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SfNOPSIS

The objective of this stqdy was to find the end span length
resulting in the minimumrgirder weight for a four span svmmetric
four girder bridge under the following constraints:

1, The interior spans are 95 feet each.

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

3, H20-44 loading is to be used,

4, VThe girders are to have a prismatic haunch over the
interior supports, (The ratios of the moment of
inertia at the supports to the moment of inertia in
the positive moment regions of the girders investigated
are 1,0, 1.5 and 2.,0,)

5. Use the AASHO Specificaticﬁ 1965 Edition,

6. A non-cémposi;e reinforced concrete deck is to be
used on the welded girders,

7. For design,_use the uplift resulting frowm the loading
which includes concentrated loads for moment but
not for shear,

8. Use A-36 steel,

The results of this study indicate that the range of end
span lengths in which the minimum cost girders will fall, with
no uplift at the abutments, is relatively narrow. This rangs
appears to be from approximately 47' to 52', However, since
this report was confined to working only with the superstructure,

the most economical structural length was not necessarily found,



INTRODUCTION

Iﬁ the design of highwéy grade separation structures, there
is an increasing amount of emphasis being placed on safety and
the removal of obstructions, which uncontrolled vehicles might
otherwise encounter, from the side of the roadways, 1!lany of
these structures are designed using structural steel so that
they may be constructed with a minimum of interference to traffic,
In the past, steel bridges normally have had an end span
to interior span ratio of approximately 1 to 1l.25, in order to
give as near a balanced design arrangement as possible, Now,
however, the interior span becomes quite iong with the use of
the present safety criteria, This is especiaily true if thare
is a slight skew. The interior span length can often approach
100 feet and in some cases there have been spans of over 135
feeat, In using the balanced span arrangement, the end span is
sometimes considerably longer than necessary to take care of the
fill slope coming down from the abutment, There has been con-
sldevrable discussion as to the economical advantage of shortening
the end span to the point where uplift might occur at the abutment,
If the end spans are shortened drastically with respect to
the interfor span and uplift occurs, the AASHO Specification calls
for a 10C¥% overload.increase, to oppose the uplift, This can
sometimas be accomplished by using a heavy attached abutment,
Unfortunately, the advantage of the attached abutment 1s not
present in the design of a steel structure, so when uplift is

encountered on these structure sone pesitive means of hold down



must be used, These devices become expensive to design and
fabricate, They present a construction prublem-and there 1is a
continual maintenance problem following censtruction. Therefore,
it is desirable to design steel structures with span lengths
which do not lead to ﬁplift and sti}l meet an economical length
criterion,
This study used a trial and error method to determine the
nptimuﬁ end span lengths for various ratios of the moment of
inertia over the piers to the moment of inertia at mid-span. The
depth of the girder as well as the interior span length was held
constant, The dead load weight of the girder was taken as the
average weight of the girder and the design of stiffgncrs and
diaphrams was omitted for purposes of simplifying the calculations,
The criteria which governed this study are as follows:
l. The interior spaﬁs are 95 feet each.
2, Theré is to be no uplift at the abutments,
5. HZb-éh loading is to be used,
4, The girders are to have a prismatic haunch over thé
interior supports, (The ratios of.the moment of
inertia at the supports to the moment of inertia in
the positive moment regions of the girders investi-
gated are 1,0, 1,5 and 2;0.)

5. Use AASHO Specification 1965 Edition,

6. A typical cross section of the bridge is shown in
Fig. A-3,

7. A non-composite réinforced concrete deck is to be

used on the welded girders,



8, TFor design, use the uplift resulting from the loading
which includes the concentrated loads for moment but
not for shear,

9. Use A-30 steel,

The trials were made with ;he end span length (AL) ranging
from 45' to 80' and for ratios of the moment of inertia of the
girder haunch over the piers to the moment of inertia of the
girder at mid-span of 1, 1,5 and 2, A total of 19 cases was
investigated, The analyses and designs for the 19 cases are
summarized in Table 1 and Fig. 7.

There are several criteria which might be used. in determining
the "optimum" span length, Total cost of structure including
foundations, piers and superstructure, superstructure cost or
.girder weight are all criteria which might be used., Since the
cost of foundations and piers will vary from location to location
it would be difficult to inélude these costs in é study such as
this one; Superstructure costiis a more reasonzhle value to
calculate; However, the bid price of reinforced concrete in
place varies considerable depending omn structure location., It
appeared that obtaining and analyzing the pricing information
might well become a.sizable task in itself, For these reasons
the criterion used in this study was total girder weight agd the
"optimun" structure was taken to be the one with minimum total

girder weight,



GENERAL PROCEDURES

EX niﬁl EI njEI EI ngEL
sl B 77 c D 7
f20° 25’-[ ‘;25'.|.25'.I I.zs'.i.zo:‘
AL + 95" ~—’—— 95" + AL ‘.l
Girder Haunch Locations
Fig, 1

l, Given the value of n e n, = 1.0, 1,5, 2,0
(vhere Ay = the ratio of the moment of inertia of the
girder over the piers tolthe m;ment of inerti# bf the
girder at mid-span) |

2, Given the.value of (AL)i' (AL)i = 45", 50" siiieeeaBO?
(where AL = length of the end span of the bridge)

3, Calculate the elements of the displacement-deformation
matrix, Use the displacement method to calculate the
ordinates of the ipfluence lines for all positive and
negative moments such as HB, HC’ HP. {wvhere HP is the
maximum . positive moment in the span).

4, Using the values of the influence line for ¥ find the

BI
ninimum girder weight which will prevent uplift at

abutment A,



3,

7.

9.

10,
4 ls

12,

Assume a gilrder weight larger than the minipum required
to prevent uplift, Find the ﬁead load moment for Mys

Mc and MP' Combine the dead load moment and the maximum
live load moment (lane loading for maximum stress shown
in Fig., A-5, Appendix A) to determine the maximum moment
for designing the girder section,

Calculate the maximum shearing force at abutment A and
at interior supports B and C, by combining the shearing
forces caused by the dead and live 1lozds,

Design the girder section with the actual sheariag
stress and.actual bending stress to meet the require-
ments of the AASHO Specification,

Calculate the weight of the girder chosen, If it is
different from the assumed value, repeat steps 5 through
7 until a suitaﬁle section is obtained.

Calculate the total weight of the four girders in kips,
Piﬁk a new v#lue of AL, and repeat steps 3 through 9
until the pertinent range of AL h;s been covered..

Pick a new value of n and repeat steps 2 through 10

il

until the three chosen values of n, have been used.

i
Use the length of the end span-as the abscissa and the
total weight of the four'girders as the vertical

coordinate, and plot the results into curves with

‘respect to n_=1, ni=1.5 and n,=2, Then, estimate the

i i

optinum end span leagth from the cutrves.



NUMERICAL EXAMPLE

From the values of the dead load, live lane ioading and
the distribution factors®it can be seen that the interior glrders
will control the design,
1, Analysis and design for ni=1
1,1 AL = B0 ft,

Ao c 7 D %7 E

|~A1.=so'-{— 95" + '95'A-+.AL=80'.I

Bridge Dimensions
Fig, 2
The results of the analysis of this structure are included
in Tables B-2, B=3, B-4 and B-? in Appendix B,
l.1,1 Find the lower limit of girder weight which will prevent

uplift at the abutment,

gl ok
wL=0.32 k/7
P 1 [TTITTTT
A B G D% E
W
D ~)(ﬁB)cr
Ef 80" —I
(RA)cr

Live Loading for Minimum Reaction at A

Figo 3
*See Appendix A



(A)

(8)

Find the critical moment at interior support B

50

I = S0+135

= 0,244

(1) Due to dead load

(MB)D = ~777,4291 vy

(2) Due to live load

(a) Two concentrated loads

(HB) = =(8,1831 + 0,5520)(9)(1,244) =

conc
-98 kip -ft

(b) Uniform live load in spans BC and CD

(MB) = (=512,0627)(0,32)(1,244) =

unif
-204 kip -ft

(M), = -(98+204) = -302 kip =ft

(M) = ~77744 v

B er D

+ (=302)(1.4545) = =777.4 wp T 440

Fox (RA)min LA
W

(R = () __ + 5(80)%1/80 > 0

-777.4 wy - 440 + 3200 wy > 0

w, > 0,182 kips/ft

D

but concrete deck N = 0,78 kips/ft

estimated stiffeners and diaphrams = 0,015 kips/ft

0,795 kips/ft

( ) > w - 0.795

min — D
> Dy182 ~ 0,795 < 0

W
g

Minimum girder weight = 0 kips/ft



1,1.2 Calculate maximum moments
Dead load : concrete deck + ;tiffeners 595 1b/ft.
estimated weight of girder 160 1b/ft
0,955 k/ft
Caze 1, Maximum negétive moment
From the analysis in Tables B-2, B-3, B-4 and B-5,

Appendix B, it can be seen that M_ 2 > M_,

B C
(A) Maximum moment at B
1= 29 - 0.235
E(BD+85)+125

(1) Due to live 1load

(a) Due to -concentrated loads

(M)

Bl one © ~LBCLEBIET GEANLAI L 205 =

| -175 kip -ft
(b) Due to uniform load
(MB)unif = (-906.4399)(0.32)(1.235) =
-358 kip -ft

gl = =(175+358) = =533 kips-ft

(M
{2) Due to dead load

(MB)D = (=777.,4291)(9.955) = ~743 kip -ft

(M) o= (=743)+(533) (1,4545) = =1520 kip -ft

Case 11, Maximum positive moment
Tables B-3, B-4 and B-5, Appendix B, indicate that
the positive moment in the end span is larger than that in the

interior span,



(l) Due to live load
(a) Due to concentrated load

M oone = (16.3666)(9)(1.244) = 184 kip -ft

(b) Due to uniform lecad

M (650.4863)(0,32)(1,244) = 260 kip -ft

unif &
(M)L = 184 + 260 = 444 kip -ft

(2) Due to dead load
(M)D = (458,4638)(0,955) = 438 kip -ft

(M) __ = 438 + 444(1.4545) = 1084 kip -ft

M

Bres ™ (M) ., = 1520 kip -ft

1,1.3 Calculate maximum shear force

Case I, Maximum shear force at end supporf

13k 13
WL=0.32 k/r

111174;;.

w
L M
(11T \) B

L 80" —

Loading for Maximum End Reaction

Fig. 4

(1) ' Due to dead load

MB'S ~777,4291 x 0,955 = =743 kips-ft
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w
(V) = (1, + —(80)7]/80 = [-743 + 30501/80 = 28.8 kips
(2) Due to live 1oad' I = 0,244

(a) Concentrated loads

VAI = 13 x 1,244 = 16,2 kips

M, = +2,1870 x 13 = 28 kip -ft

28
VA2 =80 ¥ 1,244 = 0,4 kips

(VA)canc = 16,6 kips

(b) Uniform load

MB = =265,3713)(0,32) = -85 kip ~-ft

w

[, + —2(80)%] % 1,244/80 = 14,6 kips

(VA}unif A B

(VA)L = 16,6 + 14,6 = 31,2 kips

‘Va)max = (VA)b + 1.a545(vA)L = 28,8 + 45,4 = 74,2 kips

Case 2, Maximum shear force at interior support

() Find (VQ) . I = 0.2273

Loading for Maximum Shear Foxce at B

Figc 5
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(1) Due to dead load

MC = 739,4116 x 0,955 = 705 kip -ft

My = 743 kip -ft
w

-
(Vp)p = [52(95)° + 1 - M_1/95

B

= [4320 + 38)/95 = 45,8 kips
(2) Due to live load

(a) Concentrated loads

vBl = 13 x 1,2273 = 16 kips
MB = 47,5833 x 13 = 00 kip -f¢t
M, 6 = =2,0338 x 13 = =26 kip ~ft

c

Voy = [, = MC] x 1,2273/95 = 1,6 kips

(V3) cone = 1746 kips

(b) Uniform laad
M, = 906,4899 x 0,32 = 290 kip -ft

M_ = 263,9208 x 0,32 = 85 kip ~ft

c
*1, 2
(Vp) nqe = My = Mo + 57(85)7] = 1,2273/95 = 21,4 kips

(v.) = (Vp), + 1.6545 (Vp), = 102.6 kips

B max L
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13 13k
""/WL
[T T T
Rz S ez o =3,
MB(_illerllI])Hc
s i

Loading for Maximum Shear Force at C

Fig- 6

(1) Due to dead load
(Vo) = (0,955) x 95 - (V) = 90,7 = 45.8 = 44,9 kips

(2) Due to live load
(a) Concentrated loads

Vcl = 13 x 1,2273 = 16 kips

MB = =2,1840 x 13 = =29 kip -ft

Hc = 8,0545 x 13 = 104 kip =-ft

VCZV= [MC-MB]_x 1,2243/95 = 1.7 kips

(VC)COHC = 17.7.kip8

(b) Uniform load

MB = 354,2858 x 0,32 113 kip -ft¢t

1

M, = 950,9838 x 0,32

" 304 kip -ft

W
(VQ) yuie = [Mg=¥y + +2(95)%1 x 1,2273/95 = 20.8 kips

(v.)

- P + . &= ]
Jp = 17.7 + 20,8 = 38.5 kips
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(Vc)max = 44,9 + 38,5 x 1l.4545 = 100,9 kips

Since (VB)max > (v.) > (V,)

C max A’ max

= 4 = i
Vies = (Vp) o, = 10246 kips

l.1,4 Design of girder section

(a)

Assume wg = 160 1lb/ft

Therefore M = 1520 kip =ft

(a)

(b)

(c)

~Web: 51" x == Ix = 3474

des
vdes = 102,6 kips
1
Web design

Assume t = 5/16"

- & _Llll
< 165 D < 165 x & = 51.5 ]ﬂ

use D = 51"

atlo

. K v oo llae K an
Flange designz 21

Assume Af = 15,5 sq. in,

= " = 11
g = 1"y by = 15,5 . *L
T

t

bf/tf = 15,5 < 23 . E

Check bending stress

3 4 3

16

A, = 15,5 sq, in. Ix = 1352 x 15,5 = 20956

f

Total Ix = 24,430

1
2

3

AASHO Specification 1965 Edition, p. 113,
AASHO Specification 1965 Edition, p. 112,

Manual of Steel Construction, Sixth Edition, p. 2=61, 2~67,
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It is assumed that the compression flange 1s partially
supported, With the length of unsupported flange-between
lateral supports 25 feet, the allowable compression stress is
defined by the AASHO Specification as follows:

F, = 20,000 = 7.5 (L/b.)” with L/b, < 36 °

L = length, in inches, of unsupported flange between

lateral supports

ﬁut continuons girders may be proportioned for negative
moment at interior supports for an allowable unit stress 20

per cent5 higher than permitted by this formula,

P, = 120,000 = 7,5(32%)%) x 1.2 = 20.6 ksi

The allowable unit stress calculated from the above formula
can not exceed the allowable unit stress for the compression
flange supported‘throughout its length (20 ksi in A-36 steel).

Therefore use

F, = 20 ksi,

b
'Md C
f g.—e—s-_ c-26.5“
b 1
x
fb 1520 x 12 x 26,5 19.8 ksi < 20 ksi

24430

(d) Check shearing stress,

v
f =088 102485 _ 5.5 ket < F. = 12 ksi
v A 5 v

w 16 x 51

4AASHO Specificétion 1965 Editién, ge Bl

5AASHO Specifiéation 1965 Edition, p; 83,



(e) Check girder weight

A= fL + 51 + 2 x 15.5 = 47 sq. in,

wg = 3,4 x 47 = 160 1b/ft
115 Total weight of girders

WT = 0,16 x 350 x & = 224 kips

The analysis and design for the other values of n

are summarized Iin Table 1 and Fig. 7.

i

and AL

16
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B

min

Table 1, Sumnmary of designs
‘Max, Max. cird Lt :
AL (v ) i negative positive d :1ruef ?fCtlofﬂ'f
ni }t lg/?t MOTENE O kies nepative moment
' kip-ft kip-ft i web f£lang
80 0 1520% 1084%% 2026 § 51x5/16% 15.5x1
70 0 1550 1012 102,58 = 16x1
65 0 1560 1010 108.4 5 2
60 0 3573 1010 104 " o
1
55 0 23T 1008 104 =t e
50 0 1578 1004 104,4 " "
45 210 1615 1017 106.4 - +
80 (¢ 1685= 1035%% 103,7 | 51x5/16 17.5x1
70 0 1673 911 102 " =
65 0 1694 906 102,5 " "
L T 0 1710 906 103 " 18x1
50 135 1720 896 104.6 " e
45 745 . . . . .
80 0 1825%* 1002 #*%* 105.6 | 51x5/16 17x1
70 0 1767 839 103.9 i I3al
2.0} 65 0 1796 835 102.,6 i .
60 0 1807 833 102 ,4 " =
L 55 0 1812 826 103.8 = t
50 295 L L] Ll . L
¥ All web and flange dimensions are in inches
Nenaite * Max, negative moment controlled by HB, otherwise by
*% Max, positive moment in. end span, otherwise in inter
o (w ) increases sharply, therefore the design is o




:—:-r_.r Girder section for £ £ o W
ment positive moment b v g e
i ks Vhuea ksi ksi 1b/ft kips
JSx1+ | 51x5/16+ | 15,5x1t 19,8 6.4 160 224
6x1 # 16x1 19,65 | 6.4 163 215
G " " 19,751 6,45 163 208, 5
" " " 19,9 6.5 163 202
[% " " 20 6.5 163 E 195,5
“ " " 20 6,5 163 E 189

: : ; ! : 210 | 235
5x1 | 51x5716 | 12.5%078 L. 29,7490 6.5 147 206
o " " 19,6 6,4 148 195.5
B " " 19,8 €. 4 149 191
ix1 " 13x7/8 19.6 6,43 152 188
W : " 19,7 4 6.53. ) 54 179

I . g & o 745 834
;;;E‘ 51x5/16 |11x7/8 19,9 6.6 152 212.8
}:Z§ " 9.5%7/8 19,53} 6.5 141 | 186
"o " " 19,8 Bk 142 182
v " " 19.97] 6.4 264 | 179
" " " 19,9 - 6:4.5 144 173
U . ' ‘ = 295 343
:irff—:r span.

5 omitted.

X7
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Total weight of girders (WT)

370

350

330

310

290

270
250
230
210
190
170

150

kips

4

40

o r— i 4 s ——— o hr—
.

18-

4
X calculated data
— o~ estimated position
for onotinum end
span length
> niul
//’//nifz ] 0
X -
X ,/i%/’ni il
’(./ o
\ o - o
e o A_,,,.—--"x'-'.‘,.-*"‘
f“'" e o
o\ X_. b
NN
essmmgnssalleons s At b o Popi *
50 55 60 65 70 75 80

End span length (AL)

End Span Length vs, Total Wedght of Girders

Fig. 7
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DISCUSSION

The tabulated data in Appendix B indicates that the negative

moment at C, (Mc) due to live load increases as end span length,

Ll
AL, increases, However, the negative moment at C, due to dead
load, (MC)D, decreases as the end span length increases and the
two effects therefore tend to offset each other., The data also

. indicates that the negative moment at B, due to both live load
and dead loaﬁ, MB’ increases as end span length increases, The
maximum nega@ive moment is the combination of moments due to dead
load and due to live load (including impact), Study of Table 1
shows that the maximum negative moment, whén it occurs at point
c, decrease; somewhat as end span length increéses. The reason
being that the rate of decrement of moment due to dead load is
larger than the rate of increment of moment dve to live load,
When the end span iength reaches 80 feet, the maximum negative

moment will be controlled by M .As stated above the monent at

B'

B, M,, increases as the end span length increases, This indicates

B

that the maximum negative moment will be increased as the end

span length increases beyond 80 feet,

When n,=2 and AL=80"', the design will be controlled by

i
the maximum positive moment, Since the maximum positive moment
increases rather rapidly as the end span length increases,.the
slope of the curve; wilth ni=2, in Fig., 7 will be increased as
the end span length increases beyond 80°',

When ni=1,5 and AL=80', it can be seen that we are approaching

the point where the design will be controlled by the maximum
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positive moment as discussed above, Therefore it can be antici-
pated that the slope of the curve with ni=l.5 in Fig, 7 will be
increased as the end span length increases beyond BG ",

The exact locations of the points at which (wg)mingwg were
not found, In the case of n,=1.,5, for AL=50", (wg)min-135 1b/ft
and the average design weight is 154 1b/ft indicating that we
are approaching the cross over point wheré weight rather than
stress-is the controlling factor. For ni=1 and ni-Z,-the design
points chosen straddle the cross over points and the shape of
these curves in this region has been estimated based on the
shape of the curve for niﬂl.S and the values of (wg)min for the
chosen design points,

When ninl, AL=45', a girder with web section 51" x {E" and
flange section 16.5" x 1" was tried. It met the requirements
of the AASHO Specification but the weight of this girder section
is 167 1b/ft which is considerably less than the minimum weight
for preventing uplift, Therefore the design was omitted from
Table 1, The designs for ni=l.5, AL=45" and ni=2, AL=50"' were
omitted for the same reason, -

- The optimum end span length is therefore estimated within

the range of 47' to 52' as shown by the dashed line in Fig,., 7.
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CONCLUSIONS

Since this report was confined to working only with the
superstructure, the most economical total structural length was
not necessarily found, To determine this length the cost of the
structural steel, the reinforced concrete and the substructure
would have to be considered, It can be seen from Fig, 7 that
the minimum girder weight occurs for n=2 and AL=52', However,
the quantity of reinforced concrete will increase as the span
length increases, therefore if the whole superstructure is con=-
sidered the optimum length might be different from that indicated
for the girders alone, B .

Study of Fig, 7 does indicate that the rénge of lengths in
which the minimqm cost girders will fall, with no uplift at the

abutments, is relatively narrow. This range appears to be from

approximately 47' to 52°',
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D.F,

EI

des

MB'HC

(MB)D'(HC)D

(M), (M),

(M) (M)

B 'max, C’"max
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NOTATION

length of the end span of the bridge
total cross sectional area of the plate girder
cross sectional area of one flaﬁge

cross sectional area of the web

width of the flange

the distance from outer fiber of the fiange
to neutral axis of the girder

depth of the web

lateral load distribution factor

flexural rigidity

allowable bending stress

actual bending stress

allowable shearing stress

actual shearing stress

impact fraction

moment of inertia of the girder about the
x-axls

moment used for the design of the girder
section

the moments at supports B, C

the moments at supports B, C, due to dead
load

the moments at supports B, C, due to live

load

= maximum moments at -supports B, C



conc

unif
(R,)

min

Lo T

des

24

critical moment at B for minimum reaction

at A

the ratio of the moment of inertia of the
girder haunch over the piers to the moment of
inertia of the girder at mid-span

moments due to concentrated loads

moments due to uniform live load

minimum reaction at abutment A

thickness of the web

thickness of the flange

shearing force at supports A, B, C

shearing force used for the design of the
girder

average dead load in kips/ft.

weight of girﬁer in kips/ft,.

the minimﬁm girder wéight which will prevent
uplift at the abutﬁent '

uniform live load in kips/ft.

total weight of the four girders in the bridge



1,

2,

3.

4,

5.
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(1) H20-44 Loading 1
(a) Truck Loading : W=40,000 LBS
v —_—
? /
0.1W 0.1W “é-g
uof
£
&0
-
vegls
2 0l o
o —‘
LRI RS
curb ool -
- an 77 oo
Uﬂ ¥
2'-!-— 6' —-‘-2' P 7] =
/ 7 I =
, / A
10' clearance 0. 4W 0,4V
' ;
Truck Loading Diagram
Fig., A-1
(b) Lane Loading
18,000 for moment
“L— Concentrated load { :
26,000 for shear
Uniform load 640 LBS per linear foot of load
T T
Lane Loading Diagram |
Figc A-Z
1, AASHO Specification 1965 Edition, p. 14-15,
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{(2) Girder Lavout

—_— 14 - oo 14"

2! I
.
2
e T S A oy 5 i = - A —— - e
l{l" T o R I B e T S I DA PRt
i , i e R RI AN T e e S N e
SRR oot e 1 TR

b i — PR S,

Iv_»z' 8"y .21 aul

| S B! ————tge- 4V mrie— {4V —rfe——— gt ———peg

o
l

- - - & .
#: - . o & %
< ‘_ - 7 2 o WS b
- T * P - L .
T RS o L Y .-.‘L 7 7/ 8"
3 .
L . o= ¥ s
. SR
..L

P "4[5-5 " "i

Typical Cross Sectiaon

Fi B A"B



(3)

(4)

Concrete Deck (Dead l.oad)

Exterior Girder

Slab i (4+z.ﬁ7)(7%¢12)x150=557 1b/ft

Parapet :

Area 1

64.5 Bql in.

Area 2 22,0 sq. in,

60.0 8q- in.

Area 3

Area &

30.0 Sq. inu

176,5 sq. in.

(176,5/144) x 150= 184 1b/ft
Total 841 1b/ft

Distribution of Loads

"Exterior Girder 3
Case 1, Assuming the flooring to
act as a simple span between
girders,

D.Fo = 1 + % - 1,25

\‘“’"%:6' —

P
E——— s = 81
L ‘"_\_

Typical Lane Lcading

Fig, A-4

2.
3.

AASHO Specification 1965 Edition, p. 28,
AASHO Specification 1965 Ediction, p. 29,

49

Interior Girder

Bx(?%/lZ)x150=780 1b/ft

780 1b/ft

Interior Girder 2

DeFe = == = 1,4545



30

£
Case 2, D.F, 5.0F 0.358

= 1.3333
D.F. = 1.3333

{9) 1Impact Formula

" The amount of this allowance or increment is expressed
as a fraction of the live load stress, and shall be determined
by the formula:

50

I = iT_ﬁ-S_- in which

I = impact fraction (maximum 30 per cent)
L = length in feet of the portion of the span which is
loaded to produce thé maximum stress in the member.
For continuous spans use the length of span under considera-
tion for positive moment, and use the average of two adjacent

loaded spans for negative moment."4

(6) Loading for Maximum Stress

The lane loadings shall consist of the loads shown in
Figure 1,2,5B and in addition thereto another concentrated load
of equal weight shall be placed in one other span in the series
in such position as to produce maximum negative moment, For
maximum positive moment, only one_concentrated load shall be
used per lane, combined with as many spans loaded uniformly
as required to produce maximum moment,

The lane loading shall be continuous or discontinuous, as

may be necessary to produce maximum stresses and the congauntrated

4, AASHO Specification 1965 Edition, p. 21,



31

load or loads shall be placed in such position as to produce
maximum stresses,"
The lane loading which will produce the maximum stress due

to negative moments and positive moments is shown in Fig, A-5,

S AASHO Specificationm 1965 Edition, p. 18,




k k
| 18 I¢' 18
. wL=0.64 k/s
¥ —1
A 7 B % % D o7 E 7%

Loading for max, negative moment at C

k k e
8
I
' L
IREIERRERNRRRERY 1
A 87 c v g7
Loading for max., negative moment at B
. (c)
18
'3
1 xy/’wL
[T |
Fa oo s T g

Loading for max., positive moment in end span AB

e
£
. 4 A
[T [
A i ¢  ad

Loading for max, positive. moment in the interior span

Lane Loading For Maximum Stress

Fig, A-5
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TABULAR DATA

VExplanation of Tabulated Data

The tabulated data are either moment ordinates for the load-
ing indicated or the ordinates for the influence lines for moment
at the indicated sections corresponding to the position as shown

in TABLE B~1l, (origin at aﬁutment A)

TABLE B-1 POSITION OF MOMENT ORDINATES (Mij)
g 1 1 2 3 4 5

1 0' 51 10' 15" 20"
2 25" 30" 35" 40" 45"
3 50" 551 60" 65" 70"
4 75" 80" 85" 90" 95"
5 100" 105" 110" 115" 120"
6 125" 130" 135! 140" 145"
7 150" 155" 160" 165° 170"
8 175" 180" 185" 190" 195°
9 200" 205" " 210° 215" 220"
10 225" 230" 235" 240" 245"
11 250" 255" 260" 265" 270"
12 275" 280" 285' | 290" 295"
13 ___3o00! 305" 310" 35" 320
14 325" 330" 335" 340" 345"
15 350"

i : number of row

j : number of column



“ For example:
With N=1 and AL=80 find the influence line value for M,

40' from A,

(Where N = the ratio of the moment of inertia of the
girder haunch ovef the piers to the moment of
inertia of the girder at mid-span

AL = length of the end span of the br{dga in feet)

from TABLE B-1, it is found the position of 40' from A

is 1i=2 and j=4,

The results of analysis for N=1 and AL=80 are in TABLES

' B-2, B-3, B-~4 and B-~5, From TABLE B-2(B)

M, = 1,983477

Pefinitions of Computer Output Variables

MB = M the moment at support B

Bl
MC = Mc, the moment at support C
MD = MD' the moment at support D
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Variable definitions

Variables used in the programs are defined as follows:

SPAN(I) = the span length (subdivided full bridge into 10 spans)
INA = number of rows in (A)

IMA = pumber of columﬁs in (A)

IMP = number of columns in (QF)

FEH(I,&) = fixed end moments

QF{1,J) = unbalanced joint forces

A(I,J) = displacement-deformation matrix

STIF(I,J) = deformation-force matrix or stiffness matrix
TRAN = subroutine for matrix transposition

AMM = .subroutine for matrix multiplication

MATINV = subroutine for maﬁrix inverserwith accompanying

solution of linear equations
AM(I, ) = moments at subdivided points

PM{J) = moment ordinates along the Eridge length



Flow diagrams

FLOW DIAGRAMS AND COMPUTER PROGRAMS

READ
Lengths of Spans

READ
Number of Rows in the Displacement-
Deformation Matrix
Number of Columns in the Digplacement-
Deformation Matrix
Number of Columns in the Unbalaneced

Joint Force Matrix

COMPUTE

Fixed End Moments

COMPUTE

Unbalancad Joint TFTorces

READ

Displacement—Deformation Matrix

95



READ

Deformation-~Force Matrix

——— — = - G ek e e e

i

|

I

| and
: COMPUTE
| the Stiffness Matrix
| - |
|Subroutine for Matrix Inversiom I
| with Accompany Solution of |
| ;

| Linear Equation |
| ~ and !
| : I
[ COMPUTE (
| !

the Displacements

COMPUTE
Moment Ordinates

for Negative Moments




COMPUTE
Moment Ordinates

for Positive Moments

PRINT OUT
Influence Lines for
HB’ Mc in Program 1

Moment Ordinates for

HB’ M, in Program II

c

PRINT OUT
Moment Ordinates duelto
Unit Loads in Program I
Moment ordinates due to
Dead Load and Uniform Live

Load in Program II
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ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE
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Computer programs

100

101

102

1.

Y

CRTAT (14102) (SPANIL),[=1,10)
PFJ“'(SPAN([)!bl ’+1.

Do 2o _J=1,182

DRl Ly =4 AE(SPAI(L) =X 1%*2/:591\111~~23

T FCY g

CPROGRAM 1 :
CEBEPUTE IMFLUENCE LIND VALUES FUR NMIGATIVI AND POSITIVE

MOAINT

PART | GTTERAINE FIARD ENG *OMENTS Al JNINT UABALANCED
FISRCES
DIAEISTIY FEl(20,2800,0F(20,20) 44(20,80)4B(20,80) 4STIF(20,80)
DIMENS IO PL20,20) AN (204801 PHI50Y,SPANL20)
FURFAT (3TH)
FORAT (57 T4s6)
FUAT (SFLG.6)

[FSM=PFSN

READR (1, 11 [HA, IMA, DM
FORUAT (SFL1C.2)

ne 2¢ 1-1 17

QF{‘QJ,erQU
CONT I RuE

og 21 1=1,2¢
DO 21 J=1,1%?
FEAL L, J)=0.0
CoMIINUE
X=0.0

0D 31 J=1,IFS™

FE{24d)=={SPAN (L) =X} 5282/ (SPAN(10522)
CEILZ e d)=(X=FE"{lyd)=FZ:{2, 1) 75272011}
CHNE Uiy

Xshg i -
B 36 M=lyh
J-|+!”‘
PR3y s b= TRESPAN(2Y - )1E2/(SPAN(2)%%2)
(..})——(; ANTAY—A )Xk ZI{JPﬂaiéi**di

(t? JI=({STANMI2)V =AY 4FE I3, JI+FEMTG,J) ) /5PANL2)
(fI.U

ll e

&4

1l "II'T"’

N
-
r

"l'l "".l L

P4y

”(:fji*ix*(i“\hl%} AYEE2/(SPAN(3)ER2)
ALy )= (SRR - ) RXEE2 S (SPA () Ru2)
(L3032 (A=T5 (5, 01=FIrl6ad) ) /5PN 1(3)
+ 5 ).!_7'

T!;uf

ket i
||I [

+

U

l"l

< aa
(S ) "11}:1'

R e

[



X=5.0
00 46 MN=l.9

J=it 7549
FEA(T )=+ XH{SPAN(&)-X)#:2/{SPAN(4)%%2)

__F’di&.I}--IS“&Q(Q)—XU‘Y*‘zftsp‘ﬂtﬁ}**z)

CFOL3y ) =(ISPAN(A)-X)+FCR{TyJI+FENL 3, JNY/SPA(4)

CQFL L N = IX=FEN(ToJ)=FLi(E,J))FSPANTG)

. KEX45.

44 C”iT!’UP
=5.C
D0 S1 N=1,5

J=iH I FSM+L D

FOM(9, )=+ X8 ISPAN(S)=X) %22/ (SPAN(D) %%2)

VFEW(IU.J)=—(§PAHIBI—KI’%f#zligﬂﬁﬂl51*¢?l

QF{L4¢J)=LISPANIS)=X)+FEM[ T, J)+FENTLO, JYI/SPANTS)

K K“'Jld

.51 CoiviNpE

KMN=[MP/2+1
00 55 N=1,95_
J=N+1IFSN+23
K=aMN="
FEM{L1,d)==-FEM{L1D.¥)
FEMN(1240)==FEM(9,KY
AF(15,J)=0F(14,4K)

55 COATINULE
DO 60 M=1,9°
J—a+1Fsl+2¢
K ‘(.l A \")

Frll3yd)=-FEMIg,K)
-tlﬁ JY==FEM(T,8°)
OFllb.ll-JF!lﬁ K)
CQFL16eY=0FLL3,K)

60 CunT{us

00 695 4=1,.5

J=iielFS=edr

K=<{MN="|=14 :

Fr‘lli.Jl--F‘”(q K)
(160 J)==FEEM(5,K)

LFlLu.J!—*%(lﬁy\! o

69 CoanTlals
CO Te tisllé
RERTS F ST
t <*W—1-1Q

AUl dY=-FERl4,R)
13 JVE=FEN (34T
F ‘f.Jl-‘_‘Ffl?.‘-‘i

70 CITTus
‘I-Irbi—l
Df) ?b “-i'z“}

J= I+ [Tsneed
PEIS AL

e = e e ——— e



FEM{ LYy J)=—FEM{2 4K
VVVFF‘I‘:U-J]-"'F*" {1, K,},",,,,L,,,, -
QFI1T4d)=CFR(12,n)
75 CONTINLE
___DU 7(% =l Il‘]p ) o
GF{led)=-FFMlLl,u)
GFl2+ J)==(FEM([2,J}eTCM{3,4J))
A 4 3 J]“'f!" Mlg, JY+FzM(5 }“”}*m_‘_ﬁku__
BF (44 J)==(TE418, DIECHT, )
QF (S J1==(FEM{8,J)+FEM{Y,J 1))
DF(B,J]—-(F'_“_‘(1Uin+F‘:_f"‘ll’__J)_!A.___rfﬁm .
CGF(Tedi==(FEM 123 J)+FEMIL3,30)
SRR e J)==(FEM( 14y JY+FEMILD,0))

o OF(9,J)s={FEMUIG, J)+FERILITLIYY ¢ 0
B CFILD,d)==(FC PI1%1J%+FEF119.JII e
OF(1143J)=-FEM(20,J) _
et CONTENIE % - o
c PART 2 AY DISPLACE&NENT METHAOOD | ;

EAD (1a2) (CALI2J),121,IMA)d%l5 THA)
READ (142) ((STIF(I,J0),1=1,1MA),J=1,180)
CALL Taay (A INA, A, 6) '
CALL ,_\?.‘k’ ISTIF'H'[Mlk\le-\'[“li\.p)
DN 5 [=1,1M4 B ;

DU S J=l.imMA Sl 7
5 AL, J)=P[,J)
. __CALL_ A#M(B, %g!mnlj_A.l“&.STIfjmbuAALAH_waJ_‘__n_ o

DU 8 J=i,InP
DO B [=1,[MA
B PULeJI=QF( L, ) ;
CAaLL MATIW (SYIF,IPA,D (P, DETY TR
CALL AMMIA,P, %A, [P, IMA,B)

DU 10 d=1,14P

DO 10 [-1 i . T T
LO AL dY=0{ T, J)4FEMY l;J)
X= U-':'
T L:r‘ Q0 J:l, fFSM Tt T
PRl =05%M12,J04 (5P AL Y=X) ) &X/SPAN{]L)
“Ajmmmx Kth.
51‘} }\JTI ibr R e e T T T T e e
Y-).ﬁ
N |1 L L T
Janpe PESa T T TSRS A e, e s
ML Y= AMI3, 00449 f‘—nJHlSPA-‘!(Z}“__Y))ISPJ"A"HZH*Y“AF!39J)
BN, 1.3 . M bt A
895 LONTLIGE S e i -
Y=5.0
i s, ) WSl

NERE B E e Y ; -
Prldy=l{18{5,J) ¢4 Sy JIH{SPAH AN =Y} /5PA L3 )5y =A15,0)
Y=Y¥+5.0

?G 'Q\ITlsUF
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¥Y=5.0 .
[)1 45 il'lv
= J‘IF\ i A
Pl Y= CEARIT  dY e Ao, I {SPANLA ) =Y ) )/S5PANL A I RY-AN{ T, J)
N Y=Y+5, U
93 Cn T
Y=5. O'
0026 N=l,5
J=n+TESNALE
Pralld)=00AMT J‘.J,i'\l‘(lU’J’*{qp'lJ(r‘;)"Y}}f')“’ {SYiaY=-AM(344)
-Y=Yt5,
96 CONTLHUE
KMN=KMN=-1
DO 110 Ki=1,KMy
J=KUN+L KT
KJ=K¥Nti-K ]
PMLIEONIK)
110 CONTINUE
200 FQORAMAT [ 5X45F lb.6)
210 FOAMAT ('1'.177("["FLUE-\-CF L‘\IE FU{ V'b_f\"‘—‘ig)ra‘!ﬂ‘;!)
WRITE (3,210)
211 FORMAT (20", LG, " INFLUTNCE Ll\‘t GKL)[‘U‘EIES FOR mgv)
— H’{I TE - {3.211} A s S g e
WRITE $3,200) [AN(4,d),0=1, [MP)
212 FU"’AT (Y09 10X, " [nFLUENCE LINE ORUINATLS FOR MCY)
e ARITE (3,2t2) R
W((rf Udy 260 (AN ULy J=1 ¢ [MP})
213 FOUSAT (Y1t laXy " MuM=aT AT 20047 0 Dug O A UNIT L0AT af 4y
WRITE (3.213) '

w2072 (3,200) lPV(J).u-l.[“Jl
STUR
B

CUCBO  WATHIY ~uLTlruy
SUNBROLUTINE AAN [AsDsNpMeLa L)
DINEMSTION A(20,60),E020,80),0(20,20)

y U"}’l-l.f
LJ\})J L
Sdt=l.
OALK=1, 0

1 SUS=SUt AL E3 I, 0)
L‘i!J) c'.1|

& Bl :T!
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CCCS  HMATRIX FRANSPOSE
T ‘5Jghﬁu|i1€ TRAN (AsNyM,E)
[RENSTUY AL3G,30)1,6(03G,30)
l)(.”'IJ 291
Uﬂﬁ lrﬁ
Sl l)=a11,3)
b CONTINUE
) RETUKN
= ENO

CO050 nzraix [MVERSEON WITH ACCQMPANYIMG SOLUTION OF LINEAR
g RUATTIONS ' S
bUbRDbFI]E MATIMVI{ANE  M,DF IrR1l
EQUIVALENCE (I"\L}i.\.j-‘llﬂ’f {IC0LUM, J\..JLUI Yo (AaMAX, T, SWAP)
. _DIMENSIUN [PIVOT(30) ,A(30, 300 4B (30430) ,INDEX(30,2),PLYIT(300
Crrsess [NITIALIZATION . '

1¢ PETERN = 140
15 oo 2o B 5
20 IPIVOATLIF = 0 :
30 BN 550 1 = LM
LABELELEROLH FUR PIVOT ELEMENT - o
40 AMAX = (.
45 DO LGS J-= La¥
80 ARLIP NG TIJ)-ll SRS O0 e
6C D7 100 K = 1, ¥ '
7¢ IF {talvnrtr:—li 80, 100, 740 o
B0 IF (“naixwﬂiw—‘kscatJ K1Y 95, 100, 10O i
) FRde = J ., - ' : o
90 el ma = Kf

88 AT w \(J.bi
160 cogtishe
LGS CONT I NUE
JL10 . IPIVETLICOLUMY = 1o IvOTLICaLUb)+] B e s S
Crxes® [NTEPCHAMGE ROWS T4 PUT PLYNT ELEMENT 0% DIAGAYUAL
130 IF TE32n~1CoLUM) 140, 2cD, 140
L60. wETCxe = - pEfEQY
150 0 288 | = L, 9
1660 SedP = A : _
AT0 0 AUIRGwlL) = AC(TCOLGM,L)
200 A{TCOLUN,LY = Sr AR
205 IF (4} 260, Pbyy 210
2l 0l 250 L = l.:{ o
220 D SHAD = [(Ia(’ Tel )
230 PUI2CW, L) = S{ICOLUN,L)

© P5E  AICeLELY

260 TNIEL(I, 1)
27U LiER{ [ 2)

(L]
Lame B s |
[y xR
o M
-

AN
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310 PI¥DILI) = A{ICOLUN, TCOLYMY

320 DETERM= DETERMEPIVITI)
CetxssyIVIUE PIVDT 30W 8Y PIVOT ELEMENT
330 ALICGLUMGICULUM) = 1.0
340 DO 350 L = 1, N

350 ALICOLUNM,LY = ALICDLULM,LI/PIVOT(T)
355 IFUA) 380, 320, 3Y6u
360 o0 370 L = 1. M o
370 REICOLUS, L)Y = BUICOLUMLY/PINDI(LY}
CEEEEEREOUCE NMON=PIVOT A0WS
380 OJ 550 LI = 1, N

390 IF (Ll - ICNLUM) 40u, 550, 400
400 T = A(LL,ICOLLUM) ‘

420 A{LL,ICOLUM) = 0.0
430 0O 450 L = 1, M
450 A(L1,L) = A(LL1,L) ~ ALICOLUM,L) * T

455 IF (%) 553, 55C, 46C
460 DD 500 L = 1y M
500 BILLeLD = BL1,L) = RUICOLUMAL) 2 7
5% C(’ 1T \' F

C* ***I\JT:“LHL\-\ISF CRLUIPMS
600 DD TLO I = 1, N
610 L= M+1 -1

620  [F (INLEX(L,1) - [RDEX(L,21) 630, 710, 630
630 JiRDW = INDEX(L.L)

640 JCOLUM = [MDEX(L,2)
650 DU 705 K = L, N
660  SWAP = A(R,JRCW)
670 ALK JR0.) = ALK, JEOLUM)
700 Alk,JCULUN) = SWAP
765  Cui¥iwg=
710 CONTINUE
740  RETURY
750 BB
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PrusAAr 2
CCAPGTE MuEMT ORDIAATES DURE TQ A4 UNIT UNIFCRR DEAD LOAD
COSPUTE SAXIIUY MOMEMT AT € DUE T2 GNMIT UYIFORE )
LIVE LGAD _
CCOHEPUTE HAXTRUE MOFESNT AT B OUZ TO UNIT UNTFGAN
LT/= Lr‘i C‘
COSPUTE MOEEMT ORDINATES CUS TO A UNMTT UMIFLORM
LIVFE LDAD 1% SPANS AR ARD CHD o -
AT L CETEREINE Flatuy TND LORESTS AND JOINY. uNDALARCED '
FOACES
CDIAFHSILY FER[20480),0F(20,9C) 41209 Ul.?i)H.bUi'SfiFIZU 20)
L}I !'wS[{"‘u‘ P(ZU:"G) A 20 .d(‘}l-Sf’-\\!(ZO}. “(80)

1 FOR¥AT (318)
2 FMRAT (5T L4 eb)
I FNAAAT (5F10.2)

100 TGARAT (9F14.6)
READ {1,9) (SPAN(T),I= 1.10}

|
!

CROCONOoO0O

SFuN=(SPAN(LY+SPANI2))/5.+1.

IFSN=SFSH

I18571=95/5%

bI{=l5Pn;(1)+§DA%(¢)+SPHe(i!+SPAMI4!+aPA\(b)|#2 /S5e+Lls

ITiI=5T1

ba 20 1=1,20

B 206 J=144

FEM{I J)=C.0
20 COTINUL -

be 21 [=1, 1?

GO 21 Jd=l,
_UF{{ J)-). -
21 CONTT UL

un 30 L= l L0

e e JHEEEL~L. S

L=2%1

Fot(haLh=45pam (122712,
- TlL e LY=-SPANLT) ¥R2/ 12,
30 COITIUT

20 4% 1=7,¢

aEgulel

L=2=1

FE“;{I‘":‘I“ )d“all) .{/lZa %
O FTm(L e 2)==SPaNV[) k%2712, '

&5 ConaTriut

G 9549 I=1e%

e e g |

L=2%T

Flolhe3d=eSPAs ([ enz/]12,
FENIL3)==SPa (I 852/ 12,

55 Lot
b’_]_f'vi) f=13,10
K=2+{~-1
L22¥1
LS I R SR O B Bt B
Ea H.»l"'"f"""’.r'.l’l' el Lédw
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10 CONTENUE

81 CONTINUE

85 CONTINUT
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uag oo I=1 ] 2
e
L=2=L : ‘
FEM{E 6 )=4S5PAML Y &22/12,
Frrll4)==5P4N(1) %2712,
g 1y I= u ¢ B B e e
K=2%1-1]
B o N
Forif{Koa)=+SPAN{I)®%2/12.
FEAIL, 4)==8SPAN(T ) ®%2/12, .
15 CANTINUE
DU 40 J=l+4
CrCledY=~FEM{14J) :
QF{11yJ)==FEM(20,J)

80 CUNTINUE
DU BL J=l.4
DO sl 1=2,10

M=2%]-2
N=2%[-1
QF (T ) == FEMIN, DV #F M,y -
Df] (!5 ll-].lz

_f=11+5

TK=2%r~1

L=2

LOF(LyL)=USPANCKI#SPANGLIN/20
QFL14,1)=(SPANI4I+SPANIS) ) /2.

 QF(15,1)=QF(16,1)
JFI16,11=GF(13,1)
OFI17,1)=0FL12,1)

L OF(1342)2(SPANI3Y +5PAN(4Y /2.
AF (14,21 =(SPANTAY+SPANL5) 1/ 2,
RF1%,21=0F(164,2)

QF(lﬁvE)‘"’ tlip?‘

QF11213}=l PANELY+50ANI2)) /2.
AF L3 3)=05PANI Y+ 5PAN{L)Y ) /2.
RELL4s 32 LEPANLA) #SPANI S} 2s .
BFlLT+31=0F(12.3) .
DF{LZ:4)={SPAHLL)Y+5PA%(2))/2.
_RF(158)=15PANLSY +SPANLTY /20
f"F(lug"')'fSD’\‘NTF*‘.ﬁ“\Il:cs}}f?- 2
PART 2 Oy DISPLACEN ExT YETHOD

A0L Res (1'1" [‘IL\,[H_‘,l p

READ (1421 ((ACLsd)oD=1,010A) 321,114

READ (1,2 ((STIFtLJYel=1,InA)d=1,INA)
C’ALLT"‘{" '—-‘tr!“ |I‘-\'?] i N 72!
CALL AR~ {ST{Fo e Doid [Ma, TMA, D)

Y 5 Izl iY4
|J B J [9;'5.
5 A(["'}'ﬂ{tfj}



JUD 2 JsleTHR

C:‘LL .:\ t(B’H][VH|[ -\[I‘I \Tlcl

Q8 [=L.10A

g Plled)=CFIlT,d)

I PIC I SO B T O ) e
1O AMLTJ3=30T, JI+FENRTL, J)

CCaLl MATIMY (STIF.I2N,P, IMPLDETY
CALE AMMEA G Py TNA, THPy [MA,B)
N3 10 J=1,IMP

K:C‘o
SPU=S2ANIL)+SPANL2) L
R={AM[4, 1)V 4SPNE®2/2,) /5PN
GO L1y J=1,1FSN
PialJ)=tsX=X%%22/2,
X=xX+9,

110 COMTINUE

120 CONTINUE

K=hH,.0
QJI’ISJANC3}+5“&V{4)+"9A4(5i,
R=[AM{LOD L) +AM(S, 1)+Sp”*7217.)/bpﬂ
Lo 120 V 1o ISSY

J=NHIES

P’(Jl‘{ K A5, l)-X¥x2/2.0

X=X+5,

MN=TI1/2

Do 121 KI=1,mn
CdEENR AR
Kd=MNe}-%]
PalJ)=pr(kd)

121 CLITIUUT

300 FORUAT |
302 FO4HAT (20X, '00
303 FOAasAT o

L1010

ICX,5F1l4.6)
ot M _9Fl'_fo.6)
?OKp'Pb“'.Flﬁ.bl

FOR-AT « 20X Y MO=1 4 Flb,.6)

(280 FOWAT LP10, 10X, TRORENT ORDTNATES UDUE

135

L

”SJ\-aQ‘ tju*ﬁp"(41+5921(5)

NEAD LrnD‘J””
wRITE (3,280 .
A2LTC (3,300) (PMUJ)ad=1,1T1)
ALTE (353030 Aila, L)
AATE (3,302) avllu,l)
sRETT (3,304) AN(lG41)
=05

SP=SRalL1+5PaN2)
R*t:—l If&.fd)i-SP”-u-f'_Z/;_.,/SP'\
D? le J=1. [r%!

PY(J)=RBC-XERD /2,0
X=X+%, 5 5\ owrn
uuwrr-uém

SCAN L5404 A0 L0y 5] 1/ 5P
L3L i=1,055Y
Faae

TOD
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PAlJI=8X =AY (5y4)
X=.’(+5.
131 CONTINUE
7 %=5%.0
SPM=SDAN(S)4SPAI( T +SPAGIB)
R=(Ac (16, 41+A1¢11.q1+°nm %2/24) /5PN
"bu 140 N=1,155Y
=1+ RS SSN
.tJ)—D*x —AN(1]44) =K%%2/2.
K RPS.
140 CONTINUF
L L
"Spu:spau(9}+snﬁut101
M{1T744) /75PN
qu IFSY-1
on L4l ™=l KMN
= 1+ [FSN+2%[SSN
PM(J]=R*K—Aﬂ(l?.%)
X=X+5.0
141 CONTINUF
350 FURMAT 1907, 10X, *W3MFENT ORDINATE S QUE TO A UNIT -
" 1 uﬂl?ﬂ‘h LIVE LGAD [ SPANS AB AND ¢D')
RITE (J|35b)
ﬁutlt (3,300) {PH{J)eJ=1,0T1)

i e i L A A e SR v Wz araes

CWRITE (3,363) Adi(4a,4)
WRITE (3,302) AM{LO,5)
WRIIFE (3,304) Ad(lb.w!

301 FORWAT ('l'.)i.'ﬁﬂ( MOM, FOR MC DUM TN UNMLIT uNIF22M
1 LIvE LOADY)
307 FORUAT (000,20K,5Cs! Flauh)
308 Fud AT (01,20, ' =",Fl4.6)
309 FOUAT {('01,20X,'MO="4Fl&.0)
ARITE (83,3000 R
WRITE (3,3 iN(lU 21
WRITE (3,3G8) A{4,2)
o WATE (3,309) As(lea,2Yy o o
310 FORMAT !'0';5Xp MAX. MMd. FOR MB DDZ TO UNIT UIIFORM
1 LIVE LOADY)
ATTE 13,310}

’[{. N 5  A0RT AL )
ARLTE U3,3070) At{tlusd)
L TT (34389) A4(1603)
ST
END

% THE SUSROUTINES US:D IN THIS PROGRAN ARE THZ SN[ AS THOS. USED

IN PROGRAI 1.
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Iﬁ the design of highway grade separation gtruc:ufes, there
has been considerable discussion as to the economical advantage
of shortening the end span almost to the point where uplift would
occur at the abutment, This s tudy used a trial and error method
to determine the optimum end span lengths for girders with pris-
matic haunches for various ratios of the moment of inertia over
the plers to the moment of inertia at mid-span. The dead load of
the girder was take# as the a#erage weight of the girder and the
design of stiffeners and diaphrams was omitted for purposes of
simplifying the calculations.l

The criteria which governed this study are as follows:

l, The interior spans are 95 feet each,

2. There i; to be no'uplift at the abutments.-

3., H20-44 loading is to be psed. -

4, The girders are to havg a pri;matfc hauhch over the
interior supports, _(The ratios of the moment of
1naftia at the supports to the moment of inertia in
the positive moment regions of the girders investigatqd

"are 1,0, 1.5; and 2,0.)
.5, Use the AASHO Specification 1965 Edition,

6. A noﬁ-compositg reinforced concrete deck is to be

| usedron the welded girders.

7. For design, use the uplift resulting from the.loading
which includes the concentrated loads for moment but
not for shear.

8, Use A-36 steel,



Since this report was confined to working only with the
superstructure, the most economicai structuralrlength was not
necessarily found., To determine this length the cost of the
structural steel, the reinforced concrete and the substructure
would have to be'cﬁnéidered. The minimum girder weight occurred
for ni-2 and AL=52' (where AL is the end span length). However,
the quantity of reinforced concrete will increase as the span
length increases, therefore if the whole superstructure is con-
sidered the optimum length might well be different from that
indicated for the girders alone.

The study indicates that the range of lengths in which the
minimum weight ;f girders will fall, with no uplift at the abut-
ments, is relatively narrow, This range appears to be from approx-

imately 47' to 52' for the range of parameters studied,
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