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Analysie of a Concrete Arch Highwsy Bridge xeinforced
with Structural Steel.
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Celifornie Institute of Yechnology
Pasedens Calif,
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vescription of Bridge at Springfield, Mass,

An srticle in the Engineering News-Record for masrch 30,
1923, describes a new concrete srch bridge across the
Connecticut Kiver petween Springfield and west Springfield,
iass,

There are seven arch spans with spen lengthes varying be-

tween 110 end 176 ft. <The rise of the arches varies from

19,1 to 29.7 ft. The width ies 80 ft.

The erches sre made of five ribs, three grouped nesr the
middle, and one 8t each side. The reinforceé concrete rosd-
way is carried on columns resting on pedestale on the arch
ribs. The ribs sre parabolic in shape, sre 4 ft. 6 in. wide,

end of constant depth in esch span, but vapy in depth with

the span lengthe, from 4 to 5 ft.
The reinforcement consists of heavy riveted structural

steel lattice girders, with a small number of hoops and
longitudinal rods. <The girders were erected &s three-hinged
arches and later spliced at the crown to act ag two-hinged
arches., From the steel work were then hung the forms in

which the conerete of the arch ribs was placed.

ithe 8d justment of the steel ribe wae secured by heavy
screws through the cest steel shoes, by which the distance
between the face of the granite skewback snd the bsse of the
shoe could be varied., After sdjustment, thés spsce was filled
with an elloy of antimony and lead which doee not shrink on
coeling. The conewete was poured in 20 ft. sections from

each end slternately in order to avoid dietortlon, each rib
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being poured in one day'e continuous pouring. The straucturel

steel freme of the arech ribs supports the concrete until it

becomes set, after which the steel scts ss reinforcement in
supporting additionel losds.. This method of construction

mekes it possible to develop &n initiel stress in the steel
in sddition to its stress ss reinforcement, & result which

cannot be sccomplished with rod8 reinforcement,

The working stresses estsblished for the design ifor live,
desd, impsct and temperature stresses were 16000 1lb. per
square inch in steel and o600 1lb. per squere inch in concrete.
The ratio between the moduli of elssticity wes tsken as 12,

In one of the ribs of the longest spsn the maximum stresses
were &8 follows:

steel._ Construction stresses due to

weight of ribs end forms 9820 lb. per sq. in.
Stresses due to remaining

dead-loed, live-loade, and

temperature 6870 1b. per sq. in.
Total I6390--% +« % W
Concrete.—ulaximam stress 593 * % . "

The stress)due to the loadlng)in rod reinforcement at this
particular section could not have exceeded 593 1lb. multiplied
by the ratio between the moduli of elasticity, or 12X 593 =

7116 1lb. per sq. in. Hence the economy of masterisl due to the
use of the sbove type of structural EBteel rib is apparent.

inssmach as the steel ribe would cost more per pound than

rod reinforcement, it was necesssry in order to determine the

reletive economy of the two types of reinforcement to make
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comparstive studies of the relative cost of ribe reinforced
with rods gnd ribs reinforced with tiveted members such as

those used, due allowance being given not only to the sdd-
itional cost per pound of steel ribs, but to the saving in
false work and the reduction in the cost of the piers due to
the lesser weight of the ribs. These studies showed a marked
ssving for the steel rib type; they slso showed it to be
economical to make esch rib in eny one epan cénstent in cross-
section for its entire length. Hence the maximum fiber stress
et the different sections varies somewhat.

An sdditionsl and important argument in {svor of thés type
of rib wae the enticipeated repidity and easse with which such
ribs could be erected, and the consequent lescsening of danger
to the permeanent structure from floods and ice, an important
factor in the Connecticut niver. These anticipations were
fully reslized during construction.

No direct allownace wes made for streseses caused by shrink-

age of the rib concrete during setting. oSuch shrinkege would

tend to bring it into tension sand to csuse some compression in
the steel ribs.
The applicstion of partial dead-losd to the rib during con-

struction cesused strecses in the disgonasls which dissppeared

when the rib concrete wes completely poured, <onsequently,

except for the condition existing daring construction, the steel

rib flanges ect &s longitudinal reinforcing bare in the or-

dinsry reinforced-concrete member, end the diagonals serve as
shear reinforcement.

most of the work was done with 1:6 concrete with & $-in.
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maximum aggregate, Tests showed a compressive strength of
2260 1b. per sq. in. after 28 days.

This thesis will be concerned with the analysis of

stresses in the ribs of a selected arch bridge of the type describ

ed above. The span and rise have been made to fit the Linda
Vista crossing of the Arroyo Seco in the City of Pasadena.
The trial cross-sectional area and amount of reinforcement
have been selected by comparison with the Connecticut River
bridge described on the preceding pages.

In the design and construction of the bridge considered
in this thesis, the following procedure will be followed:
Construction:

‘(1) The abutments will be constructed and fitted
with adjustable cast steel shoes.,

(2) The steel ribs will be swung into place by cranes,
and fastened with pins at both ends and the crown. Wind
bracing will be provided by steel lattice girders between
ribs which will be covered with concrete. Steel hoop and
longitudinal rod reinforcement will be fastened in place
around the steel ribs.

(3) Forms for the rib concrete will be built around

the steel rib and the conerete will be poured in 20!
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sections from each end simultaneously. *he three hinges

will be left uncovered.
{4) Columns snd rosdwsy will then be constructed.

(5) The hinges will be filled with concrete and re-
inforecing rods.
Design:

(1) The shape of the erch sxis will be determined by
computing the coordinstes of points on & psrsbols.

(2) The forces due to the losd oi the stedl snd con-
erete of the srch rib will be computed. A curve of moments

eand normel thrusts will be constracted. 4 steel rib will
be designed to carry these losdes with & msx, stress of

gabout 7000# per sq. &n.

(3) 4he dead weight of the columns end rosdway will
be estimated.

(4) The forces due to the load of the columne snd
roasdway will be computed. A curve of moments and normsl
thruste will be constructed. . |

(5) As the hinges will be cloesed before eny live
load is spplied, an snalysies o the fixed earch will be made

to find valuee for the moment, shesr and thrust at the
crown, for /ivelosd only. )

(6) The meximam umit stress in the conerete st certsin
sections with live lead in various positions will be com-
pated and plotted.

(7) Thruet disgrems for the same loasdings will be

constructed and the maximam unit stresses computed and

plotted, as & comparison with the valheg: first obtainej.



PROFILE OF INEW LINDA VISTA BRIDGE SITE
ARROYO SECO : PASADENA CALIF
SCALE: [!'"=40'



SHAPE OF ARCH AXIS
To find coordinates of points on the sxis:

Span = 230' Rise ™ 44°
22
X
b &
X2
A

SQYY =0 X'm"“"
116 Y = 44

13225

13225 = 3

—3006 ° X .003327.X

e SRS ' ~axrls

areh axis

2
& 5 §
10 100 03 |
20 400 133
30 900 300
40 1600 533
50 2500 833

60 3600 1200
70 4900 1630
80 6400 2130
90 8100 2695
100 10000 3327
110 12100 4030
115 13225 4400

SHAPE OF CROSSZSECTION

A trisl section 3'x 5" will be used.






COMPU TATION OF FORCES ON RIB STEEL DUE TO DEAD WEIGHT OF THE RIB

= X & Nvc » %!’F Mc s = max, unit stress in steel.
A 1 3 N * thrust normal to any cross-section.
ey M sybending moment on any section.
ST e = gccentricity of N.
o = sree of any cross-section,

sfdist. from newtral exis to dgter
/"fiber.

= moment of inerties of resisting
section.

- Chk <

Length of arch rib exis from crown to sbutment equals 125', by
gcale, (/=5 scale)

Divide the axis into 5' lengths. Draw & line through each
dividing point normel to the axis st that point. <This divides
the rib into sections which are about 5' x 6', and whose centers
of gravity ere approx. on the axis halfway between the dividing
oints.

¥ If the rib is mede 3' thick, the weight of esch section

will be 5' x 5' x 3' x 160¥ = 11,250#

X-aass T g;gafs a section normal to the

A-B is & tasngent to the axis st

c T . any section C-C., =€ is the angle
between the tsngent and the

' : ——— l-aaishorizontal, s
| / ks \\ Nee =Z Lain-=_ 1+ H ¥

-~ COS o
: \

FZP = sum of losds between C-C
and the crown
| He = horizontsl thrust at crown.

Esch helf-rib includes 25 sections,
25 x 11,250 = 281,250# = V = vert. reaction st end.

See sheet # 7 for moment arms.
H S.H.c

L
By equating moments sbout the crown:
=4 + H =® 44 + 14957 x 1126-1156 x 28125 & @

H -- > -
L + 32343.7 & 1682 AT l@%’. - 3 352,6 thousend 1b.

By egqusting moments about the left end;

HC = 1384.8 x 11.25 = 15579 = 354.0 mm.—lh
s '-12__— —T4 L L
‘ Average s 353.3 thousand 1lb.

A T e . AR,



Miomen arms were scaolesy Fronr /-8 araws

Crown

Between
erown and leit end

Left
end A
20 5
6l 15
102 124
144 1735
186 222
229 271
272 319
316 361
360 415
405 468
455 509
496 556
b4z 601
589 04,6
636 691
o84 735
732 779
780 822
829 865
8178 907
927 949
976 990
1026 1031
1076 3
1127
13848
o
™
4
SO =
L] i3]
oo ©
B B
P oo
® oo
Mo 0
= +
) %
o
e o
5
()] <3
— g
(]

Z- L

Sum of moment arms of dead weight loeds of the sreh rib shout:

B

25

74
123
171
219
267
314
361
407
453
498
543
587
631
674
717
759
801
842

883

9349

Betwsen
B and left end

c

24
72
120
167
214
260
306
351
396
440
484
527
570
612
654
695
736
T628

-

Between

C and left end

D

24

71
117
163
208
253
297
3411
384
427
469

[y

BTWE
Btween
D and left end

E

23

68
113
157
201
244
287
329
371
412
453

T6568

Between

E and left end

F

22

66
109
152
194
236
277
318

1374

Between
¥ gand left end

Between
v and left end

3y of arch rib)

G

21

63
1056
146
187

Foints half-
way betfween
cesters orF

H “ ;
S ‘Sectrons

20
61
81

Between
H and left end



THRUSTS AND BENDING MOMENTS.

M V,<C115-X) = QT+ ) =F{PL)
| X [(115-X) |(44-Y) (116-x) | (44-Y)
| 0 | 115.0 | 44.00 | 67.8| 47.2 | 28.71 ]
110.0 | 105.0 3.67 | 81.3| 32.7 | 22.01
24,9 | 90.1 (41,94 | 94.4| 20.6 | 14.35
39.6| 75.4 | 38.78 |106.9 8.1 |. $.98 |
— 3.9 | 61.1 | 34.33 [115.0 0.0 | 0.00 |
I .
| X TVveClie-%)  H.(#4-Y) P £(L) +sce -heet 8. M..
O | 2812 x 115 - 3533 x 44 - 1125 x 14957 = 22543w - 168267 - 15817 = 0 |
| 100 2812 x 105 - 3533 x 4367-1125 x 12533 = 29526 -15429 - 14100 .= . 3
244 2812 x 901 - 353z x 4194-1126 x 9349 = 26336 -14817 - 10518 = 4 1
596 2B12 X 7pa . 2533 x B878-1125 x 6628 = 21202 -13701 - 7456 = 4 45
529 2Bl2 X 1] . 3533 x 3433- 1126x 4410 = 17181 -12129 - 4961 = 4 o1
678 2812 x 4vp _ 3533 x 2871-1125 x 2658 = 13273 -10143 - 2990 = 4 140
813 2812 X zzn _ 2533 x 2201-1125 x 1374 = 9476 - 7776 - 1546 = + 154
944 2812 X o0p _ 2533 x 1925-1125 x 522 = 5793 - 5070 - 687 = ¢+ 136
1069 2812 x g7 _ 7533 x 598-1125 x gl = 2278 - 2113 - 91 = 4 73
11502812 X o _ 7523 x 00 -1125 x Q0 = 0- 9. = - |
SECTION X*2 X Y 2Y tan<c sinec cos ¢ Z P |ZFsimac Hcose N
A 1000 100 023 0666 .0666 .0665 9978 2250 15 2806 2821
B 6200 249 2063 4126 .1658 ,lc%6 .9865 5625 92 | 2775 2867
C 15682 396 5217 10434 .2640 .2562 .9668 9000 229 2720 2949
D 29052 529 9666 19332 3585 .3375 .9415 12380 418 2647 2065
E 45968 678 1529 3058  .4510 .4110 .9116 15740 647 2565 3212
F 66097 817 2199 4398 5410 4759 8796 19120 910 2475 3385
G 89114 944 2965 5930 6280 .5318 .B8469 22500 1196 2784 25RO
H 11428 1069 3802 7604  .7110 .5796 .8150 25870 1500 @ 2290 3790
13225 1150 4400 8800 7650 6078 | 7942 28125 1710 @ 2230 3940



FORCES ON ARCH DUE To WEIGHT OF RI8.

400
| : e s 9__“300
Force hormal to Section In rthousard-pouvkds,
200
(fomp're.ssl'on in uppecr s;de.}
100

Moment at section in
thousand - fool - pounds.

nE 100 G0 80 70 60 50 40 30 20 /0
Feetr.
Distamce rormr +he crown.
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Bstimste of Deadweight of Superstructure

De%&,yelght'per Column
The r8111¥g will be sssumed to e MG o e
welgh 3007 per lineal foot. 16.33 x 300 = 4,600 1lb.

The roadway will be sssumed to ~
have & total width of 32 feet,
including sidewalis, with s
thickness of 11 inches. The
weight per sqgare foot will

be about 140 16x15.33x140 = 34,400

Floor beams will be
assumed to be placed 5 feet
apart. Beams and girders
will be asgumed to
welghx 300" per lineal foot. 52 x 300 =
To Fa/ 4,600

An add}tlonal allowance
of 10% will be made 5400

60,000

COLUMN HEIGHT WAZIGHT TOTALWEIGHT
The columns will be ON COLUMN

sssumed to be 18 inches 5] 1700 61700
square. They will therefore 7 2400 62400
weigh sboat 340 1lb. per 9 3100 63100
foot of height. 14 4800 64800
20 6800 66800
29 9900 69900
38 12900 72900
I61600

Qo EE Q>



COMPUTATION OF

Column

oEpDOCwk

Z(PL)

GHEECYOW

Z (PL)

CHEEO

Z (BL)

T housangbs

Z L)

(BL) OF SUPERSTRUCTURE LOADS ABOUT CROWN.

470
1440
2440
3480
4610
5890

e 7
Load lMom, Arm (PL)
617 7.67
624 2300
631 3833
048 5367
668 6900
699 8433
729 9967

Z(PL) =25600

7270

to left of section A-B

624 7.67
631 2300
648 3833
6685 5367
699 6900
729 8433

479
1480
2484
3585
4883
6148

£ (FPL)=18970

to left o
631 7.67
648 £300
668 3833
699 5367
729 6900

f sec.
480
1490
2560
3750
50

2Py -13310

to left o
648 7.67
68 2300
699 3833
729 53867

f sec.
500
1540
2680
3210

B-C

C-D

Z (L) =8630
to left of see. D-E

668 767
699 2300
789 3833

2 (L)

510
1610
<800

= 4920

/ T bowsaoa~FooF-/i 4.9

Z(PL) to left of sec. E-F

F 699

767

540

G 729 2300 _1680
Z(PLF 2280

Z(PL) to left of ceec. F-G

G 729

7.67

560- £ (PL)



/MOMENT OF INZRTIA

Po Comcretfe and shee/ J:e—//r-ﬂ

To calc I - 1in biguadrstic inches
Iz I,+ (n-i)~Ie

In = 3 3
¢ ==« 36,x 60° . 5y 216000 = 648000

(n-1) = 14

/O
I = 32288 (see sheet Y8a)
I*(n-1) = 452000
I = 452000+ 648000 - 1100000

In biguadratic feet.

Ig & pd% « 3 x5% . 1285 = 31.25
12 2 4

1
(n-1)xIs = 452000 = 452000 = 21.8

I oo+ (n-1)%Ig = 21,8+ 31.25 = 53.05

%— - .01884 j



Compatation of Stresses Due to Dead Welght
of Superstructure

Vg, = 461,6007 (#8& sheet // )
Comp. of Reasctions:

Bquatitn of moments about the crown:

+H X 44 + ﬁll’L) = Vg x 116 = See sheet /Z for £(FL)
;.6 x 1156 - 25600 =z Hj, x 44
53100 - 26600 = Hy x 44

HL = 27500 = 625 theusand /b

Ec = Hy,

Comp. of B.l. a8t sectlions halfway between columns:
Equation of moments to left of section
M= vy * (115-X) - Hy ( 44-y)- B(PL)

3° y 118-X 44-y  x x% 115-X 44-y
15,33 235.009 -7819 9967 432181 | 6133 376137 1251$ 5gg zligg
30.67 940.649 3.1295 8435 408705 @ 7667 587829 1955 S
46.00 2116. 7.0399 6900 389601 | 9200 846400 28160 2300 15840
Vo = (118X)— H, x(44-y) _ Z@FY
238 461.6 x 99.67 - 625 x 43.2181 - 18980 =
461.6 X B4.33 - 625 x 40.8705 - 13310. =
C-D 461.6 x 69.00 - 685 x 36,9601 - 8630 =
D-E 461.6 x 53.67 - 625 x 31.490 - 4920 =
E-F 461.6 x 38.33 - 625 x 24.443 - 2:220-=
F-G 461.6 x 23.00 - 625 x 15,840 = 560 =
GRS i
Jfﬁ2;1$fifﬁf?f%43
A-B 46028 - 27011. - 18970. = @ + 47 = M 8
B-C 38927 - 25544 - 13310- = + 43 22
C-D 21850 - 229310? - 8628. - + RO+ 39
D-E 24774 - 19681. - 4920 = + 163 53 s
E-F 17693 - 16277 - 2220 = + 196 Y M e i
F-G 10617. - 9900. - 560. = + 187+ 51 - 6a"

65 21




Dead Losd

Faow=2)
¥ i

Sec X 2Y dan = Sin ok Cose

Thevsanat-lbe
Seapage

EP ZFsin&

A-B 1533 156 .1018 .101 995 617} 624
B-C 3067 626 .204 .199 980 1241 247
C-D 4600 1400 306 .292 .956 1872 546
D-E 6133 2500 408 .378 926 2520 952
E-F 7667 3900 .510 454 891 3188145.
P-G 9200 5640 .613 .522 853 3887203,

10733

N= ZPsinm ot +fe covoc

Arew oF stee/ = E&EFE sq.r7.

(1 ~1) = 1 ,
/xS5O F = F/F {f/h

ﬁre—ﬂ o F cona_rc)‘& =

276 0+ §/8 = 2978 =g. .

P
Fon = z2778

ol
éf/f/—"—" = 2//":'

278

He Cose
622.
613
598.
579.
587
533,

Vo
Ay

Y
628.
638.
6563.

702
736.
765

EOX36 =2 /60 .:7,;” =P

211
a2l4a
a19
226
236
247
257
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FORCES ON ARCH OUE TO WE/GHT OF COLUMNS AND ROAODWAY.

(Frﬂ;r sa‘c&?‘“}&)

Fotce normal 1o Se€ction [ thousana-pounds.

 Compression in vpper sidk)

Moment art Section (From sheer /)

i thousarnd -fool-—pourds .

o

15 /00 90 80 70 60 S0 40 0 20 /0

Fee?
Distance frors FHE Crowr

800

700

boo

S500

400

IFo0

200

/00

Tﬁ 00‘50”@/— /’ounds

A
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MRCHANTOAL ANALYSIS OF ELASTIC ARCH

In tne anslysie of urches by the application of the mﬂm obtained
from the theory of elasticity, the use of methods employing sriitmery divisions
of the sarch sxls appesrs to be supplanting the older metnod of Mﬁdm; the arch
axie in sections so e to make the velue of ds/l a cons tant, huaun of the in-
eresse in ecouracy of the fomr; And when the streeses in &u arch sre to be

lnvestigated for more then two or ihres mli.-t.io\m of live load, the labor in-

volved 16 lessenad if influence lines for the crown thrust, womeat, end sheer

are first obtained. ;

In the ronmng metiod, the arbitrary aivisions are reduged to dif-
forentiel dimensgions and the results Soapsquently approach in accurscy those
of d&rtot'int.grltion. It gives iafluence line velues, is somparatively
simple, snu lergely mechsalcal. Instead of replacing.lie iategrals in the :
fundemen el equations for erches by summetion signe and taking finite values |
of de, tue values of tue Punctions involved are plotled te sosls and mﬁqr&-
tion 18 performed by quadreture; i.e., by finding the area under the curves
of these functions Yy olaalaster or simllar means.

Tne =quationa for the orewn thruet, sheAr, sad moment mey be ob-

Wiaes eliner by the method of least work or by deflections, and are us follows;
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Por a symmetrical arch the limite of integrals are all for Lalf the arch.

ds = differential length of the arch axis

I = nongt of inertia of any section (I of concrete area + Eg/E¢ times I of

steel nrea;
X, ¥ * co-ordinates of any point on the arch axis with the crown &s origia,
and all taken ss positive

1 = length of span

E_* modulus of elastiocity of conerete

m * bending moment at any point due to external loads considering each half
of the arch as & oantilever. Where m ocours without subscripte, it in-
cludes the bending moments &t symmetrical points on both halves of the
arch. In all cases m has been taken positive for downwerd loads.

A= g t 1 E,in the cese of temperaturs change

= p 1l in the case of rib shortening due to thrust

= k 1 E.An the case of shrinkage
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¢ = goefficient of expansion

t = temperature rise or fall, taken as positive for a rise

P = average intensity of compression on equivelent conerste ares (area of
occnorete + Eg/Eg times area of steel)

k = goefficient for shrinkage

Ho » thrust &t the crown, positive for compression

Vo = shear at the crown, poeitive when scting as in Fig. O

K, = moment at the crown, positive when csusing compression in the top

H' = thrust at crown due to temperature change or rib shortening

M' = moment at crown due to rib shortening or temperature change

> = angle between tangent to arch axis &t any point and the horiszental.

S8ince ds = dx/cos =, the term ds/I in the above equations may be
replaced by dx/I' where I' = I cos =, Note that << is also the angle which
the radius of gurvature at any pointi makes with the vertlieal.

Since influence values are sought, the value of m due to & unit
load may be replaced by (x - na) for values of X greater then na. Yor
values of x less than na, m = 0, If we consider the left half of the arch
(m_-~ 'n) = (x ~na) ap m, = O,

Procedure

The erch is first divided into any convenient number (n) of equal
horizontal divieions (&) in length. It is not necessary that (a) should be
an aliquot part of the span, but it ie somewhat eimpler if (a) is & number
of even feet in length. When (&) can be made 10 feet, the reduction of some
of the data can be done by shifting the decimal point.

Values of t/1', y/1', y /1' are computed for cach of the n sections.

These are all the preliminary computations needed. The stepe in the analysis



‘then &re -

fa

b

ic

b

Plot the values of 1/1' as ordinates with corresponding values of (n)
ap abscisses and connect these points with 2 smooth curve, A, Pig. t.
Tho sres of & strip pq is then dx/I' end the area between curve A and
the axis of ordinates is equal 'ufdx/t'.

Plot n times the value of 1/I' on the same base at sech corresponding
value of (n) and cenmect the points thus found with s smooth curve, B.

S8ince the ordinates of curve B'sro values of n/1', the area of & strip

p'q' unrlxll'.anduln-xthuuuhada:/u'. S0 the sres be-

tween ourve B and the axis is 1/a / xda/I'.

Connect all points representing 2/1°, 3/1', 4/1', ete., begimning at
surve B and extending to the righi to the springing line.

Assume & unit load placed at n = 2, the value of m &t coy point x
is 1(x - na) which may be written a(x/a - n), end the yalue of mix/I’
may be expressed ne a(x/a - n)dx/I'.

Since the length of the strip oq' is 2/1' and of p'q', x/al', the
length of p'o ie (x/a ~ n)dx/1', and the area between ocurve B and
ourve A is 1/a / mdx/I' for & untt load at n = 2, the limits being
fromn = 2 to the springing line.

Por & unit load &t any other velue of n, the value of 1/a /miz/T'
whrmmm-ummw"tlmmm“wwmmol
and the curve A;.

¥With & new base, Pig. 2, plot curve B using s smaller scale for the
ordinates, which will give curve , giving values of n/I'.

Plot n timee these velues of n/I' st sach corresponding value of n

and connect the points thus found with a smooth curve, D. /

." /



b
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Since the ordinates of curve D are values efu’/!'.. the area of & strip rs
is n“dx/1', and as an = x, this ares » x°dx/a°I'. S0 the area betwesn
curve D and the axis is 1/a* / x%dz/1'.

Connect all points representing 2m/I', 3n/I', 4n/1I', ete., beginning at
curve D and extending te the right to the springing line.

Assume & unit load placed &t n = . As in 1c above, the wvalue of m is
a{x/a - n). lience mx =~ ax(x/a - n) = a¥(x%/e® - n®), and mxdx/I' =

o (x%/6° - n®)dx/I'. x%x/a"I' 1e the erea of etrip rs and n dx/I' is
the area of sirip rt when n » 2. Hence the ares of sirip te is (1/a%)
(mxdx/I') and the arsa between curve D and curve 0, is equal to (1/a%)
madx/I', the limite being from n = 2 %o the epringing line.

Por &2 unit load &t sny other value of n, the value of (1/&’)/ mxdx/1"

*way be found in the same way by evaluating the ares between curve D and |

curve Cy.

Plot the values of y/I' a8 ordinutes from o third base using the corres-
ponding values of n &5 absoiseas, and coimect these points with & smooth
surve E, in Fig. 3.

The area between inhis curve and the &xis of ordinates is equal u/:‘:ﬂ'.
Plot n times the value of y/I' on the same base at etch corresponding
value of n and conneot the points thus found with & smooth curve, P,
Connecl all points representing 2y/L', Jy/1', 4y/1', ete., beginning at
eurve F and extending to the right % the springlng line.

Assume & unit load at n » &, The value of my is then y(x - n2) or
ay(x/a - n}). And mydx/1' = a.;(x/a - njdx/I'. The area of strip uw is
{xy/al')dx and of strip ua, ndx/I'. Henoe the area of strip aw is

t/a(mydx/1') and the srea bsiween curves F and K, = 1/!/!14:/1" for &



o,

unit loed at n = 2,
For & unit load at say other value of n, the velue of 1/ / mydx/I' may be
found in the same way by evaluating the area between ourve P and curve k.
Plot values of y°/1' as ordinates on & fourth bame, Pig. 4. The area be-
tween this curve and ite sxis of ordinates ie the /MI'.

The values obtalned by evelumting the various aress in \ 1o 4 above mey now
be entered in & table similar to that below and the remainder of the work
obtaining the influence values for Hy, V5, mna Mg is indicated at the top
of the colume of thnis table, the figurse in parentheses referring to the
stepe in the above cutline.

Computing A involvee no difficulty, and as all the otuer terms in the
equation for H' nave already been found, itne crown tarust and moment due

to temperature or rib shortening are readily obtained by substituting in

the oxpressions for these quantities.
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Tabuler computations in solving for
Hy, Vg, ®nd My for influsnce vulues

1 2 3 i+ 5 é T 8 9 |1 |In 12
(20) [(2®) [(Ze) |(ve) [(m) |(3e) s o
Ve
) X 9 -
. % - (3] o ;5 o
o e B R g Kl e
e £ % 0 ' gt B Y B s |
El {-e|E o &y IR Qe | ol T
AR ey B A R B
5 |0Oln|=lc|-lo| 2 0 O |[Ve| o] ®n | 0| o
o 1367 | 500 | 252 |31.& | 33008 [17300 | 14200 | 1.0k |14 170 |14k | -3
i 71.3 | .3a0 | 467 |19.4 2200 | 8590 13700 | .50 154 [ 143 | 10| ~0.41
2 36.1 | <161 | 960 | 6.1 | 12790 | 3560 | 2390 | O g1 | 98 | =57 [=-1.3%
3 12.0 | 094 | 400 | 1.6 | 90 | 820 | BAAC | A2 16 | 47 | =31 | =147
B v 8] .0081 80| 0.2 1060 | 10| $00 1 O] 280 -8 |~0.%0
h.6 R0 | 580 2 H.0a )] 3 0 00 o ) o 0,00
e = 19
z ‘I
() L [E -6 (o) [ Ly
sraio +
(3a) : /L:-xr - .2 i4) /-L—rgx - &4

-_-[/1’_'!*_ 24 - (/L%)j-z{eeax 15.3 - o;\.z}"'] - 10520






f76 6




A modification of the method outlined in Part I whioh will simplify the
work still further can be applied when sn integraph is ayailable. In the funda-
mental equations given at the beginning of h'rt I, the value of m for a unit load
at o distance ne from the origin is x - na and the integrals in which m ocoours
are integrated between the limits na and £ since for values of x lees than na,
w vanishes.

¥e way then write the various integrals involving m in the following

formes

e Ve RLVE STV AL 2

(B) (a)
ik i ot B I A
(D) ()
/!{—e‘/%%"“/l—:r‘"[/%‘r““/l%’r] (3)
(" (E)
The limite for all the above are {_ and na.

Ourvee for &ll of the expressions under the lnhﬁlo on the right of the
above equations have been constructed in Part I and the letters in parenthesss
refer to these curves, which have been redrawn in Pigures J, &6, and 7.

¥ith the integraph or by the approximate method given &t the end of this
paper, the integral curves of all the above are drawn beginning ot Lhe apringing
line, and these integral curves are designated with the double letters.



PART II - Page 2

In & maaner similar to that used in Part I, plot n times the values of

the ordinates to curves AA, CO, and EE at the curresponding values of n, giving

& curves AAn, CCn, aad ZEn, the ordinstes of wiileh equal
: n/—i‘% uf: ‘ih,‘ n/-LId‘f respectively, these being the

last terms in eech of the three equations {1}, (2), and (3).

Then the vertical interaepts between curves AAn and 8B = :—/%-"

tihe vertical intersepts between curves OCn and DD = ) [ de

a I
'unds the vertical intersepte between curves Lin and FP = l— / 1#!

The ordinates at the crown, n = ©, o curves BB and DD equal

¥ : %
1 [%x dax 1/ x dx
S TR end ~| =—=5 respectively.
lj,‘  E a/ I

The ordinates at the crown, n = O, to curves AA and EE equal

< ?—:‘— and /!i f—% respeclively.

Hence all the integrals required in the fundawental equations are now
Yy 2 ax
found except / I for which it ies eimpler to planimeter the ares under
eurve O of Pig. 4 than to construct an integral curve.

The remainder of the work of obtaining influence values for He, Ve,

and o can best bLe done in tabular form as in Part I.

The following simple method of approximating an integral curve without
the uee of the integraph is given by Abdank-Abaksnowicz.-
t Let RS bp any curve for which an integral curve is wanted.
& lLay off a series of equally spaced verticel lines, shown in full.ia Pig &
and draw & series of broken lines midway between these.

5 Select an arbitrary distance AB equel in length o any arbitrary number of



PART IT - Page 3

the spaces bLetwean verticals.

Draw 1-1', 2-2', 3-3', ote. 3

Through any convenient point P on the vertioal uhrough R drew Pi" parallel
%0 1-i', then 1"¢" pareilel to 2-2', then 2"3" parallel to 3-3', eto., until
curve Q has been completed. This is approximately the iategral curve of
R3 sud the ordinates meesured from a line drawn parallel to the axis of R8
through pwi?ﬁ- Lhe value of AB give the area under the curve KB up to
the point where the ordinste is medsured,

e

L3




104

14)

Y
coueopmp RO

10
B

115

X Y

0 0
10 0333
2070 % s
30 200
40 538
50 533
60 1200
70 1630
80 . 2120
90 2095
100 3829
110 4030
115 4400

z?ﬁl“r'igr

01884 0000

-01887 .006Z
01900 02563
01920 0676
01948 1038
01980 1650
02028 .2435
02080 .3390
02130 4535
02195 5920

0226047520
LDZES5] 9420
0237080430

D
5'

I
see

sheet

j; Y Hore
LU1884 0 0
666 0666
266 1230
600 2000
1066 2665
1666 .3332
2400 4000
3260 4657
4260 .b325
5390 .5990
6654 6684
8060 7330
8800 7650
Vo ny
g e
0 0
0188% 00628
07600 .05050
17800 1780
SL200 " 4166
49560 .8250
A4310 “¥463
10180 £370
563 3630
1778 63256
2260 17520
2880 1088
3140 1200

C ok o

N

o o<

10000 1000
9978 1002

9912
9506
0664
0489
9285
9063

.BB29
8581
8326
80656

7946

1009
1020
103

1052
1077
1103
1132
1165
1200
1240

259




W

LT 10 alﬁ' S 8 7 3 =2 & 3 2 / a ’
L__‘\ T
\_%_\
I [
A 1t 7 ——]
1 e
\ a5 Pl sess g 8 /
" " M
Az : AR [ a
| s1z | T
%f——_——_
e \ >< 7/
iqﬂ
[&
SR §><\z/
&4 e |
| J \\
f’}’// s e —
e
!ﬂ’/ %) \
| Vert Scale = /% 05 \G
f=r0" &
Are 7 =45 (max) \\______“
/ Z=Jcos e
W” Frg ./
/ F/'_g. S5
;/ 3




Fig. 2
F_/'\y.é

Vert. Geale /%5







S s

*

i

W

Vert Scale

/E 1o

Fig. #



/

INFLUENCE  LINES <COR=TETICE S PIp—mpmdyyiis

N
Shhw w03 IR

Ordinate 7o
Column X Ne He Ve Flotted From data on sheer . ...
A 767 753 L 18 A4 50
B 23.00 L &2 /13 354
i: 386.323 |—/.9/ 0. 97 255
0 53.67 | 322 o 76 -1/
E 6900 |~ 335 053 D 4t
F B4 33 |~ 200 427 055
G 99.67 |~ 0e7 ¢.o8 018 I
|
X i
Y | |
& " | | N
& s | | it 3
. : | ' 3
8 | | lo B
O l . J I | o
e ) Feet — Distarnce From Crown. |V
1¢5 /90 7d 60 } 50 40|, 20 /0
' | | §
| A 1§
N R 2
|y ¥
R R
R IS
I !

W L\V] ~ ‘,&
X

/10

~
W

W

~

o



Curve

BB BB-Adp

e
HOVEOUIBUNDHO =

115

e
FOOOoOd®NnEO

115
c3c

Orig

3738
1704
10026
86756
7617
4247
3660
3264
3020
2894
<848
4838

1633

3498
1837
5866
4674
3704
2939
2373

o 1973

1720
1589
1537
1530

5789

B, DI Re . DL
4952 1214 6166 1214
2721 1017 3738 1017

10865 889 11704 839
9352 677 10026 674
8145 528 8675 .530
4648 401 5055 402
3951 291 4247 296
3463 199 3660 197
3141 121 3264 123
2957 063 3020 063
2872 024 2892 022
2841 003 2843 .082

0 0 0 0
1782 149 1931 149
4452 954 5406 954
2667 .830 3498 831
6561 715 7291 710
5271 597 5866 595
4189 485 4674 485
3322 383 3706 383
26556 282 2939 284
2174 201 2373 199
1846 126 1973 127
1657 068 17256 068
1663 026 1589 026
15335 00036 16307 00036

0 0 0 0
5911 120 6034 123

Av. Value
LR2IFOX 1122 X [~ /4’-23‘)
12140 14228
1017 11919

8390 9833

67586 7917

5290 6200

4020 4711

2910 3411

1980 2321

1220 1430

0630 738

0230 270

00&56 0893

0 0

149 231
(gsnox 1T2K08OF r1.07)
.9640 111809
.8305 97335

7120 83446

5960 69851
4850 56842

3830 44888

2830 33168

2000 23440

1265 14826

0680 7970
0260 3047

00356 4102

0 (6]

1225 14367




Carve N Orig. R Diff Ry Diff Av., Velve

FF -EEn (7eeoxit7ex #0= 32E. 7€)
0O 8060 8758 698 9460 702 7000 32816
1 6B22 7442 620 8060 618 .6190 29010
2 5743 6284 541 6822 .638 5395 25292
3 43650 48225 4575 52840 4615 4590 21518
4 3604 3983 379 4365 382 3805 17838
5 268 2990 303 3208 .30%+ 3035 14228
6 2220 2454 2324 2687 833 2335 10946

7 1881 2050 169 2220 170 1695 7946

8 1667 1774 107 1881 .107 1070 5016
9 15500 16085 0685 16670 .0585 0585 2742
10 1507 1528 .021 1650 .082 0215 1008
11 1501 1504 .0030 1507 .0030 .0030 1406
11.5 O 0 (o] 0 0 0 0

£F 0232 (0313 081 0393 .080 .0805 3774

(3RTxIEERR00= 1020

G 6703 7033 350 7361 328 329 510 1020.




() (=) (3) (#)lps) | a2 (%) (2 | -pfrel 24)
s s mxd %
5 oo SRV e W ,/lf}";- CRE)  (ge) /

n S
P ~kd

0 14228 1118Q9 32816 231 75805 3774 53696 22109 18638 111809
1 11919 97335 29019 67034 44982 22052

2 9833 83446 25292 58485 37110 21315

3 7917 69851 21518 49707 29879 19828

4 6200 56842 17838 , 41206 23399 17807

5 4711 44888 14228 « u 32867 % 17779 15088 .

6 3411 33168 10946 § « 25285 . 12873 12412 » 3

7 2321 23440 7946 , , 183556 A 8759 9596 "

8 1430 14826 5016 3 p, 11687 4 5397 6190 %

9 738 7970 2742 ;4; 6334 < 2785 3549 ° i

10 270 3047 1008 2328 " 1019 1309 - D
11 029 4102 1406 3248 1106 214 °IY
115 000 000 000 00 0 0

K= 2x1020. x 831 -2 x (3774) -
= 47134 - 28486 = 18638

) | =) (ea) | @e) | (5)| Ge
i [P anrZ
O S0 20060 @Y Ly

1186 5000 895 5328 1142
1183 4353 893 299 65
1144 3732 863 120 =26
1064 3124 803 - 11 -24
955 2542 721 -101 -22
809 2007 611 140 - 30
666 1483 503 162 - 351
515 1048 389 -157 - 34
‘332 0663 251-108 - 23
190 0356 143 - 69 - 15
D70 0136 53 -26 —06
.011 0018 Q8 - 05 —ol
138| o000 | O | O] ©

bt et
HOYW XSO UBL RO




Lloading:
Degd Lood plus Live Load
over erntire bridge.

Ypper eqdge
2 }émphfica/ Ariclyss3
Lamr;,redge

Ypper edge

}Maf/)ema-f/ca/ Analyis
Lower edge _

45

7e.

L
N
S
0
g
3
n
5003
=2 5 N
;e b §
-------- A400 ©
_____ » 2
_____ (‘ g
N PPN
;b
%
200 2
N
4 /ooé
L A Sy i ‘é
/5 /00 90 80 TO 60 S0 40 30 20 /0

Feet?— Distarnce 1rom crowysr.




4o

Load ing :
Dead loaa plus Live Load
over middale thira.
)
500§
Lower edpe g
}Grqpbica/ Aralysis Q
Lpper eage 700 N
N
Q Lower ecige i
b Mathemaltical Analysis %
\\ Upper eae, -, Q\ 600 “\)
\ = N 0
s N
L Q
500 §
3
l
SR
400
RN
N
AN
300 !
Y
R
zoog
3
£ 100 :
F 4
d ’
i i 1 i i 1 i i i [ 4 -\ T
5 100 90 g0 0 &0 S0 40 30 20 /0
Feet- Distarmce Fromr crown. 100 g
9
n
o
N

Y
N
Q



Lower eage

Upper eaqge

Lower eqge

Upper edge

-~
-

} Ma f/]FMﬂ//'c al Analysie

Grapbical FAnalysis

Lo aa’/}ry:
Oead Load plus

Live Loaa over mi/dale

arg /ef¥ thirdls

i

} 8 88§ §

3
Pound's per sg. /nch — COMmpress/orn /r7 cormcres.

\
S 400
. N
’ C 3F00
-4
Fa
/
200
100
/
; /
d
/15 V%% 20 &0 70 60 S0 40 30 20 /0 /0 20 30 40 - 1 t i)
.Q
Feet - Distarce Frorm crowr. 9
N
L
o w
Wit



Looding:
Deaa Lload pls
Live load over: bothend ) 1irdss

ferr Grapbical Analysis
Upper edge )
L
L P Mathe matical Analysis
ypper edge .E
L
800
N
S
| 700 %
| S
0
| ,? \
° oSG Q
> & |500 §
. R
| o 400 !
! s O 7 $
< : Y/ S
(= ~ e ¥
o / 300 &
\ A
X 200 §
I \ g
S
R 100 ©
- o
» e
~
115 /o0 80 80 70 60 S0 4o 30 2o 10

Feel- Distarce 7Trormr crowr.
!

100

Y
3

Ternsior



Lower edge

. Upper edfe

Lower edge

Ypper edge

}érapb/:ﬂ/ Aralysg.

} WMatbemalicd/ Aralysis .

Dead Loag plus

Live Lood aver [ler?

7700

~
D
)
S

Loagmeg:

©
D
Q

Third .

@
D
Q

COMIPIreESS/I0r 117 CONCHFETE.
N
D
Q

/'/7&/7
S

et 5.
i
S
S

Fouras
8
Y

Feet ~ Distarce

From crowr.

500



AFevised Jéé?zf%’fii‘- 5" el L

_ . Abyrment X;‘S'._?.é bl Croww s ;

Alax. SHres S 740 bo0 . . {}
Z:’a%}y Wodd o Lef N8l fe.
‘ Aok 24y 7 é/."t/ . e /9/'»‘4/.

/ﬂ J’Lf& //‘fzéfe-f?”'" 47" f&e}‘é'f gaaru?m &7‘-»7;07‘/&/9/
ST ol L bes A Ta we//;r.w.y 7‘&2 G o B Py 1y T
.a’e,,a/‘é ot pib ot 5 g iaey. 1. e wid b Ta
\neet Fhe | moximva:  sFress RIVhE cropwy ang |
et The Jaf?’/rwr T e sfee/ Fra epe Crogs-cpotirg

.Jﬁﬂ?ﬁ. 6’0 Sheed b-@ iema o ’?uwrﬂza//:?eq/ ba?“

T le gisHFarce /.&leez_a T he . Fwo j/”-"/&/’\!
ML e | fz"’c.x/fe L 7 Fhe @54/74/77{/;7‘ >ham a7
7"4(?4 & B s o

ﬁ?-—é)f 455 260 sea '.sétcf /T : 2, W
= /4?0&—3 e ;

et

C

Tt/ = f140 000




~

)




