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& Z F (Eads)
BRE S — A% R AR A A S T T B BB 2 R R Ak B
W8 2 J R4 W (Captoin-James) JF 3 #h (i 3 40 2L 30 0 B A8 % 6 76 Jb
(MississippDiL, % KL ERFH WA G A B E TR RN R AREESYE B2 R
—AEMEEREBECBFRERNZIAELRE G A BTN 2 K H
BEHMEBGEEWRARZEB M FEB K P ERBLE %2
BAHARMER 2 HEE AT EEB LS N a2 EHEH
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R 2 AL TR A G0 % 2R % 00 6 K B35 0% 2 b 36 1 0 NG i
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EEWERE AN DA N AN S RRA R RS AEX
BEBEHABES S AREROSRE TRKES AR E L KB
W BT A T B R BB B S A
B A% % ¥ (Quebec)
B b BB M NS HBD BB % B (St Lawrence) i) :Z %A% %
o Mot B 22 Ut 75 AKE S TR AR AN VS R L B R 75 LA 46 B, (Anchor
Span) #5 % W @ B W] 5 2 5 AT A (Cantilever Arm) @ # #2, (Suspended
span) & A FEMEFBEUABEGEHEAZFE-ALO e A B 2+ 1A,
WEBEATHEE - RSB EANEREA+ZARME
B 96 b 2 B8 47 dn K O 0% 8 B 46 % 13 3K F!HE 5 L E (Theodore Cooper)
ERIHEGELSR LR R IRAERFE2ZERRBENE
SEBTEALMEBETICBKBTARRREILBRR LK S
BEAGAZOAREDNUEERNERARERBEH TR I ZHH
BB 45 &F (Lacing) 75 50 % L8R B 4= 2 BF 5% 00 P46 40 0 3% 3086 31 & @,
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% ¥ Wi W £% (Carquinez Strait)
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KA BEFEUADHDRREEHEZADUKEMBE T 2 B8R
KA R )2 % bk M AR IR R OR A 2 88 % B 8 4% R 2 0 8 E Bl
HEH Rz R R A 2 R R AR RS 8RN R B 2
GEBEASBEEBS=TEHETRIPAEEZNEE — T — &Rk
SNz ERE— AT RESEESAPRA AT + 2R
BB DL &5 B 4545 A3 05 J0 75 8k 2k 208 0 UL 4G 9 R A R 20K M
HERBARALTRENA D ZBERGHERBIE Z 00 A58 9 H LR
PEEBRADERLERA LA BERBEAE—HE T RI %2
BERERRABELZHGERS FEA WA RS ZE LN BIES
FEBHEREATREEBEARH—BHFFREBARKZO%— R



) Ft SRR TRZ IR 17

WK B AEERBLBEG EE LS 5RE D& ZTE A D
a8 ¥R £ W
WMz xR

H—B R ERERS R IG R TR0 XS %M W 28]
PHRUENGZEDAGEAZREBAS ZEBAR N 20N 564 M
R ERATBENRZAERE LR EZLERSERE Z 68K
WL ERE MBS A RERX 2 MAARRAY T ERmBRTHRYD
HBZARMIEXEMT BT ERRRE WY RGBSR Y AR
B b WM A WL R IE LA R B S RO 28 S LR @ 2 % 0 W R I AR
ER Wl AS T W5 B 006,00 N Off T SR M e K S 2 ok %0 A B3 0 R 2 vk
ATREFE RN 0 L5200k B 2 W48 55 % 2 i 33,10 R 49 = &8 &% 4,
PN R TR G O W 2 A AT T R L o el L B X B
MEREROEFEH ZHALRBE T EN RS A AELEN A Y
HzpHpmEMc*ERAEZE2MRBRAMNGEEZERZABUREE
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0 17 18 06 AL % T R4 7
TR Ezg BE

1£ 68 1% 2 %t 849 3% 3t b, (Reinforced Concrete Beam Design) 13 &
s 8 0 20 J 00 R 40 28 SR, o 0 ¢ 0 6T 408 3 23 6 A,
£ BAMELEERBBE N R -
() R KSR T o @ 55 2 12, (Tension Steel),
(2) SR J7 i & M8 77 v 55 61 7 @9 42 (Tension & Compression
Steel)
(3) W 15 1B ¥E X 4k 1 3% 3 (Reinforced Concrete Slab)
L RS &R A0 5m 2 i
& A 1€ £ T 60 o5 B ok % b LS B T om0 2 R,

[-'—-Fc——u—v ’
fe=—j-§%[azloutll(1)
{ e
—— M’
= fo=M (2
kd - s Ag]d ( )
d i i Ndl} _—-—1-—- oooooo
rm T ®
n » _1__ K _ 3m+2
: == gy

—
BAW Ag = 881 2 % BB W B (Cross-sectional area of steel),
b = Z B (Width of beam),
d =B ZHRER (Effective depth of beam),
fo =¥ L Z WAL MEIE S (Unit comp. stress in con-
c‘rete),

fe = MM 2 WAL Jp (Unit tens. stress in steel),
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I =B REHBEREINL
resisting couple to depth)

k =g B A SRz IR (Ratlo of neutral
axis to depth)

m = _._,I{fi._,
MW o= #5 i LR A 5 W — 55 (Bending moment in
in=1bs.)
M = % it i 7,58 OF 8 W — i (Bending moment in
£t-1bs.)
Es = 5§ 2 i & & (Modulus of elasticity of sfeel)
Be = 4% t 2 % # #(Modulus of elasticity of con-
crete)
AN (D M & 8IK — 5
dz =_%Il‘§a_ ............ (5)

NEVICHR RECYR

e 2+3m e,
k= 5 v (8
e L A (B), 1%

2 T2MQQ+m)
4= fo (24 3m)b N

uKaﬁwmmﬁTﬁEE,RK&ﬁU%ﬁ

d=K, J 1;;1 ..................... (8)
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WHEARRMADE— £ R (—)”

£ (=) (n=15)

£5=16,000 F/Jing [ £:=18,000 g/ A
£o (B H) —
K, Ky Ky | K Ks *Kg
850 0334 1,165 0.098 0.345 1,325 0.099
700 0315 | 1157 | 0.091 | 0326 | 1,317 | 0094
750 0.300 | 1,150 0086 0.309 | 1,309 0.089
|
800 0246 | 1,143 |  0.083 0294 | 1,302 0.0 5

HTARG, O BREC), RMETREFE T T,
OB 5% — 4% J5 16 0,0 55 o0 £ oy 3 76 28 14,000 B2 - g,
% R JEIE 2 5P (n=15; £,=18,000 f/H W £.=750 £/ % #Y)

ARG a=309 (14000 =28 uy

14,000
}\ ,% —_ T e . jj‘ B
RAENICH RS 1309><:38.9‘370 i

RMETMD EARBBE (—). FRIBZETHE SRR E (—)
4 50,00 ¥ 0 SR R R T R b,

B AE F5=18,000 JE 2 T AL TofE n=15 G 60 % 4,08 B £ £, =750
B TS Ko=0309, #8ff T8 M=14,000 1%, 8 ) £ 4.0% b=16 5%
i TR 4% d=28.9 1,

WKy 28 K B 0B 5 10 0 £ M2 B BB

L J SR Jr R0y = FRIA W 2 B

B 4 A AR 2 B BB AT T R A R S I S R A 7 0 S5

M LT RN RSRAARNENRE T,
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k 1+m (%)
M

A= i raanrnvercaaavrraaias

] Kgd _ (\9)
o
f’s:—,n-fc(__k_._)............(U’))
12 —_ 1 1 1 kd ¥ ] t
ih B ,— M= Afgjd= o febkd(d— o) #7580 5(d =)o (11

AR s = B 2 WAL BEBE /1 (Unit comp. stress in steel)

d* = S MR Jy Z 30 1 F0 3 I8 J; 58 3B o0 4R 1 2 i 8k (The distance
from compressive face of the beam to the plane of the
compressive reinforcement)

Alg= 5T MR Ty 2 B B 2 B0 IR
(Cross-sectional area of compressive reinforcement)

AR (10) (1) BLp 35S Ke fU g ¢ 0w

-
A=K (Ag—Phd )i (12)
U EARXBMEITUEEMEE (B EEOC)
£ ()
d” | Ky (£c18,0006%,F +; n=158)

d It = 65085, K e = T0055 /L, =7605: /Wit . = U055 / 5t
0.20 474 411 3.64 3.08
0.1% 408 i 3.59 3.19 2.71
0.16 356 3.17 2.81 243
0.14 3.15 i 2,77 2.56 2.19
0.12 281 | 2.53 230 1.99
0.10 254 ! 2.29 2.10 1.81
0.08 230 209 1.91 1.66
0.08 210 191 ; 176 1.53

p ! 00083 | 0.0072 | 0.0u80 0.0089
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() 3% — 808 120 =22 W, i 3% 2 % il §F i 48 80,000 1R — &%,
Shof e B 2GR e (n=16; £5=1¥,000 59/ F W £. =800 &3/ &)
O makée.s

=02t = 15y
d=0.294 12 24 W3,

ML R Z ER PRk QOW), AT A 32 R 77 2 889, (L8R I K #1,
Z: G- R
M2 5N (9, 4%

A= 80,000

1,502 x 20
Ft & () AR D), &
A's=1.81(3.1-0.0089 x 12 x 20) =175 M,

=314
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(2) TE R EE (T A R Al W W KR 2 R LA - A
M =80,000 2 3 £5,5% d=20% % (4% A =3.1) #if FiB f,=800; n=15
N, 5 2 (=87, W G 45 3 d=20° B SOW ) T A= 1755 i
P i & (D AT IR Ik, (F,=18,000 g, 7 nf,=12,000; d'=2 5 38)
#odn £5=16000 15,5 nfc 5 — B W6 41 5 8 1 K,

FE A bR % T 120 BT A R B S SRR R A 2 o il B AR A K 0k
T 505 dan — 5 25 2400 x 30 14,57 72 M 25200,0000R — b T 4% 0 7Y &k M e
£00,000= 100,000 i — i f 4% 4 10 4 45 2 Ao A A's, 60 36 42 7 5 2 G 15 4.
TIL 08 55 1 % o o % 3t
A SEBYMDT LLFE T % 30 o IR &t M
B b=120, i 2 X8 B
d=Kgn/Bleverreen(13) (Kg=Ky Jlll;)

7 280 0 2 B P O R B AR (90— A =

o) -1 10 KWLM ELE TR REREZGHFEKA 210 4,;;,@ =
W T A R AR F IR A 90 g, (B JF BR M R 330 &% ), £o=6004%/ K 0;
fq= {8,000 5y, W, :

WoR =) Z iR 332 1B W B 106 IE B 5L W 4 b W 2

B 71 (Shearing strees) 2% 40 i IF 09 R A d=4.004, { i 1 Z {% B (Moment

Coefticient) —-~—J. il F,E d=6 55 §R W A2 AE v 4% M=2750 I8 —

B, As=.35 5 WLE T 5/878 B X W T A% 8 55 19 2 B8 (Spacing of

reinforcement) & 10.5 I,
8 WAR Fi Stz ¥
i i B A X EF RN

d=.106~/2,750=5.56 W5, (fik A 0F B
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[BI5R B2 U)HR 2 38 R0 i
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WE CZIRPEHEEZVMMTR TN HRZEE L 252 k.4
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ANALYSIS OF CONTINUOQUS
PRISMATIC BEAMS BY THE METHOD OF
MOMENT DISTRIBUTION

by Chung Huang (3§ )

I Introduction

In the Year of 1930, Prof. Hardy Cross of the Universify of Illinois,
U, S. A., Published his analysis of “Continuous Frames by Distributing
Fixed-end Moments”* Possibly he made the greatest single contribution to
the theory of stress analysis of redundant structures in a generation.
Now, a theoretically exaect solution of many statically indeterminate struc-
tures can be made with almost no mathematical drudgery. Moreover, the
engineer can easily visulize the action of the structure while the solution
is unfolding and can thus develop a sense of continuity which is seldom
aquired in the application of any other methods.

The general method of moment distribution, as Prof. Cross hinted in
his concluding wor_ds, is applicable to endless number of _specific problems,
The pages which foliow will be devoted only to a discussion of moment
distr_ibution method in determining negative bending moments at supports

of continuous prismatic beams,

*The paper by Hardy Cross, M. Am. Soc. C. E. was published in Pro-~
ceedings. Am. Society of Civil Engineers, May 1930. Discussions of the
paper have appeared in proceedings as follows: Sept., 1930; OQOect,. 1930;
Nov,, 1930; Feb., 1931; March, 1931; May. 1931; Nov,, 1931; Jan,, 1932; March,
1932; April, 1932,
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1I. The (General Principle of Moment Distribution

An attempt will be made to give a general outline of the steps
taken in the analysis of continuous beams by Cross’ Method., First takea
continuous beam consider all joints locked ag'ainst rotation. Then, allow
any joint to move until equilibrium ig set up at that joint while the other
joints being held rigid, then the unbalanced moment at that joint will be
distributed among the members there connected in proportion to their
values of % Each joint of the beam in succession can thus be allowed
to rotate while all other joints being temporarily locked., Multiply the
moment distributed to each member at a joint by3* (Carry over factor)
and carry over to the far end with opposite sign. Tﬁe procedure, of
course, will unbalance joints which are already balanced,. The process
of distribution must be repeated until all joints are balanced. Add all
moments at each end of the member to obtain the actual negative moment

at each end.

Cross’ Method is, then, one of__'successiv'e distribution of unbalanced

moments, The final result may be found with any degree of precision

*Consider a fixed beam of uniform section éubjected'to'a unit rota-
tion at one end. This rotation is equivalent to an angle,
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desired, Therefore, Cross’ method is not an approximate one, No matter how
complicate the loading and structure are, there is mno need of general
formulas or graphical constructions; attention is only centered on the laws
of statics, How simpie the method is!

II1. Illustrations

A. A continuous Beam with Ends Simply Supported.
Constant I and E. The relative value of
I

—— are indicated in Parenthesis. 10,000 1bs.
1000 1bs Per foot 4 '
2000 s e oot | 00 Tbs Perdoor |
20 — 0"— P — 10 = 0'— Y &—— 22 —~ 0'—>
N 1. N 1 ~ 0= 1 y13= |Fixed-end M
33300_12wlu.3:330{ a86=gwli= o |-20000= pwlie L 0ad)
T |Fixed-end M

97700 = A Pl _ |C concentrated
27,7100 = -+ —Pl= load)

- 27,700 _ITotal Fixed-

- 33,300 ~33,300]— 4,166 - 4,165’1--— 47,700 —47,700 end M

433,300\ / + 9.70(]— 19,400\ / —30,000/+ 13,660\ / +47,70C Balancing M

4,850, ¢ — 16,600+ 15,000, Mg + 9,700 — 23,850 ¢ — 6,825 Distributed M

+ 4,850 +10,5650{— 21,100 —23,000+ 11,000 -+ 6,825 Balancing M
5,275 —2.425+ 11,500  +10,550|— 3,212 Z5,600Distributed M
+ 5,275 44,623 - 9,200 — 9,456+ 4,306 + 5,500 Balancing M
-~ 2,319 —2,638 4+ 4,300 + 4,600 — 2,750 —2,183|Distributed M
+ 2,319 42,466/ — 4.980 —5,050|+ 2,300 +2,163|Balancing M
0 —2io48 tt. lbs. —46390 1t. lbs U Actual M
M,p=2Ek(20, +93—3R)Y) General equations for moments at ends of a

: 'S member carrying no transverse load in terms
M, =2Ek(20;+8, —3R) } ying

of the relative changes in position of the ends.
(see Hool and Johnson, “Concrete Engineers’

Handbook” p. 412)
For unit rotation at A,

R=0, and 03=0
M,g=4Ekd,
Mg, =—2Ek9,=—iM,g
Carry over factor=1



Fig. I. Three Spans. Ends Free,

The fixed-end moments* are first computed considering each span
separately as a simple fixed-ended span, and joints considered locked with
these moments, Continuity is thus preserved but the moments at the joints
are unbalanced., TUnlock the joints in any order and distribute the un-
balanced moment: Beginning at the left,—33,300 released throws + 33,300 into
this end of the beam as there is no other member at the joint. At the

second joint the unbalanced moment (the difference between the fixed-end

moments on each side of the joint) is likewise --29,134 (33,300 4,166 =29,

134). When this is released the relative value of %._ of the first and

second spans being 1 and 2 respectively, it will divide +9,700 {29,134 x

1_-1|-_é on the left end and -~19,400 (29,134 x i%) on the right, the signs

being determined by the requirea static balance, At the 3rd joint the
I

unbalanced moment is —43,534(47,700—4,166>. The relative values of

of the 2nd & 3rd spans being 2 and 0.91 respectively, it will divide —33,300

2 : a5
(—43,634 x *2"':'#-_(]".*'51&) on the left and +13,650 (43,534 x

0.91
2+0.91

right. At the right end of the beam —47,700 released throws 447,700 into

-) on the

the beam,
The joints having been unlocked, it will be noticed that the joints

are now balanced and the net result at each joint would give us the actual

*KEquations of fixed-end moments are given in Table 1.
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moments except for the portion carried over to the other end of the beam
in each case of unlocking. In the 1st. span when +33,300 was released
at the left end, one-half of its opposife sign or — 166560 was carried over

to the other end. When the right end received a moment of 49700, one-

ha.lf of its opposite sign or -4830 was carried over to the left end. Similarly
c;ortsidering each joint in turn we get the 3rd. line of distributed moments
which becone the new unbalanced moments. These need to be released,
balancing the joints, and distributed as before. The series converges rapi-
dly and may be continued until there is nothing further to distribute, if
desired, Each column of figures is added to obtain the negative moment
at the end. Obviously, for the intermediate joint the adding on only one
side is necessary,

B. A Continuous Beam with Fizxed Ends.

Fig.2 illustrates a general problem of this kind, The ends are fixed.
They may be locked and unlpeked as before, But the work will be found
simpler, if they remain locked. The difference between the f.inal moment
at the second joint —583.45 and the fixed-ended moment in the first span
~1250 is -+ 666.55. One-half of this value of opposite sign or —333.256 will
then need be added to the moment at the left fixed end. The numerical

work at the right fixed end is the -same.
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/ 1000%
5}
% € > | | é
7/ S iy eh, D 7
/// 10 | 10 . 10/ %
4 r& - e A 3
+PL
—1250 1250 o deond 3
—1250 —19250[0 olo o ixed-en .
+666.5,— 625 +166.2
0 +312.5
0 —156.3
+178.1 0
—39.0 0
0 +19.5
0 —9.8 __
+4.9 0 \
—2.45 Iy
0 +1,2
83328 ’ —0.6 —83015 ctual
—~1583.26 —583.45 +166.2 _gg1|mome nt

¥Fig.2 Three spans—Fixed ends,
Assuming constant I and E.
'Phe relative values of %_ are indicated in paranthesis
IV. Modification of general method

for beams with ends simply supported
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1t is not necessary te keep on locking and unlecking the end joint as
show nin the illustrative prob. (a). When once unlocked it should be left free
to rotate. At the next joint, any unbalanced moment is to be distributed
between two members one of which is free at its far end and other fixed
at its far end. For prismatic beams, the % value of the member with
one end fixed and one ¢nd free is to be taken £* as great as the relative—i—
. vaue would indicate; and the fixed-end moment of the same meinber would
be calculated by the equation in Table 1.

Using the reduced ,_,II:_ values in the end spans, Fig. 3, the rofation

at the 2nd and 3rd joints will be divided between the adjaceut spans in
§ 076 2 2 068

2757 275 2.68° 2.68
case of the center span (or any intermidiate span) one half of the balancing

proporlion ¢ , and as shown in the figure. In the

moment will be carried over to the other end in each case., In the end
spans nothing will be carried over as the outer ends always remain free.

The numerical work is thus simplified.

/?Va
/]

T

*When A is subjected to a unit rotation and B is made a hinge, the
general equations M,p=2Ek(29, +95—3R) and My, =2Ek (295+7, —3R)
become,

M, p=2Ek(29, +95)

O =2Ek(293+9A)
Combining these two eguatious to eliminate ¢ gives

Myg=3Ek?
This shows that a beam hinged at one end is } as stiff as a beam fixed
at both ends,
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Constant I and E. The relative values of ’
10,000 1bs.

are indicated in parenthesis I

v
1000 1bs per ft. 500 Tbs. per It
(0.75; @0 ~ (0.68)
(’ ZU"'—" O.H -) e 10:‘ o 0!) —) (- 22!_ 0’! )
0§ WL¥= —50,000 —4166= §; WLF = —4106 30250 = ~WL?  (Uniform load)
—41250 = %PL 0i(Conccentrated
load)
0 —50,000|— 4166 —4166|—71500 0
— 33400 —50100
+25030 +16700
—18200 —12590,
+6250 +9100
— 4550 — 6800
+3400 +2270
~2470 ~1700
+850 +1230
620 —920
0 27856 46886"% 0 Actual M

Fig.3 Three spans. Ends free



38 + K T fe* B4
Table T Equations of Fixed-End Moments
. Fixed at A Fixed at B
Loading M M Hinged at B| Hinged at A
Condition A B M M
P |
= 2 1 1 3 3
2 - 2 PL +PL TgPL SPL
) 1 1o 1
1 3y 1
12‘NL 12WL 3 VL SWL
Gutrde— bt Pab? Pha Pab Pab
/é B _-% __._,Lz_ Lz zLZ(IJ‘i“b‘) (L"‘a}
. é-‘\ - :{f
~ o ! |
Aei e ¥l 5 2 _ _
Z =~ | 2pg 2p1, | dpp LPL
= - - 9 9 3 3
P, Fx :
PRI NIEAP - 5 5 15,, 15
a4 ] e ~PL 5PL 35t L 5P L
;1, ,-_.____“:e.--/'
Ay 27 B 1 1 | 2 7
éHJH LRI ?, EWL IEWL | EWL —U-WL
5N - = . 'l |
am an?— 5! [Snz_ .
an wn ¢ Wn | Wn = Wn  (10LZ_
Zi wn 5L, —3n)(l— 2 _ _wn |
Z B0LY Sora| soLt! “}| 6UL7 hop) | BOLZ 30)
Z Z 3n*
= ~ | Wu { Wn Wn . Wn
=i Z R I —_ 4], —= OT 2.0 2)
2 Z 1207 R v 3n)|-gps (2L—n)' - (2Ln?)
Z ) |
G Lot s D (L% ¢ ‘T 2 Z s 2
Z 2l w St W (LA2Ln) W (LF42aL | W (LA 420L
o 7ol o 2L Gai —2n®) B —20%) 8L —2n%)
g ;; 1
o~ e | (SL—2n) WD _(31,—2n)| "B (3L-2n) W“ (3L—2n)
24’ - "_/ 1211 ! ldIJ SL |
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BE TR AR GRS

Bk £3H F&

J& %: Herbert J. Gilkey and Warren Reader From Civil Engineering volu-
me 1, Number 10 July 1931

MNGRELERGHET EE+RESS A HESIBT— KT
RE R A 0 o ¥ B 8 B, R 2 M ki (Shrinkage, when drying); 5=
®EE T T R B S 2 8 (flow Under Sustained load) & — B &K & T #1i
vy BB g O R A K B A T 00 BL BB, 0 DL 3 IR MR R kR & 60 4R B 4E R R
B A RELHASASERETANSE RED L3558
Fl, R4 20 B 1% T R D th 8 &,

W b G (Otto Graf) R 1921 %, R ABB IR RAGHUBE A
BREBAEPHIRBORELRAHREL RH TRANER & K
BRBEOES B-2FARRY —ARE BXENRE B RELE
4 F 4 ok &, — JEHE 2k 0512 2 JE, 41 A 3.16 K 22 5 a5l 4k R A By, WY
B4 0225 AJE, EEBIEEW RRNBSA THMEm&E SMAR L
BEREETHES RELRTS) AFBRGBM I @R ) RE
& 28 5.

R 3k B AE 1921 45, B od U R B 00O 5 M4 &, MR T &
EhOER SREEHTEHSMAMED N 6/x6"x24” HF, DIk
E RBELZ B 124, i &% B 4-14 & p=05% (2)
43 B p=123% (34— Y'F Ip218% B RE & EAFAKZ A KRB
TR 40% P 80%, BB MM MW R L2 HED A B
ey R B Y L A L) P EE Y LR ¥ R
i MAMO A RS Rt LT ORI BSF ¥ 82504,
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REEEA ERTEELORK MeBTHAHO KT B
MAREM L RME T EoE I ERN TREEF IO RAR
Y, BRESEG SRMNESPZEENE N&L MNZHED
B, WED WKTHE &R,

Wz o B R MR LA PR BRI,

SE3K 3 K (R.E. Davis %1 H. E. Davis) £ Bt L R @ 19314 =
ApmgMEBERE RELAMAGREL AR EBEREENEE
ERABBETARBZA ARG T:

& s/ 8 Jf ~F
B it TR 5,700
BT NS o B2 11,400
o W e Y 13,200
& | 80,300

W DA E %, B BTG = B 9 G, T bW E TG B 00 G U1 K 1B
ERSERAREOMAZ S, L BA T HOTEES M5

T 88 o 5 8K 4, 16 A 05 DR b KL T 0 T A o 60 A5 R OB B 2 81 R
% MMEMNEL REBSMARS ERMWOEE KB 4 —Ewlk
om0 MAREEEBRORE KERATHT RUE
BEMD LS ISR R ER AR @R ST, S8k R
MER MEEERENMEBETE Kb HWAMEES 2 HREL:
WiRRE, EERTE G, RAEI EE AL T AR W
O S e R T A A M, RS RO 0 B W AR R K T R R b oo 4B 3 AR
BOAIME CHABEBRENG) EARELERAETRE ME
Bt T, O R AR K — B 2 L,

B b 00 R0 RR B R E A w51 T B B B E:
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(L REWNEHEREZE EFHERIBETB AH L7

2) AAesd ER AR PR ESTRERE? RERANERH
J2, B RE F R K 2,

3) REWH LN LR IB)Y, RN HEAAEEW
W e, BB AL F SRR R A,

4 BREETHNOETFARNSE: p=fiAll-(n-Lp] ESBELRA A
MWK ELNZENS n kZBRBEWE AHFREZTYH
Yo ks RS BB BE R, MRS, BEBHEFERZEK M
RIBAR ST ep By, WAER BENEIRD. HNE IHE R W
Wi hEn ZE BAAREEE RTIEAEE RS
R, # &% & F St R % 0e?

B e FR RE e BT, 4 R %R 7k S R B S, 1E B 3 1R JR(W.H. Thoman)
ZEB M TR AR R &

(1) 6”x12" Bk AP AT EEE ERA—G 17 Tn&t 2
oty (— SO FEMN MM FEERANKY Foodig EEMERE
A O 4 2K 8 @ 2

(2) 8" x6” Hih Heb M —BENFHRE X0 BB M
& B W& XE - KA A7 N 27 R Gk (p=8%), W H M-I
Y EMRE (=46 5/ DEEHEREZ,

(3) 3" x24” [A A Pt BCHA i, SR (2)

SR TN, AR, PR T 67x12” BAKE S HMERIRE
FEm s, R A M BAMTFASIER AERGETE TH,
M REs BOREEM PR fER G NEBS W
A & R m sk

BMERGEY FAZESIRES OERI TARMOEN (DE
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AREE SR BT B R A sE L (B) 1 UL R

RIEHRTh R RE—~T:

(LD BB O TARMomg LEREKORE & B & —
HABBEAER MECNHEAEAWOMEMA BEHLRD, £8 67
127 [E, M THREM R LR A R ERAREFHER
T by 3 247 [ AL T — B 2 4 0 G B

(@) BT 67x12” A, XMkl mdAmaEnlt-FH e4938
TR A e, RIEM R RE, ARG X ERANRBELRAD
S SEBRATREE L PRBE A EECOB R PR TER
R E LM, Bk BsdE,

(3) fE 3"x24” BB R rh, AT 49 69 KL & M 1495 00 &k ] A
(RIBEBRBE LB MHAX BT 11600 55 ) SR EHR HAEEN
& 13000 5o, WO Rk 4R M, — 18 37,400 %, — BB 40,800 7%, SBF M, 2 A B
BRTF <24" R LB EED LM AR E BXRA R E

4 2L IR B A
Q) BABBSRAGBS EW—-— B4R IERd 84
B2 0h 3R,

BHREABIBOSR THERTHAAMA S ERH &N AR
AP AR PR B RN KRR ESLAEN 5 HEH
FEF, A BRI AR R 2 WO, (B0 B 4E Sk AL B R b
O ORE ERAEEREORET DEWHNES TARS TEMEH
Rl WA 3 x24” HAL RESREZIES LS A A 4% MG R
LA S R R B mBM S DAXKABEARZ BR=02
— BETARES T ERES W FSL2REM4 =

RERHGRS THHEBSEFANTRESL BETUR B R B
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TR, AEEEE B FRREREERS A H ’1*:2’ X ) B4
JEL, BPOE B A, WDR S & O R E F 1,

B8 LA BT U R A0 TE RS O dB e B AR, RN T DLBA BE DA
KBMERRELORIESE n, MHOAX S8 B FBB. F/HF
RE AKX B FARMEZT TRHMBE ZEUSE B n 5 xR
he e oY, NS IE Rt 2B IE o0 Wk, OB Fik TLDHREn Z M
Megiwows i, WM THEH, — Bl —BRJ, ARG~ &IER D
dh PR, RO R h (EWREIR W XM ERL MW RAR MR A
Bl SMBGE XU FEFAB B L HSAT IOER I
fic B & R B

RERMBE-~AREBROXABEEREENRR EWRBER X
SO B, ARG TERE AN AABESTEZ
MEOWS CER R, TR H RS B IR RmE ki
MO ARHBEARELIORABREZ M,

MBETRR KEWAD BIBFARFTHANR BAARN— 2@
WMOEEMMERRSGIOZRBE AERKNBG BF 8 & 8 W
WM A LB, MR R B b, TR RS

R R Y

) W SE et R P A 18 Wk, W E A,

(2) HHEEHMORF @S LB, 7SR

(3) B Ok 08 o A 0, SR BERY, M HRE D, Mg R E L8

Bl AKREE
4 T RELEDPOREFER o, S22 KR
SRCA A
tied column fif§ ¥ 5% €k +F vield point 4 4} B
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+ K T R B_R
Spiral column #% & it flow B JE
shrinkage WM %5 : factor of safety & 4 {7 8.

longitudinal reinforcement #£ 48 #% utimate strength £ Kk 3% )%
spiral reinforcement ¥ ¢ i

bond %k Jj

Moiulus of elasticity #® ¢ 4% ik

effective strength # (5% )%

stiffening 1 J%&

R IRRZ R 55 E R #
B4 K7 8T8 RRZ itk % 8 MR 2 JB % K J7 & 9 J(Dnieper
Hydro-electric Plant), % ME % # 32 T, %12 & A 10 18 4 & 6, 2%
B T 71 78 756,000 K J7, 1F R0 JB 4 0 2 0K 1 WA U A & 5 2, R
WIE SR K TR % 3T A R, W B2 5 T50 2 R 9 K
HA ALK HIR%ER G B Co M &, 87 i 92000 K. (A &
R G FH)
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{The Engir-xeer, page 124, Jan,, 31, 1930.1)
 BEBS
o S
A G R 2 KA kI AR R K AL
ERB M SEAREZEMIBREREYTYA T - DB ESERES
ERXAARENML 128 X AMHENRKAFARAEMEBRIEZEZ =
TEGEARGR G ZHT HBEL IR T:
(LR ZE 37 ok 8B (D) 42 e Z B0 % 4% 0 o % Bk 7 BF 0 = %5 K. — P2 F
st 4+ 2 At
(2) 45 30 % = B 0 3 K 7
RHEIAWNIXEREREABRILREEZRRN M
a. £ 1870, HE MK RMBG RSB Z AR IAKRAE &
MR RARBFZAHAERBRIERNRBEZRERKIEZEZERZ

i K,
b BERE& KEHREBKEBTZE AR mesMEEZER
Z T & i,

c BB FMHE ARt L HFHAERER L EEE KBB4
AR MBE RSB TEC W EETERE 2T R S0
GRANNGEEALAR BB FARERERRB Y B

1. Broomhead. 8. Loxley Valley.

2. More Hall, 7. Service reservoir at Wadsley.
3. Sheffield. 8. Barnsley.

4, Ewden Vally. 9, Little Don.

5 Rt. Hon. Arhur Greenwood. 10. Watershed.
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= N

1
2
3
3
5
€

. Hagg Brock. 7. ashop Valley.

. Langseit. 5. William Terry.
Underbank. 9. Derbyzhire.

4+, Rotherhzmt. 10. Borough County.
5. Doncaster. 11. Leiiester.

Y. Deswent Vailey. 12, Noitinghorr.

13. Rivelin,
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P = A = 4
P

Fra | MAPR fMAWYRE SOuFTEI oA FaN WATHER ooty g S AL

1. & Colin Cledg M. Inst. (& E. 3. T. Howhksleya

2. Wesrininster. 4, C. Hawks'ey.
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el i 0 0 A 1 Rl |l o o~ Rl
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Pk B B39 & MoK 7,249,536 I 6.0 R
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Lok Kb 2 s 4 6 | B =,

2. 7K T 1 2 48 st

1, Drainage area, 3, Shales.
2, Ewden Beck. 4. ChatsWorth.
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a. B —F— &M+ AR
b. B KEEB—-EH+ AR
c. Y EE S — T = F IR
d. % JE B 55 R CF 46 1 1)
e WA —+ =R (k@SR B
L ERS RS T XA MRR L
3. 16 4 B 1% A7 % B 2 K ¥ A B A 2,500,000 ol W@ 4 K
BT 3 2,
4 T2 & i 2 B
a. % ¥ = MR,
b, % 18 K AR,
c. Z 4§ W JAUE £ AU m & — T3 A 6,
A, J 34K F T WO T K TR 2 % I k.
e. S F K 2 T WAR B FE K Z B i
fHIED N BEZ S - = 2 6
R ZE AR LY A
a. 307 A AR 7 12 0 K.
b. 4 S 2 4 1% U S,
c. 5 W Z 3 B — 12 b B
6. ki’ 8 2 38 S 4 i,
a. 3% B 96 8 DA RE AL B IR,
b. 42 & k3 B E B = bk —
CAWMABEMNE & TR,

1, 110 3. 3. Selected Filling Fa Upper Siream.
2. Taperiag Wall c. 1To 4.
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b FBE KM 2B — LMk oKRAZE DR 2,
9. Bx i 2 B 4.
O BR B 5 R T W | 3B 2 s A
b, # B2 A B BOK F i o W 1€ 2 55 0F AR DL oK,
CEBHEZEB—T—8IK
d. Sim B %5 BEE -1+ K3 101K,
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1. down stream .
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a. BB 8 5 F B0 0 BOK BEE 2 b IO B R OB 2 B B 1R
LK 5 2 LR '

b FE—AREES Z W,

e, & H W,

11, ¥ K 3822 fF i
WARBETFTHEORILZHWRER L2 R Z TiTRE 46 8CE 3K
Z B S 2K T 8 A K KBS

12, % 7K 3.5
FoOKRBAFEM A+ ALEABRFEE TR AEE#E T
i, |

13, 4% 5 22 FE 45
a BRER~TRELZLITWATHNGS - HFRIR
b. 2 £ 78 -k X 686,000 3¥ JF 154 A 230,000 31 5 IR,
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— o+ = HoAR S 1,142,000,000 i sh.JERE & F 0. D5 A/ A+ =R,
HEBTOD EHFATREKEZEFRES L+ =R,

(B] i [ 4 W & K i

I. Valve shaft 4, Bye wasl.
2. Spill way 5. Ordnance Datum.

&, Top water line
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1. Patersen Engineering Company, Lid.
2. Venturimete:. £, Wadsley
3. Moonshine Service Reservor £, North-Eastern Railiway.
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(By F. T. Llewellyn, Engineering News’ Record, August 14, 1930)7,

Sl Qi - I G O O o e LI e Wl R i 5
MZ AU RBR 2 IR ETER LR FR 2 Y
% 1% trial method 3R 228 (T (7] # {& % direct method 7§ 8 F1,8R ¥t & 2 H &,
M WY e 0k ey — o O W Z OB A

WEAERRU M RRATEEA - B ZESARA B O s E S
Z A L 0 R AT {2 BB SR AT 28R 1R U A R B S I Bl acade-
mic rule, BLIE K AN 2 BB B LKA R F I HAS M Ep B2
FRAXLBHRESHGEECTREU R XA EN B SR AFTRE &
WHFBEBREREREZ DR AL X FHERRDBIETAS R
ERENERGH AL GE FEEFEER L2 RILOEREEZR
& IE TV O G PR & 65 R — R O B W B AT 46 W R B 2 1
M fE-K D ARRE R R R 2 Bl M XSRS E TS
—~WBEETEMZ 8 — @0 BN BARNH &R ERHR  positive
real roots, — 3 A §8 ® i trial value, MM BHYUE M Z T2 Z— U
HPBMENFZRIEMTADRZEGHMLHBIMIBEEBEBLS
BUMERVEMEAFLARESBRTNEREZHEARFARMEZER
WHEHABEREEE - HQHEETNAREZHARMUBEREREZ
30 % Bt 2 AN R K FE Tk R LR 3k LLiB i B 2,

WHRTHEERKR - BPrHUBEREFRE - 2RSS — 0 B
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— ML B P68 7 R RS O o TS LR LU 3 U5 0 R B R I B B R R AT 4R
LEFBFRAEENRFSIVEHANETRARERE I EZHER
B o] B B i 24 5K 2 B M 36 0E T ok 4 2% 2 DL G B A,
BRARMSBEAPZHEZHREFRANRH
Rules for the solution of cubic and guartic equations arranged
for practical use in structural poblems.
A, ZERFEKX
F Uk (steps)
LGB B - EMK vy¥+3Ay7+3By+C=0
22 8ABRC HEA b — B8 Z R B & K
3. Bl A+ —RIBEZHREEHT ZH8
a=(B~A%) & r=(} AB—1C—A%)

4. St S a fr Z B2 B A B+Q S R, KB K E AT B
S.IRBELHERTEARAZ L IL I =W,
BIRBASHAUBERARKBAS HE 2L
T B W B 1 T il

i a 58 i i<} i

3 Q%E >R <R i #(any)
8. R+Q% = cosu coshu sinhu
9.2=% Q* ifé,laZcos(gl-a) 2cosh (3%1) ‘2sinh (glﬁ)

10 g R KRB HRAXAyZ =4
Y1=Z—A; ¥y, W y3=—% (3A+Y1)iJ'§?i"'+%(3A+YI)z
11, ¥ y1(y24¥3)+vyays=3B.
B. {MXF#RRX

& B
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L FRERA— Bk x*+ax3+bx2+ex+d=o0
2. 4% a, b, ¢ R d AL RM A b — 8 2 MR MR S .
3.5t Z2a, 22%--b, b R d Z B A k.
4 MW —MEZHREE B r 2
= pac—hi-2d g r:(.—é-a?d—-gi—abc+§17b5—~§~bd+-%cz)
CHMERARNZBEBEILSME N TR L y=z2+3Db
AR — B R P x oz,
x2+x (Iivisf—ov+y)=—iy ;v Ivied
Biavy—-c BRAMER RS
ay—c¢ % iE 0% 245 B
T, HE ¥ Xy %X xgXa=d
B THEARBBBRAAEZXANZE -FERISRUARRNZHE—F
NI N AL AETREEE L XA LR SEHE D 5
U8 q g r L 2% &8 1,
DEBRBPFIRALBEIRAMNME -8 = R R b g —
ARV 55 2 4 self-evident, f£ S G R MU A R U S KRN Z E .1

£

o

i

f M

— % BREBMBASE—-FEHLES b,
v ynianthbahe E el § i) il
'é,...f ‘ LRERARZERFIRR
N N B-WosnmEeaRE =
KRR
RR— BHECE— By BRA Z N
S : | R # J& thickness of the flange, I f} & 4u
B o— W Rtm®@Bmarz b d &t

BT R ZM%ME =3 (A-y) A 2a=b—t M AT A = db—2ya
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R T IR Iy.1_ @b--Zy2a
h-y=g5 (@Ph—2ya) A 126d—2iya
- d 1l | »

s_ 8dby? 4% _ 4
e v ia Ia =
= xR Z 8 M
3
A="""—d£—-, B:O, C :(_:{__b_h
da da
_ _ d%pl . .. d3h3 d3h

KWW 2 d=24, b=975, t=.405, 2a=9.315

X i db _45rs
I{— ], Q = 4& —1-4'.5-.:

A=--1252, ¢=7,211,52

2
R+ Q2--—+_-1_ 8373 <1
# WS T T8 B 6 QF SR

0.88373 =¢cosu L. u=0.679 radians
75%:.193 radians - cos (.31u...)=.98143

z=—1012.52)(1,96286) = —21.576
y1=2—-A= 24576~ —12.520) = —12.056
VUHEERAZRXRABHUZB P Z2RXXB

% y=28.96, yz=20.65
WP — Y 2B ~12.056 (28.96+20.65) +28.96 x 20.65 = 0
22 —599+599=0. y, ¥ BT R B0 E WS

H(24—20.63)= 1675 .8 Ik K Z
2 AHCHMBRERF R
MEBRVRAEDMZERSRR
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. [T . £
Bl |
B % £
7 s
-

fi'l-jt._[_{_ﬁ];. B~ B Ry fL Ry fu B 500 6359 49 % uniform
load, (L2 MR ER BB ZHELHE Y, ERZAEARXS

Y?-’L.'Y+ L=o

W UERAMZBEIMA— WUENR Re, MBS BT K 2 R,
fp v;=:%L
REXR=ZRKXNZzE+D [A:"—:E;L, B=0O

) yz_—.gz(uv‘eﬁ):.zsm C=-Ll1s

27

Y3=%(l-—v§)= —.1982L
D=XAXNZHBVr - FEHZ

573c1 33)=o0

Y% = ff— 4 Ra — £ IE Ry A& 231L — LR M I Ry 7 198 L—
BE="MHAABETSEHR y:=281L 8% RME
2 IR KR TR R |
R B G 0 ALB T - 85 ) span, fiidg bz Jy rack force. % Hl
B Hoveys’ Book on “Movable Bridge” I~ B ¥ Bo, HA B

2 L T T
2L [T; (14~ 33 + 1 —~/33 )]

D) z\ ONT
(e MRy 2(1-31HR,2 _(;EI:«_ 4le AR, 3 +( +21§2N=0..(7A)

R Iz

—16R1 3 fNE? 1-6f%  9f+* Ap2  BfNF?
= —-3f2F 4+ - - —
2 E% . IR (’ R.* + 4 + 4 + 2R]35 )
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po 2N 8RS |
= pa T STEG IU,-'} F=1-f2
. = \2 ALY
) 3F¢ ’ R 1
2 AINZ*
Qg% =2 - 41
R+Q T
e B ST
= R;=12,590, N=820523, (C;=29335
P=119, f=.25
L P T
LI E‘a - 15 —— 6,711-7
1 _, 82R1% coq s
Safoh= 2222 o Q
—a 21— = 338,150,600
%+ b= —97,687,930
128 4 _ _
d =22 (2R%+ N)=8,867,613 x 10
- 225
3
R-=Q% =2,350.69 =coshu Jou=8,45357
%:2,81852 + 2¢osh( 31u y=16,8118

Q1=240% 10,  2z=4,042,606,500

¥ = 3,944,918,600

~ 3at—b+y _;55,445.1

~ T y?-d  =1,738,156,500

B 3ay-—c 1% F.f& B 547 5%

x% +x(—6,714.7F65,415.1) = + {-1,972,4591,733,156) x 10°
R kA AT ok

(x —36,079.9)% = ( — 239,303 + 1,501,760 = 1,062,457 x 10*)

x =36,079.9 * 32,595.35

X1 68,675.25 = fr £ 4 W5 W A, 5 1 B W )
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xg =3,484.550 = 1T #% §& 0% I8 ¥5 B B JL.

T @ RA®

Xg BB xy=—29,3866.2 -t 53,3226 v —1

i H:

X; Xz Xy X3 =8,867,618 x10”=d i f (£ .0003% W,

B b 2 B BT = BEEE A EE - RM X X 2 B 2 R L
ERUBEGLESUBADBRFRARA BT RNMATE o &
rfE B —AREL HAER BB E 2 TR IAA T E RS
MRS B 2HARRENDHFRXAXRBERNFIAAHBZ IR ZEBY
SR AV B R — i B R AR AR kT W B BR LR 3 DL A Lk
ZYORBEREERGRX P RARERREE S5 A8 8% B BR
HE 0 B — 0 Mz K R,

S B R IR T
1929 Z s B B & Bk H B R S 1,258,279 2 UL AT &% R i 31 38 36
PUEBEBSRALIMEEZIEBPHERE =2 —DILE S R B R
BHZABE36S AP RGUEERE IR REN 1 AR
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SOME SLIDE RULE SHORT CUTS
FOR DESIGNING RECTANGULAR REINFORCED

" CONCRETE BEAMS
By Tsung-Sung Sub (8 22 3%

Owing to the expediency in computation, slide rules are nowadays
widely used among the engineers. However, in certain type of computation
frequently r;lade, with a propular arrangement of the figures involved and
a propular setting of the cursor the process may be further simplified. In
this article the writer presents some slide-rule shorf cuts for designing
rectangular reinforced concrete beams, Charts and tables are commonly used
for this work, but in the design of hundreds of such beams the work could
be done much quicker with slide rule alone by the methods discribed
hereafter.

In Civil Eng., March, 1932, a method was given by Chesley J, Posey,
But its application subjects to certain conditions; and besides introducing a
corresponding error, it requires marking different temporary marks on
the icursor, inconveiency prevails again. The methods here given are all
free from such troubles, and considerable amount of time may he saved in
practical wark.

Formulas:

bd?= - (1)
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f.kj (2)

Ag= —fgja— (3)

u=

A
Y= i )
The first step in the design is to determine the proper size of the
beam by either eq (1) or (2) For specified values of n, fy and f,, pfgj
_ _fekj

et

=constant, denoted by K, then eq. (1) or (2) may be reduced to

bdZ=.11‘{_I (M in ft. 1bs.) (6)
To express M in in. lbs.,, multiply eq. (63 by 12,
M 12
2 ——
bd2 = 2 x 12=-22-xM )

Th value of k may be obtained either from tables or by direct computatlion.

Now, set the value of K on the B scale opposite the value of 12 on
the A scale (both on the left portion of the slide rule). Place the line of
the carsor at M on the B scale. Without disturbing the cursor, set 1 on the
B scale opposite an assumed value of b on the A scale, the corresponding
value of d is found under the cursor line on the C scale; or, alternately,
set the assumed value of b on the B scale opposite the cursor line, read
the corresponding value of d on the D scale opposite the left end of the
C scale.

Illustrative problem: Design a simpiy supported rectangular reinforced
concrete beam of 20—ft. span, carrying a total load (live plus dead) of

1,800—1b, per ft., using f5=18,000 lb;in,? £, =700 1b/in.? and n=15.
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Here, '=—'§~WL?=—%~><1,860><202 = 90,000 ft, lbs. For the specified
values of £, f., and n, K is found to be 113.1,

Set K=113.1 on the B scale opposite 12 on the A scale, place the
cursor line at M (M =90,000) on the B scale, then read }{_2 x M=9,540 = bd?
on the A scale, Now, if set b=16 in. on the B scale opposite the cursor
line, read d=24.4 in on the D scale, use 24} in. If, alternately, set the
left end of the B scale opposite b=16 in. on the A scale, d is found on
‘the C scale. similarly, when b=14 in.,, d=26.1 in.,, use 26 3 in; and when
b=12 in,, d=28.2 in., use 28 ¢ in,

The method is applicable no matter the value of K is greater than
120 or less than 100. In the latter case use the value of 12 at the middle
prortion of the A scale. Thus, in the above problem, if using f. as 800
lb./in.2, K becomes 138.7; by simirlar procedure we get bd?=7_810; and
‘when b=14 in.,, d=23.6 in,, use 23 § in. Similarly, if f,=600 1b./in.%, K==88.9,
‘and bd?=12, 400; when b=14 in,, d=29.4 in.
| 'On a given job the same values of n, f,, and f, may be used thfough-
out, hence to mark down on the B scale those values of K mostly used
would be of great advantage in computations.

Amount of tensile steel is determined by

M
As=F 1 (8)

Multiplying M by 12 to reduce it to in-Ibs. and use the approximate value-l-for

i, eq. (3) becomes,
M

_ Mx12 _ 9% _ M _ .
Ae===5 0= “t.a= g (8)

Set fg on the C scale opposite 13,7 on the D scale and place the cursor
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line at M on the C scale, then the value of ?I appears under lhe cursor
5
line on the D scale. without disturbing the cuysor, set the value of d on

the C scale opposite the cursor line, then either the left end or the right
end of the C scale opposite A; on the D scale. In a design only by setting
the slide for different values of d the corresponding amount of steel
is obtained,

Now, having known the value of A, and without shifting the slide,
set the cursor line opposite the cross sectional area “a” of any size of bars .
selected on the D scale, then the number of the bairs required appears
under the cursor line on the reciprocal scale. By setting the cursor at
different values of “a’ the number and size of bars required found at once.

If bar spacings for a slab is desired, divide A; by b (b=12), leaving the

left end of the C scale opposile ’;‘g on the D scale, the bar spacings are
then found on the C scale oppoxite areas on the D secale. This method
may also be used for checking the value of b for placing the selected bars,

Numerical example: In the above illustrative proplem, M =90,000 ft.

1bs,, f,=18,0C0 1b./in.?, following the specified procedure the value of 13.7
M
8
line, read A;=2.89 in.? on the D scale opposite the left end of the C scale

X is found to be 68.6, 1f set d=28 % in. on the C scale opposite the cursor:

(when d=28 $in, Ag=2.43 in?). The cross sectional areas of -}--in. round
bars and i-in. square bars are 0.601 and 0.25 in.2 respectively. Now set the
cursor liie opposite the former on the D secale;, read number of-3-in, round
bars required as 4.82 on the reciprocal seale, Similarly, 11.55 of i-in. square
bars are required, or use 12 at two layers, If a slab, it requires to provide

either-1-in. round bars at 2 § in., A}-in. sqguare bars at 1 in.,, 1-in, round bars
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(eross sectional area={0.785) at 3 +in., or 1l-in, squnare bars at 415 or 4
in,, -refe,

The coefficient 13.7 may be permenantly marked on the D scale and
denofed by any sign. The cross sectional areag of those bars mostly used
alsc may be marked on both C and D scales; (e. g. mark the 0.601 and
0.25 points on the two scales with the notation-1-’¢ snd 3" ¢ respectively,
-setc.) They serve the purposes of selecling the number and size of bars
as well as for figuring bond stress which will be shown latter.

If it is desired to find A; and number and size of bars for another
value of d as d’, then set the cursor at the original value of d on the C
scale opposite d’ on the C scale. The value of A, appears on the D scale.
The number and size of bars can be obtained in the same manner.

Numerical exuample. If instead of 23 %in, d taken as 28 }in. Set the
cursor at 23 { in, on the C scale, opposite d’=2% ;in. on the same scale, A; is
found fo be 2,43 in.2 And 4,05, or 4,%-in. round bars will be required; or
5.52, 4-in. round bars are necessary, use 6.

The principle of utilizing the reciprocal scale to select number and
size of bars may be illustrated as follows:

Let Ag=total amount of tensile steel required.
a=cross section area of any size of bar to be ured.

m=number of bars required,

Thun.m: ':s:- } = 1 i
A, XA,

Place the left end of the C scale opposite the value of A  on the D

1 . .
scale and read the value of & on the C scale opposite the right end of
B
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the D scale. Set the cursor line at the value of a on the D scale, ax
— 5

will be under the cursor line on the C scale and that on the reciproeal

scale will be -——1—-1—, or m.
ax

5

This method is applicable to those slide rules with reciprocal scale
only, otherwise one may make such a scale himself (only the integal figures
1
a

) directly on the D scale

opposite the sign of the bar marked on the C scale at the point of - _2‘_._
a

are needed); or, read the value of m (m=Agx

Thus, in the above example, (for A =289 in.”), the-%-” ¢ mark at the point

1.665 (_ﬁ.}gﬁrsl.ssm on the C scale opposite m=4. 2 on the scale, -etc.
Determination of bond stress
\'
U= soia @
o : L WL . . .
since, V=W x 5 75 (for uniform load only) and use the approximate

volue -L.forj, eq. (4) can be written as:

WL 1 4WL 1 '
T S O A xddd 0 (9

Nouw, let D=Diameter of the bar to be used
P=e¢ight times the diameter=8xD
a=cross area of the bar used

m=number of bars used

If round are to be used,

nD* 4 4 8 _ 32ma
= T = = S _
Zo=mx#D=mx(——) x—p-=(mxax-—5-) xg= 5
It square bars are are to be used,
$0=mx4D=(mxD? x ) = (mxax ) » o= 202
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In either case, eq {¢) can be written as:

0= 4WL N I - WL P , ]
7d 37ma  b6&d a m
1)
app i s . WL
First, place the curscr line opposite the value of F6d (calculated) on

the D scale, then set the mark of “a”’ of tte bar used on the C scale oppo-
site the cursor line; move the cursor line to P (P may be calculaied ment-
ally) on the C scale, the total Lond stress will be found on the D scale.
set m on the C scale opposite to it we get the unit bond stress on the D
scale opposite the end of the C scale. If set the aliowable unit bond siress
on the C scale opposite the total bond stress on the D scale, the least num-
ber (m’) of required bars to be provided for bond is found on the D scale,
whence (m-m’) gives the exeess bars that may be bent up for web rein-
forcement (m being greater than m’ in this cuase, otherwise, deformed bars
should be used or special anchorage should be provided). |

Numerical example. Let L. =20 ft, w = 1,800 1b./ft,, and d=23 } in. Set the

cursor line at.--g‘gfl‘ =27.1 on the D scale. If five .1..in. round bars are
]
used, set the mark of 47 $ on the C scale (at the point of 0.601) opposite the
WL 1 ' '

former, read.- X ——= 45,2 on the D scale opposite the left end of the C

56d
scale; and move the cursor line to P=8>«; 3-=7T on the scale the total bond
stress =316 1bs. on the D scale. If allows 80 1b./in.? for 2000-15. concrete, 4
bars should be provided at the end of the beam and (5-4=1)1 bar may be
bent up as web reinforcement if needed, If allow u=120 Ib./inZ,, for cases
with special anchorage, 3 bars are required, and 2 bors may be bant up, If

all of the bars go straight to the end of the beam, the unit bond stress is

about 63 lb /in,2 which is on the safe side.
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Simirarly, if twelve-in. square bars are used, total bond stress for
this size of bars would be 431 1bs. and m’ would be 6 (allowing u=30
1b,/in.2). Then 6 bars may be bent up. If all bars extend to .the end, the
unit bond stress is around 36 Ib./in.? which is under ifs allowable value.

WL for V in eq.

In checking a design with V kaown only, replace

(10), then.
WL 1 P 1 Vv p 1 (11)

2 X7Rd FTa “Tm 28 T3 m

This equation applies to beams carrying uniform, or concentrated loads, or

the combination of the m For in, these cases,

vV 1 _V 1 v P 1
YESd XS0 T od “5%ma - 28d . a  m
| o

which is identical with eq. (11).

The forlﬁu}a for unit shear is

v
V=B 5)
PP, WL . -

Substituting V= 5 (for uniform load) and j=-4
y=WL 1 _ 4WL 8 _ WL _ 32 (12)

g7 TApd T 86d 8 TBed | b

Having placed the cursor line at the value of —ggﬁ‘— on the D scale

during the computation of u, now, only set the value of b on the C scale
opposite to it, v is found on the D scale opposite 32 on the C scale. Marking the
32 point on the C scale by any sign, v can be found very conveniently.

Numerical example. Adopt the design of 14" x 23 {7 ({or f,=800
WL
o6d
=27.1 on the D scale; move the cursor to 32 on the C scale v=62 lb./in.?

1b./in.2) in the above problem. Set b=14 in. on the C scale opposite

on the D scale
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For beams with concentrated loads, eq. (56) may be used in the form

of
vo V 8V 82 _V _ 82
- jbd  76d 32 T 23d b
Note that bd? iz a constant and the values of b and d are cor-relative to each

(13)

other. With a different value of d we have different values of —c and
b, and also u, m’ and v.

If stirrups are necessary, the following method suggested by Chesley
gives results that are always on the safe side and a great amount of time
can be saved in computation He suggested that if we have a beam of 11 in
by 12 in,(net) on a 20-ft, span, carrying a total uniform load of 2,200 Ib./{t.
(the end shear=2,2000 lbs.), one-fourth of 22,000 lbs. must ke faken for
design at the center of the span. With a decrease of 1,650 1b./ft. the spacing

of stirrups will be determined as:

jd x (total allowable stress on one stirrup) (14)
(shear to be carried by stirrups)

The product of jd and the total allowable stress on one stirrup are con-

Stirrups spacing =

stant as long as the depth is constant. 1f-3--in, round bar U-stirrups are
used in the above example this quantity of (jd xtotal allowable stress on
one stirrup) is-L x 220. x 0,22 x 16,000 = 67,800,

1f set the end of the C scale to opposite the above value, the stirrup
spacing required will be found on the D scale opposite the shear to be
carried by stirrups on the C scale, The computation takes the following
form which is self-explanatory:
Total shear at end=22,000 lbs,
Tota! shear carried by the comcrete, 2t 50 lbs. in?=V=vxjbd=50x 3. »11

x 22=10,600 Ibs.
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That to be carried by stirrups==22,000—10,600=:11,400 Ibs.; hence, it requires

87800 _ 5 06 i, spacing, use 1 at 3 'in.

11,400 .
At the section of 3 in. from the end of the beam the decrease of shear
=3 x 1—%9:410 lbs., hence total shear to be carried by stirrups=11,400-410=

10,990 1bs.; requires 6.18 in, spacing; use 8 at 6 in,

At a section 21”7 (3+3x6=21 in.) from the end, the decrease of shear
=18 x—=- = 2,475 lbs., and total shear fo be ecarried by stirrups=10,990-
2,475 =8,515 1bs.; the Leam requires 8 in. spacing, use 2 at 8 in. |

Similarly at a section 37" (214+2x8=37 in.) from the end, we have

1650
12
hence the beam requires 10.75 in spacing.

another decrease of shear=16 x = 2,200 and V=8,515-2200=6,315 lbs,,
Since 11 in. is the maximum spacing allowable in this case, use 11 in,
spaces for the remainder of the distance over which stirrups are required.

The number required will be

total shear to be carried by stirrups _ 8,315
C - —— - - 3 = =4.2,use 4,
shear carried by one stirrup at maximum spacing 11 % 1650
12

Hence the stirrups for the above beam (4-in. round bars U-stirrups)
have the following spacings: 1 at 3 in., 3 at 6 in,, 2 at 8 in, and 4 at 11 in.
The computation takes its convenient form as follows:

Total end shear 22,000 1bs.

Total shear carred by concrete 10.600 requires 5.96 in. spacing

14,400
. 165
use 1 at 3 in, Sx—5-=. 410 o . .
12 “i0.990 requires §.18 in. spacing,
use 3 at 6 in., 18x 2680 9475

requires & in. spacing
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) . 1650 2,200
use 2 at 8 in., 16 x 12 = 6315

requires 11 in. spacing (max.

spacing allowable)
use 4 at 11 in,

To check the actual working stress of steel and concrete of a beam
already designed, it is necessary to locate the position of the neutral axis.
For a rectangular beam without compressive steel, use the relation k=
~v2pn +(pn)“pn, whence

kz
=2nn (15)

1—k
Set the left ent of the B scale opposite Z2pn on the A scale, finding a

reading on the D scale opposite a value on the left half of the B scale
such that the two values add up to be 1.00, The reading on the D scale is
the desired value of k. The reason is that the value of k on the D scale
falls on the value of its square on the A scale; set (1-k) on the B scale

opposite the latter, then 2 pn= appears on the A scale opposite the

kz
1—k
left end of the B seale, and reversely. To find j=1-—g— , set 3 on the C
scale opposite k on the D scale, read j on the D scale backward,
Numerical example. Assuming a beam of 14” x 231’ (net); and Ag=
Ay _ 2.88
bd ~— 12 x22.75
x15=2602 numerically, Following the procedure mentioned above, found

2.89 in.%, using five-1” 4. Now, p= = 0.8-9%, 2 pn=2x 8569

k=0.326 and j=0.868. Then check fg and f. by the following formula:

M _ 90,000x12
Agd ~ 3% 0.368x23.75

i

fq =17,450 1b.[in.?

2fsp _ 2x 17,450 x 0.869
k 0.396 x 10U

For convenience in designing a rectangular beam with methods dis-

and f, = =764 Ih./in.?

cribed in this articale, the reduced formnulas may, be restated as follows
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12

bd%= e *xM (M in ft, lbs)) (1)
Ag=137 x 2L (M in ft, Tbs.) 2)
s =137 x . Tbs, 2)
_ 1 _ \
m = T _ (3.
Ay
_ WL P 1, .
US e X X (for uniform load enly) (4)
Vv P 1
a2 m (5)
- WL 32, iform 1 ;
= » 3 (for uniform load only) (8)
_ vV 32
VE"58d " @

jd x (total allowable stress on one stirrup) (8)

tir spacing = i i
SHITUp spacing (shear to be carried by stirrups)

2
Tog=2pn (9
M
= T L O
fg A5 (10}

f,= E%_Eq (11)
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THE PRINCIPLE AND METHOD FOR
CONSTRUCTING THE NOMOGRAPHIC CHART OF HAZEN
& WILLIAMS FORMULA FOR HEAD LOST IN PIPES

. By Shelden 8, Lee (4= #1 &)

I. INTRODUCTORY REMARKS

The necessity of simplicity, speed, and accuracy in the computation or
design work of different branches of engineering, makes certain charts or
diagrams of utmost importance and value, Such charts or diagrams are
gseen inserted so often in staudard books or current papars. There is no
doubt that most of the upper classes know how to use these for their respe-
tive work. But I do doubt that many of them do not know how some of
the charts or diagrams are counstructed.

The purpose of this article is, therefore, to explain with illustratilons
the principle and method for constructing one of that type of chawt known
as Nomographic or Alignment chart as used in water works. We know, of
course, we can chart equations on Rectangular Co-ordinates as the simplest
form of chart for the computation of a large numtbter of problems. This
simple charting has, however, certain disadvantages;

1. The labor involved in the construction is great, especially when

the representing curves are not straight lines;

2. The interpolation must largely be made bhetween curves rather

than along a scale, and thus accuracy is sacrificed;
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3. The final .charts appear very complex, especially if the methods
extended to equations invelving more than three variables.
The method to be soon given, on the other hand, has certain advantages
over the former:
1. The chart uses very few lines, and is thus easily read;
2. The interpolation is made along a scale rather than between curves,
with a corresponding gain in acecuracy;

The labor of construction is very small, thus saving time and

2

energy;
4. The chart allows us to note instantly the change in one of the
variables due to change in the other variatles,
The above disadvantages and advantages, quoted from late Porf. J.
Lipka of M. I. T. are so simple yet striking that one is instantly induced
to like the Nomographic type, the construction of which is, nevertheless, little

known fo many.

II. FUNDAMENTAL PRINCIPLE

Before I actually take up the method for constructing such a chart
for the given conditions as included in the title of this article, let rae first
make clear, here, the underiying principle together with the construction of
scale and the form of equation.

(a) Principle stated
As stated by late Prof. J. Lipka, the fundainental principle involved
in the construction of Nomographic or Alignment charts consists in the

representation of an equation connecting three variables f (u,v,w)=o, by
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means of three scales along three curves (usually using straight lines)
in such a manner that a straight line (known as index line) cuats the
three scales in values of u, v, and w, satisfying the equation. ¥From this
statement we see, at once that the items primarily involved are (1) the
equation of the variables; nnd (2) the consiruction of the scales, which,
I think, deserve soime explanation here.
(b) Scale Construction

The fundamental equation of scale is expressed as, x = mf(u), where,
x is the distance from origin or end point along the scale, m is the scale
modulus or length unit in linear measure, and f(u)is the function repre-
sented by the scale readings. As the most common and convenient scale
usged is of the logarithmie nature, we have, then, for the logarithmic

scale, f(u)=log u. Iun Fig. 1, x=m log u, where the length m arbitrarily

£ 2 Lj A & - .
{ T 171 FI f!III_TII'HTHII[lIIIIIIIlIImef-I_l_Y—F'—fVH

Fg. ! (ol Sie)

chosen to represent the unit segment used in laying off the values of
f(u) equals to 4 inches. It is interesting to note that in the case of
logarithmic scales the segment representing the interval from u=1 to
u=10 is of the same length as the segment reprcsenting the interval
from u=10 to u=103, which fact makes the plotting of such scales very
easy and convenient as we will later realize,

The simplest arrangement of the scales—one scale for one variable,

of course, is usually of three parallel axes laid off at equal or unequal
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(e)

distance apart, and with origin or end point at same or different level
as deemed convenient in regard to pre-supposed or pre-determined con-
ditions. For the construction of say three logarithmic scales in repre-
sention of an equation of three variables, we must, theretore, first decide

(1) the three scales to have same or different range;

(2) the scale modulus of each to be same or otherwise;

{3) the distance between scale axes to be egunal or otherwise.
All these are governed by the size of the chart to be made and by the
ranges of the values of the variables as needed for practical use. They
are therefore all fo be assigned and tested when actusl construction is
made. In most case they are all necessarily different in practice,
Eqguation Form

The following geometric relations illustrate very well the underlying
principle of such construction for on equation of three variables usually
with three parallel logarithmic scales. The equation is in the form

fy(u) +f, (V) =1fg(w) or f{uw).f(v)="1g(w)
The second form can be easily brought into the first form by taking
logarithms of both members; thus,

log fi(u)+log £2(v)=log f5(w)
where u, v, and w, are the variables. And this process, as we will later
see, is usually so done as to facilitate the construction on logarithmic
basis,

In Fig. 2a, let AX, BY, CZ be three parallel axes with ABC as
the base line. Draw any index line cutting the axes in the pointsu, v, w

respectively, so that Au=x, Bv=y, Cw=z We can at once see the
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geometric relation, as AC:CB=my'my; and if through v and w we draw
lines parallel to A B, then in the similar triangles u Ew and wDyv,

uB:wD=wE:vD=AC:CB. Or X—Z:Z—y=Mm4:my,

X y Z Z
o MpXtmyy={myz+my)z or my + Wy = Tmymg m,
mi—+mg
M4 Mg . -
where D= Ty Now if AX, BY, CZ carry the scales x=m;f (u),

y=mgfy(Vv), z=mgf (W), respectively, the last equation becomes fi(u)
+fo(v)=1fg(w), and any index line will cut the axis in three points
whose corresponding values u, v, w satisfy this equation. It is also to
be noted that for the equation fy(u)—1£,(v)=fz(w), the scales x=mf;(u)

and y= —mqfy(v) are constructed in opposite directions, as in Fig 2b.

The relation of the distances between the axes is also clearly shown

- . . ¢ m e m
in Fig. 2a or Fig. 2b. We know, at a glance, that —= = g e
C my
. c m 4 ) , e ¢ m» Iy e+ ¢ _mi-l—m-_»_
Adding ¢ Ty to this, we have ;- +—= g + m, or — = m, -

c my

1= i 8 d=e+te all being horizontal distances in
iy +mz

Therefore

_ m
same units. Conversely, we can also get the same resulf, as umczuﬁiﬁ
c ny .
= - ¥ e, —=-——7—. From this we can ver
or ¢my = dm, — cm4, therefore, I= T fms w y

easily find the proper distance between any two axes with sufficient



- | 81

given or assumed data.

(d) Charting Rules

With all the above principles and relations clear in mind, we can

now start constructing a Nomographic Chart in logarithmic scale in re-

presentation of an equation of three variables, by the following rulesi—

1,

Draw two parallel axes (x--and y—axes) at certain (given) distance
(d) apart, and on these construct the scales x=m4 logu and y=mslogv
where m,; and mqy are arbitrary scale moduli (usually given), The
graduatio.n'of the u—and v-gscales starting ét any point on th axes
between any convenient point can be simply made by setting a slide
rule against the axis in such a manner that the slide rule graduations
then projected by parallel lines on to the axis are correspondingly true;
Draw a third line (z—axis) parallel to x—and y-—axes, such that (dis-
tance from x—axis to z —axis=¢):(distance from z—axis to y-—axis=e)
=1:my, As the distance between x—and y—axes is usually given, it
is, then, only necessary to find the distance from x-—axis to z—axis
by the relation %:: ﬁlﬁ

Determine the starting point for the graduation of the w-scale, by
solution of the basis equation fy(u)+f,(v)=f{z(w) after assigning a
pair of values one of which must be on the w—axis. If the range of
scales and the starting points on the three axes are all different, as
it is usually the case, “cut and try” compulations must be made, so as
to get a good value,

From the starting point for graduating the w-—scales between any

convenient point a slide rule may be similarly used such that
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z=myglog w= I’_H?:-mliz log w.

But before actual construction begins bring the given formula into the
standard form, making the constant term and co-efficient, if any,
standing out. The given or computed m;, mo, and m; with their co-
efficient, if any, in their respective equation combined by multiplication
will give the practical scale moduli M; My and M, actually employed
in the construction in question, All these will now be illustrated by

the example in the following.

1II. ILLUSTRATIVE CONSTRUCTION

The construction of the Nomographic chart for Head Loss as used in
Water Works, with illustrations of detail computations and actual plotting
here, is based on the

) . , . Trd?
(1) Basic Discharge Formula Q=—7

(2) Hazen & Williams Formula V=CR§0540,001799% (C= 100 assumed)

\'2 (d=diameter in ft.)

GMgd Depes Vel K
r._ 50 . ' a0
] : /¢ Y83
X80 . r
375
| | ol
L g

1.

.C :
r i~
4875) ek Srcy)

/?5'7. 30 (Nof o Scak)
s given & /Todlds compurect
0': 11 4 ¢ e comppted. as sr Az tecer
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with the other necessary data as given in Fig. 3a Fig. 3b. For convenience,
these two formulas must be first simpiified aﬁd then.constructed dependently
though separately, such that the combination chart (¥ig. 4 of 5) will show
truly the relation of the variables G, D, V, and hg, and if any two of these
are known, the other two may be. insténtly determined on the index line
cutting through the known poinis, Note that the scale used here is logari-

thmic, and the nomenclature of the terms are the customary ones in practice,

2 hlmd e
=00 I H‘\_.
Y80/
-1——/0 T———/o A
: (L285)
=375
f iy
’ | e 2
070 ’ f(i?zf) T
-Ti25
1 ¥ //2’0/16}(5;?) _
Joh 65:'//‘25::J gwey or Y a8 (m’/ipéo’
(a) Computation & Construction for Equation (1)
 d?
G:Mgd:KQ:KTV (K being a constant in conversion)
_ 743x60xB80x21 3.14D% D2

or G= V= V (D is now diam. in inches)

T1,000,000  “d4x14d’ T 235
The simplified form of equation (1) is therefore, 283.5G=D2V Putting
in logarithmic form, Log 283.5+LogG=2LogD+ LogV

or as K=T.0g283.5, Log G—LogV=2LogP-X

Then, the equations of scale for values of G, V and [, as - from Fig. 3a,
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8,10 , 8.10 8.10

S M = s 102010 - 17— (—<1)= 27 =3 Inches
'Iy:-:.'m.gL'ogV-; | My = mo; | Mg_zﬂyﬁ |
M, = L0g0,58l;TLog2U =0.3:_3:l(}}_1_3)= 81'?61=5 inches
z=mg2LogD; Ms.:. aniy; MS:'Q“}_IZ)gT)_
my My 3x5 15

But m1=3, mg =5; mg= m1+m2: 3+5 =8

M3=2m3=2x—18§-=3.75 inches,
Again, the distances between axes are, as in Fig. 3a or Fig. 4,

_ my . 3 - .
Cc= m1+m2d =5 & x b=1.875 inches

And e=d—c¢=5-1875=3125 inches
Then, the distances along the axes are, as in Fig. 4,
On G-Line, from “50” to “10” Mark,
X=M;LogG=3(Log 50 -Logl0)=3(1.7—-1)=3 x0.7=2.1 inches
| On V-—Line, from “0.50” to “1” Mark,
y=M;LogV=>5(Log0.50—1.0g1)=5(0.3--0)=5x0.3=15 inches.

Finally, the starting point on the third axis as D --1.ine, is by

o 2835x2
- 10x.10

if assuming G=2 Mgd and D=10 inches

=5.67 (mark)

With the above detail computations, the critical points on the axes for
graduation of finer scales between, can be easily done by a slide rule

as explained before, Such should be true as the distance between any
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(b)

two axes has been cvorrectly established in accor#ance with the existing
relations and the givén data.

Computation & Coﬁstr.u_ctio,n for.Equation (2)
‘ h
Since, R= %)-, S= -ill-f‘-— or. S:ﬁ%‘{—) if L=1000 ft; C=100 as asssumed.

DO6E. hp 054

Then, V=100~ g x Toggosr X 0.0017°%

(D=diam. in inches)
Also LogV =Logl00+10. 04)L0g0 001—.0. 63)L0g(‘8—-(0 51)Logl000

+0, 63LogD+0 olLoghL
If k representing the constant, Logk =2+ (0.12)—1.96—-1.62= —0.56 or 1,44

Then, LogV =0,63LogD +0.564Logh;,—0.56

o Logh _LogV—0.63L0gD+0.56_L0gV 0.63LogD  0.56
r ogny.= 0.54 =051 = 054 Tt o54

Loghyp=1,850LogV —1.167LogD 41.037

1 850
The simplified form of equation (Z) is therefore, h,=10.85F1167 Bl 167

Or 1.187LogD—1.850LogV == k— Loghy, (k=1,037)
Then, the equations of scale, for values of D, V, and hi, as from Fig. 3b,
x=m31.167LogD; y=myLogV; z=mgloghy

And as M,=3.750 and My=5 from above,

3750 750

5
My =1.850m, My ="y g5g =2.7(0 inches

. _ mymy _ 3.215x2,7(0 _ 8680 . e ]
Since m, = m, Fm;=— 8216 +1.700 — 5913 =1465 [ Mg=myz=1.465 inches,
Again, the distances between axes, are, as in Fig. 3b or Fig. 4,

mi 3.215 10,50

= Em = 3.215+2.700 % 3126="5 975 =1.700 inches

And e=d—c¢=38.125—-1.700=1.425 inches.

Then, the distances along the V-Line from the “20” mark as in Fig. 4 for

instauce,
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for locating “5.687" mark, y=MzLogV =5{Log20-—-Logh.67)=5{1.301 ~0.754)
C. y=5x0.537=2,735 inches
for location “4,08” mark, ¥y =1\‘12L.0gV=5[L0320~i.og4ﬂ8):5(1..301—-0. 610)
. y=50x0,691=38460 inches,
Finally, the starting point on the third axis as hr—Line is by
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1+41.167-1.037
1.85
Jo V=4,08(mark) if assuming D= (0 inches, and hy,=10ft. perl000it.

1.85LogV = Logl0+1.167Logl0~Logl0.85 or LogV =

-'-'0.610

The detail graduations may be similarly constructed, and combined as in

Fig. 4. or Fig. b,
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{(c) Comparison of Computation & Diagram Resulls
. Fig. 4 shows the skeleton of the Nomographic Chart or Diagram
. . with the relative pogitions and critical points of the axes determined as
above., Fig. 5 i3 the final chart with finer graduations of . the scales
properly interpolated with a slide rule, An examination of the results
scaled off directly. with those computed by formula convinces us of the
reasonable accuracy and extraordinary simplicity thus available for any
two variables known.
For Formula 283.5=D?*V
If G=5; D=16 .V =533 ft fsec, a.k.
If D=10; V=10 S.G=3.63 Mgd. o.k.
If G=20; V=45 S.D =354 inches ok,
’ VI_&")O
For Formula hL:W
If V=35, D=6 hp=1361 f£/1000 ft. o.k.
1f V=5; D=6  h,=25.90 £t /1000 ft, o.k..
If V=8 D=54 hy= 445  £t/1000 ft. ok.

IV. CONCLUDING REMARKS

We know, then, that the principle and method for constructing such a
chart is, in fact, very simplé' indeed. Any other graphical representation
can not be any simpler and better than this chart. The process for sim-
plifying the adopted or given formula or equation is nothing more than
common mathematics, The equation in the illustration is confined to three
variables, thus it is necessary, as in the Hazen & Williams Formula, we have

taken a particular yet common value of C. Any straight edge cerving as
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the index line may be used for determining the required values intersected
on respective axes if laid through any two known ones on the diagram.
For equation of four. or more variableg, the method is naturally more
complex although the principle is mainly the same. The applications to
many other fields of engineering may be extended with ease as above.
Those who have special interest in this subject, may read “Graphical and
Mechanical Computatidn" by Prof J. Lipka, and “The Construction qf Gra-
phical Charts” by Prof. J. B. Peddle, both being available in our library.
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REBMMBERAREZHUERFERT REDOE LR R ZEF K
b & 0 1 s ¥

BE N 4 B R R W SR R AR B KA R KBRS R
B 5 O E, R Sk RLHE M — A 1 R, HOK T BT ELRE R N R
MAH I LEBERBEEREMETLRERE S A0 BHE DR BT
HEHHRARBEEFRRBALRE R 2O RBRRTEAZT,
RBANMFAMNSEDABM LEBBERIEEEIAHETLHERE
oK A R T AT M LT % W b S 1S W R R BB 3R S K B
MBEAARMEEALS VY EEXSHEZ AMERERG MERTE
RN 75 B BT 3% B2 — BE !

B A5 S0 R IR F B % B o MLE F AR 8 B 1 )
W S MR H IR R B T L e 2B LRI
TSR = U LA 2 A R UK BT S — 10,2 9 W i —
WELRFERFE RN RS EE BB =N+ RREEREA P LRKE
U0 8 Bk 2, F K RIS AR K A LR T 5 18 R T A 0L EL R
KPR ERRBEARRMNEZEERHER T LM 52004380
0F A A S ME R AR LB SR L B R OGTE AR AL I B
Z BB B A T LT 0 I8 R WA R R T A0 B gk
2 4 S LAV O K T 00 GV RL U P R SR R R0 B R P IR
AEMEFRAGREAZLETASH ST - FRBAHRMEN O
PP B AR R O B R N R R 2 R R R AL 7 e
R

KAKZREIRESAETESRaNHE 55N S EES,
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BWBBESEZEESTHHENLE G NBER B EEAREES
RBRGESEAETERERUS AR BEE RN TR
WG B R E KIS 2 R T AT B SRR BLRG UEE R
M B Y9 B AN RR K R LR R B P OE BB AT A

W A b E K L AL ED 7 L AL (R G M OKGE E )R T 2
T BEE O 7S BE T AL ED K B 5 K B2, 1R SR W UK 98 DY BBk A A8
MALEEMH BERPRARAKFE RS OHEBKDBEE LMEKRHEER
RERMSKRIBE END TR MY LYK KR REE T
RUBAERBA S AX-BEBEERE N PHENMZAFERZ
AT AR LB EEEEED KRB EETEE B X =400 M
RFERZHIEETZHARLENERNERRDIES M SERMN
o7 1 0 T 4 S 0V B0 R RS UL VT 2 K R 0k TR B R e 5 ) il
RFAREPUHI2ECERRLEBRKRASBAR A 2N+ BRI
kR N A R BT K W KX MR R X BR A E
BBAGSFHETZSRE NN HEEETLEZRAERAHLS T
B9tz HBR OB Y A4S R 6 oM 5E A | '

BEW—-ZEHEE TR, ABEH—-ARBIHEZRETTEHEN
5, T W A A B AR RN 45 R 90k T K E U B 2 W % B RO B
BT (K] 2HEBSEERKE— TK] ZEHBANMEEKRK
ERBBBRE LT B FREZR2EKIER -S4 50t &%
ERBHMAKELREAMA AR RARDEHERE 6B RHR
WEABLEKAMRMOBZESRAB SRR AHR 20— BES
w8 2R .

HEBE 2% M R 8 HRR N R R R Db R AR R R 1R NN BE S OR
3% E AL A T 00 2k Au ol A5 (U RN 2K A B LR S ST IR 1 K RIL
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PHEFEEPHLFTFLELANRBESHGARLS L 2B 8K
Bl IR UG K 25 R 2 BT S G R W B B EOF K B T AE K
B 3% 41 36 6 36 va 8 0T AE A 08 R 2 35 BT B R PR LR B8 30 %Rz T W
OMRE AR R W % A A 0 e 50N X 0 58 LV A B R
HZAEBMARLTOBEARLLEBESEA2 UL ZRA B
BT REZHPE WM ARERS MR AR TS
(112 T 3 Rl R

OB 4 B R MRG0 TD HE 44 B R K S X T 11U A A B HE
BORHE B BR AR OF 2 A & R RN Z R DR M A
ERFEZEPRNABIHRMIBAMOGERITZURFMBERA R
B2 REEBRARAZHRESMAAZLAEVLARKBEHOMNT
AL ERBEARFELEBRE BB LA 2R LR AEZ
— B LREDTI AW ELES EZHB A L8 D
UHBAYRZ-EFRUBSENUEBREEBBREES - HELER
— AR R R DU AL a6 0T R A R R T e

PO
4

WEBRBE (M HFEHUB BB H LA - B2 IR
WE, AN S TR R E N RREESE
EBENERANHARMERAB TR AERE K
Ak S e T AR 20T G SR BRI 6D R TR B 6 1R
CRTEW REE TR LIRS 2R R A gk ok,
o B 1R L 7 B L 7K MR RROK A K BR R R
MEURHTZ2BR. IKESEBN SN AREABES
B AR R R DS A 47 LT R BRI Lk
B R R




108 + A I B WK

IR N

B # Engineering News-Record

1. 58 4% 2 Fory % 7 b A8 58 Jm 36 &% 5l J7 (Tensile stress),

2.45 Bt 1 (noteh) z W) Ik U7 8RO B R,

3. ¥ ik #hE B 2 O BE.

MRS T TR E R LTS R A B A B AE R,
BB BNE R B LM —-ZH LN RG220,
R E A TSR Ay o T (Reinforced Brickwork) I, B a8k
AamMAmRE RZZRELMIRBIARER AR E—-BAHBEZHE
RAWELZE AR AP XERBBRIRREARBEE LAARREA L
% 4 4 ¥4 B A 4 Dr. Shigeyuki Kenamori %% P KA B AR EXBHZA
W2 AW AR Dr. Kanamori I AR B ZHRAEMIRAMGHE
B BB E S w0 RLE R LR R KR A B 5 RLIR R AR LA IR,
B RS 6 5 60,5 — AR ) 0 0 o L0 AR A chL b 3B B — SR O g G
FPFEBERKEA IR R LBEERTEDES MR RERRIE
Ko ST 48 JE T A B RS IR o B8 R BN T B B SN BR O %R [ TLL AL R
B TR L T RRAE B2 08 — B AR o B O B PR R

-]
) /J
! b
£ r £ < /
o E -——«-——v—‘—w-—j'---l-—*z'-ﬂ*

Rk Ranfisosgt 2z L
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o
]

5 0% 1% 2 6 S B Z R ED A8 T R OT %2 R,

B F B 5% 2 7 1,50 3% S0 7 R 1AL English sk Flemish fy 3% IF # 68 16
R R RS BV AR Py N Xy R
oz 15 B ST & ok B 6 BT A 28 BLUE B AT B DR bR RS o 6
W B B R 7S ¥ (spacing) A 25,58 1 SUAN 4 2 BEL0 ST D Ok A LB
s 7% U, FL b BT G 8% 2 0 2R B0 TR 2 SRR 756 4 R G A% T B R AL A
R BE L% A N TE 20 BE NS G0 W OO BN AL g R — Rz R kB,
B 0 0 T W 0 e R B 06 LD B IR R SR SROK O 2 BN .

R ZRRE2RBR TR GRELZARH UG H LR
K LR A b Wt 5 ok 3R 6 88 R 7R S 7 (compression), 8 it 7K OF 1 8
7. Dr. Konamori # 5 % 30 % JA 7Y 2 8t b 0 A% M0 ) 58 9 86 7 4%

M =16000 8% [ 2z h o,

Bo=T008% / 22 M,

Bz W Jy = 60K [ 7 M,

54 S K T8 K 5 BE WE 7 = 8065 [ A2 M,
Dk SRR n” 2 B RLAT L B2 TR W R IR ko B158k12—
FET UL BBE BE 60 BE “n” T DB SRS 20 2 M B AR R B kY iRk
s RN O b B IR b oz BB R JLE AT RO — AR Z R R b R AT
WSRO £ 2 8L JE N0 i 3 B T 6.8 23 A R BN N LR 19 2 A R
B U6 LK b ME 2 LD BN 705 T DUSR BB B O K T R 2R B Bt S B
% W Bl 2 BB 8 7 86 F 68 W) @ B s Dr. Kanamori 47 {88 — A Bk B
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e K b B 0 K D Z AR O S 27 x 20 R ok 2 RR
B — B~ HL B R 6 O 8 TR A 5T b R R A 0L LR A
NZETFHWRPEEBEEERAERLBE N REE

Winmi A MmKiE LIEBREBABERNAT:

VRAET N P R M b2 AR R R R 5 o
— AAR 2 M HLER B 08 IR b ) A 3 T OB O T ok 2 R I R 2 T
DO E TR RE S S S TR H AR R
HETHUZF LB MR EATMmE : LEHTRIRGEHE,

CHENMZARE MHREITRENREISESRZRILIAF N
Ll A N T Y O e L X D

S BEES WHIEGE T TR SRR R R T Y UL I e
HOA SN T TR 0 AT OE TR M T T DR B TR S O R,

AEWY N Z WY R Rk I T AL AT K TR NS b s
2B A S P WO TR AR 8 30 0 RLECEE T R R

BR BB WA R A R AL S
B K B R T KR SE BT A M B ARG 1 0 B R & R B R T
RS CER Rl X

BB MG AN EMEMLZEESHEELETRE

50 7 T b K 0 1 8 & & BOR 3% B T

LI AS 2 RS MR &N R RN LR
BT WP,

CHEE Az AR ERSAGEE MRESEIESGE -
TR Al 5 5 Gk B LT0 4 IR R R B 5 kb, SBLIR n R B R
BT LL 4R RE RS B R OEE R RRE

3RCON AR Z N M 9B AR Z K PR O B O 6 4 A0 B T W
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O A RN OBE i BRE ol b " B

R B TN Rk R BN R R T 0 R MK B bR
5 485 TR0, 9F R IR 26,58 6 73 8 % B R MR T A BB W I 9 B R K B
A L S0 kA 0 TL A I A0 WK b T 2 60 R 0,

Bond stress H 4 I J7

mortar Jx + 3

joint #: HE

ratio of moduli of elasticity g {4 Z& I
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MG I Ml 6 2 #

1. $ % i B 1 2 A H BB E W

| EQ N

¥ 5% (street-crown) [ ME,B 5F i Bt T #2 i (Municipal engineer) Z
T L€ A0 4% 3R — B 6 B BE BT A s R - BURR AR B AR
&) Wy o B A,

305G G P o £ S LD LT AT DB P K s HLEE K R B B e
B0 T W SH I B BT, 08 IS e B WP U0 ok ¥ (Slope) 2z M5 BE M K
i 5.

98 WF 7% 9 49106 Tl B0 T WA AR s M DUIL R AR AT K 2 ok 0 3G
MBARKEEZZENDENEERBSEOEE MBS P W Z 8 F B KK
BB L H 0 A8 2 B E LR MRS WLBE @ curb R gutter g%, UR M 3t 1N B,
FhBBEDGZ2aFMERETERSE Z

(1) %382 9 (normal street section)

- —W — .
ijgﬁmﬁ+%ghwga.
&

Y :

=S S

: — XN i
PR ¥
A | =

Conic By 2 # A M W8 A D,GKQ #% ADKQZ %1 G
BRGNS c (BE28) BRALK L4 EZ R EREZHNBW. DK
B WIR (H A QM A). % Conic 1T 2 % ¥ I % 2 B 4% B m 1 2.9 o
YEDS 2B - H(R LSS EMHE® Y =5 cMmsB3 y=375c



e— @ W o oB E 113

m=2666 5 ERBmM=2L MY FSBHER _—12 V¥ I~ m=4
R o0h 35 0 8 A A B 2wl K 4 B8 B ] Y £33 Conic 411§ 2 K R RS
OB U AT RS P B B B R R W

e m=3, B Xy Z81kmT:

x=0, y=0 A
xz_%_x%w v =0.095¢
xzﬂ,‘%’_x%, v =0.833c e tverrree e (1)
xz__‘z’_‘f_x%, y =0.648¢
x:%—x 1, y=1.0¢ s
L LA T

y= ab3--VaZp* _ap’x¥

2b2

y I x fidE (H ¢ 5 i§H,

., 381x%
y-_—_-_%_[ — B 4 425_!_“%;;_ ] ........................ (2)

m=8, y £ x ¥ & B S,

) __‘Jééfﬁf396x’ ] ....................... 3
V=161 15 ? w2 (8)
-—,_._,_,W___ lllllllllllllllllllllllllllllllllll »*}

35 B8 Rrof. E. R, Cary Jif % W,
RpZzpBRIRAEERY RZ &
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CRIBHRERLET drop (R Z N iR T 50 5 R 2
YR A A 2 |

£ 1
Coeflicients of Determine the Crown-drop
Crown Coefficients for Pesition From Crown center
Section
index Remarks
’ c t. _—.n—-g-b = __E_ X = __3“ . e j.__
m rown pt.| x = 2 X 1 X 3 W | X 5
2 0 0.2500 0.5000 0.7500 1 Tangents
2.666 0 0.1180 0.3750 0.6783 1 Hyperbola
3 0 0.0946 0.3333 0.6480 1 "
4 0 00625 | 02500 | 0.5625 1 Parabola
8 0 0.0296 0.1250 1 0.3156 1 Ellipse

(2) FHEBZYH

A :‘,:2]2;, e H%;Gj
ﬂuu_gﬁ_r P

R R

HRZERATEARFTHBZUEEAN FRARQR m=3 B
EBAEERAMBEENT OOHURZEIEN G BIPEMBZH
(Gutter) £§ ik, (identical 1§ %% $¢.) fn Jb % % ¥ B % 5§ 25 — %€ 9% (compound
are) BB AN E LSS - LA IRCHZERBEBE BB FFX
HARABRS -2 W2 oy EMEES B (high gutter),

2SS B3 e (%of AG&QG){K F.5. Besson ¢ “City pavement”
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X RBARCENAESQECEZAGEMS Y (h W IEMEZ
K1) AEGZAREMS QE G Z KA M0 i
W = .}_0:_}_1 FGQ4FAGHGQ weevrerrerireieninireririnreeneees (5)
S,W, %% A B4, G Q2 K2 I 8T ST h R D38 2R
SHED BH GQ K PRI, GQAUS — B 25X ¢ T 1%

§ =10 (25 D) teeserenr irrrerssirinnianisiiane e e (6)

E=PG= ‘Z"’ —GQ wreverenerinreraerraeant e terber e eraaeeaesree (7)
2Es

h TG e s e (8)

£ 5% BR 8 W b h Z B K fi 75 20,40 fn W=280" P=0% th (6) 1% s=25, H
EGQ=1"H B) R (7), #h=1.2"  E=24" LL(8) B Bk 2 h=1.2,

. gy _ 80x25 ,
Co[wi= 821§ ] = ---'33%{)35---- =0.4
128 x 25
}[W1=128’H§=] -’-“W—:l 6’

K h=20=2x1=20=04+1.6=2.0, $KFF KEZBKE ( gan
Ai i 8' M 1B 02/3*'.—- A3, 15 G /238 8 2 PR AE % 45 .04,
Bo ik R % R KB B R, B3 22 B, 77 Bk & index 31fi 5 A&,
RERzUEMES - BAAGZHYENI=1S, GCQZ|/E
EHERL-I=T RHZERAEZ/LHEZE RN =116 QZ
WEEEHS 1.6-1.45=15, MWW RGCQ 2 T RMEss 1.6-1.2=4
KEREBMAERTE 2, '
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AR B 2B
The Principle of Reinforced Concrete

i¥ H Surveyor Dec,, 12, 1930
T i (Tee. beams)
{5 A o4 - |
B = 8 (Flange) [ )&
by= B S (Stem) [ JE 4 £ B 3% 15 52 1E
V = {8 ™ J7 (Total shear)
v = B4y 8 Jr (unit shear)
to= ek ERE ,
7 3t T T AR B — 25 % 48 R b Fu gt (neutral axis) {7 18,58 % &% ¥ 0
fE B dk 2 T8 R A7 B % (slab) ZE S R EE 2 Mk 6 FEL i AL 46 AR 3% b ol
(% % Hdh 4% 2 B0 T 3% Z P ORI T N 2 B(rectangular beams)
ZRABRBUTHRZ

ORI 45 T R A B ) J | S
2 I I Y R R P S I N
P R L A D A ; ;i Kf““j
fon I B B0 A 1 SR ! ; } |
— W ER R S D S D
F TR 2 R

¥ -®

b A0 Eh A (0™
%%‘F%ﬁé%ﬁﬁ%szm%ﬁiﬁ.(gﬂ oA B AR B 2 RO BRI
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ERENAERAARAMBERLE T ERAGTIRZE RO R
AP EMAENMBRTZ2RERG NTORREE (HRERMZ R W
UARE )

‘[.‘__,
B M B2 BTGB RS, Rz s s o 2
| kd—t
fetfe(~3g 7  fkd+fkd—ft  2kd—t ] , i
5 = okd =“—2-—léa—= fo b 3 06 W J7 Bt
B Bt (B=yw& i), RN Z i
. 2kd—t
R Ay —mg"lza_—Btfc (1)
— AR B Al &K
_ 2kd—t
| Asfr= 20T B (2)
AR b 2 R REDZ W
1
k:T-T (3)
+ nf .

RERKX Q) 8@, BWEf R IEDPRMMZENS
1= 2ndAs + Bt

21’1;‘&5‘1"28?’ (4)
R REEZERGHBPHDZIRHBEEE RILHZHER
<= 3kd -2t x_t_ (5)

Zkd—1t 3
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Frihojd=d-x, P R IEM I HE (tensional, mom. of resist.) %

M= A jdfy (8)
M i K BT HE A
_2kd—~t .
M= =2 SBtidf (7

R R R B bz WAL Jr (unit stress), R %R R
W 2 ¥ i .

To NS0 1 S A VR E B0 HE O FR R 2 SN M BE R 2 5 #2 XA R 7
TR R RE LA E R T R 2 K

CBRFVERB AR BARE R EE TR

BSOS T B T SR 2 R 2 B RDIN A R DR R 2 B
MEWRZ REMARRB 4 BB ZMHEIE Londen County Council
99 B0, 20 4 0 2 T

(1) A %higs & (effective span) g 4h 2 —

(2) BB B2 MM (spacing between beams)

(3 AR M E (twelve times the flange thickness)

b BT R Fk A R b (dimension) R F 52 B4t 5% (subject) B8 W
e 3 2 415 6 5 175 N

WAt TR Z B 8 T

(13 46 B % B 2% 34 048 W™ 5 2 1 J. 00 T 1k 0 00 2 BB T Bk 2 2

(2) {85 3 2 — A 2 O MO U B O% o ¥ TR 0 iR Cload),
ELHMREARBNAS L2 ERALREZHIEE0E 1D ]
REMEEELAABRBEEBECARAR (D W . FBBRT R
R B 2 IR EE R T 2

BORFEORR R M AL BRI — W 2 M (check), W R 4B
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M v o e s e o
ZHRR 4 =g @ l'lf” 71 A e K 80 R Z ik fo=000 K&
£2 =16,000 #§, d = yooey B d ﬁﬂ%%‘iﬁ%ﬁiﬁ'ﬁ&ﬁﬂ@ﬁz%d‘ﬁ

95 B
B B dm w2 8 sk BR L
v

3 B — B DB Y= R Y R T
B 180V/in.%, V 5 3 648 Y UG v 25 36 RO Y 0 B R 2 AT B 1
AT R RS (1:204) R b, v i R A 1804 /in¥, £ B 3 o
AT HY B 98 39 7 T JA 22 G0 5,78 O ik 5~ A AT G4, 5 B R
S 101 i B 6 B 36 AL

@) R IEH M Z R

B As= i BRRAMBAHEE | WRAAR 6) HELLHRED

ZOE R AL (- PZ M K B PR R Z R R

et

o

m 0.9

@

=]

<

- .

0.8 hefrdi MRS FRE AR et d A0 e )
0.1 0.2 0.3

t
1 f.——
values o d

B = B

() BRAR (4) Kb Mk z i B3 % 6 b4 R P BRRE M
HEAGERATREG AR KRG L ZPERK .

(6) a3t u Jy 5 (shear reinforcement), f& R A (suppord) fE, - #t
BT MBS E M (double reinforcement) 4 T 2K X BB Z %
WEERTHEEREZHEREEREALATHEEBRL.

AWE-PEARNAE AR AL
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pe i e

R~ T 32 Ml HE (Bending Moment) & 4 [ S ik % (dead load)
B 5,832,000 in, lbs,, # 3% B 71 (end shear) 5 70,000%, #% i #% £ ¥ (from
the requirement of the floor load) 18 8 in., 22 £ T I 15 28in, ¥ 8
2 WA 5 £t 6in. BT AN I LG A J 16000%/in.2 R 600%/in.2 4y

D RZMENELTRTH=8hZHAE

‘18 Lrd oy ’
(a) “4 =T, (b)5'6”, (c) 12x8=80",
™ Bk Z R FE S 5T
e e e
L N
I 5
3 1
| o i
T‘ Jodo ez [y
N
o
l LY
d//,g-mm
| pore . R oformert
. =: 2 8 | or nae par ahow?
| S J for she Doke oF
P Checrmme 3.

@) BREMGAOEZEES S B Kb E N LT R MER
B £ R HE B G 7 (over-stressing) %2 R I i 8 MR E 2 Y
05,00 5 R SE 0044 e A R =y DS52000 - T =50.67 it b 1 8L, ik
P A 567 MY R 2 % P AR G B 6 B,

(3) BoER M bi=+d=1Zin M B W H Y = 55aTD
=*%%)*:18Hb. M i A3 i 180 Ybs. ;2 8 & .3k vF #2 B Mm R,

4) R BT Z R

Aa:f—‘]t-\%a,mﬁ%::%:&z%Eﬁ%ii@ﬁj 5509 Bt As= —
= 11.22 sq. in.

814" @ % M &8 6 6 B 7 A 2 @07 f 1L83sq in (i R 6 6

5,832,000
9 x 36 x 16000
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’ﬂﬁ B2 Z 558, (cover at the bottom) % EEH B 45 407, R 2 4534
EHNREEFEATMHNBETRE B8P 8).
(5) HARX ) KMz E N MEN () B L

kd = 2ndA +Bt" _ 2x15x36x1188+466x8" _ 12,830.444,224

2Ang ubt T 2% 15x11.88F2%66x8 3564+ 1.056
17,054.4 i
= ﬂim— 12.1in,

WP AR AL A B Z T,

3kd—2t _t _ 3x121—-2x8 8 363—16 8 203 8
AN r s XK= e — . L — =T —
B ARG, =y T 5818 % 3 P58 8T gz 13

=334 in.
jd=d~x=36—3.834 =32.606 1ns.
FI S 22 4 9E G166 2% 55 3 B 19 04 Z 0 B 324 in. (4 ~2) Wi 4B B2
in, 7 8 A% H R,

BTk fom . Mx2kd 5,832,000 x 24.2 _ 5832000 x 24,2
VN Okd — ) x Btjd T (Zx 12183 %66 x8x 52 66 16.2x 66 x 8 % 32.60
:5051bf1ﬂ‘).

AR W RAEEERZEB S LA 2GR E 2.
W (6) X fe

£ M __ 5832000
YTTALjd  11.88x 32.66

=15,100 lb. in.2,

(6) B Jy 5 5 Z 3% 3 6L 45 Y B g (4) 2

T bR Y A9 55 B MR 5 69 5 (compression reinforcement) .0 8 Af
GHEBE @ GHAZHETEENMRSZOAEEZRME 1R
JE A R4S T JE R AT 2 i il BE Bk R 40 pE B O T ME S 2 4 AR 9 gy
B o BB B B 3 Z &% AL fr (Balance) g ) 2 Al i 9 i B R &d B i,
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MhABETARER THRZES.

b o To o o
5 28 6001b./in.2 R 16,0001b./in.% , B 4 #i ﬁa‘ﬁ‘%\ M wel
2 JL)E (Thickness), B E 2 2 B E. | A s
W E 2 o B R A Wb 2 0 oo |l =R
HEE BE (ordinate)ff LB R MBEHE ol &?/ S B

5,00 1 UG XA Y B AR 6 AR 1R R & i,
Bo 5 1 R 3K b 2 R 0 b
LR 2 T DA 2 N B ——fc I
15 6001b 3, —— %7 W Z b fi K b “// e |
B Lo 2 600D, T2 BIE I Ak
0 5 R TG O T A K, ml/

o MR KR Y=o LT

Bz Adk e EAEERSN LA D Z o #’ F

N\

5 of &

Fx
o

VP U ES
% G
& o
%
i ok
I
9‘ =
£ 3
S et B Of K irfe s e

b
fra
é’

N
i
1N
E [}
pid
el

-

b &, % Fi 38 @ fi {Theoretical value), P e, :j %
Wik JH B0 O 4F 3 1R % RS2 B 2m

B O W = =022, 1 S WO U 0 2 R EAS I LB ROR R
v AR 2 AR R S S35 B v 000375, (E B 2 kBB

J iS00l R= N b= D00 _gain oyt i 5 B0 b i

Hobin fRIE B2 MIE VMM BB Z MK As=rbd (ZEE b fie 28 J8
. S . M 5,832,000 .

54 in,) = 0.0057¢ 35=11.2sq.in. s A.= = At =11.2 sq.

in,)=0.00575 x 51 x sq.in. =l Ag 3t 91 x 35 x 16,000 11.2 sq. in,

FHERZTHRRKETHERME 3 . 2RHEMNS

a- zE;_%_)ﬁtB 5,832,000
at L kr i A = e = in.2
RO & L6 (I3 x022586 X85 480 ib./in,

B R ol B R RE Z 2k B 3505 1b./in 24 BB A R .
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JEEB I WR THWES L @
® T ®

5T § 8T 3k (Riveting)—— K 2 K 45 11 40 & 28 55 4% 38 0 2 T AL it #5775
S BZHGTHRBZHIAEREWE S i (Member) Z & i1k
B BT — 9% Kt TR AT 20 AE W D AL AT % IR MU0 SR 6T R 2 5 4R
2B B BT S5 0 2 DR B 0 O 2 T 3 I A B Rk 6T 9 08 6T i %
T B B 0k o 400 IR B — B e 4F Bk 08 0 SRl 0 B 7580 T 4% 8 UR T 5 Jk 6F
&7 3% g5, (Cool fived rivet furnace) S M4 Il b 74 5% 4§ 35 7 %00 B it 44 2%
B 2 25 SR i BEAY 5 AT AR — 4 2 0 A DGR BT U g 2 B AR &
AR T A G Ak 2 A T RBT2W 3k 4 = (—) NSRS i (Preumatic
hammer methed) S8 46K T G A 0 AN CA) L Bk AE 3 B IE 45 7 5

L |F]
A (Ore Ao
A.
IR 45 8 ok A 12 s
B —
50 47 5 R (B, Tiggerd T A T 81 564K 56 8 0 F BT B¢ b W) R 5% HE 05 &

RO RAMNMEEEEZ ETEDHEWBE R IR 284 B (D, Riveting
too) B AR W AT BN E WA STILT B & ME RN B (bolt) B
e — TAWN Mz E—-ILA—TADRK (de rod ) k
WRMEIETHRKAZME (BB )BHFTZH®XE (REE ) B—
TAMKHEIHEERBRTERURAREZPHENGE R EFRERME
BELABZARNTARTRESE OGN TREEMALEEEBRE
Z kB KT g1 ¢R 6% (hydraulic riveting machine) 4 41 F Bl ik B R L Bl
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b S S N ¢ i

(i

ged

ZEBTZHRBRFTEMANEA TN AR AR S RMW TR

T T2 B 00 KR T SR R

AL E—LTAMARN
MRBHEAERAILRIE B
U X LSRR O ¥ R
i IR — AR R Z 4R (die) i
R e AN U

N e

— B 2 4T IR,

1 5 O 4T 08 2 1% ——
B B 67 OF % M 3K — 1 Bk LA 7 80 6T % i 2 (Soundness) 3% Jil — /b 55 T
BT UG e R B 0 DAYE 9 T 40 00N b 0 S N R T AR 2 F )
BB 2 R BT R ISR R ET B (E T K 2

64 & 6Ttk —— 89 4T 2 Wl 4% (Cutting out) 3 47 (& #F 5% 1 4% 0% 3 46
3% 30 ABJH — A% i (Cett) dn F B 7 A% 40 6 (Sett-head) 28 14 ny [ H A

Sule

l‘_—i‘f’ Seft [_] : - ti \ ‘ ]
| ff'*f‘ww“ 2 5% 1 W 4 2
I:l.?.lj (.-‘_?\_-c'::' C{jl‘b Z/a -

it ﬂ CE Y P

Fem-bMaRE
i = TR A O W

&[‘y‘mﬁ“iatﬁﬁﬁiﬁﬁﬁ tNBEERBI1 ﬂ?ﬁlﬁﬁfﬁ—l—-ﬁﬁ*iﬂﬁiﬁ
2. 3% 92 i& (Machine Shop)

(1)
(2)
(3)
(4
(5)

0 R —— 95" x50 440 F Jf A R

RE— PR =Z=AAMEBEARARABRERREH

TAB~— $160 A
ITHE—REREDFMEH TR SRR O HELFEERTE
1% &% —
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RN & I
£ an % Nut tapping machine 1
% 1] 8% % Bench drilling 1
2% #% Drilling machine 2
£ ¢ Lathe 19
Y8 %% i Screwing machine 1
BA 5% S ¥ 1] 4% Horizontal milling machine 1
ui bk o #% Pillar drilling machine 2
B ¢ B Vertieal slotting machine 1
% AL $% Grinder 3

i 5 3% Shaper 2
WHA-NEARRe B AMEY IR —@ENTESHMAE
ZW A EE AR EEINNEARBM KB ERB X XNTWH LD HA
W R B ep B B £ (lathe bed) B — ¥4 0 B (head stock) §fi
JE AR R I LT K B Bk B A 0L N B L Sl B A2 i A — B R X
FoA&k LSRR 2P L RBITREEE XA E LB 5 W (elt)
BH2ZRHIXA— RARBEWRD AWM BB XEHE L ER R mE
MEmaMm IR e a2z R TErF2EMbSaBmanYg
MM (ENRERNEZARAEZ I CERBERINE T OMAE
£ OH R L) Ak o [0S B R A U)ok R b P AR IR R U B
FMGwt s HMERRP (T HEAMEY ) BAR A —PRUMA
R E P BE RN T G P B IK R A J0L L oK B R 2 o BT Bl B e R
3.fc # BB (Machine Fitting shop)
(1) iR —— 120’ x 50" 4 B6O 2R HF A R
2) BE— FE=AXERARAGERET
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(3) TAE—— & 123 A
(4) LA —— WA R &R IKEK (water pump) ¥ B K &R

7 B bR 25,

(5) &%

- ¢ B Lathe - . 8
o2 WE t4 (Screwing Machine) 3
e il 7% #% (Wall radial drilling Machine, 1
Pl U 4 £E IR JE 4% (Combined Milling, cutting

and Twisting machine) 1

4, 5% ¥& K& (Boiler Room)

(1) W— EZBMEHB x50 {00 HFAREHMEE W
2004 ARERBEEENBRBEERHS ORF AR

2 BRE——FITEREALEREAREZAXERAROEEH
BRHEMBAEREEEHBGENE

(8) TAE— B20A

4 ITHh—BHOGHEBLEALHRMEEBREZENBEAE
T J1 2 % kI |

(5 BE-—— V. EEMER

BA 48 % (Lancashire horizontal boiier) -

3 7K #8 (Feed water pump) — J
LW R

Bk 45 p§ (Horizontal tubular boiler) .y

3T &) 4% (Vertical cross-tube boiler) — %

#r 7K t8 (Feed water pump) 119 BE
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B, & (blower) =R
S 3 R (Vertical cross-tube boiler) rair

A0 A7 L B PR =M e T O A ) R BB
(6) 3 fl & At
KP—— BEA KRB HEREITAENEHBREBITAS

R & #
MERE— MM A LTHMESFIOAW TR ZEHARAEG
ZEBRMEHZE R

UE & R A —— WM A% A E AT (Manhole ) & 3% G 18 A
ARBERBEAKRBEAEREFBEIESTLSE
MRS EEMANNBRAEZRBENEEE R R Z
b. #{ t% b7 Engine room
(1) T Kf—— 65"x50" fy 300 £ AR
Q) BE— B =ARANWHEARBRERRE K
3 TAB— ¥4 A
4 Tfi— BRzHEETA#E 2R BETREMH AR
EAFBEBUAMB2ZRBSRESGHREZEEASIER
K 4% Py S ME ek R ).
3) HE—

B & | R K
‘g‘-?,‘é ¥ Steam engine 3
3 R i 2 588 Single air compressar 1
£E 5% Hj oK B§ Duplex water pump 2

7& ¥{ 1% 8t 400-H.p. Compound steam engine, 75-H.p. Single steam
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& O S S R

engine % 60-1i.p. double cylinder steam engine It = 7 K 8
PR 10 B 8 MK B —
(6) Hih—— M B REME ZHBMEBT D TERER B S 20
BERXBRBCQOBEXNMWH ARG S 8 di KWL BT
WEOKE SR GBI B KRG B XM O B RN K

T _ ‘..___'___ 4

*

REPHRAERFEATERR TR SRR Z MG HEE /B
HEAEFMEREARBEH2ME Mz MR RHR
WM R B L00h/ IR R E RN Z AR
IR K D Ty 5 LBO0RE/ 4 0 4t 1 2 K 5P % 2 8

6.1 7 | Pointing and crossing shop

(1) 5% — 180" x 60" & 1,000 7 K A R

() RE— FREZARNMEAROKLHEH

(3) T Af—— H36A

4) THE—RNEREBFHAERRIALER - 0 23 1H
(5) e

I | I
B % B Shaper 4
oF i % Screwing machine 1

$6l 8§ Planer 5
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ERMUN P XN SRARRE R ERER
HzBsBA-BREZEAAARFPHBARNBTEARS GF UG
BAREMBEOMBAEZIABANMELENARZIBHEBRERT
IR R S K @) & — T B 58 70 1 R BT SR MW 0 e R — MR AR B AT K
MBBEBUEZUHNTH LA EH R ESEBRZ BT NG 2Ra
BE FRGZHTROREN

(6) H f—

AABRAHEHMVARKAZLEZRAZHETNRARENTRE

ROV WE—-R IERETFRERAWWIE I B L6 1T 1HS

| T e
W IR e T -
| o e 1 I 1—‘_‘:{‘}:%
i N
2] H

U108 A L 31248 KRR 8 R V S 4 I R U6 5060 A 38 72 38 % B 65
B R BORS AT AL S 2 BRSNS N+ AR TR ZHHTE V
X 5 7 20 .
7%@&}% Foundry shop
(1) T B —— 200 x 507 9920 2 7 23 B B 16 05 7 o 4 20 % 65, R
60" x 50° J& 49 390 75 % 2 R.
@) BE— SEHBBHXMEMLARERELR H
(3 TAfk— WETA
() T —— & i K Y B 5 O KR 25 6 K 2 1
(5) HE—— % F KA (cupola) = WA fHMDF TEA
X SN TS B A ST E 7 B XIHE (core oven)

1 %
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(6) Hfb—— BB & B &5 W RIWM D R 8 & &b

WA B —— T M B W 2 b (mold sand) (R BE R & WM X
HEEELIN) RO WASM SR EEEREELIAN>REHH
VR LT A% B0 EE Sk i B 5 58 18 R BE 28 4 6 5 T s 18 28 kB B0
BET_WHEAZE—20 0 M I 0 Bk LT ax (pattem) F— 8
JIE § 414 (molding box) — WA — R HXMBEMTFAEAMSEBRE AR I
WHEHEREDR RN L THABDIOIRERDSHIIELT
MU BHAGSEX RN T ERACBER BT ERRRLDMEHHES
BUEZE

G —— BB R BH ZE M (steel cylinder) = JE fp 85 &% 1)
BERBYAIREXTHEESAESH PR LA P2 040 E
ZAMMAKE (fire brick) WMEBERBR T PE2HSBEELBEL
BERBEAZEMERENZESRBABREEBAERR  (steam
wineh) — i} LA 4 3E B¢ 590 8k 0 o A BB A A9 = QB o BE — L Bk 2% vl o
TAWMRMEE —/@EH — B EREX BB E2Z 0 2 Em ARk
D BT ok BB b R B IR B R HE A % 0B LK ET U 5T 08 B
BB R ARBR BB HZY AR EEZ R B RSE A ER
MAZZRLRKGFEAEEEEAM T AR EESRBEMUBE TS
BEBALBGEZHERAMERRAAZHEBORATRZIZEH
K J 68 AN O #4503 JBK ¢ O K TR R OK MR R K O 2 R R 4k AT ME R R RR W
BAZAEHFOSEMARBEAERACHRZL A AREEA DA
FELEZR S 1 8% = 06 &H M T .

8.8 1LE (Smith~§h0p)

(1) 1 i§—— 485'x25" 3 970 28 K A R

@) B 4 = B AR B B R
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(Y A/ ¥ 2 A
(49) ITHh——BuRER 1% A (screw ) $H 4T (dog-spikes ) 4 &7
(rivets) 4% 42 (bolts) 87 48 (nut) ¥ K 4% ¥§ 8% 6% & {4

(5) H% %
"o | SO
32 £ 4 57 1% Bolts and rivets forging machine 2
%05 Steam hammer (10 cut and 700 lbs.) - 2
AAFIHELMURATHBAHAE=MIA -—HFHMHEE—R
DA K8 K 4 5 o '

AW ARG WA ZHRT WL XN
9. K f& B (Carpenter shop) —— RAEMBEHRE= BT — &R RIF
B2 “
(1) T —— 1200504 560 F F R R
Q) BAE—— PR =AM ABMERETE
() ITA——EHW3BA
C)) Iﬁf—-—ﬁn-&fgiﬂ’rwﬁéﬁwxﬂ&ﬁﬂgﬁl@%%ﬁﬂﬁ
FHH
8) BB ——BRIXNBH —REF20GKBADHBF THRE
10. 3 ¥ B (Painting shop) '
(1) W A{—— 60°x 50" £ 280 F H AR
2 BE— TEZAXHNBELANERER
(3 T AN~ 185 A
(4 Iff— HmBETHHSE
1148 % B (Pattern and mold shop)
Q) R~ 60x50" #) 280 P HARMB ZHBEHBER X
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@) BAFE——URPE=HANEENMREABEEENE

3 TA——#2A

() THE—RNERER-YRRBEMI M AZRAhE
Bl 28 60 B AR KRR S AR B B S MR AR B AR gk 0 ML
BAEFAL

(5) Bl —— HFF T a0 W T

(6) K ih——

AR — ABERPECBBR 2SN BEET B LB L
EREE RO NARPAENEBUANZNAENRATIHER
F 4 b Z RS AR & T B AR DR B A M D B OK R B B W E R 3Gk 0E AR R
KM swAR RN LE LK PHAN

ACBL IR o 4 B B i e 0 ok RE B R W Rk B
i mBHEMAKBREIBERFMSBMREBET L

& B 8 ) 6% @e]%ﬁ | @a} o T%w] gt
i 1 1 »” 1 » 5 1 i » . 3 " 5 * 3 1] . 1 34
RRWRE |55 -5 |5 782 | % hﬁ”ﬁ 6 . 4

S5 W A7 ARG B 0 KBS K B4 0 A OE T DA R A & RS ) iR W
B R YA

Wk R &
i ! WO & & W
1” 1 1

12, % % B (Lame-fitting shop)
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(1) B = HEFHFAR

(2) BB —— 2 B = 10 AR A B SO R T

8 TA— #25N

(4) A —— BN BERE IR fﬂii{iiif&iﬁﬁ'iﬂlﬁ}&%ﬂ ) ok 18
HH

B) PMRHBEWNKENFIINAAZMEENGE ZABEN
B T AR R G B0 B 4G R A R MR
132, §E kB2 (Signal-{itting shop)

(1) T A —— 100" x 50" %y 470 28 K 2 R

(2) BE— BE=ZAXNHWEAROBELREH

(8) TA— 44

(4) T4 —— 3305 00 9% 55 3 By B (home-signal ) & 5 B ( distant-
signal) % Mt 3% 35 it ( advanced-signal ) 3B 6 30 — ¥ 9% ik
4. BIiEH (Blecter) — BRI LFEIBIENT

O HEREDERZRERERREN R

(2)  GORh ¥ I BU A RO IR

(3) JEHHBRW Y R EE TAE %

D F s 5% i

) HERE—— BRENBTFAES LA KARRTRATE TR
R E

(D IAREBE— TABRTESUBRAENNANERTALTER
BEBRBERARRER Y- AT

::‘&ﬁ%‘*ﬁ—-—&ﬁﬂﬁ%ﬁﬁ%ﬂ.&Eﬁ%ﬁt?%%% » ff AR
9k W% % Bk 8%

(M) TAMBEE~— TABREFHB-_auBRBIAZTH
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BHEFREFHBRIMNANIABEELERERABRAES S
—RKERRTHECETREAINERERLEE S BB TEML— W
NMARBAEFRRRECEBRRIBF AL EABRBNEREBE FTEHE
ENBERBRPREGE TR

() BTHE— SRBAMKEMUEREERAR T A EHE

(-]

() JBh—— B8 % 10 7 2 B R R R
B R B G K

1. 4T 8 (riveting)

@ KI—— AAX—-RBREBHESNTBET— TR —2

(b) MM —— M A—R K% 04 250 24709 &7 06— 5
FN I —H R ET 310 & GV H 6T g — 7
SAI—R KN ET 383 L AN MR~ F

2, L (driling) —— L W&

(a) Ht@& Sk (plates)——
RE 3" G4 ANE 80
R 1”7 K44 A 90
F7 A1 A A §E 100
SR L %M N BN T 130
2 A AR A % 160
kI 37 B R E AR 180
57 XA H 8 A 220
" KA H A 250

&
3% .

$r IR
S JE

K3
i
Y

LEM L —5
L% o =0 0k — 5
L& = A — 2
L% 8 =T R— 2
LEFmoLmE—5
LE T ma-—- 5
%8 L — 5
L2 %=L — 7

(b) % # 8% (angles) K Hf 4% (channels)i——
L 1 XBRABASE 90 LB/ =Lmst— 7
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FEOET B H A B 100 H, 2 8= 30 o —
PEO37 RAER G120 L M= AR -2
J& 7 KA B AN S 150 FL 2 = HL 4R — B
RO AR 160 L =L na - B
P57 B NEARLIO M= n@— 7
e 3" XGPS AIB LsHE=ne—»
3. b ¥ (punching) —— JL{E " W 7 X A B 0 # 600 I, % # -
Lm s — 2
4. BE 4 ¢ 4% (angle-edge cutting)——fif A i B $Z 60 M & 35 — W M4 — 5
5. 1M R 4% % (fish bolts) ¥ ¢y (dog-spikes) 4§ 47 (rivets) g i3 4T (bolts)
&8 (nut)——
(a) BEH—
EA-HMA P E-IbHR-IDbARIEREBAOAFEH—-TIMBEA
EN—HL A §60-1bwk 85-1bB T 400 ML W — MG K A
SEAN—HGHBEZE WWHEEIE—-TNEER
EA—MupHRFET 00 BEHE-TIMBE A
SA—HAER BTG 50 WEH—-TMMRE A
(b) F B H—
SA—MAME R RERHOOM LR - @ e =B
ZA—HMAEBRNB-IDESTSBES G- B M =
i & — B
BREBMBLZERBEEH AR R S KB 2 058K %EH
BTEMHEAEMKEER R RBEAEASBNMERE KM E LXT KR
EREANBTFAHEARNERE (VRAE KK60-1bsk85-1b¥) #i8WiR &
AR E ST & AE R (B0-1b, 85-1b, Jz 90-1b F, %3 X R IR %) B 3+

=]

Jo
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PIE o BRAG £5 M 200k B 5 55 25 0 040 SR 4 070 X 00 056 0k 0.0 A
B 45 BAR S 00K S A 0 R TS RO U O L W R AR R
R B B S5 M R E AT 4 B R 0 0K PR AR B
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RIZ8ARBZNNEEE T

ot w2

BRI EAR S R e KRR MUEEY - RBIED
AR AR NBUE EEMERFEE - M EHZERE
WE LR Al 01 R %5 mE &0 W — 35 8 W 2 BB 4Tk 7L R R BT RO
R AR 3 I/ S U A 10 R e o 4 27 S 7 I o TR I 2
ANEWDHE TGS ARY F0 AR Z TES o 884 0 5355
BaRAELMpE S - HFEEFEABTFEMIEANEYZHEOHE
M R BN PFHATEMNEENE LT EMPCES X bR 8B
BEREABRBBARABEYZ2HEBERLEITEZ 8T 2K 852 X HH
AR N B ) N B S T e W S TR S BB S T L W
BT, R T EATUMRBRBEHR R EE Y 2 E R 0R
MEFREADTXHREEURER S RIS,

ok [al B3R 6 U AR B 3% MR OR R ORG RS R B Ak A R T Al
AN N NG 2 L A T

A S, (RLR)D BBF 2.5 4R 0 Bl M LB L

B E (HED Wl E EE MWL S A

AN R (AR FREERRZRBERE RV E

WP A (AL 5B SRR AR tE IR LR BEELER T M.

SAEA BRM (R B EMESHRENFSEERE

ABMEEYHBERANRARZIENRAOHKEBEZILRAEAT L
ARZHEHEHTNEOHHERSITIRERETHLOE BT HRES
wészmﬂkmmﬁ%M'*kﬁ%ﬁ%ﬂﬁﬁﬁﬁﬁ&%&i
TRBZHRBEREVUZIRFEALUEBERBRREN T
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Impertant Teples on Topographic and Hydrographic
Surveying of camp
1. Test instrnment assigned.
Selecting and marking triangulation stations and B, M, S.
Base line measurement and corrections.
Measurement of angles (Horizontal and Vertical).

Establishing B. M. S.

AU A

Astronomical defermination of Base line between triangular sta-
tions,

7. Connecting traverse with triangulation.

8. Adjustment of triangulation.

9, Plotting triangulations.

10, Filling in topographic details,

11. Hydaographic surveying.

12, Mapping.

13. Testing instrument to be handed in,

EAELABAREYMGZUF R~ BARZI FAL KT REE
MPTRBEEAZBBEZREZITEESH YRR EZ £ HT ML,
2 PR R T &8 B E I R iR Ve B AT I 8 B AR
BY % B W o0 RN | |

AREFRERBTFHRARZEERMHBHEDBVEBKE,
RFH P2 REBRBTEEFITHARHETRBERMELNNEZE
AABMERELUBAE NI BBERE L IREBRXMRNEE AR E =
A 56 17K 1 8RR b,

ANFERSLTHES - AHEAMNERPAS - B H=AKNB 2
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AR EBRAABEHH P B R RERNEERZE N ABABRIE
HEB R ESS AN IR T RBAARE — 855 2 g & (era-
de), A#BZETRBOBREIEREXFAR LB NIBUREASAXERAIE

R ERMZEER=ZAR %:ﬁﬂ_mmmwu% FiRE R TN =
W BE %,

T HE—-MAERNKRES - MW - EXEFLEENZHE
# (Cifference in Elevation) Ji % 5@ oK g JF M: 2K £ Jt QU W 208 4% 4% L8
AMEBV A ZEZRXRBEHRALEBENR AT HRBERZ TR
B OGAE — X DN R W 2R R R M O R U0 s £ ME S AN R T 0 AR O,
BE 3,0% S5 40K B Z T 10 A K OKGRR B R 4 42 1B JRL.EC L) Observation for Me-
ridian by a single Alfitude of tte sun F % FF B Z2 8- K € 17,4 H
AL T P M= A S B K A IR AN A
SR AR AEEEE M- AL ERASKEBRASRIEF KM E
ML2E i A & i A A b+ 2 D R R SE A W OERR D B
SOME IS 7 SUT R or M ORE D R RN B D AT R R FRR DRI B
i g =

- B —H =M A E A R EE AN AN
EFm AW _MEAREEES —HB E A LS A Z 6 TE SN
EFRBHBKFENFDE2HREREHMIAUBHERERMNZ E
BTEFRABERABZEEAYNITRESTHERABRO A - MNARE
BRER To T dinZARSSMRXWBRET, To Mkl ABE
LB oK

+ 2R - L LT DY Sk A S B B T A N O R T R 2 TR %

BT 4% 4% B0 E M B NG BR H B L% — B A WL (Uniform slop), 3
REERXHEMTRHEMEBEREBREKEHIRTARZMO R
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¢ 4 1) 4R 4% 4t (Lead line) {7 38 ¥ JE L4 30 48 88005 407 K 00 AT #% i B0 DL 7 4
RARUAMDR THERCRBMER EZ - RESHE AR TH
W2 Z Mk b B b B B 2 L0 O R B L A
3R Go— AT M T % R 2 R T S R O R AT A I #%
WS SR NSNS AR AREE M.

TERBE-HBENRESEARUE AN N ESR X TS
B985 L0 @ AL K 30N Rl B A AR 0 00 B A LA B R SR BLA O
5 0GR 2 R R B OR £,
| THRBEHESAE B —EBHI M ELAREHKET LS
¥ % SR 4 ALE B % SR T — RLDLTE 6K B |

b OFLS -, T 4L 3 48 (Conneting traverse with triangulation) 4
— BB MR a A T, To AN B YESE 4L B b 28 Ty Ty 0%
HMBWBE TSR ZRERIEDRBEZ R ANTB 2 RLEEZ
i T 0 S R B ST SO % B MR R R R 52 B K 0B AN B 4 1
B 7K A B FLL) B8 BE ¢ (Stadia Method) P4 3 4% 3 8 3 F A (Azimuth)p)
W3R % Z4EBEE (Latitude and Departure), 7874 i) 2 4 {75 &1 5
TG 00 T ok 0B T AR LR O 0 LR 98 A G 6 2, b F G
B Bk 2k B 5308 =00, L ML oK

F A B —, T AL K R LI S ML B R o, d, e, TR BE b, M TS
8 IR D IH BE,

b B RSB E R TS5 S A LY TR BT 50 B 1258 TH HE R B
WA fMIES B E (station adjustment) XK # JB##IiE (Figrue
Adjustment ) HILH KB EEMREF A ZN LT BME 6, RG22 BEY
ARTEAAREFEESABZIHZMNEE SN FIE A 40 RFE
50 W0 ZME S — KOHEIE B 6 R RR  & M o b T O R 4R ST B R
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Wox BFRBBAME DR LR MK ETEERRE 22— 808
MAHB R MR AL R SLEE &R 3Y B 8 JET A0E = M 000 A ik
(Coordinates Method)

A NLE 5wk 8

U R R AR IS R SR L G WL AR R O v R 0N ) 2 I
KGR 2 WE AR FECME R R S 3 8,3 R A (Error of Closure) 2 K 3%
SERT A 2Z b B 55 T 20 2 — 88 2% R Z MR B 8 AL 9 o8 48 5, 47
MW,HERBRZ FERMBHRSEB LB ENZ &

1 B4 L B 8 A, : '

t— L8 =31 ML T I oK RS Y R AR O R O A,

T2 EFRABET GHMRBENXBEEARLTHZ—-UT,
EFREZRWBEBR IMFAGEERTAREEBAE=ZA8T - H&
B i

FZ AR ESFN B8 REAME Y EGEXKLRE
VE O L B B AL B AR 2 0RO BB &, 12 BT AT A8 2 D
JE 1A B AT R B,

5B @ AL 8T R B B E 20 K BN 68 BE T wh, R 4 TAl ue
T REREMERMZATERK B~ ERERZH N, (Range Line)
O ik kS oK B30I & AR LA R PR B & U B4R B price current
Meter, $f — B4 I 3 5E % (single point Method) € fx — E & L 1% I — 85,5R
W Z R Y i (Mean Velocity), B8 3% 36 by T05L100 o 70 (7 2 26 19 S I8, 90 %

FHEBOKE T 202 S0 FE R Z i R N AR K2 b0 8 3%
BZWERZHBETRZNEEBETH T IOHE XS PRS0 EEX
SR W 0 3R AR B R B W 2 A v B K e RV B IR H B K @ Bk 4R,
IR B R EEIE  AY 5 R R RE,
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HABEATESE-HRERSHBEERTHRXZZ A8
REBEBRK LUEWEERSE- T UWAZ- BB EEBSTRERNE b
R—BREBHNTTRWMEREELEE TR LR E S EZ
M R B B EEE R A 2 B F A A H E (Tracing-paper) L (E ¥ EP,
I E S g kiR .

ARBREBEENMHABEXERLBEOEHERE RS ARLHHE
B IR R M E B T RMILEREER R EER b2
ME — 3 B0 U 2 RER B MR KB 5T 8,80 4 BB Eh A B BEOR T BB
FLE B B WA — TS R B S SRR B BRI R A
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