fE 28R i
R TRE A S ST B A B 1 ARON A S B 0
B8 58 A 0b Y By K M) 2 0 R R 1Y 2 A LTS
A TR B R B — ok 145 AT 06 2 AT B g )
08 B 5% S0 500 1) 0,4 888 2 8 B3 o 190 230 rp.m.
Z 1l HlE T Bl T ARSIEL 2 AS R 06 58 A A (R D 9 WY 2ok
P B 67 A 1 50 4 Ak Ik P B A sl B 1B 3 38,
AT BE BL BTy I — 0 A% Spring) T 3G 1EE S L
A B e AT I RGBT A A SREE 8 UL 308
Yo AL 58 BEHCH 0 i ok W 4T 095 — 1 S LA B8 A A S
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FouE 2z 2.
2 B A Z A RE Y ON R

A% KT Al (General Service Pump)

R R A2 AR T e ZE g AU — UG N £ 0
AT 2 0% R ACBR AT TN 2 4 R R ALK R WA (A
pump)Sh FE OF Hy 48 5% it A 1C 97 0B RS IC 306 AT I WR A -1
A 1834 AR B B A A% — 5 AIBA X B &1 2% VU A1) (Duplex
Steam Pump). F WF 4% i 4 BE I w6 il - A

B ] 2 A I A7 25 48 (B8 sl i A 2 — 700 Ok 15 thy
TR A A0 B — DB K B G B B h I
PR AT Bl A W W A 2 RN S
(I ) % E 258 (Lropeller)

R 2P I OR E  ACRGAE B SIS B DL
A% 0 ADSHE A B 1 AT S0 A0 BRI R R 0T DL R B S — 22
R e A AR Ay 2 s I T NSRS R D &
S A DY TR I R e RO At 9 B EW R T
AoH AT e PR L G0 RE e ) AR B AT 2 RHON K R B R,
AEIE AR 3 I UE R A U B BE A 0t Bl AR
A% SR YT 22001 A A D BRI T A Do 0 B B
L LN B O e SR U NI OB (13 7 WE N X B A N R AV L
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W B Bk B Ywg WA I e A b B e 1R AR SR S D DL
T4 b il .

Ay R KE N6 (5 B Froude St Taylor —2 [ 22 &R KR
g W o3 A RE I RN A A BT 22 60 of — I e R R
A9 RE B 2 A W B JL VT A e 2 05 U1 L LK B 2 B
A5 J1%E 02 AR 160D, (1 <8 e AR A7 A A 35 dn e 2 0K 8RB
ST DG 220 JLME DL SR E 2% 0 28 25 DL AN R 2 e bR
Al 525 e A TLR I 58 WOK & LW A5 B T s g v
1, 351488 B 40 %8 ) (Mechanical Efficiency ), 88 333 % 28] (Transmis-
sion cff. ), 48 JE 2t &k 28] (Propeller eff.) (Rl 57 & ZE) (Hull eff.)
S50% 187 08 k05 0% & B e A B sk 2288 W ARTHE STk 9 )
(Propulsive efficiency). A ¥ 2 02 889 200 4t ©) 26 FHRL Ak
B S D R A ERE 2 M5 U0 B ATHE I S Hs )2 TNLEE AR
199 3 55T 0y 18 S8 16 5TE 300 A8 2RO« 43T e 44 T e —

#5380 8} 871 9 (L 3% 81
oAy 2 1 JICBILD.) 18 at 61 Gl 3 B 1 2

W2 puarLr) 112 1260 M2
SR A B B0 Ip= o2 N BR 2 b B8 A IG Ay I N
(RGO G300 3 93 48 40 0 2 0 Wi o0 B % T 4 351 F
AR E P 1S 30 B AR R 4 W SRR R [RLAE 4 0 R AT
B W I R K SR 2 E LA 6 B O e B AR —
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T ® # ¥
S M A A R RO wh Y R TR

{E I = S} 8, 9 Kis - 2y,
fE P, = 203 28 201 lhs. [in.3
e HIP/N = 63 67 70
TEVG N = 150 100 200 n.r.u,
HERE nh = «63 (2 «61
p > o v , __EHP
T B PHP. = 78 ST 100 l PILP.=—5
OB 1S RR B A 2 MOHs 1 BRI 5E & AR hrarp, T #RRE 3
i W W 2 B J1(H. P.absorbed). A& 4¢ 1 2 il 3 25 1 45 Sk D

i 5E 2 o 400 W Bl oA 2R e, . A AR -1 5 0 S LR D
Taylor [C 3R B &5 HL.%0 B8 JTJ“4h 4 212" (Exterpolation)3R 4 45,
W e,

BR A% Ty 5 MR B e AC (R I (Wake Water) 1] 22 E )
1 o84V, T 22 th Taylor [T 7444

i MAEd) =8} 8% 9 A 0 0¥,
R ®=5 4498 4498 N
i Mi(Pitch) =533 fe21 Be13 W
BOR(RIE) 6367 6303 620937
#t &(Slip) 260 2645 27409

It 3 $(N© of Blades) g g R
W F% H(Mean Width Ratio) % 28 +26

LR WA R S 5 YEI R £ 2510 4R 5 gLk
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(ol NI H B T SIS 200 % 08 75 0 el Froude G 253K 44
Hl) 22 i Wi

L Ky s4n) = 8% 4 ¥

Wi % = 5 A HR

i A = 10 10 4 45 R ¥,
{5 S BT = 58" o

2o = G746 6740 %

T DY S N T AL 5 0" MY B 5 — 770G Al I 2 ) A [
PETRe C 0 4038 50 R B3 0 1 RG4S 00 3R ol 4R 5 3 15
WO A T 8Ok 3R 0 % 22 4 1 B 254,95 LWL R 45 2,
N SKF 0T oA 8 ML I 5 W 4R,
(F3) R i ("vial)
A RO 97 T2 05 5 A 2wk R v AR G
3 T5 thy e AR AU 2 s % 18 (Measured Mile), ) A f
o A08 SR A 0 e ARG AR B I A 0 O S T 3
T B D S D09 A% 91 1 J5E e o 0L F W) B 1%
JERR BLGE B MO A R A I N S 1 2 il
B0 A5 0 (T 502 9% 1 L i A AT 3 2088 K B 2>
&R U S50 TG B 20 o ERSE N A P
IR MM — )L I 2 o 5 B4R i ALY
R 2 R AR B N 4y 2 — (000 290498088 siF A
2 M A8 10 35 L i > MOEA A 4 10.29038 10,0
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L # £ 1) 817

oA AS Y 9-T0 3 R EAH 2 A8 36 B UL i 8 R 2 AR
B 0 K 0 AN B 156 D e T e RG0S I A O L R i R
< ik
28 % (A 3 A B 4 o ot 0T B B Y Ak & O A sU Ak Al
A% J6E )i 1h) 44 U3 b % 8% JL A A i TR
I s IR B E T R I ¥ o g 8
L AT P R AR 2 BE 127000 123 455
AT E MR 1 B3 4nED 9L 4
J J3 S AT /0 AiD2013 B
LI A o
AT E A 48 AU “111?‘;2@'= 70727 % B

17x 60

AT L A A = 110200 R

Yy KIS 4F b Y 9+468 P i

2013x60 _

e
AU 2 4834 0 ok B 4—o7 3G s Pk i HE 45 104 Mgk Tk
3y iF 2 HE R SE(197 ) £ 2 43 ML 10 S48 T L el — G

36 2% 38 5 4 /b B 5416 B
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N /a2 V- ViR
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W B A W) PF ST 22 80 S i LI 3% 2 Ml ok 97 e 4
AW RER

Cy=54146( }2%)— (_93346»8 _

=448 §5// BY
He 7 41 (8 22 46 18 B 17 4 106 B (31 7% [ 3% 3% 2K &R 31 i
2 Foab BUSh e 2 D s BLIEAY A0 AP b R 1R 2
KRG 2 B 10 b B O ST 2000 M U8 A AN 0l 9 <408 38 SHLEE
RE ORI A R B4t BRIR W 15 Ip L0 DY R 22 MO8 [ Ik B
KGN 5 A JUT 0 A 2 R A R S0 KR S i L1 A b
ol -l N 2 BERE AR R 8 AT I R K AT LT 2
S M B AR 0 SR BT ),
B P Z R GLIEATBOR AN HIN 2 4
ib A6 £ 4 I —
EUR I 1 R N R S 210 M
U R i A R NS L E S 1-93 B
A 2% T N
(UZNE D=3 T O U8 -3 S el - 7 2 N B R (S ORI B
LRSS R A AR 3 dRsok T 0,00 At Kt 4 B 48 A b
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SPRI/ING 60 AN 222
B7EAN A, £.4 /374 27 MEANST iy

o L NGTHISY MER 2068 “%-

LA = 875

ATEAN AREA /556 77 ATEANAT 3¢S
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¥ Z Bk 1R

17
12

i 8t = ¥ 2 00 A T 000 5 4 AL B3 e % 48 A 1,
OB |

A SR TE IR LS AR 2000 BB AT — R g
1 JU B 4% (Indicators) 3 B 15 J1 10 &% 4% dn 45 -1- U & &
i R~

X 19x30¢5==8¢2 K7,

M GBI /[ B | a8
s b | e | pRGT | G| (D [P | dHD
162 ‘ 144 l 49 ! 3 97.9 i 222 156

A58 KUK 100 B 110 g (R N 2 S U0 B R U1K 4
B A b T (R 68 7 Mk AR 1 8 30 0 A -1 20 805D % A
fi koM TED s B % A 356 T R ARLARY B S IE I A A AE 4T B
KA SIS A0 B 16,0 A8 A 21 I AR B AT AR e L Ik
b %% 5L Y -1 U I8 A SO D) R KAtmospheric Line)Z 4y,
B K I A ik JK(%% & (3] (Combined Indicator Dingram) Ht
5 N B He w670 A 24 — BN H AR B R I K
T LUK B 5tk AT RoAS B R4 B S0 IR S B HB AT O 11 B A
W02 R W 200 B AR KL 22148 1] (Stuifing Box) & gk
PO R A R0 Bt 2 B K B AR BOR R



820 BRI R RAHSE
L 5 A D B3 U B A0 R RN 1 I8 A o IR 2
T 142 BRI AR S 0 B A5 NGB AN 0 A sl A%h Y o I I
Z[T% Y& ¥l (Piston Rings) B ML) — VU L8 B 47 22 06 J1 3%
A A A% G022 11 B AR AKOME TS Bk AR Stk Hh
P R it Rl 11U P G U 1 B VAN & el
B WE 22 05 0 B0 % g B ME A1 45 5 BH2300 N1 2% 2 48
W (Vibration) i gl 5% 2 01k B) ¥R LY I /K S K BT
ALZ SRR G 22 AS B 85 A B & BEER Bk 3 Ak 0 7T
B A% BN AR ULZX AN ONF o KRR BR 2 AN AL B T T L L B
=R

4 771 B G SR ) (Pl load) WE 22 38 J1sh 166 DL 3
1 — G Bk R KLight Load)W§ 22 3§ J1ok 14408555 =2 |-
= B AN 3L R (Over-load) I 2 3 J13k 183 VG5 % -1 == [
1 Lk MR B IR 22 08 71,31 20608, 77 1 1) 4uel 210 BRI 5
ACTAG 1R % BR N ) WIS I 2D A6 B0 1 400 (.

e e 2 09 U0 460 BB -1 A Kk 45 — A R
WY REEA £ e W 1A 365 6 0 22 0 48 IR0 20 T b B
BEIZE W U BT 5 At 5 R0 0 UM KB B 2 S U0
HE T A2 230 15 A0 e 0 4 ) T (R UK GiE 2[4 9%
Pl Stide Valve)s#5 (€ 08 & 45 JHT 10 {"}J (Piston Vaive),
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S8 A% 8 W R LT K a1l B R R K WAL S 2 A s
Ao TR EE A Gt ok K s L AR D e W A8 95 K B Ny
2% i EL A5 AT A A 1 A ST S HR I AT DR R 2
Z A I BUaHE 2 0 A o 3 TGIE A B R ER A LR JE R
YE VIR 2 B BATE PR A B RS A AT NG PO 7 B¢ (T 20
T2 B AR K R 22 3 AR 1G£8 10087 A1 il 4
WA A AiE 2 $519048 | TR e ik 2R 0 I N 2 85 )1 1
A 110 51120 22 Bl A 5 M6 MR £ A 8% i /e A 4000
DI HE N UG 25 DA SE M D0 K B 38 A e A A0 RGHE
A% K& 22 b1l T I B 44 22 A0 K 1696 7 A4
SEE LA 25 ARG 1 WA 2% AR (Piston Rod )22 [ Hi
Ak & K Sb T4 A B 68 b 7R ) 8 2 4% 3 00 46 IR 8 0h &
IR B #2038 JET 68 A 45 ) (Saturation Curve), JY {8 1B & PY= ¥
Ui B8 2 b R B ARIE) 1) (Lnigial Pressure) S0 55 MR &I 37
B . %5 Btl(Volume up to cut off) Z 3 7 B UL 3 MK 45,48 1
1200 BRIK] (4 182 sie 5% <) &0 R & 2 Jiok FOAR LK 58 ) 22
Al 2% 18 B 2 4 2 S0 G0 IS 1 W (R S oK ) L R BT
WHARESRRBRENAELS QD ZHBERZ H
U AR el v TR AN 1 5 S A N e L e
8.3 HOA R 0] JT 180 4 9O 6 A5 T B LG 10 kg 10 11
IR BR D 3 ) (Engine Stop Valve)y - - 22RO #E 4 [



822 T R I L v 13

[$54 B DK Jg 16l IS M 6R 1 AR — SR L. 218 A7 R &%)
(Data-keeping) 3:{5) 82 1f 3806 M X 38 B B 11 & A0 AL R AR
fite A% 30 B4 188 A A 4 I 2 K S AH S U 20T ﬁ%fl‘ HH

H RO ) R 1E 4 56 2 6L Ml % T A

ELX: 'l'mw[|mnw[|ﬁi i
# PR (Stroko Volume) _1"_-4_5"1%“%“'71._0»711_ 27128 |3 # R
PO Ri(Clearanco Vol.) | 062 | e 65 |3 R
o f—l;;{&ﬁi?rfl'(zjt 1370 | 10040 6403 %
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