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TNTRODUCTION

Today bridges of every type--suspension, arch, truss, plate box girder,
ete.--are constructed of steel because of the strength, dependability, and
permanence inherent in that material. In the past, for the purpose of
obtaining as near a balanced design arrangement as possible, the normal pro-
portion of an end span to an interior span of a steel highway bridge was
approximately 1 to 1.25. Now, however, the interior span length will often
approach 100 feet and in some cases, primarily due to the use of the current
safety criteria, thers have been spans of over 135 feet. This extension of
the interior span length is particularly necessary if there is a slight skew.
Following the extension of the interior span length, in order to meet the
balanced design arrangement, the end span length is frequently longer than
necessary to take care of the fill slope coming down from the abutment.
Thus, there is considerable interest in shortening the end span to the point
where uplift at the abutment is eminent.

According to the AASHO Specifications, if the end span is shortened
severely with respect to the interior span and uplift oceurs, adequate
attachment of the superstructure to the substructure should be made and a2 100
per cent increase in the live-plus-impact load should be taken into account.
Unfortunately, the advantage of an attached abutment is not presented in the
normal design of a steel structure and the 100 per cent increase in load
increases the expense of the design. For these reasons, the design of steel
structures with span lengths which do not lead to uplift and still meet the
eriteria of economy with safety is desirable,

There are several criteria which might be used io determine the optirum

span length. One such criteria is total cost of structure including




superstructure and substructure. Since the cost of substructurs varies con-
siderably from loecation to location and since the reinforced concrete cost of
superstructure also varies depending on the structures locaticn, it would have
been rather difficult to calculate these costs in this study. Therefﬁre, the
criterion used in this study was total girder weight., Several simplifying
assumptions used in the study are listed in OUTLINE CF THE DESIGY FETHCD.
This study used a trial and error method for determining the optimum end
span lengths for ratios‘of the moments of inertia of the girders over the
piers to the moments of inertia of the girders at mid=-spans of 1.5, 2.0, and
2.5. The trials were made with the end span lengths ranging from 50' to 80'.
A total of 12 cases was investigated, The analyses and designs for the cases

investigated are summarigzed in Table 1 and Fig, 10.
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Fig. 1

(I) General Description of the Design Procedure
1, Given the depth of the girder, H, at mid-span or ai the abutment.
2. Given the value of nI, where nI is the ratio of the momenit of
inertia of the girder over the pier to that of the girder at mic-

span or at the abutment.




10.

Calculate the depth of the girder over the pier from the given values
of H and nI. Then compute the radius of the curve describing the
girder haunch. The ratio of the moment of inertia of the girder at
any section along the bridge to that of the girder at mid-span or at
the abutment can then be found immediately.

Assume a value of AL, where AL is the length of the end span of the
bridge.

Use the displacement method to find the ordinates of the influsnce
lines for the moments at supports B and C, and to find the ordinates
of the moment diagrams for the bridge under the action of the vari-
ous loads, such as concentrated live loads or unifcorm dead loads.
Using the values calculated in Step 5, find the minimum girder
weight which will prevent uplift at the abutment.

Assume a girder weight larger than the minimm required to prevent
uplift,

Determine the maximum morment and maximum shearing force caused by
the dead and live loads, using the data from Step 5. Design the
girder scction in accordance with the criteria of the current AASHO
Specifiecations.

Calculate the weight of the girder cho;en. If it is substantially
different from‘the assumed value, repeat Steps 7 and & until a suit-
able section is obtained,

Calculate the total weight of the four girders in Kips.

Pick a new value of AL, and repeat Steps 5 through 10 until the

pertinent range of AL has been covered.




12,

13.

wn

Pick a new value of nI, and repeat Steps 3 throush 11 until the
prescribed values of nI have been used.

Use the length of the end span as the abscissa and the total weight
of the four girders as the ordinate, and plot the resulis obtained
from the above steps into curves for the prescribed values of nI.

Then, estimate the optimum end span length from the curves.

(II) Simplifying Assumptions Used in the Design

1.

2.

The depth of the girder at mid-span and at the abutment as well as
the interior span length is held constant. The interior spans are
95 feet each, and the girder depth at mid-span and at the abutzent
is 36 inches.

The continuously varying depth of the girder is to be approximated
by a girder which has a prismatic haunch every 5 feet from the
interior support to mid-span. The ratios of the moments of inertia
of the girders at the interior supports to those of the girders at
mid-spans are 1.5, 2.0, and 2.5.

The dead load weight of the girder is taken as the average weight
of the girder, and the design of the stiffeners and diaphragms is
omitted for the purpose of simplifying the computations.

There is to be no uplift at the abutments.

H20-44 loading is to be used.

The current AASHO Standard Specifications for Highway Bridges are
to be used.

A non-composite reinforced concrete deck is to be used on the
welded girders.

In order to maintain a symmetric haunch, only lengths of end span,




9.

10.

AL, which are equal to or larger than 47,5 feet were selected,
For design, use the uplift resulting from the lcading which

includes the concentrated loads for moment but not for shear.

A-36 steel is to be used.

N




NUMERICAL EYAMPIE AND SUMMARY OF DZSIGN RESULTS

A trial and errcr method was used in this study and all of the calcula-
tions were performed on the computer. The method used, in computer program 1,
for finding the radius of the curve deseribing the haunched girder is the sim-
ple principle of the arc of a circle in analytical geometry. As for the dis-
placement method, in computer program 2, the author assumes that the rezders
have had the background of a matrix methods course in structural analysis.
Therefore, a detailed explanatién of these two preliminary steps in designing
the girder section will be omitted here. Only the procedure for the final
design using the criteria of the AASHO Specifications will be covered in

detail,
Design of the Girder Section for nI = 1.5, AL = 80°

(A) Concrete Deck and Girder Layout
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Typical Section

Fig. 2-1,
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(I) Dead load of conerete deck for exterior girder
7875

Slzab: (4 + 2.667) (-—ﬁ-)(lso) = 656 1b/ft
Parapet: Area 1 = 67.2 1b/ft
Area 2 = 16.7 1b/ft

Area 3 = 31l.2 Ib/ft

Area 4 = 72 1b/ft

Total = 843.1 1b/ft

[63]




(II) Dead load of concrete deck for interior girder

828y (150) = 787.5 1v/et

(B) Distribution of loadsl
(I) For exterior girder

(1) Assume the flooring to act as a simple beam between girders,

|
L2 Yy
- —
| S=8 s
|

Typical Lane Loadings

Fig. 3.
2 2
D0F0=1+"'s"=l+"'8_"1|25

= S 0
(2) D.F. T 0.35 1.334
Therefore, (2) contrcls, Use D.F, = 1.334

(II) For interior girder

)
- L E o = IL‘.
D.F =,z 1.455

1Superscripts refer to Reading References.




From Steps (A) and (B), and the live lane loadings, it can be found thet

the interior girders will control the design.

(C) Find the Lower Limit of Girder Weight Which Will Prevent Uplift at the

Abutment
7K ? K
Wi =0.32 K/7 y Wi=032 K/7
] T T T 1] [ ] 1 ]
A A4 B 7 C D v £ »2r
8o’ | s’ | g5 | 8o .
| | I ] o

l ]

(;{4)mh1

Live Loadings for Minimum Reaction at Abutment A

Fig. 4,

(I) Find the critical moment at support B

(1) Impact formula

50 50

I=471s ~8®oFizm 2




(D)

(2) Due to live loads
{(a) Concentrated Loads
= *
(MB)conc = ((~8.865479) + (-0.751801) )(9)(1.455)
{(b) TUniform live load in spans BC and DB
e *
(Mé)unif = (-556.923096)" (0.32)(1.455)
Total: (MB)L = (MB)conc + (HB)unif
(3) Due to dead load

(M), = (-8ub, 578613)*wD
(M. = 00, + (LA

(II) Find the minimunm reaction at support A&
(W) (80)
+ _D >0
2
Then, we can obtain WDZ'_O.Z?,OBLI— Lits

(NB)
(3A)min - 80cr

But the conecrete deck wt.

0.7875 k/ft

0.015 kﬁft
0.8025 k/ft

]

and the estimated wt, of stiffensers and diaphragums
(wg)m.lr1 2 Wy-0,8025 <0

Therefore, the minimum girder weight = 0 k/ft

Caleculate Maximum Moments

Assume the girder weight = 0,1831 k/ft

Then, the total dead load = 0.9856 k/ft

(I) For maximum negative moment
Study of Tablés A-l, A-5, and A-6 indicates that the negative

moment at support B will control the design for the interior girder.

50

1= 175 (eomsy 7128

= 0.2353

*Computer Output Data in Appendix A.
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Live Loadings for Max, Negative Moment at Support 3

Fig. 5.

(1) Due to live loads
(a) Concentrated loads
(1) o = ((-8.517578)" + (-8.865479)")(9)(L.455)
cone
{b) Uniform load
£ *
(HB)unif (~997.966309)7(0.32) (1.455)
(M'B)L - (MB)conc o (H'B)unif
(2) Due to dead load
(e5) ) = (-844.578613)"(0.9856)
g = = - * —T
(). = (Mp)p + (1.2353) (), = -1687.3409 k-It
(IT) For maximum positive moment
From the analysis in Tables A-4, A-5, and A-6, Appendix 4, it can
be seen that the positive moment in the end span is larger than that in
the interior span.

=_ 00 -
I= T 0,244

*Computer Output Data in Appendix A.
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Live Loadings for Max. Positive Moment in End Svpan AB

Fig. 6.

(1) Due to live loads
(a2) Concentrated load

N = (16.003296)"(9)(1.455)

conc
(b) Uniform load
Mynge = (641.422119)7(0.32)(1.455)
(M)L = Mconc = Munif
(2) Due to dead load
(), = (432.875977)7(0.9856)
(), = (g + (L.244) (1) = 1058,6164 k-1t
Thus, the max. negative moment at support B controls the design.

I = 1687,3409 k-t

“des
(E) Calculate Maximum Shearing Forces

(I) For max. shearing force at support A

80 + 125

*Computer Output Data in Appendix A.




/3K /3K

, We=0.32 K/r 1/ We =0.32 K/
1 1T 11 Y I I
A B C - Dol E 4
/ 7 7 /
L, 60 75 g A4 80
1 1 1 1 1
/2K
Vv WA

Live Loadings for lMax. Shearing Force at Support 4

Pig. 7.

(1) Due to live loads
(a) Concentrated loads
Vyy = (13)(1.455)
My = (2.621933)"(13)(1.455)

M

Vv =_3
A2 80
(VA)conc =V, t VAZ = 19,5291

(b) Uniform load

My = (-287.114502)"(0.32) (1.455)
¥g  (0.32)(1.455)(80)

i

80 2

) + {VA)unif = 36.477K

= T
(\'A cone

*Computer Output Data in Appendix A.




(2} Due to dead load

(V). = (-84.578613)"(0.9856) , (0.9856)(20)
A’D 30 z
(V) = W)y + (L2)(v,), = 74.393K
(II) For max. shearing foree at support B
/3K /3K
l y wk=o032 K/r Wese 32 Kiz
W P ol T W
A b B 49 C Dot E 75
7 / ’ ’
, 8o | 75 ! 75 L 8o }
t T 1 j 1
/3K

Live Loadings for Max. Shearing Force at Support =

Fig, 2.

(1) Due to live loads
(a2) Concentrated loads
Vg = (13)(1.455)
1y = ~(-8.517578)" (13) (1.455)
(2.5215)* (13) (1.455)

Vo, = Mp + ¥
B2 95

=t
=
il

£
[l

*Computer Output Data in Appendix A,




[
[exY

(VB) o VBl + VBZ = 21.106i
(b) Uniform load
iy = =(=997.966309)"(0.32) (1.455)

M, = (-253.985672)7(0.32) (1.455)

C *E
Mgt M. (0.32)(1.455)(95)
(0.) ..= o+
B/unif 95 )
(VB)L = (VB)COM + (VB)mif = 46,861 ¥

{2) Due to dead load

MB

M (-769.649658) 7 (0.9856)

bk = Hp + M, . (0.9856)(95)
BD 95 2

- A
I = zrirsg = 0-2273

~(-84,578613)(0.9856)

(V)

2l max = (Tglp * (1.2273)(Vp), = 105.105 K

(III) For max. shearing force at support C

/2K 13K
Y oV We=o.32 K/
T 11 t I
A o Brir c Drior vk
| 8o | 95" 95" | go’ ]
T I T 1 1
/3K
Y
Mc(,nIJIEIJDMp
Ke Rp

- Live Loadings for Max., Shearing Force at Support C
Fign 9.

*Computer Output Data in Appendix A.




(1) Due to live loads

(a) Concentrated loads

|

Vo = (13)(1.255)
M, = ~(-8.804932)"(13)(1.455)

M, = (2.621933)7(13)(2.455)
_ iflc i+ rf.r)
05

c2 5
Vo) yome = Vo1 + Voo = 228K

() Uniform load
¥, = ~(~1030.72876) (0.32) (1.455)

M, = (~365.020752)7(0.32) (1.455)
Mo + 1, , £0.32)(1.455) (95)

Vedunie = 53 p)

(vC)L - (VC)conc i (vc)unif = 46,554 K

{(2) Due to dead load
M, = -(-769.649658)"(0.9856)

M, = (-845,006592)*(0.9856)

Mo+
qo TMy (0.9856)(95)
Vg)y O Z

Vdpax = (Vo) + (1.2273) (V) = 103.17 K
B (VB)max ;>(vc)max,3’(vA)max

V. = 105,105 K

des

(F) Design of the Girder Sectionl

(I) For the girder over the pier
(a) Design web

D =y’

*Computer Output Data in Appendix A.
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|,_.l
o

5"
16

D = 140.8<165 (0.x.)

[¥]

Assume t =

(b) Design flange

Assume tf = 1", bf = 20,81"

- 20:181 = 20,81 < 23 (0.%.)

H;rl_ | I-i,UJ

(¢) Check bending stress

Web: L x % I, = 2218.33 s
Flange: 2 - 20,81" x 1" Ix = 21070.13 inu
Total I = 23288.46 't

It is assumed that the compression flange is partially
supported by cross-bracing at no more than 25' intervals. With a
length of unsupported flange between lateral supports of 25', the
allowable compression stress is defined as follows:

- - T2 ... L
F, = 20000 - 7.5 (.55) mthBEg 36

Continuous girders may be proportioned for negative moment at
interior supports for an allowable unit stress 20 per cent higher
than that permitted by the above formuila, but in no case exceeding
the allowable unit stress, 20 ksi for A-36 steel, for the compres-

sion flange supported its full length.

25 x 12

2
"2‘6’.‘@._) 1(1.2) = 22,2 ksi

F, = [20000-7.5(

Thus Fb = 20 ksi

_ Mges x C _ 1687.3409 x 12 x 23 _ _ _
Iy T s S = 19.997 ksi <20 ksi (0.X.)

(d) Check shearing stress

_ Vdes _ 105,105 _ . ,
fv - L x—g 7.6 ksi&12 ksi (0.X.)
L] T




(II) Tor the girder sections in the interior of the spans

VOWing to the given ratios of the moments of inertia of the gircers
over the piers to those of the girders at interior points in the spans
and the curve defining the girder haunch, the actual momentis ol inertia
of the girders at interior points in the span can easily bes cbtained.
The design of any girder section in the span can then be performed by
routine methods and is not therefore performed here.

It should be noted that the designed girder sections in the spans
were based on the influence of the maximum negative moment for the
simple reason that the maximum negative moment was larger than the maxi-
mum positive moment. However, in order to assure the adequacy of the
design, the girder sections in the interior of the spans were checked by
using the maximum positive moment zs the design moment at each section.
In any case where the design was governed by the maxirmum positive '
moment, the same procedure cutlined previcusly was used. Eowever the
maximum positive moment was used as the design moment. It is obvicus
that the girder sections over the piers will be over designed anytinme
the maxirum positive moment controls the design.

According to the assumptions desecribed in QUTLINE OF THE DESIGH
METHOD, the designed girder sections in the span caleculated by the com=
puter for the computations of the weight per fi of the girder and the

total girder weight are listed as follows:




Location teb
At mid-span 36" x f%"
5' frem mid-span | 6.12" % f%'
10' from mid-span 36.46% x f%'
15' from mid-span 37, 04" x'fg
20* from mid-span 37,847 x 2
25' from mid-span 38.87" x fz'
30° from mid-span 40,13" x {%‘
35" from mid=-span 41,63" x f%'
40° from mid-span 43.16" X'fg|
45" from mid-span 43,95 x f%’

(III) Check girder weight

A= (53.25 + 53.58 + 53.41 + 53.37 + 54.01 + 54.08 + 54.67

+ 54,99 + 55,15) x 30 = 14589,.216
A = 53,06 x (70 + 10) = 4245.07

. Ay + A 2
i, 2 in
A = = = =53 8]
320 53
o o 0.49 x 53.81 _
dé = gIon 0.1831 K/ft

Total weight of girders

W& = 0.1831 x 350 x 4 = 256,356 kips

2-Flanges

20.,91"
29.98“
20,99¢
20,92"
20, 77"
20.93"
20, 77"
20,83"
20,75"

20,71

x 1v

x 1Y

o 1Y

x 1"

X 1“

0
53.41"2
.59
5k, 012
54,082
54,672
499"

55.15“2

The analyses and designs for the other values of nI and AL are

summarized in Table 1 and Fig. 10.




-

TABIE 1. Summary of Design Results

Max, Max, - | Girder section at ! ‘ section i Stresses at Stresses at | o
- - .t 2 | : | = trg Tn
nl | AL | negative | positive Ydes interior suppcrt | 2l mid-span | interior support mid-span <"g)min Jg
£t moment moment kips : : 1b/ft 1b/ft
k-1¢ k-ft web flange | web flangs - £ i £
g | b R D v
o = ol - =5 ~ el 1M ~ [, fots | | ~E e 7L G O =)
80 | 1687,341 | 1058.616 | 105.105 | 44x5/16 | 20.81x1 | 36x5/16 | 20,91xl f 19.997 | 7.64 15.55 | 9.3% 0 183,119 6
= ” e e Fenk v , - s | B e T l C
70 | 1675.556 | 933.057 | 104,596 | Lhx5/16 | 20.65x1 | 36x5/16 | 20.75x1 19.997 | 7.61 13.80 | 9.30 0 182.19 49
1.5 : ? !
60 | 1705,813 933.636 | 105,686 | Bhx5/16 | 21.07x1 | 36x5/16 | 21,16x1 19.990 | 7.69 13.56 | 9.39 0 185.19 }
Z J fo o) o ] =5 = {9 S SO 3 - =
50 | 1715,596 92%,887 | 106,136 | Wux5/16 | 21.20x1 | 36x5/16 | 21.297 | 19.993 | 7.72 13.36 | 9.43 | 123.66 186,27
80 | 1788.964 | 1027.727 | 105.651 | 51x5/16 | 18.49x1 | 36x5/16 | 19.01xl | 19.99% | 6.63 16.47 | 9.39 0 171.36
| = £ -
70 | 1743.664 | 872,347 | 104,327 | 51x5/16 | 17.96x1 | 36x5/16 | 18.k9x1 19.991 | 6.55 1434 | 9.27 0 168,01
2.0 : :

60 | 1776.861 869,910 | 105,482 | 51x5/16 | 18.35x1 | 36x5/16 | 18.87x1 19,992 | 6,62 1,04 | 9,38 0 170.89

50 ° e ® ° s @ . . . = * Z'L.l’é s 96 21.!‘6 @ 96

(&3]
l 1
~J
8%
\'.Ji
H
}fl
g}
o
D
O
-3
;{_‘:
0
(&3]

80 | 1873.739 | 1007.147 | 106.500 | 57x3/8 16.28x1 | 36x3/ L7431 | 7.89 0 169.77

70 | 1799.460 | 832.664 | 104.48: | 57x3/8 | 15.50x1 | 36x3/8 | 16.49x1

|t
o)
)
t‘%
Un
iy
)
o
O

14,90 | 7.74 0 164,92

2:5

o
o
0
b
&
D
3

60 | 1835.43% | 827.400 |105.71%4 | 57x3/8 | 15.88x1 | 36x3/8 | 16.86x1 14,51 | 7.83 0 167.91

50 P “ @ . ] e . - ® « ¢ L : 351 ® 03 | 35ln 03

Remarks:
All web and flange dimensions are in inches.,

Maximum negative moment was controlled by M, when AL = 80°, otherwise by ¥ ..
L)

Maximum positive moment was located in the end span when AL = 80%, otherwise
in the interior span.

The symbol, *, indicates that the design was omitted.




Total weight of girders (WT)

kips
260
255
250
2Lg
240
235
230
225
220
215
210
205

200

150

2

=L5

» X Calculated data. LS

@ Estimated cross over point.
——=— TEstimated position for

= optimum end span length.

- ni=2.5

B ~

~
N
l I ! | ] 1 1
H5 50 43 60 65 70 75 80  feet

End span length (AL)

End Span Length vs. Total Weight of Girders
for Girders with Circular Haunches

Fig. 10




DISCUSIIOoN

A trial and error method to determine the optimum end span lengihs for
girders with cireular haunches was used in this study. The digital cormputer
was used to perform routine, tedious calculations, Cuwing to the truncaticon
and rounding inherent in electronic ecaleculations, a small errcr in any one
operation can easily become a large error in the final result cdue to the
repeated execution of a large number of operations. Fortunately, a stiffness
matrix with dominant diagonal terms is generally obitained by the use of the
displacement method. The effects of truncating.and rounding errcrs upon the
results of calculated wvalues, such as the moment ordinates of the moment
diagrams from Computer Program 2, were therefore rather small. These
results, with satisfactory accuracy for practical use, can be found in
Appendix A,

Study of the tabulated data in Appendix A shows that the negative monent
at point B,rdue to both dead load and live locad, increases as the end span
length increases, The data also show that the negative moment at point C,
due to deéd 1o;d, decreases as the end span length increases. However, the
negative moment at point C, due to live load, increases as the end span
length increases, Therefors, these two effecits, dead load and live load,
tend to offset each other for the negative moment at point C. Table 1 indi-
cates that the maximum negative moment, due to hoth dead load and live load
including impact, will be governed by the moment at point B when the end span
length reaches 80 feet., This implies that the maximum negative moment will
increase as the end span length increases beyond 80 feet. This is due to the
fact that the moment at point B increases as the end span length increases as

stated above. On the other hand, when the mexdimum negative moment occcurs at




point C, it will decrease as the end span length increases becauss the rate
of decrement of moment due to dead load is larger than that of increment of
moment due to live load including impzct. Table 1 also indicates that the
maximum positive moment increases rather rapidly when the end span length
reaches 80 feet, in the meantime the maxirmm positive moment will be con-
trolled by the end span instead of the interior span. Furthermere, the
slopes of the curves in Fig. 10 will increase after the end span length
reaches 80 feet., This implies that the design may be governed by the maxi-
mim positive moment rather than the maximum negative moment as the end span
length reaches some value beyond 80 feet.,

¥When nI = 2,0, AL = 50', a girder with web section 51" x 5/16" and
flange section 18.45" x 1" at the interior support was tried and it met the
requirements of the AASHO Specifications. However, the weight of this girder
section was 171.854 1b/ft which was considerably less than the minimum girder
weight, 246,96 1b/ft, for preventing uplift at the abutments and the design
was therefore omitied from Table 1. For the same reason, the design for
ni = 2.5, AL = 50" was omitted.

In order to maintain the symmetric haunch, end span lengths shorter than
50" were not tried. In the case of nI = 1.5 and AL = 50', (wé)min =
123.66 1b/ft and the average design weight, wg, was 186,27 1b/ft. The exact
location of the point at which (wé)min = Wé was not found, however it can be
seen that we are approaching the cross over point where weight rather than
stress is the controlling factor., For nI = 2,0 and nI = 2.5, the design
points chosen straddled the cross over points. Thus, the cross over points
shown in Fig. 10 were based on the general shapes of the curves.

The optimum end span length was therefore estimated within the range of




™
\n

55' to 58' as shown by the dashed line in Fig. 10,

Making a study of Reference 2, it can be seen that the optirum end spaﬁ
length, under the aection of its constraints, was within the range of 47' to
52%'. The average design weight of the girders was around 200 1b/ft as the
end span iengths varied from 50' to 80'. However, for the same range of the
end span lengths in this study, the average design weight of the girders was
about 230 1b/ft. From the point of view of economy, it is obvious that the
continuously wvariable girder section used in this study under the constraints
listed in QUTLINE OF THE DESIGN MZTHOD is not quite as desirable a2 design as
those listed in Reference 2 and shown in Fig. 11. When nI = 2,0, AL = 20°',
the maximum positive moment controlled the design and the girder section over
the pier was over designed as stated in Reference 2. However, when nl = 2.5,
AL = 80' in this study, the design was still controlied by the maximum nega-
tive moment. On closer study of the slopes of the curves for nI = 2.0,

AL = 80' in Fig. 10 and Fig. 11, it seems reasonable that the curve slope in
Fig. 11 will become sharper than that in Fig, 10 as the end span length
increases beyond 80 feet., Therefore, an advantage in weight might well be
gained by using the continuously variable girder section for lengz span con-

tinuous bridges.
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CONCLUSICKS

In order to determine the most economical total structural length, ths
cost of the structural steel and the reinforced concrete for the super-
structure as well as for the substructure would have to be considered. Since
this report was confined to working only with the superstructure, the truse
most economiecal length of structure was not necessarily found. Study of
Fig. 10 does indicate that the range of lengths for which minimum weicht
girders with no uplift at the abutments were the controlling factor is rather
narrow. This range appears to be from approximately 55' to 58'. However, if
the quantity of reinforced concrete on the welded girders is taken into con-
sideration, the optimum length may well be somewhat shorter than that
indicated zbove,

In general, bridge girders of continuously variable depth enhance the
appearance of the structure, while placing the metal where needed and taking
it away where shallower section depth is permissible--thereby saving tons of
steel., This is especially true if a long span bridge is used. However, the
results obtained under the constraints in this study do not indicate these
savings in comparison with the constant devth structures of Reference 2.

This probably reflects the fact that the depth to span ratics used for the
continucusly haunched girders were not as large as they might have been. The
36 inch depth a£ mid-span was arbitrarily chosen as a reasonable value. How-
ever, it appears that a somewhat greater depth at mid-span would have
resulted in a more economical girder design. It is doubtiful if the minimum
total structural length without uplift would change very mmch if the gircer
depth were increased slightly. Any change which did occur would be in the

direction of increasing the minirmm length.
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Appendix A

Tabular Data

TABIE A-I and TABLE A-II shown below are made for the purpose of explsin-
ing the use of the tabulated data. In TABLE A-I, the curve ordinates a2t the
indicated sections for determining the shape of the haunched girder from the
interior support to mid-span as well as the ratios of the moments of inertia
at the same indicated sections are showm. Also, the moment ordinates for the
loading indicated or the ordinates of the influence lines for the moments at

the indicated sections are shown in TABLE A-II.

TABLE A-I. POSITION OF CURVE ORDINATES

|

3 J 1 2 3 L 5 |
1 0 2.5 5,0° 7.51 10.0°
2 12,5° 15,0° 17.5° 20.0°" 22.5"
3 25.0° 275" 30.0° 2" 35:01
4 37.5° 40,0° 42,54 45,0° 47,5"

Origin at interior support
i : number of row

Jj + number of column




TABIE A-IT.

POSITION CF MOMENT CRDINATES

-l

3 1 2 3 i 5 !

|

1 o' 5° 10* 15° 20 .

2 25" 30° 35" 40° st |
3 50" 55° 60" 65 70"
b [ & go’ 85" 90" g5"
5 100" 105" L0 15" 120"
6 125* 130" 135" 140" 145!
7 150" 155" 160" 165" 17064
8 175" 180" 185" 190" 195"
9 200" 205" 210" 215 220°
10 225" 230" 235" 210" 245"
11 250" 255" 260° 265" 270°
12 275" 280" 285" 290" 295"
13 300" 305" 310' 315" 320"
1% 325" 330° 335" 340! 5"

15 350"

Origin at abutment A

i ; number of row

g

number of column




For example:

With nI = 1.5 find the curve ordinate at the section 307 from the

interior support.

From TABIE A-I, it is found that the position of 30 from the intericr
support is 1 = 3 and j = 3. Thus, the result, 37.41", can easily bs

found in TABIE A-1,

TABIE A-IT also can be used by the technique indicated above.
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Avppendix B
Flow Charts and Computer Programs

Flow Chart for Program 1

START

)
RRAD

Depths of the Girders over the Piers with
nI = 1.5, nT = 2.0, and nI = 2.5

Y

READ

Distance from the Interior Support to Each
Indicated Point in the Span

y
READ

Ratios of the Momenits of Inertia of the Girders over
the Piers to Those of the Girders at Mid-span

COMPUTE

Radii of the Curves Describing the Shapes of
the Haunched Girders

(a8

O




COMPUTE

Curve Ordinates at Indicated Points from
Interior Support to Mid-span

COMPUTE

Ratio of the Moment of Inertia of the Girder
2t Each Indicated Section to that of the Girder
at Mid-span

PUHNCH

Radii of the Curves Computed

!

PUNCH

Curve Ordinates Computed

PUNCH

Ratios of Moments of Inertia Computed

STOP

o




o
(%]

Flow Chart for Program 2

START

\
ReAD

Number of Rows in the Displacement--
Deformation Matrix

Number of Columns in the Displacement--
Deformation Matrix

Number of Colurms in the Unbalanced
Joint Force Matrix

READ

End Span Length not Including Haunched Length

{
READ

Row and Column Indices of Non-zero
BElements for the Displacement-Deformation Matrix

4
COMPUTE

Displacement-Deformation Matrix




{10
O

Ratios of Moments of Inertia Computed in Program 1

s

COMPUTE

Deformation-Force Matrix

LA
COHPUTE

Stiffness Matrix

h 4

CCIPUIE

Fixed End Moments

W

READ

Row and Column Indices of Non-zero
Elements for the Unbalanced Joint Forece Matrix

i
CC:PUTE

Unbalanced Joint Forece Matrix

CO¥PUTE

Displacement at Each Indicated Section




4

ATIDTTMD
COIRUTE

Force at Fach Indicated Section

A
PUNCH
Influence Line Crdinates for HB and Kn
o
v
CCrPUTHE

Yoment Ordinates for Positive and Negative lioments

PUNCH

Moment Ordinates Computed

STOP




Flow Chart for Program 3

START

READ

End Span Length or Interior Span Length
(Depending on which interior support controls negative moment)

End Span Length
End Span Length not Tnecluding Haunched Length

Total Span Length of the Bridge

Y
READ

Influence Line Ordinates and Moment Ordinates
Computed in Program 2

READ

Web Depths Computed in Program 1

RZAD

Ratios of the Moments of Inertia
Computed in Program 1




O
|

COXPUTE

Minirum Girder Weight Which 7ill Prevent
Uplift at the Abutments

Y

ASSUIE

Girder Weight and

M

COLPUTE

Maximum Moments and Maxirmm Shearing Forces

Y
ASSUKE

Flange Width

Y
CEZCK

(. &.) | Bending and Shearing Stresses

(0.K.)

3

CHECK

Girder “eight (N &)

(0.-K.)

N

%]




C

Minimum and Actual Girder Weights in 1b/ft

Total Girder Weight of the Bridge

3

PUNCH

Maximum Negative and Positive Moments

PUONCH

Maximum Shearing Forces at Suppoeris A, B, and C

PURCH

Flange Widths at Interior Support and Mid-span

PURCH

Bending and Shearing Stresses at
Interior Support and Mid-span

STOP




DS(I)

X(J)

AN(I)

R1(I), R2(I)

D(I, J)
RI(I, J)
NRA
KCA
NCQ
A>T, J)
AX(TI, J)
AM(T, J)
(I, J)

PI(I, J)
LARRY
JIY

FRED

Y
+

Variable Definitions for Progranm 1

Depths of the pirders over ithe piers
p g J<

Distances from the interior support to the
indicated points in the span

Ratios of the moments of inertiz of the girders
over the piers to those of the girders at
mid-span

Radii of curves describing the shape of tae
haunched girder

Curve ordinates

Ratios of the moments of inertia of the girders
with respect to that of the girder ai mid-span

Variable Definitions for Program 2

Number of rows in A matrix
Number of columns in A matrix
Humbsr of columms in Q matrix

Displacement-deformation matrix or intermal
stresses

Deformation-force matrix or stiffness matrix
Fixed end moments or internal stresses
Unbalanced joint forces or nodal displacements
Moment ordinates

Subrcutine for matrix multiplication
Subroutine for transpose multiplication

Subroutine for matrix inversion with accompany-
ing solution of linear equations




SPAN(T)
AM(T)
DWEB(I)
RI(I)

Tvi=3

ATw(I)

SPAW(TI)

WoC

WG

ANMAY, PMAX

DESH

VAAX, VEMAX, VCMAX
DESV

BFLAN

%5

Variable Definitions for Program 3

EBnd span length or interior span length
Influence line ordinates or moment ordinates
Depths of the webs

Ratios of the momenis of inertia of the girders

Thickness of the web of the girder at the
interior support

Moments of inertia of webs with respect to
X axis

Cross sectional areas of the webs

Weight of reinforced concrete on the welded
girder

¥inimmm girder weight which will prevent uplift
a2t the abutments

Assumed girder weight

Maxdwum negative and positive moments

Design moment

Maximum shearing forces at supports A, B, and C
Design shearing force

Flange width of the girder at interior support

Moment of inertia of flange at initerior support
with respect to X axis

Actual bending siress at interior support
Actual shearing stress at interior support
Actual girder weight in 1b/ft

Total girder weight of the bridge




A SERIES CF PRCGRAMS FCR DESIGNING HIGHWAY BRIDG

\O
N

E
PRCGRAM 1 CCMPUTE THE RADII CF THE CURVESs CURVE CRDINATES AND

MCMENTS CF INERTIA CZF THE SECTICNS

JIMENSI”R DS{5)sX(BO)sAN(5)sY1{5)sR1(5)sY2(5)sAK(5)sR215)sYA(5:2C}

IMENSICN YB(5+80)sD(5:10C)sRI1{55100)
100 | \..-KHAT (5Fl4e2)
110 FCRMAT (2F2544)
12C FCRMAT (20Xs27HR1 R2)
130 FCRMAT (19Xs2S9H(FT) (FT))

140 FCORMAT (7Xs+72HA. RADII CF THE CURVES FCR DETERMINING THE SHAPE CF

1 TAE HAUNMCHED GIRDER)

150 FCRMAT (7Xs63HB. CURVE CRDINATES IN INCHES FRCM INTERICR SUPPCRT

1TC MID-=SPAN)
160 FCRMAT (7Xs72HCe MCMENTS CF INERTIA OF THE SEZCTICNS FRC
1 SUPPCRT TC MID-SPAN)
READ 1vls (DS(I)sI=1s3)
READ 1uls (X(J)sJ=1s76)
READ 100s (AN(I)sl=1,43)
BZ 16 I=143
YI({I)=(DS(1)=364)%(2.9/15.)
RI{IN={108a%%2+Y1 (I ) #%#2)/(24.%Y1(1))
Y2(1)=DS(I1)=-36.-Y1(1)
AKLT )= (455G ##2=Y2(11%%2)/12.%Y2(1))
10 R2UIV=( (450 %#%2+AK (T )%%2)%#%0,5)/12
00 11 1=143
Do 11 J=1419
11 YA(IsJ)=(RI(I)=(RI(I)%¥2=X(J)¥%2)%¥%¥0e5)%12,
Do 12 I=143
DS 12 J=1s76 )
12 YB(IsJ)=(=(AK(I} /12 }+(R2{II¥¥2=(X(J)=3T7.5)¥%2)%¥%0,5)%12,
CC 13 [=153 )
DC 13 J=1,19
13 D(I1sJ)=DS{I)=YA(IsJ)
DC 14 [=1,3
0D 14 J=2:76
14 D(I1sJ+18)=DS{I}=Y1(I)=YB(IsJ)
DS 15 I=1,3
DC 15 J=1+94
15 RI(IsJ)=ANCI)I®(D{I»J)/D(Isl))*%2
Do 18 I=1:3
PUNCH 140
PUNCH 120
PUNCH 130
PUNCH 110s R1{I)sR2(1)
PUNCH 150
PUNCH 100y DS(I)s(D(IsJ)sJd=43s94%55)
PUNCH 160 '
16 PUNCH 1C0s AN(I)s(RI(IsJ)sJ=43G455)
STCP
END

INTERICR




ARANG]

A SERIES CF PRCGRAMS FCR DESIGNING HIGHWAY BRIDGE
PRCGRAM 2 USING DISPLACEMENT METHCD TC COMPUTE INFLUENCE LIN
CROINATESs PCSITIVE AND NEGATIVE MCMENTS

DIMENSICN A(120+120)5AK(120+12C0)+A1(60)s5(1205120)-Q(120s8C) s:

1s2)9AMI120480)
1C0 FCRMAT (31I1C)
110 FCRMAT {(Fl4eb)
120 FCRNMAT (5F14.6)
130 FCORMAT (5Xs35HA. INFLUENCE LINE CRDINATES FZR MB)
140 FCRMAT (5Xs35HBe INFLUENCE LIME CRDINATES FCR MQ)
150 FCRMAT (5Xs45HA. - MCMENT AT PCINT J DUE TC A UNIT LZAD AT
160 FCRMAT (5X»52HBe MCMENT CRDINATES DUE T2 A UNIT UNIFCZCRM D
1)
170 FCRMAT (5Xs71HAe MCMENT CRDINATES DUE TC A UNIT UNIFCRM LIVE
1 IN SPANS AB AND CD}
18C FCRMAT (5X952HBe MAXe MCMENT FCR MB DUE TC UNIT UNIFZRM LIVE
1)
190 FCRMAT (8Xs930HMB mC MO )
200 FCRMAT (5Xs52HCe MAXes MCMENT FCOR MC DUE TC UNIT UNIFZRM LIVE
1)
READ (1+s100) NRASNCASNCQ
DC 10 J=1,NCA
DS 1C I=14sNRA
10 AtlsJ)=Ca
N=NRA/2
Allsl)=1l.
A(NRAsN+1)=1.
1=1
DC 12 J=2sN
K=0
11 I=1+1
A{TsJ)=10
K=K+1
IF{(K=1) 11511512
12 CCNTINUE
READ (1s110) SPAN
N1=NRA=-2
N2=NRA-6
BC 13 I=142
Al{lsN+2)=1a/SPAN
J=N1+1
13 A(JsNCA)=—A(IsN+2)
02 14 I=344
Al sN+2)==042
J=N2+1 '
14 A{JsNCAY==A(]sN+2)
Ne=C6
15 NCZ=NC+1
READ (1+108) JMINsJMAXsI
DC 17 J=JMINsJIMAX

a
i

)
A

m .

m

L8]
=
Q)
e




17

18

19

20

21

22

23

24

25

A
nn
et (O

+1
A(lasJ)=0a2
All+29J)==0,2
K=K+1

IF(K=1) 1616417
CCNTINUE

IF(NC-4) 15418518
DC 19 J=1sNRA

DC 19 I=1sNRA
AKITIsJ)=00
READ (1120) (AI(K)osK=1sN)}
J=0
D 20 1=1.2
J=J+1
AK(IsJ)=10e®*AL({1)/SPAN
NI=N1+I
NII=N1+J
AKINISNITYI=AK(IsJ)
AK{2+1)1=AK(1s1) /2
AK(1s2)1=AK(2s1)
AKINRASNRA-1)=AK(24+1)
AK(NRA-1sNRAY=AK(2s1)
N3=N-1

1=3
J=3

DT 22 K=2sN3

0=0 '
AKLIsJ)=2e%AI(K
NC=NZ+1

I=1+1
J=Jd+1

IF{NC=2) 2122422
CCNTINUE
J=3

K=2
DC 23 I=4sN1s2
ARKLI»J)=AI(K)
AK(Jes [ 1=AK (T o)
J=J+2
K=K+1
CALL LARRY (AKsAsBsNRASNRAsNCA)
CALL JIMMY (AsBsAKsNRASNCASNCA)
DC 24 J=1sNCQ

CC 24 I=14NRA
AM(I,J1=0.

DC 25 J=1sNCQ

DC 25 1=1sNCA
Q(leJ)=0.
K=SPAN/S5e+1s




26

27

28

29

30

31

33

X=Co,

DC 26 J=1sK

AM{LlsJ)=X# (SPAN-X) %2 /SPAN®¥%2
AM{2ed)==(X%X2%(SPAN-X)/SPAN®¥®2)
NI=NCQ-K+J

AMINRA=L1sNI}I=AM(1sJ)
AMINRASNII=AM(Z29J)
Q(lseJd)==AM(1+J}

Q(Z29sJ)==AM(2+J)

QINeNII=Q(1sJ)

QIN+IsNI)Y=Q(2sJ)
QIN+2:J)={X+Q(1sJ)+Q(2sJ)) /SPAN
QINCASNI)=(SPAN~X-Q{1sJ)=Q(2sJ)})/SPAN
X=X+5

NC=C

NC=NC+1

READ (1s1C00) IMINsIMAXsJ

DT 28 I=IMIN»IMAX

Qilsd)=1a

J=J+1

IFI{NC-4) 2732929

CALL FRED (AKsNCA»Q»NCQsDET)
CALL LARRY (BsQsAsNRASNCAsNCQO)
DC 30 J=1sNCQ

DC 30 I=1sNRA
AMIIsJY=A{T s J)+AM(IsJ)

WRITE (2+130)

WRITE (2s120) (AM(20sJ)sJ=1sNCQ)
WRITE (25140)

WRITE (2:120) (AM(58sJ)sJ=1sNCQ)
X=0.

DC 31 J=1sK
PM{Jsl1)={SPAN=X+AM(2sJ) ) #X/SPAN
NI=NCQ-K+J ;
PMINI®sl)=(SPAN=-X+AM(NRA=1sNI) ) *X/SPAN-AM{NRA=1sNI)
X=Xt+5e

J=K

N&=NRA—4

DC 32 I=44N4,y2

J=Jd+1

PM{Js1)=AM{IsJ]}

WRITE (2s150) :

WRITE (2512C) (PM(Jsl)sJ=1sNCQ)
DZ 33 J=ls4

D2 33 I=1sNRAsN1

AM(I s J)=SPAN®%2/12.
AMII+19J)==AM(1sJ)

DC 34 J=1s4

DT 34 I=3sN1ls2

AM(IoJ)}=5e%%2/12e




34

35

36

38

39

40

41

42

43

44

45

46

47

48

49

AM(I+I1ed)i=—AM(IsJ])

D 35 1=59496
AM({I23)1=0,

BT 36 I=1,20
AM(I"}}zsn

Do 37 I=21.58
AM{TI+2)=0,

Do 38 J=24442

DZ 38 1=97,116
AMITIsJ)=0,

DZ 39 J=1s4
QllsJ)=—AM(1sJ)
Q(N+1sJ)==AMINRAsJ)
K=U

K=K+

J=U

DC 41 I=24N

J=J+2
QUIeK)=—AM(J oK }=AM(J+]1 K}
IF(K=4) 4054242

D 43 J=1l.4
QIN+2sJ)=SPAN/2e+5e/ 24
QINCAsJI=Q({N+2:J)
N5=N+3

Ne=NCA-1

DC 44 J=1s4

DC &4 I=NS5eNb6
Q{lesJi=5s

D2 45 1=87:104
Q{ls3)=0.

B2 46 [=60:68
Q{Istr)=0,

Do 47 I=69586
QUl1s2)1=0s

DS 48 J=2¢4s2

D2 48 1=1055113
Q(I’Jj=oo

CALL LARRY (AKsQsAsNCAsNCAs4)
CALL LARRY (BsAsQsNRASNCAL4)
DC 49 J=1le¢4 _

D2 49 I=1sNRA

AMIT s JI=QUI s J)+AMI T J)
K=SPAN/Se+1ls

DT 20 J=1.2

X:Oc
DC 50 I=1.K
NI=NCQ-K+I

PMIIsJIS(SPAN/2.+AM(2sJ) /SPAN)®X—X*%2/2,
PM(NIsl)=(SPAN/2e+AMINRA=191 ) /SPANI®X~-X*#2/2s-AM(NRA~151)
PMINIs2)={AM(NRA=152)/SPAN)¥X~AM(NRA-142)

|-+

o
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10

i1
12
13

14
15

16

17

E:)

19
20

21
22
23
24

25

26

27
28

102

SUBRCUTINE FRED (AsNesBsMsDET)
MATRIX INVERSICN WITH ACCCMPANYING SCLUTICN COF LINEAR EQUATICNS
EQUIVALENCE (IRCWsJROW) o (ICCSLUMsJCCLUM) s {AMAX s TaSWAP)
DIMENSICN IPIVCOT(120)sA(120+12C)sB(120s80)sINDEX(12Gs2)sPIVZT(120)
DET=1.

DC 10 J=1sN

IPIVCT(J)=0

oC 29 I=13sN

AMAX=C‘Q

DC 15 J=1sN

IF(IPIVCT(J)=1) 11s15,11

DC 14 K=1sN

IF(IRPIVCT(KI=1) 1214433
IF(ABSIAMAX)=ABS(A(JsK)Y)) 1351414
IRCW=J

ICCLUM=K

AMAX=A{JsK)

CCNTINUE

CONTINUE
IPIVCTUICCLUMY=IPIVCTIICTCLUMY+]
IF(IRCW~ICCLUM) 16920516
DET=-DET

CC 17 L=1sN

SWAP=A(IRZW,sL)
A{IRCWsL)=A(ICCLUM,L)
A{ICCLUML)=5SWAP

IF(M) 20204518

D 19 L=1sM

SWAP=B(IRCWsL)
B{IRCW:L)}=B{ICCLUMsL)

BI{ICZLUMSL }=SWAP

INDEX(I+1)=IRCW
INDEX(I+2)=ICCLUM
PIVCT(I)=AC(ICCLUMs [CCLUM)
CET=DET*PIVIZTI(I)
A{ICCLUMSsICCLUM)=1.

DC 21 L=1sN .
A{ICCLUMsL)=ALICCLUMsL)/PIVCTII)
IFI{M) 24424522

DZ 23 L=1s+M
BIICCLUMSL)=B(ICTLUMSL)/PIVITI(1)
D2 29 L1=1sN

IFIL1I-ICCLUM) 25329425

T=A(L1s ICTLUM)

A(LISsICCLUM)I=0,

D2 26 L=1sN
AILLIsL)=A(LYsL)=A(ICOLUMSL )T
IF{M) 29929427

DC 28 L=1sM
BILl1sL)=B(L1sL)Y=B(ICCLUMSL}*T




29

30

31
32
33

CCNTINUE

DC 32 I=1sN

L=N+1-1
IF(INDEX(Ls1}—INDEX(Ls2))
JRCW=INDEX(Ls1)
JCOLUM=INDEX(L#2)

DS 31 K=1sN
SWAP=A(K s JRCW)

A(Ks JRCWI=A(Ks JCCLUM)
A(Ks JCCLUM)=SWAP
CCNTINUE

CONTINUE

RETURN

END

30932930

]

(W]
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A SERIES CF PRCGRAMS FCR DESIGNING HIGHWAY BRIDGE

PRCGRAM 3 DESIGN THE GIRDER SECTICN WITH THE ACTUAL SHEARIKG
STRESS AND ACTUAL BENDING STRESS TC MEET THE REIQUIREMENTS Cf THE
AASHC SPECIFICATICN AFTER GETTING THE MAXe SHZARING FCRCE AND MAX.

MCMENT
CIMENSICN SPAN(S5)sAM(25)sSPANI{15)sDWEB(15)sRI(15)sAMIWIIS ) oAMI
15)sSPFLAIL5) sSPAW(15)sA(15)5FB(15)

1C0 FCRMAT (5F1l4.56)

110 FCRMAT (3F20.3)

120 FCRMAT (2F25.2)

130 FCRMAT (4F15.3)

140 FCRMAT (5Xs54HA. MINIMUMe REQUIREDs AND TCTAL WEIGHTS CF THE GIRD
1ER) £

15C FCRMAT (5Xs38HBe MAX. NEGATIVE AND PCSITIVE MCMENTSE:[

160 FCRMAT (5X+47HCe MAXe SHEARING FCRCE AT SUPPCRTS As Bs AND C)

170 FCRMAT (5X+56HDs WIDTH CF FLANGES AT INTERICR SUPPCRT AND AT MID-
1SPAN)

180 FCRMAT (5X+69HE. BENDING AND SHEARING STRESSES AT INTERICR SUPPCR
1T AND AT MID-SPAN)

m
Pt

190 FCRMAT {(13Xs45HMNEGA MPCSI MBES)

200 FCORMAT (12Xs4BH(KIP-FT) (KIP=FT) {(KIP=-FT))
210 FCRMAT (11Xs48HVA Ve vC VDES)
220 FCRMAT (9Xs51H(KIPS) (KXIPS) (KIPS) (KIPSH)
230 FCRMAT (21Xs28HBF1 BF2)

240 FCORMAT (21 Xe29H(IN) (INDY)

250 FCORMAT (11Xs+4B8BHFBL FVl FB2 FV2)
26GC FORMAT (1UXs5CGH(KSI) (KSI) {KS1) {KS1))
270 FCRMAT (15Xs43HWGMIN WG W)

280 FCRMAT (14Xs46H(LB/FT) (LB/FT) (KIRSY}))

READ 100y (SPAN(I1sI=1ls4)
RZAD 100s (AMII)sI=1525)
READ 100, (DWEB(I)sI=1,12)
READ 100y (RI(I)sI=1s11)
AT1=50e/(0e5%(SPAN(1)+95s)+1254)}+1e
A12=50e/{S5PAN(11+125e)+1s
Al13=5C«/1SPAN(2)+125s1+1s
AT4=50e/(95e+125¢)+10
DF=8¢/54a5
VAC=(AM(B)/SPAN{Z2)+1a}%13.%DF
VALD=(AM(91%0.32/SPAN(21+0.32%5PAN(2) /2 ) %DF+VAC
VBC=(1a+{AM{L11)+AM(12)) /95 ) %13 %DF
VELD=( (AM({13}+AM{14))%0,32/95.+032%95./24 ) ¥DF+VEC
VCC=(1a+AMI1T7)+AM{18)) /951 %13%DF
VCLD={{AM(19)+AM(20)1%0e32/95e+032%954/24)#DF+VCC
IF(DWEB(11)-51e) 1010511

10 TWEB=C.3125
GC TC 12

11 TWEB=0.375

12 DT 13 1=1,.11
AMIW{I)=TWEB*DWEB(I}#%3/12,
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26
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28
29
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- §

32

53
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AMIFIII=2 % (DWEB(I)+1le)}/2a)%%2
SPAWI{I)=DWEB(I)*TWEB

hCC=63.*O-15/12.+0.015
CRMBL=({IAM{23)+AM(24) ) #9.+AM(25)%0.32)%DF)*AI3
D= {~(CRMBL/SPANI2} )}/ {AM(10)/SPAN(Z2)+5PAN{2}/24)
DWO=wD-WCC

IFI{DWDY 14144015

WEMIN=0,

G2 T2 1s

WGMIN=DWD*1000,

W2G=0s2

WoG=WlG-0.00001

W=WICHWEG
ANMAXS(({AM{1)+AM(2) ) %G +AM(3 1 %032 %DF ) XAL1I+AM4 )5l
PMAX={ (AM(D) %G +AM{O ) ¥ D32 ) #DF IXATIZ2+AM(T ) #Y
IF(ABS(ANMAX Y —ABSIPMAX)) 18518519
DESM=ABS{PMAX)

G TC 26

DESM=ABS{ANMAX)

VAMAX=(AM{10) /SPAN(Z2)+SPAN(2)/2¢ )% W+VALD*AI3
VBMAX=( {AM(15)+AM{16))/95.+95e/2) ¥WHVBLDEALL
VCMAX=({AMIZ21)+AM{22) ) /954 +95:/ 20  ¥W+VCLD*AIS
IF{ABS{VAMAX)-ABS{VBMAX)) 21:21,22
DESV=ABS(VBMAX)

G TC 23

DESV=ABS{VAMAX)

GC TC 26

IF{ABSIVCMAX)-DESV) 244524425

DESV=DESY

GC TC 28

DESV=ABS(VCMAX)

GC TS 28

IF{ABS{VCMAX)}=DESV) 2727525

DESV=DESY

BFLAN=22Z»

b —
NC=U

BEFLAN=BFLAN-0.01

Ge Tz 3%

NC=NC+1

BFLAN=EFLAN+Q.01
AMIFL=AMIF(11)*BFLAN
AMI=AMIW{11)+AMIFL
FBS=DESM*12.*DWEB(12)/AMI
PRINT 100, FBS

IFINC) 32432433
DFB=20+.-FBS

IF{DFB=0e01) 33433429
FVS=DESV/SPAWI(11l)
FVi=DESV/SPAW(1)

DC 35 1I=1,10
SPANI(I)=AMI*RI(I)}/RI(11)
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36
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38

39
40

41

42

FEBUI)=PMAX%6.%(DWEB([)+2,)/SPANI(I]]
IF{FE{I1=-2Ca1) 34834530
SPFLA(IVN=(SPANI(I}~AMIW(IY)/AMIFI(I}
ALIY=SPAWII)+2«%¥SPFLAC(])
Al={A(2)+A(3IFA(E)+A(SI+ALG ) +ALTIHA(BI+ALGI+AT10) ) %20,
A2=AL11*{SPAN(3)+1C)
AREA=({ALl+A2) /SPANI4)
WG=Uc49%AREA/ 1G4,

D¥WG=wlG-WG

IF(DWG=0.00001) 36536417
WoG=wWG¥*1000,.

IF(WGMIN=WCG) 37337441
WT=WCEHSPAN(L4) %4,

[F(NC. 38,38+39

DESM=ABS (ANMAX)

&3 TS 4@

DESM=PMAX

PUNCH 140

PUNCH 270

PUNCH 280

PUNCH 110s WGMINSWCGHWT
PUNCH 150

PUNCH 190

BUNCH 200

PUNCH 110s ANMAXePMAXsDESM
PUNCH 160

PUNCH 210

PUNCH 220

PUNCH 1320s VAMAXsVBMAXsVCMAXSsDESV
PUNCH 170

PUNCH 230

PUNCH 240

PUNCH 120s BFLANSSPFLA(1L)
PUNCH 180

PUNCH 250

PUNCH 260

PUNCH 130s FBSeFVSsFBI(1)sFVM
GZ TC 42
WT=WGOMIN*SPAN{4)%4,/1000,
PUNCH 140

PUNCH 270

PUNCH 280

PUNCH 110s WGMINIWGMINSWT
CCNTINUE

STCP

END
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The cobjective of this study was to find the ernd span lengihs, for
girders with eircular hzunches, resulting in the minimum gircder weight for a
four span symmetric four girder bridge under the following constraints:

1., The depth of the girder at mid-span and a2t the zbuiment as wsll as

the interior span length is held constant. The interior spans are
95 feet each, and the girder depth at mid-span and at the abuinent
is 36 inches. |

2, The continuously varying depth of the girder is %o be approximated

by a girder which has a prismatic haunch every 5 feet from the
interior support to mid-span. The ratics of the moments of inertia
of the girders at the interior supports to those of the girders at
mid-spans are l.5, 2.0, and 2.5.

3. The dead load weight of the girder is taken as the average weizhi

of the girder, and the design of the stiffeners and diaphragms is
omitted for the purpose of simplifying the computations.

4, There is to be no uplift at the abutments,

5. H20-44 loading is to be used.

6. The current AASHO Standard Specifications for Highway Bridges are io

be used.

7. A non-composite reinforced concrete deck is to be used on the welded

girders,

8. In order to maintain a2 symmetric haunch, only lengths of end span,

AL, which are equal to or larger than 47.5 feet were selected,

9. For design, use the uplift resulting from the loading which includes

the concentrated loads for moment but not for shear.

10, A-36 steel is to be used,




A trial and error method was used in this study and 2ll of the calcula-
tions were performed on the computer. The trials were made with the end span
lengths ranging from 50' to 80'. A total of 12 cases was investigated. Since
this study was confined to working only with the superstructure, the true
most economical length of structure was not necessarily found. The study
indicates that the range of lengths for which minimum weight girders with no
uplift at the abutments were the controlling factor is rather narrow. This
range appears to be from approximately 55' to 58'. However, if the gquantity

of reinforced concrete on the welded girders is taken into considerztion, the

optimum length may well be somewhat shorter than that indicated above.




