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1
Introduction

The proper treatment of continuous beams is of
constantly increasing importance in structural de-
sign. Before the general use of reinforced concrete,
the application of the Theorem of Three Moments was
required only in special structures. Today, concrete
buildings and bridges cannot be economicelly designed
without careful analysis of the moments in the contin-
uous beams and slabs, The common methods of such
- analysis, however, are so involved and tedious that
the ordinary practice of designers is to use establish-
ed, arbitrary coefficients for moments in continuous
beams., Needless waste of material naturally results.

This design represents the application to a prac-
tical example of & rapid and direct graphic solution
of the relation expressed by the Theorem of Three Mo-
ments. This method for obtaining moments in continu-
ous beams eliminates the necessity of using arbitrary
coefficients and gives the engineer an opportunity to
exercise his ingeniuty and Jjudgment toward obtaining
efficiency and economy. The use of presoribed coeffi-
cients for continuous beams makes the design mechani-
cal and unscientific and results in moments which may

be 50% too small or 60% too large,
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4
The following application of the Graphical

Method of Conjugate Points to & three span con-
tinuous deck girder with varying moments of iner-
tia is an example of the practifal usefulness and
readabllity of this method.

DESIGN OF REINFORCED CONCRETE

THRER-SPAN CONTINUOUS DECK GIRDERS

(See Sheet No, 3 for details)

STANDARDS OF DESIGN

Dead Load - 15 1lb.per sq.ft.in addition to slab
weight

Live load - A.A.S.H.0, H~15, One lane traffic
Distribution - Missouri State Highway Specifi-
catlons
Impact - Maximum of 30%
DESIGN OF SLAB

Cantilever Section

p Lve Load
& Handrai/ Truck Whee/
&Curd —\\\~1 !
. k N {€ G/'f’def'
T ‘ \
| o | ol o7 | st er

B

gZo”
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Agssume wheel load distributed so that 35%

of load becomes effective as moment at face

of girder. (

See "Public Roads" March 1930 pp.2l)

Maximum Moment at face of glrder

Iive Load -
s
Slab - 0,77

35% of 1,200 =4,200
30% Impact =1,260
x 150 x 4.29 x 2,14 =1,060

Wearing Surface-15 x 2,54 x 1.27 = 49

Curd and Rail

l - 325) x 3.54 =1,150

- : .:56 ft.lb.

Beam is reinforced for both tension and compres-

sion as follows: For balanced reinforcement,

M f, pd ba‘ = 16,000 x .0097 x .862 x 12 x 7x7

=78,800 in,1b,

Al pbd = ,0097x12x7 = 0,815 sq. in.

and M2 a M-

where Mé e

tional com

M, = 91,680 - 78,800 = 12,880 in. 1b.
quals the moment resisted by the addi-

pression and tension steel needed and

M equals the total external moment.

Ass total area of tensile steel required

1* @8anze (

f.':f’ X

Use £ inch round bars at 5% "cts.

kd 0 4! 16,000 x 0,414 x 7-1.87
a(1-X) 4

=4,000 1b, per sq. in.



W’;—W 12,880
mﬁm‘m—n
=0.67 8q.in
Use 5/8 inch round bars at S5g"cts,
Design of Slab Panels Between Girders
Assume dead load ané& live load distridbuted
over entire panel plus 50%,
Live Load 24,000 1b.+30% impact =31,200
31,200 ¢ 150 =208

208 +50% - - = = - - - - 312 1b/sq.ft.
Dead Load-Slabdb
150X0,83 = = = = - - = = 125 " m m
15 nn n
nn ”

From Spalding, Hyde & Robinson page 365

Portion of load carried by 10' span is

%8-0.5 =1,0 |
Therefore: Load on slab in 10' length= 452 lb/sq.ft.
and load on slab in 15' length =0 but is assumed at
100 1lbv/8q ft,
4/3 of average load per sq. ft. is carried by mid-
section,
Therefore, 4/3x452= 603 1lb/sq.ft 4/3x100=133)b/sqft.
1 TFor 10' length |

M_ wl2 _ 603x12x10x10 , 60,300 in.lb,
Iz 17
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from Table page 205,4 =6,75" or 7"

Ag=0.64 8q.in, Use 5/8 inch round bars
at 6"cts,

2 TFor 15' length

M_wl® _135x12x15x15 , 30,000 in.1b,
Iz 12

Navy Bulletin No, 3Yb Solution for concen-
trated load for 15' span governs in this ocase,

up,ls 600 1b (1,22 log.9 +0,289)

_lz_

=50,000 in,1b.
R = 50,000/12 x 6.25 x 6,25 =108,p ,0077
Ag=.,0077 x 12 x 6.25=0.58 8q.in.
Use 5/8 inch round bars at 7"ects,
Steel has been detailed at 6" & 7" ots,
from previous design and sinece short span detailed
is less than 10' this spacing is suitable. Steel
to be spaced as designed in mid section with an in-
orease in spacing of each set for edge sections.
Use 2/3 this amount of steel for Negative moment
over supports,
Design of Webs Under Slabd
Dead Load = 1,250 1b.per lin.ft. (slabd)

" ” = 450 " " " " (boam)
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S-0 - IO 2
| 250 Lb. per/?

65
k)

Slab Dead Load Listribution
Dead Load Moment 9650 x 7.5=72,400 £t. 1lbs,

-450 x 7.5 x 3,75 = -12,670
-1,250 x 2.5 x 1,25 = =39,100
-625 ¥ 5.0 x 4.2 = 13,100
—=7, 500 ft.lbs.
Live Load Moment
21,800 x 7,5 = 163,500
15,600 x 6,0 = 93:500 e 108

7,500

Total Moment = 77,500 Tt.1lbs,

K=77,500 = 46, p = ,0032

x
Use 3-1"round dars

Shear
DoLo = 9.625 1bo
L.L. =21, 5600
ZTIT5 1bs.
v =17,000
=14,175 Ibvs

Use #"round at 12"cts,
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DESIGN OF GIRDERS « - - 3 SPAN CONTINUOUS

Dead Loads
Rail & Curd = 3251b/lin.ft.
Slab 81x12.5x150 =1,520 ™ n

15 1b. additional 15x11 = lgs " nm n

Use 2,000 Lb./Lin.Ft,
Braockets 1,375x.83x3.8x150 = 650 1b.
Webs 6.8x.83x2,.8x150 = 2,370 1b,
5371 10/14n, 1%
Girder Stem 2,79x1.417x150 = 6§93 1b/1lin.f%.
Total 2,010 71 593 =2,?00 1b,.1lin,ft.
‘Uniform Load

Live Loads
AA.S.H.0O. H=15 Trucks placed as follows:




Case II

)
|
L 426" L2°6" A J2-6°

0, @ O

Case III

az:¢

NS
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Moments for Moment Diagrams - Simple Spans

Uniform

Load of 2,700 1b/lin.ft.

Dividing girder span of 42'-6" into l1l'sections

moments at pts. are as follows:

Moment at

5' =1,350
10' =1,350
15' =1,350
20' =1,350
21,25= 2,700
25' =1,350
30' =1,350
35' =1,350
40' =1,350

Concentrated

x 5 x 37,5 s253,000 ft.1bs.

]

10 x 32,5=439,000

]

15 x 27,.5=556,000

20 x 22,5=607,000

42,25 x 42,25/8 = 610,000 ft,1bs,
25 x 17,5=590,000

30 x 12,5=506,000

35 x 7,5 =354,000

40 x 2,5 =135,000

Live Loads

M M H H K N

CASE I - Span 1-2 also CASE III Span 1-2
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Case I Span 3-4

|

42°¢"

Case II Span 2-3
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Case IV Span l-2

| )
/e | M40 170
426"

A

—

Case IV Span 2-3

S
A ™
NI
N\
N

 —
S
{:\\
D\
I A




The foregoing design:tgd simple beam moments
may now be used in the graphical analysis of the
girders by the method of conjugate points. For the
purpose of quickly determining the behavior of the
girders and also for later comparison the graphical
solutions are made for each of the four cases con-
sidering the girders with a uniform moment of in-
ertia, The method is as follows:

1l Represent the continuous beam to scale and draw
on each span the moment graph on the assumption
that the individual spans are simple beams. It
is now necessary to locate the true datum line
(or M=line) for the continuous beam,

2 TFor freely supported ends the M-line must pass
through the extreme left and right supports.

3 On the 1/3 lines of each span locate the U=V
points, such that the height of ¥ and V above

the base of the moment graphs is equal to the area

of the simple beam moment graphs divided by the
length of the span,

4 TLocate the T - line near each intermediate reaction

vertisally transposing the adjoining one-third
span segments,

5 Connect Vl - Uz and Vz - Uz. Where these connect-
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15

ing lines cut the T - lines, mark the respective

- ts T and T °
T poin 1-2 a 0.3

Draw Pl - Vl intersecting the R2 - vertical at 32
Draw Bz - Uz. A line from Py through T1-2 in-

tersects Bz-U2 in the conjugate point, Py

Draw P -Vz intersecting the R, ~vertical at Ba.

2 3
Draw Bz-Uz. A line from Py through T, z inter-
sects BZ-U in the conjugate point, Pz'

The conjugate points, Qz and Ql may be located
in similar manner by starting at the other end
and working toward the left.

There are now two points P and § in each span,
through which the M-line, or datum line must pass.
If each pair of points Pl - Ql, PZ'Qz and Pz-Q3,
are oconnected by a straight line, and this line
is extended 1in each span to the reaction verti-
cals, the broken line thus formed is the required
M-line, or true datum line. Common intercepts

on the intermediate support verticals will check
the correotness of the work,

Vertical intercepts between the M-line or datum
line and the previously drawn simple beam moment
graphs represent the bending moments at the res-

pective points of the beam. Ordinates above the
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V-Lirne
T 7 Line

LS~ A irre
/7471”76
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+
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-
A
+

L)

A 1z 2
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GRAPHICAL SOLU TION
Case I

Constont IT”
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closing line represent positive bending moments

and ordinates below the closing line represent

negative bending: moments.

It should be noted that the &losing line re-
presents the moments of continuity with reversed
sign.

The Method of Cénjugate Points for varying I
will now be used to investigate the common type of
girder considered in this design.

The profile of the girder together with the nec-
essary tasbulations and summetions is given in the fol-
lowing tables, The beam is assumed to be divided in-
to sections 1 ft,. long, and all variables refer to the
ﬁidnpoints of these sections., In the tabulated values,
x denotes the abscissas, ¥y the straight line ordinates
of M-triangles of unit height, and y, the ordinates of
the simple-beam moment areas for Al 1l and A2 1. The
tespective ordinates divided by I give the "modified"
ordinates., The applied loading is the same as used for

the previous solutions,
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Cases 1 t0 4---All Spans

941
831
592
4z2
315
239
176
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CALCULATION OF CONSTANTS

a%

X

0.625
1.625
2.625
3.625
4. 625
5.625
6.625
7.625
8.625
9.625
100625
11.6256
12.625
13.625
14,625
15.625
16,625
17,625
18,685
19,685
20,625

- 81,625

22,625
23,625
24,625
25,625
26,625
27,625
28.625
29,625
30,625
31,625
32.625
23.628
34.625
35,625
36.625
37,625
38,625
39.625
40,625
41,625

y

0.9800
0.9560
0.9320
0.9080
0.8850
0.8600
0.8370
0.8140
0.7900
0.7670
0.7440
0.7200
0.6960
0.6730
0.6500
0.6260
0.6020
0.5790
0.5560
0.5320
0.5080
0.4850
0.4610
0.4370
0.4150
0,3910
0.2670
0.3440
0.3200
0.2970
0.2730
0.2500
0.2260
0.2020
0.1790
0.1555
0.1320
0.1087
0.0852
0.0617
0,0382
0.0147
2T,

y/1

0.00104
0.00115
0.00157
0.00215
0.00281
0.00360
0.00476
0.00577
0.00712
0,00792
0.00875
0.00900
0.00904
0.00874
0.00844
0.00813
0.00782
0.00752
0.00723

0.00692

0.00660
0.00620
0.005¢98
0.00568
0.00540
0.00508
0.00477
0.00447
0.00415
0.00386
0.00341
0.00294
0.00233
0.00182
0900127
0.00088
0.00055
0.00035
0,00020
0.00010
0.00005

0,00002

0.00065
0.00184
0.00414
0.00780
0.01300
0.02030
0.03160
0.04400
0.06140
0.07620
0.09300
0.10470
0.11400
0.11920
0.12360
0.12700
0.12970
0.13260
0.13450
0.13680
0.13610
0,13630
0.12680
0.12400
0.13300
0.12020
0.12700
0.12350
0.11900
0.11420
0.10470
0.09300
0.07620
0.06140
0.04400
0.03160
0.02030
0,01300
0.00780
0.00410
0.00180
0,00070

*



Case T Span 2-3,
Case.II Span 1-2 & 3-4,

Ve, (Uniform load only)

0.0021
0.0056
0.0085
0.0113
0.0139
0.0165
0.0186
0.0207
0.0228
0.0247
0.0264
0.0278
0.0292
0.0307
0.0318
0.0329
0.0337
0.0343
0,0347
0.0352
0.0353
0.0383
0,0351
0.0348
0.0344
0.0338
0.0331
0.03z2
0.0310
0.0302
0.0z282
0.0266
0.0249
0.0230
0.0210
0.0189
0.0167
0.0142
0.0116
0.0087
0.0058
0,0027

23

Cese III Span 2-3 & 3-4
Case IV Span 3-4

¥/l

0.000002
0.000007
0.000014
0.000027
0.000044
0.000069
0.000106
0.000147
0.000206
0.000255
0.000311
0.000350
0.000381
0.000398
0.000413
0.000427
0.000438
0.000445
0.0004 51
0.000457
0.000458
0.000458
0,0004 56
0,000452
0,000447
0,000439
0.000430
0.000418
0.000403
0.000392
0.000352
0.000313
0.000256
0.000207
0.000149

0.000107

0.000070
0.000045
0.000027
0.000015
0.000007

0.000003
U.010852

LY X/T -

0.000001
0.000011
0.000087
0.,000097
0,000203
0,000389
0.000700
0.001120
0.001775
0.002460
0.003305
0.,004040
0.004800
0,005440
0.006040
2.006670
0.007280
0.007860
0.,008390
0.008980
0.009445
0.009930
0.010320
0.016680
0.011000
0.011250
0.011460
0.011560
0.011530
0.011620
0.0107¢90
0.009905
0.008380
0.006970
0.005160
0.003825
0.,002560
0.001696
0.001062
0.000582
0.000284
0,000119
0.229726

*



Case I Span 1-2,

Ja

0.0020
0.0047
0.0074
0.0099
0.0123
0.0145
0.0167
0.0187
0.0208
0.0228
0.0245
0.0262
0.0292
0.0308
0.0322
0.0234
0.0346
0.0351
0,0353
0.0352
0.0347
0.0343
0.0337
0,0330
0.0322
0.0313
0.0302
0.0291
0.0277
0.0262
0.0247
0,08230
0.0213
0.0194
0,0171
0.0152
0.0129
0,0103
0.0079
0.0081

00,0028
Y.9000
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Case III Span 1-2

ya/l

0.000002
0.000006
0.000011
0.000024
0.00003¢
0.000061
0.000095
0.000133
0.000188
0.000235
0.000288
0.000328
0.00035¢9
0.,000379
0.000400
0.000418
0.000434
0.000450
0.000456
0.000458
0.000457
0.000451
0.000446
0.000438
0.000429
0.000418
0.000407
0.00039<
0.000378
0.000360
0.000328
0.000291
0.000237
0.000192
0.000138
0.000097
0,.000064
0.000041
0.000024
0.000013
0.000006

0,000003
0.010%74

Yax/1/ I

0.000001
0.000010
0.000029
0.000087
0.000180
0.000243
0.000629
0.001013
0.001620
0.002£260
0.003060
0.002810
0,004530
0.005170
0.005850
0.006400
0.007210
0.007940
0.008490
0,009000
0.009430
0.009760
0.010200
0.010370
0.010580
0.010720
0.010850
0.010820
0.010820
0.010600
0.010060
0.009210
0,007730
0.006460
0.,004780
0,003460
0.002340
0.001543
0.000930
0.000815
0.000244
0.000125
0. 219178
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Case I Span 3-4

yﬂ. ya/I Ya,xXI,\:/I‘
0.0022 0.000002 0.000001
0.0051 0.000006 0.000010
0.007¢9 0.000013 0.000034
0.0108 0.0000z26 0.000094
0.0134 0.000032 0.000148
0.0160 0.000067 0.000377
0.0182 0.000103 0.000683
0.0203 0.000144 0.001100
0.0226 0.000204 0:+001760
0.0246 0.000£54 0.002445
0.0265 0.000312 0.003220
0.0282 0.000353 0.004100
0.0298 0.000387 0.004885
0.0314 0.000408 0.005560
0.0329 0.000427 0.006240
0.0342 0.000444 0.006940
0.0354 0.000459 0.007640
0.0365 0.000474 0.008350
0.0375 0.000487 0.009060
0.0375 0.000487 0.009550
0.0375 0.000487 0.010020
0.0370 0.000482 0.010400
0.0365 0.000474 0.010720
0.0359 0.000467 0.011020
0.0351 0.000458 0.011220
0.0342 0.000444 0.011390
0.0332 0,000432 0.011500
0.0323 0.000419 0.011580
0.0210 0.000402 0.011500
0.0296 0.000384 0.011400
0.0279 0.000248 0.010670
0.02683 0.000309 0.009780
0.0246 0.000254 0.008300
0.0227 0.000205 0.006%900
0.0206 0.000146 0.005060
0.0184 0.000104 0.003700
0.0158 0.000066 0.002400
0.0127 0.000043 0.001620
0.0110 ' 0.000026 0.001007
0.0083 0.000014 0.000555
0.0054 0.000007 0,000285

0,0026 0.000003 0.000125
T.0000 0. 252270



0.0019
0.0048
0.0075
0.0102
0.0128
0.0150
0.0174
0.0194
0.0216
0.0236
0.0252
0.0269
0.0285
0.0300
0.0314
0.0329
0.0340
0.0352
0.0361
0.0269
0.0275
0.0275
0.0272
0.0265
0.0258
0.0248
0.0236
0.0224
0.0310
0.0296
0.0281
0.0269
0.0247
0.0228
0.0209
0.0192
0.0165
0.0140
0,0113
0,0087
0.0055
0.0026

26

Case II Span:.2-3

Yall

0.00n002
0,000006
0.000013
0.000024
0.000041
0.000063
0.00009¢
0.000138
0.000195
0.000244
0.000296
0.000336
0.000370
0,000390
0.000408
0.000427
0.000442
0.000457
0.000469
0.000479
0,000487
0.000487
0.000484
0.000474
0.000465
0.000452
0.000437
0.000421
0.000402
0.000384
0,000351
0.000317
0,000255
0.,000205
0.000148
0.000109
0.000069
0.000044
0.0000&27
0.000015
0.000007
0,000003

Vex/1

0.000001
0.000010
0.000034
0.00008"7
0,000190
0.000355
0.000655
0.001053
0.001682
0.002348
0,.703150
0.003910
0.004670
0.005320
0.005960
0.006680
0,007350
0.008050
0.008740
0,009400
0,010020
0.010400
0,010940
0.011200
0.011460
0,011590
0.011630
0.011620
0.011500
0.011400
0.010750
0.010020
0.008330
0.006900
0.0056120
0.003880
0.002530
0.001655
0.001043
0.000595
0.000285
0.000125
U. 262640



0.0022
0.0051
0.0078
0.0105
0.0125
0.0154
0.0177
0.0199
0.0219
0.0240
0.0257
0.0275
0.0290
0.0304
0.0315
0.0326
0,0337
0.0353
0.0358
0.0364
0.0367
0.0371
0.0373
0.0375
0.0370
0.0360
0.0342
0.0326
0.0309
0.0291
0.0273
0.0253
0.0232
0.0209
0.0186
0.0163
0.0127
0.0112
0.0086
0.,0056
0.0026
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Case IV Span 1-2

Ya/l

0,000002
0.0Nn0006
0.000013
0.000025
0.000031
0.000064
0.000101
0.000141
0.000197
0.000247
0.000303
0.0003244
0.000377
0.000395
0.000409
0.000423
0.000437
0.000449
0.000459
0.000465
0.000473
0.000477
0.000482
0.000485
0.N00487
0.000481
0.000468
0.000444
0.000424
0.000402
0.000364
0.000321
0.000271
0.,000209
0.000148
0.000106
0.000068
0.000043
0.000027
0.0000156
0.000007

0,.000003
U.0I10%3

YaI/I

0.000001
0.000010
0.000024
0.000091
0.000143
0.000360
0 000669
0.001076
0.001700
0.,002380
0.003220
0,004000
0.004760
©.005380
0.005980
0.006610
0.007270
0.007850
0.008550
0.009130
0.009760
0.010300
0.010900
0,011450
0.012000
0.012320
0.012460
0.012290
0.012150
0.011890
0.011150
0.010170
0.008850
0.007040
0.005120
0.003780
0.002490
0.001620
0.001043
0.000595
0.000285
0,000125



0.0021
0.0053
0.0082
0.0109
0.0135
0.0161
0.0183
0.0206
0.0228
0.0247
0.0284
0.0300
0.0314
0.03c6
0.0237
0,.Nn346
0.0254
0.0359
0.0364
0.0369
0.0372
0.0375
0.0375
0.0375
0.0373
0.0369
0.035¢
0.0342
0.0824
0.03056
0.0287
0.0265
0.0242
0.0220
0.0196
0.0173
0.0147
0.0121
0.0089
0.0058
0,0027
T.0000
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Case IV Span'z-z

Ja

0.000002
0.000006
0.000014
0.000026
0.000032
0.000067
0.000104
0.000146
0.000205
0.000255
0,.000313
0.000355
0.000390
0.000408
0.000424
0.000437
0.000449
0.00045¢9
0.000467
0.000473
0.000479
0.000484
0.000487
0.000487
0.000487
0.000485
0.00047°9
0.000467
0.000444
0.000421
0.000381
0.000238
0.000273
0.000218
0.000166
0.000111
0.000072
0.000047
0.0000&¢
0.000015
0.000007
0,000003

yax/I

0.000001
0.000010
0.000037
0.000094
0.000148
0.,000377
0.000688
0.001112
0.001965
0.002455
0.003330
0.,004130
0.004920
0.005560
0.006200
0.006840
0.007460
0.008090
0.008700
0.00¢280
0.00¢780
0.010480
0.011000
0.011500
0.012000
0.012420
0.012740
0.012900
0.012720
0.012480
0.011780
0.010700
0.008920
0.007340
0.005400
0.003960
0.002640
0.001770
0.001121
0.000595
0.000285
0.000125
.24
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By using the constants from the Tables,the

following computations can be made:

£y/1
m-n:zxz—.g- fazya/I
2yx/1
=V= - zax‘I
W=v= 155 35/1 g=

42.5 yg/1

and from these values we have,
C=mu or C=m(l-u)
D=m(l-u) or D=mu
E=fg
then,
ul= vlz u 42,5
Us Ve E/C+D A/1

By applying these equations to each of the
Cases under consideration,we have,

m u

or 6r big & c

n v
Casel
Span 1-2 0.00437 0.409 0.01037 0.5 1.8
Span 2£-3 " " 0.01085 " }1.8 or
Span 3-4 L " 0.01106 " 2.6
Case I1 ‘
Span 1-2 " " 0.01085 " 1,8
Span £-3 " " 0.01084 " 1.8 or

Span 3-4 " . n 0.01085 " 2.6

D

2.6
2.6
1.8

2.6
2.6
1.8
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Case III
Span 1-2 " " 0.01037 onn 1.8 2,6
Span 2-3 " " 0.01085 " 2.6 1.8
Span 3-4 " " 0.01085 " 2.6 1.8
Case 1V
Span 1-2 n " 0.01109 " 1.8 2.6
Span 2-3 " n 0.01140 n 1.8 or 2,6
Span 3-4 " " 0.01085 " 2.6 1.8
¥l U
E or or
vl \'j
- Case I .
Span 1-2 5.2 17,35 ft. 733,000 ft.lbs.
Span 2-3 5.4 n 560,000 " "
Span 3-4 5.5 n 700,000 " "
Case II ’
Sp&n 1"2 5.4 " 500.000 " n
Span 2-3 5.4 " 760,000 " "
Span 3-4 5.4 " - 500,000 " "
Case III
Span 1-2 5.2 ' " 733,000 " "
Span 2-3 5.4 n 500,000 " "
Span 3-4 5.4 n 500,000 " "
Case IV :
Span 1-2 5.5 " 760,000 " "
- Span 2-3 5.7 " 690,000 " "

Span 3-4 5.4 " 500,000 * %
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The values ul or vl give the distance from

the end of the span to the respective U or V-line
of the span and the valuec U or V give the height
of the U or V point above the base line. By apply-
ing these values to new graphical solutions we are
able to determine the desired reactions of the

continuous beam with varying moment of inertia.
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GrAFHICAL SOLUTION

Case [

Vorying “I”
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CRRAPHICAL DOLUTION

Case [17

Varying 7"
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From the foregoing graphical solutions of

the continuous beam with varying moment of inertis
the maximum bending moments at the critical points
may be taken by examining the solutions to find
the maximum moment at the point occurring in any
of the four cases,

Starting from the end of the spans the

moments are as follows:

POINT MOMENT |

12 f¢. : +530,000 ft.1lbs.
17 f¢t. +56590,000 non
21.25 ft.( of span) +639,000 n .
30 ft, +180,000 &-50,000 non
42,5 f+,.(over support) -1,000,000 n o
54 ft. 4270,000 non

63.75 ft.( of span)  +215,000 40160,000 " "

72 ft, -270,000 | non
85 ft. (over support) -1,090,000 non
98 frt. +180,000 &-50,000 n "
106,25 f£t.( of span) +639,000 no®

115 ft. +530,000 nom
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DESIGN OF GIRDERS FOR MOMENTS

First or last end Span --- Section A-A
Maximum Moment = 4+ 639,000 ft. lbs,
Girder as shown
Steel 10-1% sq. inches

As = 15,625 sq. inches

n L, = 93.75 & 46.80

P 55”

¥ 4

a

| &3

36. %57
335"
35.5 "
95"
3357
27

8 —— ] :—4
| mma-m EGorStee

reas————F

L7
‘+b = 578 sq.inches
SECTION A<A
(Ser Sheet No.42)
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Analysis -
578 (y=4.25) 17y2 = 234.3(36,95~§)
578y - 2460+8,5y° = 8,655-234,3y
8.5y24812y=11,115=0
¥ = =812+ V660,000 4+ 377,910 _ 1020-812 39,5
17 I =12,2
2: lz
-3
21.5
-3
2 ZI.3
nls= 46,8x21,3 = 21,250
= 92,75x24,3% = 55,300

= 93,75x27,32 69,850
I, =85 (12 2368(3.72)=50, 350
T T

c m
1]
fc= 639,000x12x12,2 =458 1lbs. per sq. ih.

fs= 180x6395000x27.3 -16,000 1bs, per sq. in,
9

Section B-B Center of Middle Span
Maximum Moment =+214,000 ft,1lbs.
and -—160,000 ft.1lbs.
Same Section as for Sestion A-A
Steel 4 - 1 1/8 #q, inches
Ay =5,0625, ni,= 76

Analysis-
578(y-4.25) 1 I = 76(39,5-y)

578y-2,460 8,5y2= 3,000-76y
8, 5yaM654y-5,460= 0
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Y= =654+V4£1,500+185,800 _125 39,5
17 =-7,4

nls=93,75 32,12 = 96,700
Ie =85(7,23) =11, 500
5

108, 200

fow214,000 x 12 x 7.4 =175 lbs.per sq. in.
108,200

fg=2180 x 214,000 x 32.1+ 11,400 lbs.per sqg.in,
108,<00

for -160,000 ft.1bs.@ point 15

K « 160,000 x 12=70, p= .005
"0 x 40 x 40

As =,005 x 17 x 40= 3.4 sq. inches
Use 2-1% sq.in,
bars
for -185,000 ft. 1bs @ points 14 & 16
K« 185,000 x 12= 84 pej0059
17 x o
39.5
Ag = 0059 x 17 x 39,.5= 3.97 sq. inches

Use 3-1% in, bars

Section C-C Over Intermédiate Support
Maximum Moment = -1,000,000 ft.lbs.
K=1,000,000 x 12 =79 p =.00565

16 x §2.5 x 94,5

AQ =,0055 x 17 x 94,5=8,85 sq.in,

Use 4-1% in.sq.bars & 2-1 1/8 in.sq.
bars as detailed.
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Section at end of haunch_=

Maximum Moment = -275,000 f£t,1bs.

K=275,000 x 12 =125 p=.009
17 x 39.5 x 39.5

AS=.009 x 17 x 39.5 =60 sq. inches
Design as double reinforced
K=,379, }=.874, p=,0077, fl=16,000, fo= 650
M, = 16,007 x .0077x.874 x 17 x 39,5%=2,850,000 in,lbs.
A1= 0077 x 17 x 39.5=5.1¢ sq, inches
M =8,800,000-2,850,000=450,000 inch lbs,

As=5.l6+( 450,000 =5,16+75=25,91 8q., inches
e UKL X ]

Use 4-1% inch sq.bars to at least 13' out from

intermediate support on each side of support.

DESIGN OF SECTIONS WITH VARYING DEPTH

Sections Through Haunch at Pts. 8,9,11 & 12
csf15%= ,934
68230°=, 75 Use 1.25 x ordinary beam design

a2 (i) _ (2 v
(F,pdb) (T kjb )

@Dor(@=16,000 XM

Depth Required:

Pt.8 d§a000441x250,000x12 = 1,325 = 37} inches

=M =,000441 X
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Pt. 9 a® ,000441 x 600,000 x 12 = 3,175 = 563 in.

3,440 =883 "

m11 % " x 650,000 x 12

"1z @2 ] x 400,000 x 12

2,115 = 46 4
Steel Required:
Pt. 8 A5 .0097x17x37.5=6.2 sg.in. 4-1} inch sgs,
"9 m " x "x56,5=9,32 " "=4.1% v "
& 2-1 1/8 in.sgs.
1l v " x "x58,5=9,65 " " =4.1% in.sqs. &
2-1 1/8 in.sgs.
iz » " x "x46,0=7,60 " " =4.1% in.sqs. &
2=1 1/8 in,sqs.

Details of the continuous girders are shown on
PagedZ, These details show the required bars which
have been called for in the design of the girders and.
also the metfiod of placing and spacing the bars to

secure an efficient and economical structure.
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