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A SIMPLIFIED METHOD OF
SUSPENSION BRIDGE ANALYSIS

{Continued from Vol. I No’.. 1)
Linc-Ht TSIEN ($24-%)

V  ILLUSTRATION

The Mount Hope suspension bridge will be used to illustrate
the typical design computations. The results almost exactly check
with these obtained by the deflection theory, but a complete analysis
by our method requires only a few hours. All numerical values are
calculated on a 10-inch slide rule. The values in the parenthesis
are the results calculdated from the deflection theory with a 5-place
" table of logarithms.

Mount Hope Bridge: _
1 =1188.33", f =118.795, n =0.100, EI =123,511,000 ft* kips.

l,= 498.3%, f,= 20.891", n,=0.042, EI, = 120,408,000 ft kips.
A =75.92 in%, sece; = 1.043, L, =313, L, = 2996,
w = 2.650 kips/ft., p=0.750 kips/ft., € =65x 10,
At= + 60°C.
(1) Constanis: (See Table 1)
r=-- =042, =042, q=-2=0283

Hy = % = g~ = 3940 kips,
QP = P =45 cEF=--F =81,
 B=l+3f = 1213, B=l+—3j» =2.182,
N,=0.0805 (Eq. 24b), N.=0.1280 (Eq. 29b),
N, =0.0185 (Eq. 34), = S =0.0372 (Eq. 42),
Doy = 14NN AN, = 1.227, D—p =1+ N,4+N.—N, = 1.190,

T=-2N=0079, S =1113, 55— =907 5 =93%.




(11) H Formulas:
Maximum H occurs when all three spans are fully loaded and
at lowest temperature: (Table I, Case V).

max. H=30— (1+2s+T) =1080 kips.
(By Deflectiontheory, 1679.)

From Table [, the H of different loading cases are as follows:
Case 1 :H1=907[ sin® -5~ —0.0795 1 kips.

Case IT : Hu =936] - cof T +0.1539 | kips.

r—

1

CaseIll: Hu=907] cos £ —0.0795 | kips.
- ol

CaseIV: Hu=936[ 1—cos ¥ +0.1539 | kips.

Case V : Hy =907[ 0.0372 kos’ .—"f;-}‘-o.o795] kips.

Case VI : Hy=936 [ 0.0372 sin® 7+ 1.1 167 ] kips.
" Fig. 11 shows the curves of H;, Hy, Hiip and Hiv as functions

of-1;—.

(111) Maximum Deflection

(A) At Center of Main Span:
Case 111,
k=0, H=835, Q=—7;5=0.75,

P =45 (1+-5-) =546,

By Eq. (I1Ib),

o3t 1-Q
=T384 EL [ o =2.98'
97 .

(6.10)

=




(B) At Center of Side Span:
Case V, H=—38, Q= —0.034, cii=8.1 (1+525) =8.1,

By Eq. (Ve): my = 55 B I_’{_‘?_z;z_' =2.84' (2.84)
9.7

(1V) Maximum Increases of Grade.
(A) At End of Main Span:
Case I, k=1, H=144, Q=0.129, czlz =46.7,

By Eq. (Ile): 6 = QC;F =0.0102 (0.0105)
A5 | . -

(B) At Tower End of Side Span:
Case V,H=-—38, Q =—0.034, clI?=8.1

By Eq. (VE): 6 = —52-=00191 (0.0194)
1+7g5

(V) Maximum Positive Moments.
(A) Main Span.
(a) Locqfion and magnitude of aﬁsélute maximum M.
Case I, cfl = */m—f 7.4, D4 =1.227,

‘. ktm=0.3951 (Chart [.)
H =234, Q=0.21, c]=6.90,

Eq. (Ia) : tanh cxyq=tanh - —hel=k)d  _gg|75

eX4m=1.57, x4u=0.2281

'Eg. (Ib): Max +M =-2-(1—Q) tanh cxyn tanh-=i=
= 10,600 ft kips (10,500)

—57 —



(b) At Center.
Case 11, cil=7.4, D4+=1.227, .".k+.=0.331 | (Chart III)
H =380, Q=0.341, cl=7.03,

Eq. (11la):
M. =25 [(I—Q)(l-#—i‘; d )-ﬁ]
=7970 ft—kips | (7960)
(B) Side Span: At Center.
Case V, H=—38, Q, =—0.034. ¢/}, = 2.83,
Eq. (Vb) My =-2L-(1—Q) (1 - ————) = 13,000 fr—kips
cosh 5 (12,970)

(VI) Maximum Negalive Moments.
" (A) Main Span.
(a) Location and magnitude of absolute maximum—M.

Case I1, cl = ~46.7=6.84, D—,=1.19,

*. k—m=0.396 1 (Chart I)
H=760, Q=0.682, cl=7.34.

Eq. (Ila) : tanh cx n=0.9214, cx_n=1.6, x_n=0.218 1.
 Eq. (I1b) :max —M=—8240 ft. kips. (-8180)
(b)) At Center. |

~ Case IV, c,1=6.84, Dy=1.19, . k_ =0.33] 1(Chart III.)
H=610, Q=0.548, cl=7.21.
Eq. (IVa): M,=-5,600 ft. kips. (-5580)
(B) Side Span: At Center.
Case VI, H=1045, Q =0.938, c],=3.2.
Eq. (VIb): M. =—10,450 ft. kips. (-10.190)



(VI1) Maximum Positive Shear.
(A) Main Span.
(a) At end.
Case I, cfl=74, D4, =1.227, .'. k4y=0.275 1 (Chart I1.)
H =86, Q=0.077, ci =6.78. |
Eqg. (Ie):
V=3[ (1—Q) tanh - - =hell=b= | = {01 kips (/0]

el
(b) At center.
Casel, k—0.5 1, H=381, cl = 7.03.

Eq. (Id): V= -2 tanh-% =60 kips (60)
(B) Side Span.
(a) At end.
Case V, k=0, H=—38, Q,=—0.034, ¢, = 2.83,
Eq. (Vc): V=122 kips. (121)

(b) At center.
Case V, k= -1, H=—55, ¢, = 2.83,
Eq. (Vd): V=40 kips. (40)

(VIII) Maximun Negative Shear.
(A) Main Span.
(a) At end.

Case I, ¢, 1=684, D_,=1.19, ... k_,=0.279 | (Chart 11.)
H=912, Q=0.819, cl=7.45.
Eq. (II‘c): V = —83 kips. | (-83)



(b) Al center. |
Case I, k=0.5 1, H=612, dl=7.21
Eq. (I1d): V=—59 kips. - (-59)
' (B) Side Span.

(a) At end. |
Case VI, k=0, H=1045, Q;=0.938, ¢,I, =3.2.
Eq. (VIce): V=—101 kips. (-101)

(b) At center.
Case VI, k=1, H=1065, c],=3.21

- Eq. (Vld): V= —39 kips. (-38)
(IX)  Maximum Moment Curves. |
; .'7_1_[_#5 ?’!‘ ! &
x pef. L N 02281 = joacs ’
AN E !.//‘qs‘\.__
7 Pt
/ 2 are fo} 103
. - y arc toh 68
N\ .72.1
N A ] > ]
{ tioaso ""-‘:;‘_;*-_"Qani {
L 23
side span hoMof main Spon ¥
Fig. 12 -

As explained in Section IV (Fig. 12), the fairly accurate
maximum moment curves of main span can be drawn (Eig. [2),
since five points and five tangents are already obtained by foregoing
éomputations; ? ‘

The maximum moment curves of side span are of hyperbolic
cosine curves which are maximum at center and zero at both ends.

W’m_



APPENDIX I

H In UnstiFreNeD CaBLE()

(a) Live Load Spreading Symmetrically from Center Section (Fig. 2)

The original ordinate of the cable is
(a)

When a partial center live load is applied, the curve of the cable will
consist of three parabolas with common tangents at their junctions,
at the two ends of the live load. The new ordlnates of the cable

can be obtained as follows:

When x <k, considering M = O at section x, we have

(HotH) 3, = =5 (Ix—x7) + 2052«

or | |
= wil—x*)+p(l—2k) x
Vi = T ) : (b)
When I—k > x>k, we have
 (HutH) yo= =5 (x—x) + 20555 — 2050
or - |
© w(lx-—x? x—k2—x2
Y2 = (ix 21“1-}[::—(}-1-]) z ) (c)

. If the cable length does not change, the external work per- -
~ formed in deflecting the cable must be equal to zero, hence:

by

k |
(ot (T s )(yz—y)dx o @

" Making the substitutions of y, y1 and y, in above equation,
performing the integrations, and combining terms, there results:

(7) *Priliminary Design of Suspension Bridges” by S. Hardesty and H. E. Wessman. Trans.
A.S. C. E, 1939,

—G1 —



S VR oy ¢ B S STV N SLY RN
[{= o [ ] 1 1 i ] (1)
o 24q-29 - 3-21-)
(b) Live Lord Advancing from One End of Span (Fig. 4.)
The original ordinate of the cable is
y= —ff-—(lx—-xz)
When x <k, the equation M =0 gives
w(lz—~x?)+p(Zkx—k? - —x?)
v | (e)
2(Hw{H)
When x >k, we have
wllx—x?)+p (k=% ()
e 20 "w-HH)

Substituting these values of y, y, and y; in the work equation

k | el
S (wi—5) (vi—y)dx+ Sk w(y,~y)dx=o0

and performing integrations, we get finally

2k 3y k vk, K
H:_p,2[212(3-l e - U3 )]
8 i? k
Aa - G=7)

(%)

APPENDIX 1 |
" LOADING CASE 1, FOR MAXIMUM-+M AND MAXIMUM-V
IN MAIN SPAN

Loading Case_ I.
¢

|
ABi_CA'I




(a) Meximum+M and Its Location xim

From Table 2, for segment AB:
|

c c =%, .
z,z[(l——Q)(l (T el - Lsinh cx]  (A)

COSh 2

: 8f I k
where: Q H} ol2 = Dre sin® g —-T]

_ The moment varies from section to section and also varies at
any given section as the live load moves along the span. The maxi-
mun value occurs when the conditions “%M_ = O and dM = (Q are
satisfied simultaneously. The first differentiation is easnly performed.
But as ¢ and Q both vary with k, the second differentiation given a-
result to involved for exact solution. _

For a given load (k, ¢, Q all constant), the condition dq’w =0
gives the position of the maximum moment x-n as follows:

tanh cx4.m = tanh czl — c?;‘_fé;;i;:]l (Ia)
and the maximum M becomes
max+M = -2= (1—Q) tanh cx i tanh <™= ib
221 _ + 2

both of which cafl be easily calculated.

But it is still necessary to determine the load length (ki)
which will gives the highest of all possible maxima. The differen-
tiation will be greatly simplified by.the assumption that ¢ is nearly
constant as k vanies. This is almost true when the live load ratio,
- g=-2-, issmall, and affects only slightly for ordmary value of loading.
An numencal investigation of the effect of variation of ¢ shows that
it can be largely compensated for by using a higher value of constant
c, in the equation %-——O, corresponding to the full span loading
irrespective of the actual length of k, that is:

c=cp= \/E%_Hf_ = constant

H; being the H in cable when main span fully loaded and at highest



temperature (i. e. Hy=Hi when k=1)

Therefore, the condition'-%?- = O gives approximatél_y

sinh ¢ (1—kym) e, | ’ cx

T 1 T‘JT = Zci ;rD-i-t sinh Cfl (tanh*fz—*-—tanh ——f.!—) (B)
The simultanous equations to solve x4m and kym are then

equations (Ia) and (B). It can be done by assuming two or three

successive values of k (0.35 ] to O.45 1) simultaneously in (I2) and

(B) and obtaining two curves of x=f (k), whose intersection glves

the final values of kym and xtn (use c=c¢ in both equations)

An investigation of the existing bridges shows that we can also
‘proceed more easily as follows. Assume x=0.22 1 in Eq. (B) and
solve for k which will be very nearly the actual load length k-m.
Compuate then the corresponding values of H, c, and Q and substi-
tuting these into (la) and (Ib), we get finally x{n and maximum-+M
in the truss. If the x{, thus found differs too much from the assumed
value 0.22 ], we may make a second calculation by using the new value
of x in equation (B), and solve again for k-, but the correction would
be small (especially for the magnitude of maximum-+-M) and not worth
the while in usual cases.

To facilitate the solution of equation (B) (in which x=0.22
l is assumed), Chart [ is given to read directly when D, and Cfl are
krown,

(b) Moaximum+V at Left End.

We have the shear equatioﬁ for segment AB as follows:

. sinh e(—5——x). L)} —
Ve B (1-Q) Ly e Lol o, o] (o)
a , cosh d sink cl

. At the end, x=0, the end shear equation is
coshe (1—k) |

- Va={(1—Q) tanh § — =GP (o)

_ | It w:ll be maximum when the load length k satisfies the con-
dition =0. By the same assumption as is used above, the diffe-




rentiation is slmphﬁed by assuming a constant value of ¢ =¢;. There-
fore the condition —f—=0 gives

* sinh < (I=k+vy) 'rr

=X
sin k-hl’ kil c [D+t

. z'_ci_
sinh® —3

and the Chart II is given to read dlrectly kv when both D+t and cql
are known. :

When k4 iound, ¢ and Q can be calculated Substxtutlng these
values in (Ic), the maxxmum+V at left end can be easily deter-
mined.

(¢} Maximum +V af center (with span reversed. i.e. the live load
starting from right end of span). .

To get the maximum center shear, one end of the live load must
be at the center section so that k=0.5 I, substituting the value of k
and x=0.51 in equation (c), we have the maximum positive shear
at center equal to

4 (1d)

: 1
max-+Ve =5

wheré €= o/ Hyw+Hi (at k=05 1)
EIl

APPENDIX 111

- Maxmmum CENTER DEFLECTION OF STIFFENING TRUSS

(a) Center Deflection of Main Span.

The maximum center deflection of main span evidently occurs
when it is symmetrically loaded about its center section, and at highest
temperature. This is the Case III as described in Section III. The
equations of deflection can be obtained by integrating twice the
moment equations and evaluating the integration constants ftom the
boundary conditions of different segments of span. Making x=0.5 ]
in the deflection equation of center (loaded) segment, we have

' - ct k2 e

e ' 2 coahck-{-— 3 cosh 3
Ne="g[ @@ 8 cl) - I —Q |(a)

T b 3L 2 g cosh—3




where

8 1T k-~ o
Q=Hm —pir = Dy cos™1 —T] - (b)
It can be shown empirically that, forcl =0 to 10, and k=0 to 11,
1 oo 1 - 5 .
14 ( i R mshﬁi) T gy cF (c)
| 2 . 9.7
and :
T —cosh ck + <X cosh - o _
— : 7 = COS —j— :
I-eosh -5+ £ cosh - ’ (d)
2 - .
so that
k-
5 gl cos — -=Q ()
Ne= 38 CET || .(:92:;2 | ¢

Substituting the value of Q and cl, equation (e) becomes:

n, = 5 pl* (D+—=1)9.7 ‘“’“'_""IT"—M—
¢~ 384 EI g k;-r n D+t (|+ 97z VT

N 3]

Since D.:—-I < D“ (1+ Czlz) ~T or T<-2t=b q (14 clz )- in practlcal

cases. 1t is obkus then that 7nc will be maximum when cos —ki— is
maximum, 1.e. k=0 and it equals to:

' 5 ot 1=Q__
max Me= 35 "R~ 14 S Gl (Illc)

The above formula is valid in the usual range of stiffened sus-
pension bridges, where the value of cl varies from O to 0. For the
unstiffened bridges, [ =0, and cl goes to ® , so that the relation (¢)
no longer holds.

APPENDIX' IV

MAXIMUM INCREASE OF GRADE-. OF STIFFENE.D TRuss

Many invastigators(®) hava proposed the increase of grade as
as a criterion to define the rigidity of a suspension bridge. The point
at which occurs the maximum grade for a vehicle to climb is near the
towers for a hinged truss. As in most suspension bridges, there is a

-

{8) "A Generalized Deflection Theory for Susnensmn Bridge” by D. B. Steanman, and its  dis-
cussions by W. R. Frederick, J. Jonaes. etc. Trans. A. 8, C. E,, 1935,



camber of several feet in the main span, and the side spans are on a
grade upward to the main span, the resultant grade will be maximum
when the upward slope is maximum at left end of main span, or when
the downward slope is maximum at tower end of left side span.

(A) Maximum Increase of Grade at End of Main Span.

The maximum upward slope at left end evidently occurs at
loading and temperature conditions of Case II as described in Section
III. The equations of slope can be obtained in integrating the
M — equation (Table2.) (¢ = j ¥-dx ). Making x = Oinihe
g —equation of the left (uncloaded) segment, the equation of end
slope will be '

0= o ( ;l tanh*czl"“)[Q“f (k)]

which can be written as follows (for cl=0 to 10) (see equation (61)
section II):

~ PP Q-f(k) : -
105 '

where

2

Q=Hu gﬁa = l;Ht[cos2 l”;' —i—ZS—I-T]

¢2(1~k)? sinh cl—2 o tanh E('_;L'il.sinh ¢ (1=K)

f(k_) B tI* sinh cl—~2 cl tanh ~5— sich cl
When k increase from O to 1, f(k) decreases from 1 to O and

. . 2 k7
follows approximately the function cos®

Q also decreases as
~ cos’ I‘Z—T_ By similar reasoning as for equation (e) fa (egaution(f)
will be maximum, when cos? 5;-=0 i.e. k=I.

Thus the end slope (upward) is maximum when both side spans
are fully loaded, the main span not loaded, and at lowest tempera-
ture. With k=1 in equation (b), we get: '

Q _ _pB® Q
A~ Z4El -2

— G7 —



Where Q and c,l correspond to the loading end temperature condition
cited above.

The formula is valid only for usual stiffened bridges (cl=0O
to 10).

(B) Maximum Increase of Grade at End of Side Span.

The maimum increase of grade at tower end occurs at loading
and temperature condition of Cast V (k=1) of Section III. Itis
equal to

pl} 1-Q

6 = 21
o g

where Q. and ¢l are correSponding to Case V (k=1), i.e. only one
side span fully loaded and at highest temperature.
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[« PR T s, SR S T R, S RCE i, B #E
FERERAS QBB EEAT, BEEATERTA
TS HGRR, HIEERGE, BMEBISEENANE, (Express
Receipt) EFIEEE A4 Rk, Foike R, o, H9

© B, R MR SE AR, FERE H AR, B A28

Eﬂ%lﬁs mﬁﬁi“ﬁl%‘fxﬁff-%. ﬂ—'ﬁ 755%@ :
A s WCRGE bk, REIE-T8L Bl 5C .

BEE R R B RE ) 2 BEE R (Bill of lading) AT
HilE, AT G2 438 (Non-negatioble receipt), FHiF
BEA T8 A 7850 (Terms and Conditions of Express Ser-
vice), B IHE B FE2Z R, AERZEEERA,
B T56E ARSHE AFIZ—H3% (A Contract be-
tween the Shipper and Railway Express Agency)s J357BiR
{EuE 7 — MR AT E PR VAR A B DR R , A —
EZRNTBEN, B, £ HTEE XTHRE R
AMEF.
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MFEEZ RS EY, NEEARIGIEBRER
R B A RS RE R AE (Uniform contract
for ordinary livestack) BEEGHITEHEHERGH) (Uniform

contract for the transportation of animls other than ordinary
livestock) —JBf, BUELZMIMPERESHE, ARHE
i 8

- BEREEBRREE, NEREEEeRERE
AFRERVSHEERDE:, BHITHBHERR
(Express Waybill); f20-HEE B BB, H57A500L
FEEIZEE (Express label) —7E, 4-30E0R" Si4" 5" 2
5" (“Prepaid” or “Collect”), ZEATEFI T EEE BRI
B ZAGEERZ, iEBEA, R A e
88 R b, W ARSI HEE FEER B (Express Way™
bill label), REHZEIMEE AZEEA AR AL T
YR, RUARFRG ZATEER AR "EA", "H
B A e g% iR

ﬁ@ﬁm&ﬁ%iﬁ%*ﬁﬁ- EEATBRI K

AR LB W R A TR I 2 N e
R IRITHGE, P, R OB BORS I B R
HSEEHEER, HEEEER NG, BB
RRBGR R BRI , HEE Wi Z R iR,

- HEER SN, PEEEE B Tk
BAELES SR RBIEE, MR AR REGS
BHBREL (Delivery receipt) L8P SR BEIRHEIER 1Y

' R BHEE PR M R RS IRV e B Y el
BEFKE, BEREEA. SR ER R K
B,

HR, BHERBEARIES, MBS AR—5%
RARBASRERIN - XL ANREIE AR FETERFEENT " 2" (Wil
Call) 3, R FAUER,

Ei!ﬁﬁ:?.ﬁ%ﬁaﬁ-
A HEELEINSE,

ESE SR Tl e S Wt gy

W, B RERERL R SR
RRSEERWSTA =5 A S8 REsTA SR
R, 58—%dh. LcABmEERERRRERY;,
RS e A B AR IE SR R BURBB S 10 7T
wEl MBS SR =S8 R aite S, KL
dies B BH EEEE R ABRS SR BN |
ZRERZILTEREFIER, AiESHR. TEHS
L R LER, B5ERE. $HEREFEhS
RIR% 24, S IMP R 4, I, =13,
DL RGO PER, WA R=%4,
B. ﬁﬁﬁ‘%@ﬁ

SRR —— ESREERSE-ER

FEEMBEEE A — e 2 IRE, HAEES

(Blanket rate) , A , BIMES—-F
(One cent for each two ounces). {HILREREE N
DR, ANAEXEBS,HNTR 25
4> HiEHGE RSB IR ERH
HEB 28, =% B EH 155, ERMEF
C EEZER, EUREB a R .
2, = IZHEBER — - TEREFEBRE
R e ke
a. S —— -, ZENEHZET,
HRSERE HEREREHERMUEE
E LB R, AR —EN 2, 55—
- BRZEY, BERAH YRR
B, HERUBESRSTTZSE
HERBELAEESE 950 HE (Block),
HEESXEMaazdirE—:
BIEE (Main Block), 187 HARIERE, By
Wb BB Z2RAdLAaE.B 1 58
59, B, EahE, il hdbE g
&L 100 &, B 100 F 2400, ¥
ik AZ—EE 101 B, 101 2ZIEW
R 102 &, DU FiE, 101 B2
MRS 201 E, 201 B2HEES 301
B, DU FHE, = 2401 ik, 1R
Botk, B—IMEFATFRTIASE
(Sub-block), H¥RENIRAITR, HAE
Q TaskE: ). TR IR B RERE.
FEREAERZER, JBEEERZ2 T, R
B E 2 e, MUEZEEHE2. BEZE
BE 50 vEIN, ERTEE U TR i, R B
M2 MW, QDA R 2 R AR S,
¥ E4rE 2o, HATEHE (Rate zone) ZE5. 50
AEE, RERASE, SEZEFER A,
~ ISR EHERA S ZHELRR,

EEHE A A |

F—E  EEEDL, RS %

| PR D % 8 Bee M DL S22 itk 2
BZ.

HoE ﬁyﬂﬁuﬁﬁﬁ%EﬂHKZﬂﬁ
2.

BE %“%HﬁﬁuﬁéﬁﬁwMZﬂﬁ

B v s I AN B %Hﬁz.%ﬂiﬁﬂ?
BZ.
B. EEEHEERE—SEZHNEEE, R
— M RAEEEEZER, RNEN
(1) B8 FHEERA (Express terminal allowance
or factor) T2, EPHEEERECERTIEYS

—



Rz MR REAEE R R TR
Fo R SR NB 2 AR, TR .
(2)- BB S F) (Rail terminal allowatice or factor),
557 4 Copie A itk Mﬁ%ﬂi
KA. S
(3) HEEE#FLFD (Express transportation or haulage
factor), DL MpE 8% E 5% VMR B R,

SRR R I, Y 1912 PR, SRITHE
B A8 A R B B A T BRI »

BN 6% 2 & AR B RS
SRS R, PRRSERERZE

B R4S,

BT RS R 2B, S R EURE,

®, EICERRH G B B R BRI
D8, B seE R4, R Sz
EH.

1939 EREHEE—% HioHE BRI

R&ﬁmﬁﬁ LT L MR -
*@. 2. mﬁzaﬁﬂﬁ 2, Boit 3 18 ats.
ML 250 RDLEE 5,005 | B 20cts.
& 5.00 BLLEE 10.005% | %4 2Bots,
24 10,0 U EE 2,005 | %8 30,
2L 20.00 TLLEE 25.005% | %4 2o,
%4 25.00 JELL LE 30.00 5t S 37 cts,
%4 000K ER 40,0057 | & 37t
K 40.00 TLLEZE 50.0057¢ | X 40

- R4 80.00 RLLEZE 100.00 5 | ES 54 cts,
R4 180,00 TP EE 200.00 5T | 3R4: 89cts.
324 250,00 L LZ 300,00 57 | =4 1.15 7
R4 450,00 LA L 500.00 70 | R 175 T
94 700,00 L EE 750,00 5 | & 2.50 i
4 950,00 L E 1,0005% | %¥&: 3.25 it
% 1,000 TLLE 10000 | %4 3.25 7

. & i1 [
HEEREE Y 3
B o 35-cts. 35 cts. 35 cts.
Pk 80 30 30
EmE 26 28% 31

LIRS LA R 1925 BT, BMEAR—E
BRUE N, et EF AL MR AR T
FRIEER A2 2. RENSARRERZ/RE
o, DUgH i E R gert.

~ & ESF (R L T B2, T8 nEH
EMELGETH, B8 REES % MEH 75 % .

STEES LB, BITHRSE A AR,

3. EHE (Commodity rate) _

KRZ&EDT, BERRNEEEhZRREIEK
AT B SR RS L. R BRI ARS
LKL YRR, K, K, TR A,

E SRR (C.O.D. Service)

| RERRE, EATME U . LHH
REtERRIAELABERY, HELATOTRER

RIEEARRESERTRA AERAZLSH

R B BUFEEE (COD. Gharge) RAFEIMARPIF:

7 HERBZER
(lnsurance beyond limited liability)

HEER R EZRE, BRfAERAER100
B 50 Ji, NI FrE RS 100 B, MURHRAR

BAGE 5 A, MR R R E A SR ey, B
BN RDBHR R, BB SR R . AL

HERTERRPA RIS 50 s edsms

MG LK AR, SRR, kB
100 FEBAH 100 A 1 44,

£ RENWZEDR (Demurrage Charge)
B{REM (Storage Charge)

A IERNE —— HEE MY RRLAES, B
ﬁﬁéi&.ﬁﬁﬂﬁﬁﬁﬁh%ﬁ%ﬁﬂ%ﬂ“ﬁz&h
B2 W Hk (Averge demurrage plan), B famnig =
BB B ERN RS, RS
48 LAk R, SR RREE, BRUCRAERI . i = B it
HSCRIT IR 10 576,855 B DU s B MoK 15 3¢,
BREEROBRFHERTRARER 2 5, T
RS0 25l ik

I RERERER RS R e ——

TS 8, A TSRS
EREEEMSEATIKEA, EEEa
FHLE, BREZ LrLiEy, &8m
H, P54 ASORECRED S RASKEAZ
BEE, BBE B, DEEERRER. &
HRBRREREIR, R OB R RN,
B PSR E , 3K H g —
B AR R T :

n BRENERS-HERRR R
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A BRRE ALK, B

B 1A RN BERES LS

CRGRBNES A, BRERKRE 5 &

" B AHIAE BRI G
—FARBL. Ao AR, RERES

A58, Rk B ARE— BT,

b G SN E AT B K —— TR
K ERGE—E S, HREREHR
HIBERTSE LR B TR~ E Bt —
TR,

e WITHRBRE, R RTEEA

TR Z IR BENE, MRS

WHEE A TP, TIRFAKE
S, RSB AT e 5, M e B A
S, _
d. RFRFEIVEREMET KB 2 %
B, AR RREDAE, SRS E
W, KR EEE, TiE &
BB N, SRR, KRS
TSRS, ISR, B RUE A
TR B SIS, RPN
. RS RN,
BN EHRARRIEES SR LM
R AT, |
2, ﬁﬁ@“?Tﬁ&%ﬁ%Zﬁﬁ.%ﬂ&ﬁ
>, ST BT AN A BIA THEN, 3R
HmE A, BT E ik, W ECETE R
FEATFZ SR ERE, PR ER. B
HeA PR A BT , ALRIIR .

A - EER R RGN

S I TR, BREEAFZEUE, RS
%, 1B 1 A EEA RIS RE IR, EEA RIS
HEE, RRAARIEEFELATE, Eﬂ%ﬁﬁﬁ%fﬁ B4
PRS2 IR, MR S ik :

A HEAFTRAEZMEL —— FERR 5 55 Sl

(Express Receipt) 2391 :

1. PR SHEET B AR R S

2. fﬁ‘ﬁ¥2ﬁ5tﬁﬁﬁf§% HIEEA 2

BT -
3, RBEEEUR ERZHYE, &8, AR
%, AR ER.

4. FEEARFZHZ, XHDETRIE
KAk AN R, TER AT
ﬁfﬁ;-iﬁlﬁ,ﬂﬁﬁﬂ ?ﬁﬁ&&aﬁl‘%lﬁ
S o
.7 @ﬁﬁﬂ@ﬁﬂ‘ﬁ?ﬁﬁ%ﬁmﬂﬁﬁ :

» o

- 8. ﬂﬂﬁﬁ&ﬁ&ﬁhﬁﬁaﬁﬂﬂﬂﬁ
EHRE.
o BRABREBERBLIE, HELTER
 BAR.
B. HUKEMZIREE —— HRRMAKERZIRE,
- EERNEL A K. iRk —R0E, &
i HAH i fEURR, 4 S0 5 LEAiRE (K,
C. HEERFERZBR — M iRAx S0,
EBBE RO RmMER LM A RRERE, K
aiiiRgk, UAMMERZBRZ AR
S A REERE (R, RIE RS EE kR RES
i’]Zﬁﬂ; IR RS AR — R0, B8
A, BEEBIEEATRAZXHA ﬁﬁ@l"l
I"]‘ﬁ' L e v R e
D. R HRAEETFR——EEA NG KR
{EH 35 (Blank for Presentation of Loss and Damage
Clains) , BFUHGE A kA kL, PE W, R
RFEL IR, BA AR, B, 58
AR, STEA LA, FELE, REE A, I AR
fo (EUE, R EE , E ARSI S B,
SERBOREE, P ABRASR A ERTHE
HREBHLE, — S REEA TR ESE:
£E(Claim Agent) 1 RS BLF-0L BN 552
ERABINE, BREFRMBARE. HERE
EIGRUGCR A RIS, B8 &, S R
B, BREEAFZEESIE, DREZ2T,
SRBHRHETE KENE, BHREEaRR
HRERAE, PR, Rk ekt MR E 0
B, mmh e A SR .

LB R

EWBIHE AR AN, BEREERT QK
FRIFUER, MHEE RH R B 0, BT A
BELE, NS S BLEER, AR ELZE,
JiUTD A=Y S Wi o (i a o M T
BERBGER b, BREAEAE, R&3L. G
EEE, AR E b e, ASERR. FE4H
fTlRid, PREHZROENAEE, RGTHEHEA
R REBRL, WADE, S, KD, &K
a0, B AR B AP BIE. LS ma
HERECRRIES BENSREEEWZER
EHAASE RS SR, ERESNEESE
SlggiE, Mskees, TR AKBASERE
B, SRR 2 0, RALMKREABHE, 1Rk
NGRS EERY, TRRERAREEY S
AEBRE, HH DB, U RE,
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AEGERBERL

M SR TENG (Chilled Car Wheel) LUMBDEEIFS, A
Eﬁ%ﬁﬁﬁ%ﬁ%%ﬁﬁ%ﬁ%ﬁ%ﬁ.ﬁﬁ,ﬁﬁ
BAZ A TR A5 SRR AR AL BT UGS, 5t
HABEHRZ TR, E:‘Iﬁ—f-—-ﬁi KR
DE, #aﬁﬁiﬂﬁx‘%aﬁaﬂﬁmi*ﬁﬂﬁﬁﬁ?,
PR, AL LR T SR, AR
WA, WREEG 2RSS, HERE
#1580, KSR, SRR T A, BRSO RN E
B, XA LERa, EE, HAsERE RN
S, Y R AE EE Y IR LA, B HRE, BT
RO, IR B S BT B S B R
i, DUEARTE B AR 7R B B S Rl 24 W] (Grifin
Wheel Co.) R SHE Y, BHETHER 2 SIER D, B
SEE, SRR BRI T 2B R A DL
HABAL, DR 2 B SRR RS IR
TRERREEE,

- LB A5

AESERZALERSER:

w " ' 1 0.704:0.02%
feak Ak 0.90%
B R BEE 3.00%
& o EE 0.50%
B O RES 0.35%
s A RAR - 0.14%

= SRR (Chill Test Block) .

(a) fédi R, B RES RIS, s
., ABHZEER 1%k, RES3E 40,58
£ 61 RFE S H 116 W2 LB (Chiller)

(b) #HEYREE (Depth of Chill) 281, Bl 1/16"
BRI A, NS BEBEE RS 1% " FREnzresS 28, »
RIS R R DR TR 8 58, BN
BT K, SEIGIR BERESE 200 °F,

= B (Analysis Block),

(2) [LBPWRETHDHEN, ERIAS 1%~
X 13%" X 5", {LEp#SR, HERARAPHE G2,
HERILBES 2 L EE A2, %,58, 45
SELFT08. M B RE A 2R NP B8
ARAE. BLBESR, B2 BRSEIAHE T B8R
0.02% b, MEZTBUEKZ SRS IERE,
EHMERSR IR, JHESR, 1

B A PR RSIRAESLBRE.
(b) -JgBF—, B DFHE— L.
() ALBRASHEEITRT, 6, 0, K25
L.

RERR
(a)  SHETIHLER FEIEHN PEHAIS, HOR A

‘2600“

(b ) FEAREHE (Reservoir Ladle) FEH 2808, 3R
BEMERY 2430°F %8 2530°F 27,

(¢) MRMBENMEHZE MR- HEAVH=E
MR 2 B EE AR eR .,

E HEWEHERE

el , FEMRIE BB ERRA R
HERISZ DR, EEE B AR E HHRE—
GZIRE. BEBHBREATIYE, WHEHLE

e, T8 5 B AL 20 b DEHU L, 2 g A BT (Pouring
Ladle) Bk, HHAHE S8 2 M, 8T

WEN, FRUAESES. FOERIZARES:
/N EIRELR (NI H@%ﬁdﬂé’-ﬁ(lﬁm
BT 10 B ‘ 5
10 2 15 Nj 8
15— 20 H§ 10 mg
20— 24 Nj 12§

i 24 R 15 Bf

- (b} ﬁﬁﬁ&ﬁﬁﬁ@ﬁiiau. IRAETCSTINEE

R  PSee

ﬁ&ﬁ&mﬁ%ﬁﬁﬁ %ﬁﬁ%ﬁ'ﬁé"—?ﬂﬁuﬁu
BRIREEAT AR,

B HEE

(&) 2 SRR e R L A,
(b) IMABEMRAZRESRE (Treatment Alloy),
BwAEE 2 85, ARG,

A ERBRNZEHE

(@) B BRETRESE S R E (MR
HE 1900°F 3 2000°F ZR) #5348 (Plate) ZiBHE S
1600°F, Mi&Z mEE Z BRI S 1300°F, #FEigH
HRTELL EFERDIR I 2 Re Al (Shakeout Time) 224,
B SRR B TS ST . S



B S RE  E,

B B R DB SRR IR 2R Al Z AR B

B, A REE M TR

Wz ER W A
650 B5 2 4
700 BB 45 4
750 &5 50 4
850 &5 55 4

(b)) BRSNS, B RRR
T B BT B A NS K 7, (Annealing Pit) P,

() BURHRERYEIN 2 R (a) SR
KEREE 10 SHEF I LI, KR HERRTEFPHE
5 5L EEE, NIAREIRHEE A — SR FESUE (Ther-
mal Test) BRI K IEIH EZ 1 ( Top Pitted Wheel) 5
B AT R A A A 1, U BRERB E
HRER R RAE,

(d) BRBMHEERREFRIE

R B R, FRERC A .

o ORREEE o
() BBk EY  InBDKEBE AR &E 48
JINEE SV B B IR , T FT S AR R R Y 2 B

LR

@ 10 FEE,

(b) G2 AR 15 ELUTW, AT
FTEA-- K 2 BRI K2 R,

() f—XELBEEHRERAZE.HEZ
i o SRS K TS 2 PN, DR O (Rl BE iei P 2R
mnREsR,.

(d) BXEZHEREEDRERL,

(e) B9KIEE RER 48 /SN R ERE., DigE

BT AT LTRSS R A B 1000°F,
- HERpHESTEE, . '

4 R (Annealing):
(a) IEKEEEEEHE RS 2% /e

MERAEE 2 f g e & T T 850 E#R

1400°F. A4 R EEET T 0—BR, HEZ R EARE
iR/ e 10°F, I X fimiE R 2R SR FR(Critical
Range)1310°F 38 1220°F DU F R K FE LE#E# 2, 5,
12 7 24 /ieth, BEABESERISSHGELETNE
(Association of Manufacturers of Chilled Car Wheels) B2
Z R34 (Minimum Cooling Curve) (ZAHE IEEE.

PR IEIE AT F s o
B 1 - 3

2 : 1350°F.

5 ' 1325°F.

12 1290°F.

24 1180°F.

SRR BELUB R KN TR (Top pltted wheel) R 2K,

'ﬁﬂﬁ-ﬁmﬁﬁﬂﬁﬁéﬁm

" (b) ﬁf(% AR, RSN ARIR B AR
Zo

() ‘EETE#*&‘E'F( Emﬁﬁzﬁﬁ%ﬂ:’
B R ERZIBEE,:

(d) ﬁ)ﬁﬁﬁm'ﬁﬁﬁ‘ﬁz&ﬁ‘%ﬂ il &2
(1deal Cooling Curve), TRINE fHET 2 2R Xk, RA
B DE IR e LR A% i &

(¢) HRABAREEAZBIBTRE HES
HéiB RS 1000,F LUF, B& S 1150°F, |

= HiBR (Pyrometers)

(a) BEELHZ B, SR, LHED
AR BiBEt. J&%ﬁfﬁﬁﬁ-iﬁ#ﬁ&ﬁ@. =,
BB DL ORI, :

(b) Qﬁ%ﬁ&ﬁﬁﬁ%ﬂﬁ:ﬁfﬁﬂ%ﬁ%ﬁ
(Thermo-Couple) $ AT Z L LB 2 A A/
REAMAEEEE. T RISEEEEZ .
+= B

FHEIRS R REAAE S,

(a) HiRKE

{b) GERAES

() gty

(d) BURHE

{e) HEGHREESR

() SLEHM

(8) FER -~ (Tape Size).

(h)y  fEvERAF

(1)  fERPEPSERE

() ORISR S B

(k) BAESHEZM MIEE (Chill on test block)
() BEFFRUREER
(m) RIS R RBER

- (n) iRmiEEm

(o) SRR TE _
(p) IRERIIEE A BTN ZIBEE
@) EAREBRZEETEXZER
() BRMZEHE

(s) EEERENREEL AR

(t) LB

HZEAR SR

(a) KRXJRAES AAR. FAREN A &S
TR, .

(b} EHZMEE‘EE& 2% #ﬁ‘?ﬁiﬂﬁ.

() MEZHEEE 33.56" AR MSH



H H BRI R 15 % 54, BURHNE 33.56 B
N B tﬂ#.ﬁﬁfﬁi‘“#&ﬁi]ﬁ‘fﬁ 10,

2 BERRZER

() EEHEHERR R O R
ety W 2 SRED, LR I SR

(b) FERBAMBRRIEIAGR, THSY &H
RIZRE R R
M K P 2 B
TR S 24 /)R 2
BRI R
TR
SRR 226 W
RRISZR

qmm.hc.oh:H
L T T

i eve o
. tREGas
9. EHdE
10. {EEEfhEmE

o5

11, 7R, (EREORE, SEXSEEE

#.

(c) fETfi B MR F AR (R
BT o Ho— AR, VLRI
RS, ISR R, AR
BRI TR,

(&) HREXIB LG, autmﬁﬁﬁm
K.

(e) FEHEHIRHIRE KR HTER, HErs— Rt
BRI, |

() BEEEIE T8 KRR, IETRE
IR LM LIS 8, FE R KRR 2 RS
(I 24 /MR ZIEIE) .

R BR R, AR TR L, DR
B R E 2 TR SR |

(8) MIn—RATIEE 2 RIS 3 8 Uik
HORAH ML SRS IR A R A I 2 T2

W R

(a) REERARE2 IR, ERAS 1700
- BERLE, HERABAERNR, BEEmART, HE
R O r, BB DI 0 I B S bk % " PREERE, 25
RSB, AT 2 = 7 (Boss or Support) » @
HET, WERS 5" SR TREN T, EEE s
BAEREYPRE,

(b) FEFESRIRE HIIHET 8 (Guide)fd, LA
ABREEETHE L,

R (B L) 2 i Green ladle)

(¢) B2 HEBRA488E 250 85, ™MUET
247 B,

(d) FAB2WLREE THIZAR, 0 ABE
BERE SR, -
HRER MER~ MEaEE BEaE Tk

650 & 4%"% 8" 250 pF 9 W 12
70085 5 "X 9" 250 B 12%®W 12
750 B 5%"x10" 250 BF 12 MR 12
850 BF 6 "x11" 250 EF 15 W 12

(o) B ZERENLKEARRNTITRR, i
B8R (Wheel plate) BIE.ZL . HINLRABB BN KB

&tﬁﬁﬁ?‘é‘iﬁ%&iﬂ“@ﬁ%ﬁﬁ%ﬁ?ﬂilﬁiﬁ
157

(F) FrkRilip 2 ABIE.

=8 A5 (Thermal Test)

(a) AAR. EEHiHify, h 650 2FZ 850 B, 1E&4
A BN E T ZZGAEBR (Thermal bed.) W, Fngk
P T BAREB R A —B 1, LIEEBRE R, Wk R SR &L
i #55R 2 DL 4 W8I 535 (Chiller Paste),

(b) “ﬁ?ﬁéiﬁ@ﬁ%ﬁ%ﬁ%sﬁﬁﬁﬁﬁ
B, HHER 4%, BRER 4%,

(c) 1AEIEBAMERN, EABRE M, ﬁfﬁ"
ES 2 A EnR B R 2400° FF 8450°F.

(d) PREEAERN 20 48N, SEARRES
HrE A ST (TR BN, 2 5 8 » RN , FREE D (Bracket

TN E S MR, SR EH AR A, Rk

T AT RS EARERE, TRaH.

HinE SR IR
650 &5 4%" % 8" 6 3
700 B 5" x 9" 7 S
750 &5 5%" x 10" 8 4y
850 & 6 "x11" 9 S

() RTRGTHE, TSR L8 N RGD,
A IR R 6, RN 2R, IR
MOKEM . WBTMEY RIFEIA 6", MILRIELA
ik BSEREGE 12 HIEDLERE, RERER
Al RBRE A, TRERIARNE R, R
BRI, AR S RO R

T TRSMEZRE

(a) BEARZLREIER. BPRREE2ZE,
HATREum PizZER 2. (RSN ZE) B
HEWEDL 1/16" BIEeESAr, imeRITREER %" sERIFE
B10,

(b) HWIHESTTHET 185, SRl Brinel
BEERABRERERH.
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(c) HBHARIZEP (Chilled Bracket) A

.
(d) /S HIEE 52T Brinell BRgF LS AT7EAREL

i 5/16" F, MM Rim) 2%” , 215" » & 8" 21T
Z. BZR2 T EER 4 8 352 BHN. (Brinelf
Hardness Number), _

(e) MAMEEARRMESR R T, MRS 2/A
SR R R R B R L

() FeABEIgEH:
R T A", 15", R O1%" S, k=R
I R S MR REE H.N.

©(8)  HIRIR (F) SEEBUEEBELA I B,

FHEABRRE R IE RS ZHREE.,

Jt fBE (Master Wheel)

| B RAN R , L e R 2 R,
Ergn, H3F (Warpage) ZHEE (Rotundity) Ef&ﬁﬁ:

R PASELFE TR A L.

P P B P P P P, PP Pite Pial Pagls, Pl Py I P 2 B, Il Pl P T Py, PRy, Bt gl il P

Jﬁ&%ﬁﬁﬁ

IRICAHE R R S R, EEEHIN 17.5
AR, 5625 AR, ZREHE— KIS
G RREE, RGBS, St RS, JhR)
mﬁﬁ@ﬁ,mmg,mgrmamﬂ. B
3
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Leaders in Railway Lubrication
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Head Office:
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