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SUMMARY

A comprehensive field test was conducted on a highway truss bridge in Allegheny
County, Virginia, in July 1974. All typical truss members as well as structural members
of the bridge floor system were instrumented and unit strains measured when the structure
was loaded with a 3-axle tractor trailer weighting 78,000 lb, placed in incremental posi-
tions throughout its length, The purpose of the study was to determine the present capac-
ity of this representative older type design that was used extensively in the 1920's and 1930's
and is represented in many bridges which remain in use today. Although the structure
was designed for two 30,000 lb, vehicles passing, it was found that the static loading of
the 78,000 b, test vehicle did not cause serious stresses.
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A LOADING STUDY OF OLDER HIGHWAY BRIDGES IN VIRGINIA

Part 1. A Steel Truss Bridge in Allegheny County

by

H. L. Kinnier
Faculty Research Engineer

BACKGROUND

A large number of highway bridges designed and constructed in the 1920-45 period
for the AASHTO H-15 standard loading remain in use on both the Virginia primary and the
secondary systems. Although truck loadings have generally increased since that period,
there is some reluctance to post these bridges for limited live loading unless deterioration
or dead weight overloads from excess asphalt wearing surfaces have developed. Period-
ically, proposals are made in the state legislature to increase the legal loads allowed on
one or more of the categories of Virginia highways, generally the interstate system or the
primary system. It is recognized, however, that an increase in the allowed loading on one
—highway system has a spillover effect on the other, lower rated systems. Consequently, an
accurate appraisal of the live load capacity of some of the older bridge types remaining in
use would be of value to those technical personnel responsible for recommendations when
legal highway live load increases are being considered or when decisions are made on the
granting of overload permits. :

OBJECTIVE

The purpose of this study was to determine experimentally the live load stresses
that are developed from standard design loadings in key members or critical locations of
the three older bridge categories that exist in large numbers throughout the primary and
secondary systems of Virginia; namely, (1) steel truss spans, (2) steel beam spans, and
(3) concrete beam spans, Part 1 reports on a steel truss bridge tested in July 1974.

DESCRIPTION OF THE TEST STRUCTURE

The structure selected for testing was constructed in the summer of 1934 and is
similar to many Virginia steel truss bridges constructed in the early 1900's and remaining
in use today. This particular truss (see Figures 1 and 2) is located in Allegheny County
west of Covington on a stretch of U, S, 60 which has since been relocated. This section
of the highway, which is about 1/4 mile (402 m) in length, now serves only several resi-
dences; consequently,the test site proved highly satisfactory with the rather sparse traffic
seldom interrupting the testing procedure.

The 150 ft. (45.7 m) steel truss span plans are available from the Bridge Office of
the Virginia Department of Highways & Transportation under the designation XXXIV-5 dated
May 9, 1934. The truss was constructed in accordance with the Standard Plan in use at



that time (SC-24-150) with the modification of W18 x 50 and W21 x 62 replacing the 118 x 49
and I20 x 60 for exterior and interior stringers, respectively. Sketches showing truss

dimensions and details of the truss members and floor system framing are shown in Figures
3, 4, and 5.

The structure was designed in accordance with the Virginia Department of Highways.
Bridge Specifications, 1932, for the H-15 standard AASHTO loading.

INSTRUMENTATION

A total of twenty-eight SR~4 type A3-S6 strain gages were placed on the structure as
shown on Figures 6 and 7. Nine gages were placed on typical members for each of the two
trusses, i.e., an upper chord member, a lower chord member, a diagonal, a vertical,
and an end post, In addition, one gage was placed on the transverse portal bracing and
nine gages were placed on the floor system framing. Five gages were placed on three
stringers and four gages on two floor beams,

The twenty-eight gages were wired into two ten-channel Model SB-1 Switch and Balance
Units manufactured by Vishay Instruments, Inc. One of the switching units accommodated
two sets of ten channels. This arrangement required changing several leads for each set
of readings. A battery powered Model P-350 Portable Digital Strain Indicator was used to
read the strains. See Figure 8.

TEST PROCEDURE

The test vehicle, furnished by the Federal Highway Administration and operated by
their personnel, was a three-axle diesel tractor semitrailer loaded with crushed stone to
simulate an HS-20 AASHTO loading or a VDH&T type 3S2 truck. A photograph of the
truck and sketches giving dimensions between wheels and axles as well as wheel loadings
are shown in Figures 9 and 10. As mentioned earlier, the truss was designed for an H-15
loading, much lighter than the test loading.

The deck of the test structure was marked off to designate three driving lanes; namely,
an eastbound lane, a westbound lane, and a centerline lane. See Figure 11. For each of
these three lanes, the test vehicle was positioned so that the drive axle (the second axle) was
at each of the seven interior panel points of the truss indicated L1 through L7 in Figure 12
and also at position 1A, which was located halfway between L1 and L2,

Corresponding members of each type on each truss were instrumented. The members
selected were the center-panel upper chord UgUs, the lower chord in the panel adjacent to
midspan LgLyg, a diagonal adjacent to midspan UgLy, the vertical UjLq, and the end post
LoUi. These instrumented members as well as those gages on the floor system framing are
shown in Figures 3, 6, and 7.

For each position of the test vehicle the static live load strain was read for the twenty-
eight gages on the truss members and the floor system. The total procedure was repeated
one time to provide two sets of duplicate data.
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Testing began on the afternoon of July 24, 1974, and was completed on the afternoon
of July 25, 1974. Preparation of the steel surfaces and installation of the gages required
the time of two undergraduate engineering students for the equivalent of five work days.

A9"x 3" (.229m x .076m) coupon was burned from a lower chord bottom plate. A
2" (.0508m) length in the center portion was machined to 1.500'" x 0.318" (0.381m x .00808m)
(Area = 0.477 sq. in, (3.078 x 1074 m2) ) and tested in the Council's 300, 000 lb. (136,000 kg)
Universal testing machine on June 16, 1975, The results were as follows: Yield stress =
37.30 ksi (257.2 x 106 Pa); ultimate stress = 59.04 ksi (407.1 x 106 Pa); modulus of elas-
ticity = 29.16 x 103 ksi (201.1 x 109 Pa),

To convert experimental strain values to stresses, 29 x 103 ksi (200 x 109 Pa) was used
throughout the study.

TEST RESULTS

The test results were all in the form of strain readings from the twenty-eight SR4-
Type A3-86 strain gages placed on typical truss members and key positions of the floor
framing and are presented in the nineteen appended tables. Following the nineteen tables
is a section explaining in detail the column headings for each table. The results are con-
sidered reliable and gererally satisfactory, i.e,, for the most part the respective strains

-were reproduced when the loading positions were repeated and consistent strains were
developed in the east lane truss compared to the west lane truss for the test vehicle placed
in comparable lanes. Although most of the strains were in expecgted ranges of magnitude,
some of the strain readings were obviously erratic and unusable., This is not completely
unexpected with the use of instrumentation as delicate as strain gages on steel surfaces with
some variation in thickness (due to corrosion) found on a forty-year old steel structure
exposed to the elements. Further, there were several brief rains during both the period
of installing the gages and the actual testing. Waterproofing procedures were used on the
gages but 100% effectiveness cannot always be obtained.

Only those data which are considered reliable are used in the appended tables, Where
data are missing in the tables, it is the result of the strain readings being discarded because
of their suspected invalidity.

It may be noted in the appended tables that the stresses developed in the structural
elements tested under these carefully controlled static conditions were found to be relatively
low. Hurried conclusions should not be drawn, however. The reader is cautioned that
practical live load capacities of bridge structures in general should be established only
after carefully considering many additional factors. Other considerations include:

1) Normal impact stresses resulting from the condition of the approach pavements
as well as the bridge roadway itself.

2) The degree of deterioration of both main and secondary structural elements
including riveted, bolted and welded connections. Particular attention should
be paid to connections with critical areas obscured by fabrication,



3) Fatigue stresses. Connections and weldments are particularly vulnerable and
recent experiences in other highway systems prove the dangers that can result
from fatigue failures,

- 4) Availability of funds and personnel for regular and effective continued main-
tenance,

5) State of repair of bearing assemblies with particular attention to expansion
bearings.

6) Substructure condition with attention to damage resulting from frost heaval or
poor drainage.

7) Potential traffic damage to structural elements lessening the live load capacity.
The portal bracing and end posts are particularly susceptible to collision.

The foregoing as well as several other important items are brought out and discussed

in some detail in paragraphs "'Inspection Procedure' and "Inspection Items' of the AASHTO
Bridge Inspection Manual, (1)

Truss Members

In Tables 1 through 5 the live load forces in the truss members are calculated from
the experimental strains and comparisons are made with the live load forces as calculated
from the influence diagram with the known external loading and an assumed lateral distri-
bution to each truss based on simple beam reactions. There is good correlation between
the experimentally determined forces and the theoretically determined forces except for
the lower chord member L3L4. For this member on both trusses, for all three lateral
positions of the test vehicle, the force in the member from the experimental strain reading
was consistently much less than that calculated theoretically from conventional truss analy-
sis. The experimentally determined live load force was about 65% of the theoretically
determined force as can be noted from column 5 of Table 2. These lower chord experi-
mental data seem to indicate that other elements of the floor system are working with the
lower chord member to resist the tension forces developed by moment. The floor beams
frame into the truss well above the lower chord members as shown in Figure 5, The lower
flange of the 30" (.762m) deep floor beam is above the top flange of the 12" (, 305m) deep
channels making up the lower chord. It appears that portions of the floor system framing
including the 7 -1/2' (.191m) concrete slab act with the lower chord in the structural action
to support the live load. The lower chord members will very probably not be the truss
elements controlling the live load. Tensile members are generally not critical in any event,

Column 7 of Tables 1-5 adds the theoretical dead load force to the experimentally
determined live load force plus impact and column 8 tabulates the corresponding values
including theoretically determined live load forces. Column 9 shows the total calculated
forces to be very close to those forces including the experimental live load results. The
dead load forces are relatively large compared to the live load forces and since these same
values are added to the live load forces computed both ways, it follows that the comparisons
in column 9 could be expected to be close.



s

In Table 6 live load plus impact forces are simulated from superimposing results from
the test vehicle being in the east lane with those results with the test vehicle being in the
same relative position in the west lane. These simulated forces are compared with the
forces in each member available for live load plus impact as specified by AASHTO. Column
7 shows that the applied live load forees are less than 50% of the available capacity with only
a few exceptions, Column 8, entitled "rating', is simply the reciprocal of column 7 and
lists.a factor which could be applied to the live load and still be within the allowable capacity
of the member, This column alse points -out the critical member of those instrumented as
it is the one with the lowest rating, UgUs. Theoretically calculated forces show diagonal
LoUg to be the most critical truss member as listed in Table 18.

Table 7 is similar:to Table 6 but includes the theoretically calculated dead load force
in each member in addition to the experimentally determined live load forces.

One strain gage was:placed on a double angle element of a knee brace on the west
portal bracing. In this seeondary member, the static live load stresses were low in
magnitude with irregular flucuations between tension and compression for the several
longitudinal positions and transverse paths of the test vehicle, The resulting stress
varied 1rregularly between 250 psi (1 72 X 106 Pa) compression and 250 psi (1 72.x 106 Pa)
tension, Secondary bracing members play a more important role in resisting dynamic
loading than the static loading conditions in this experiment,

Floor Framing Members

The floor framing of this highway bridge truss is typical. It consists of a 7-1/2"
(.191m) concrete slab supported on five wide flange stringers spaced 5'-6" (1.68m) on
center with the stringers supported by 30" (.762m) deep wide flange floor beams that
frame into the trusses at the panel points. A photograph of the floor framing from under
the bridge is shown in Figure 13, Although shear connectors were not in use when this
structure was designed in the early 1930's, some composite action does exist because
of the bond between the concrete slab and the upper flanges of the steel beams. In the
case of the floor beams, the upper flanges are fully encased in the concrete.

The concrete floor slab, the stringers and the floor beams comprise a strong,
interactive complex structural system, Unit flexural and shear live load stresses Would
be difficult to calculate but it is clear from both theoretical considerations and the experi-
mental results that the live load stresses are low, It is believed the critical capacity of
a bridge will not be limited by stresses in the main members of this type of floor system,
The degree of deterioration of the floor slab itself and the condition of the riveted or bolted
connections between steel members could , however, be critical and should be closely
inspected when this type bridge is rated.

In.Tables 9 through 13, experimentally determined live load stresses are added to
theoretically determined dead load stresses, The beams are considered simply supported
and non-composite in these tables,

Table 14 superimposes live load stresses resulting from the test vehicle in the east-
bound lane and the westbound lane and makes a comparison between the live load stress
developed and that available, The superimposed measured live load stresses with impact
are 54% or less of that available for live load.
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Tables 15, 16, and 17 compare experimentally determined live load flexure stresses

with theoretically determined stresses on the basis of both composite and non-composite
beam sections,

Bridge Ratings

Allowable unit stresses, theoretically applied dead load and live load forces, and
theoretical inventory ratings are calculated for all typical truss members and listed in
Table 18. These calculations are based on a 3S2 type truck 36 tons (320 N) for inventory
ratings (0.55 Fy). The 3S2 type truck is a hypothetical loading simulated by the test
vehicle. This structure was designed for the standard H-15 AASHTO live loading using
A-7 steel with 33,000 psi (227.5 x 106 Pa) as yield stress.

Table 19 compares the theoretical ratings of live load as limited by both truss members
and floor system elements with the ratings as determined by the experimental results of
those members instrumented. The critical truss member was found to be a compressive
member, the second diagonal, LyUsg, rated at 35.1 tons (312 N), The critical floor system
element was determined theoretically to be the interior floor beam, which is rated at 31,0
tons (276 N).

Based on the experimental strains, the critical truss member was found to be the
upper chord member, U3Us, rated at 50.2 tons (447 N) and the critical floor system
clement was again found to be the interior floor beam rated at 62,1 tons (552 N),

The theoretical ratings for the five instrumented truss members range from 63% to
91% of the experimental ratings of corresponding members, However, the theoretical
ratings of the floor system elements are substaniially smaller than the ratings based on
the experimental strains., These relative ratings are listed in column 5 of Table 19. The
theoretical capacities based on flexural stresses and assumed non-composite action are
recognized as conservative, As mentioned earlier, the experimental stresses are substan-
tially below the computed values. The considerable differegce lies, perhaps, in the
conservative AASHTO live load lateral distributicu factor ( £ ), the moment restraint
offered by the end connections of stringers to the fioor beam and the complex plate action
of the concrete floor slab supported by five parallel stringers and the transverse floor
beams. The actual bending moment applied to steel flexural members in the floor system
appears to be less than that theoretically computed, Although theoretical calculations for
rating this structure are included in this report (Table 19), this field test was conducted
primarily to establish the correlation between theoretical stresses and experimental
stresses resulting from static live loads, The actual rating of a bridge structure requires
many additional examinations not within the scope of this project.



CONCLUSIONS

For the typical highway truss span in this study, which was constructed in 1934,
the experimentally determined live load stresses developed from a standard truck
loading were couservative when compared with theoretically calculated live load
stresses, The experimental stresses were lower than the theoretical values for
both the truss members, which were analyzed on the assumption of pin connected
joints; and the floor framing members, which were analyzed on the recognized
liberal assumptions of simple beam end supports and non-composite action with
the coancrete slab,

The current analytical methods and procedures for rating the live load capacities
for older highway truss bridges are adequate and appropriately conservative.

The highway bridge engineer should be coustantly aware that the theoretical
rating is only one phase of the rating procedure. The appraisal of the degree
of deterioraticn of existing bridge elements is equally important and requires
a high level of mature engineering judgment,
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12 @ 35#
Total Area =

Section B~B
Vertical

DU

sq. in,

Section C~C
Lower Chord

AN 18" x 7/16"

Total area =
27.80 sq. 1in,

2[s 15 @ 33.9¢#
(19.92 sq. in.)

Section D-D
Upper Chord

DD 1
Single I /

Lacing : The Fifth Edition (1948)
of the AISC Steel Manual
was useéed to determine

Total Area = cross-sectional areas
DD 2 5.74 sq. in. for the standard steel
On Channel Net Area = shapes.
5.07 sq. in. 1 inch = 0.0254 m
1 sq. in. = 6.452 x
1074 m?
Section E-E
Diagonal
Figure 6. Truss sections.
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Figure 8. Strain reading equipment.

Figure 9.

Test vehicle.
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Figure 10. Simulated HS loading used in test.
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Figure 13.

Underside of floor system.
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The three hypothetical vehicles shown above
are used in Virginia as a basis for analyzing
certain of the older existing bridges. The
tandem axles, on 4' centers, are considered
as a single concentrated load as indicated
for calculations.

Forces shown are wheel loads in kips.

Figure 16, Truck loading types.
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TABLE 1
UNIT STRESSES AND AXIAL LOADS IN TRUSS MEMBERS
Upper Chord U_,U

=191

375
. ~ ~~
~ — ] . [\
[(H (] U4 &0 LE O M O . [T}
— o e = « P o i o
2|58 S I . lag | 2% | ¢
5|8 | e |g | B |da |85 )87 | 8
> g5 Pl o b g4 + g + & p
o o 0 e an o o o,
%] Mo U = )] ~ QU X IS FRI)) ~
] 0D 0 O~ o< 0 2 0D A~
[ owm a0 “w < u B ® w ) o
" [S) o A o w e o =W TR =Y
U4 ©n g =~ Q FooH . [cTRE] g oo E O A .
15) o & A — S A = RV, —
o o © g% [, o o o o o o< 0
d o EL) o 5] d o + = 5 + = O
[3) o o] o E ~ o~ < = ~
o W e s e ) — ™ g g e d ~
IS} 0w~ o “ — [V ]
ol O O U o TR . Y o P o d 00 .
w 5 B 5 M > o — Q@ - 0 A - 0 o —
1) o oo “ D o o [°) U o, Qo VU 0 O A 0
~ W~ W0 ey O =YgV OAA oAAn o
1) (2) (3) (4) (5) (6) N (8) 9
Upper Chord U3U5 (West Lane Truss) Area = 27.80 in.% fa = 13.2 ksi
West Lane
Pos. 5 2160 60.0 47.2 127.1 211.6 282.5 267.4 105.6
Pos. 4 1670 46.4 61.9 75.0 211.6 266.4 284.8 93.5
Pos. 3 1870 52.0 59.2 87.8 211.6 273.1 281.6 97.0
Center
Pos. 5
Pos. 4 1510 42.0 44.9 93.5 211.6 261.2 264.7 98.7
Pos. 3 '
Upper Chord UqUs (East Lane Truss)
West Lane
Pos. 5 725 20.2 22.4 90.2 211.6 235.5 238.1 98.9
Pos. 4 985 27 .4 29.5 92.9 211.6 244.0 246.5 99.0
Pos. 3 1100 30.6 28.2 108.5 211.6 247.8 244 .9 101.2
Center
Pos. 5
Pos. 4 1740 48.4 45.1 107.3 211.6 268.8 264.9 101.5
Pos. 3
East Lane
Pos. 5 1510 42.0 47 .4 88.6 211.6 261.2 267.6 97.6
Pos. 4 2160 60.0 62.2 96.5 211.6 282.5 285.1 99.1
Pos. 3 2290 63.7 59.6 106.9 211.6 286.9 282.0 101.7

West Lane truss readings with test vehicle in east

are omitted from this table.
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TABLE 2

UNIT STRESSES AND AXIAL LOADS IN TRUSS MEMBERS
Lower Chord L,L

374

E Position of Test Vehicle

~~

Live Load Experimental
N Stress From Strain Gage

~~

Live Load Force From
~ Strain Gage Stress (kips)

(psi)

—~
w

R Live Load Force From Infl.

~ Diagram (kips)

3/Col. 4 (percentage)

ol.

O
(5)

Dead Load Force (D.L. at

~ Panel Points (kips))

~
(=)

~ Col. 3 + Impact + Col. 6
S Design Force using Exper.

L.L. Stresses (kips)

~ Col. 4 + Impact + Col. 6
& Design Force Using Infl.

Diagram (kips)

S Col. 7/Col. 8 (percentage)

Lower Chord L3L4 (West Lane Truss)

Area = 20.60 in.2 (net section 17.99 in.z) £,=18.0ks
West Lane
Pos. 4 1380 28.4 49.0 58.0 198.4 232.0 256.3 90.5
Pos. 3 1785 36.8 59.2 62.2 198.4 241.9 268.4 90.1
Pos. 2 1720 35.4 52.1 67.9 198.4 240.2 260.0 92.4
Center '
Pos. 4 1045 21.2 35.5 59.7 198.4 223.5 240.4 93.0
Pos. 3 1420 29.3 42.9 68.3 198.4 233.0 249.1 93.5
Pos. 2 1100 22.7 37.7 60.2 198.4 225.2 243.0 92.7
East Lane
Pos. 4 680 14.0 22.1 63.3 198.4 214.9 224.5 95.7
Pos. 3 900 18.5 26.6 69.5 198.4 220.3 229.8 95.9
Pos. 2 855 17.6 23.4 75.2 198.4 219.2 226.1 96.9
Lower Chord L3L4 (East Lane Truss)
West Lane
Pos. 4 785 16.2 23.3 69.5 198.4 217.5 225.9 96.3
Pos. 3 1190 24.5 28.3 86.6 198.4 227.4 231.8 98.1
Pos. 2 885 18.2 24.8 73.4 198.4 219.9 227.7 96.6
Center :
Pos. 4 1095 22.6 35.7 63.3 198.4 225.1 240.6 93.6
Pos. 3 1405 28.9 43,2 69.9 198.4 232.6 249.5 93.2
Pos. 2 1180 24.3 38.0 63.9 198.4 227.1 243.3 93.3
East Lane
Pos. 4 1385 28.5 49,2 57.9 198.4 232.1 256.5 90.5
Pos. 3 1790 36.9 59.5 62.0 198.4 242.0 271.7 89.1
Pos. 2 1550 32.0 52.4 61.1 198.4 236.2 270.6 87.3
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TABLE 3
UNIT STRESSES AND AXIAL LOADS IN TRUSS MEMBERS
EndPostLoU1

o ’v? d @; [V \O &-.u o ’g
3| 48 & & 5 Ny .2 g g
o o © ~ o . - X - o o
= VL) E < g o A~ 0o K~ o 1)
) o o 19) 13 .~ (] ) (&} 3]
> Qe o o o =) a0 Pl ) M
g oo tN L) ~ A + & o + & )
) - o Q o, fan o M o o
0 H o o G [ -~ T oo~ oo <
o g.u O W O A~ o< 0o 3 0D A~
[ wn oW Vi) < a o 0 o 0 ©
x (5] o & o w oo a .U A
W m g = O 27 . =2 £ o n g O o .
o o 00 o~ — = Hoaow H N M 4
L IR o @ 9> |, 0 o o o< o)
o © B d O o Q o o + = M + = O
ts) C o) o E < o B L g <
gl e | CE Rl 7 | S| 8% | sgE| N
o 0 O 0 o v o0 . T o oo e oo 0D .
2| 28| &5 | as| 9 | 8§ | Z&4| 338 %
8 =~ Iy Y WA (&} (=) oAW oAaA O
1) (2) (3) (4) (5) (6) (7) (8) (9
Endpost LOUl (West Lane Truss) Area = 26.67 in.2 F, = 13.8 ksi
West Lane
Pos. 2 2040 54.4 49.6 109.7 181.6 245.9 240.2 102.4
Pos. 1A 2090 55.7 52.2 106.7 181.6 247.4 243.3 101.7
Pos. 1 1980 52.8 51.9 101.7 181.6 244.0 242.9 100.5
Center
Pos. 2 1335 35.6 35.9 99.2 181.6 223.7 224.0 99.9
Pos. 1A 1305 34.8 37.8 92.1 181.6 222.7 226.3 98.4
Pos. 1 1240 33.1 37.6 88.0 181.6 220.7 226.0 97.7
East Lane
Pos. 2 930 24.8 22.3 111.2 181.6 210.9 208.0 101.4
Pos. 1A 900 24.0 23.5 102.1 181.6 210.0 209.4 100.3
Pos. 1 840 22.4 23.4 95.7 181.6 208.1 209.3 99.4
'Endpost LyUy (East Lane Truss)
West Lane
Pos. 2 950 25.3 23.6 107.2 181.6 211.5 209.5 101.0
Pos. 1A 940 25.1 24.9 100.8 i81.6 211.3 211.0 101.1
Pos. 1 870 . 23,2 24.9 93.2 181.6 209.0 211.0 99.1
Center
Pos. 2 1355 36.1 36.1 100.0 181.6 224.3 224.3 100.0
Pos. 1A 1430 38.1 38.1 100.0 181.6 226.6 226.6 100.0
Pos. 1 1565 . 41.7 37.9 110.0 181.6 230.9 226.4 102.0
East Lane
Pos. 2 1890 50.4 49.8 101.2 181.6 241.2 240.5 100.3
Pos. 1A 1960 52.2 52.4 99.6 181.6 243.3 243.5 99.9
Pos. 1 1880 50.1 52.1 96.2 181.6 240.8 243.2 99.0
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TABLE 4
UNIT STRESSES AND AXIAL LOADS IN TRUSS MEMBERS
Vertical L U

171

= Position of Test Vehicle

~~~

Live Load Experimental
Stress From Strain Gage

(psi)

~
N
~

I,ive Lcad Force From
~ Strain Gage Stress (kips)

~~
w

Live Load Force From Infl.

~ Diagram (kips)

~~
ol

3/Col. 4 (percentage)

Col.

~~
W

‘>~ Dead Load Force (D.L. at

~r

Panel Points (kips))

. Col. 3 + Impact + Col. 6

~J
~r

Design Force using Exper.
L.L. Stresses (kips)

~ Col. 4 + Impact + Col. 6
& Design Force Using Infl.

Diagram (kips)

S Col. 7/Col. 8 (percentage)

Vertical L.U

171

Area = 8.44 in.2 (net section 5.82 in.z) f =18.0 ksi
a

(West Lane Truss)

West Lane
Pos. 2 710 6.0 4.9 122.4 39.5 45.6 54.3 102.9
Pos. 1A 2050 17.3 17.5 98.9 39.5 59.9 60.2 99.5
Pos. 1 2790 23.6 25.8 91.5 39.5 67.4 70.0 96.3
Center ) ,
Pos. 2 615 5.2 3.6 144.4 39.5 45.6 43.8 104.1
Pos. 1A 1470 12.4 12.7 97.6 39.5 54.2 54.5 99.4
Pos. 1 1940 16.4 18.7 87.7 39.5 58.9 61.6 95.6
East Lane
Pos. 2 450 3.8 2.2 172.7 39.5 44,0 42.1 104.5
Pos. 1A 990 8.4 7.9 106.3 39.5 49.4 48.8 101.2
Pos. 1 1320 11.1 11.6 95.7 39.5 52.6 53.2 98.9
Vertical LlUl (East Lane Truss)
West Lane
Pos. 2 350 3.0 2.2 126.4 39.5 43.0 42.1 102.1
Pos. 1A 855 7.2 8.3 86.7 39.5 48.0 49.3 97.4
Pos. 1 1180 10.0 12.4 80.6 39.5 51.3 54.2 94.6
‘Center
Pos. 2 454 4.6 3.6 127.8 39.5 44,9 43.8 102.5
Pos. 1A 1325 11.2 12.8 87.5 39.5 52.7 54.6 96.5
Pos. 1 1915 16.2 18.8 86.2 39.5 58.6 61.7 95.0
East Lane
Pos. 2 655 5.5 4.9 112.2 39.5 46.0 45.3 101.5
Pos. 1A 1885 15.9 17.6 90.3 39.5 58.3 60.3 96.7
Pos. 1 2620 22.1 25.9 85.3 39.5 65.6 70.1 93.6
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TABLE 5

N

(@8ejuedaad) # -1op/g 1o L2

-

Diagonal L4U3

(sd1y) wealeiq
*IJul woxj 932103 peo aA1T I

(sd1y) ssaia3s a8esH ureais -
woig 90104 prOT 2ATT

UNIT STRESSES AND AXIAL LOADS IN TRUSS MEMBERS

(1sd)
a8es ure13g wolg SSa1ISQ
Tesusuraadxy peo] oATT

STOTYSA 3IS3L JO UOTIITSOd
N

93.0
113.6
214.6

94.2
107.5
116.8

92.2
104.6
118.6

91.8
114.0
212.8

51.3
24.2

4.1
36.2
23.9
14.9
51.5
24.3

3‘9

47.
27.
8.8
34.1
12.5
8.3

23.8
23.8
23.8
23.8
23.8
23.8
23.8
23.8

86.7
76.0
88.8
71.9
82.9
77.7
85.9
78.7
78.0
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.2
2
0
3

23.3
0.3
-16.7
16.9
-12.1
10.5
11.
17.
0.
-12.2
-16.8

20.2
3.1
-12.7
15.0
2.8
-8.7
8.7
8.7
14.6
2.4
-9.6
-13.1

530
-2210
2605
480
-1510
1515
270
-935
1515
175
-970
2550
415
-1675
3465
535
-2285

Area = 5.74 in.? (net section 5.07 in.2) £,=18.0 ksi
3515

4
2
4
2
4
3
2
4
3
2
4
4
3
2

Diagonal L4U3 (East Lane Truss)
2

Diagonal L4U3 (West Lane Truss)

Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.

West Lane
Pos.

East Lane
West Lane
East Lane

Center -
Center
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TABLE 6
SIMULATED TWO LANE LOADING
Live Load + Impact

g o i o )
o o © TR 0 A
15) o) o v E O 5 oA
- w ) s ) PR R R
HE) 1) ) awm AR
o v o0 U o ] w
n o » d© > o = [=] oW O wn
g2 | 4% | S | Yx® | &y N e
o g ) g ) g oo w % S S A g
] g 5 g - s oo B — O« u8
o ou o o R O & ) < W2 o
o] o 0 = ~ [ ~ s} ~ o <+ [Tl =] M O
o -~ QW oW T — )
2 5 LU A LU & 000 A g 3] .o
B | BEZ | BED | ZBEZ | ER | 28 |d%
= A =mo BE nm e <3 S a3
(1) (2) (3) (4 (5) (6) (7 (8)
Upper Chord 5 60.0 9.7 82.4 155.4 53.0 1.9
U3U5 West 4 46.4 20.2 78.7 155.4 50.6 2.0
Truss 3 52.0 - - 155.4 -
U3U5 East 5 20.2 42.0 73.5 155.4 .3 2.1
Truss 4 27.4 60.0 103.3 155.4 .5 1.5
3 30.6 63.7 111.4 155.4 .7 A
Lower Chord 4 28.4 14.0 50.1 125.4 .0 2.5
L3L4 West 3 36.8 18.5 65.4 125.4 .2 1.9
Ttuss 2 35.4 17.6 62.6 125.4 .9 .0
L3L4 East 4 16.2 28.5 52.8 125.4 .1 2.
Truss 3 24.5 36.9 72.6 125.4 .9 1.7
2 18.2 32.0 59.3 125.4 .3 2.
Endpost 2 54.4 24.8 93.6 186.4 . .0
LyUp West 1A 55.7 24.0 94.2 186.4 .5 .0
Truss 1 52.8 22.4 88.9 186.4 .7 .1
LOUl East 2 25.3 50.4 86.5 186.4 .0 .1
Truss 1A 25.1 52.2 91.4 186.4 .0 .0
1 23.2 50.1 86.6 186.4 .5 .2
Vertical 2 6.0 3.8 11.6 65.3 .8 .6
L1Ul West 1A 17.3 8.4 30.4 65.3 .6 .1
Truss 1 23.6 11.1 41.0 65.3 .8 .6
LiU, East 2 3.0 5.5 10.0 65.3 .3 .5
Truss 1A 7.2 15.9 27.3 65.3 .8 4
1 10.0 22.1 37.9 65.3 .7
Diagonal 4 20.2 8.7 34,2 67.5 .7 .0
L U3 West 3 3.1 1.6 5.6 67.5 .0
Ttuss 2 -12.7 -5.4 -21.4
L4U3 East 4 8.7 19.9 33.8 67.5 .1 .0
TruSs 3 1.0 3.1 4.8 67.5 .1
2 -5.6 -13.1 -22.1
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TABLE 7
SIMULATED TWO LANE LOADING
Dead Load + Live Load + Impact

. 2
o ) by ]
o @ ] 2] ] v
Q o [e] o= e~ i)
o 0 ) AW o ) g w
Hi ) Q o~ A+ &0
) 89 g - o B~ ~
3= ] 23 o 2 238% ~
S N N [Vt w2 - : 0
(] =] 5] [ o — o — &0
9> v 0 v 0 oA o~ o< X oo
9 g = - o 3] - O W
o o B o B o & PR o -
[ 9] o »n [ | ~ [ ~ - O~ © 2~ [] [} O o
[3) ] ) ) ) e ® Yo 3]
2 9 Lo RN R-Y g s Qo PR - O = o M
G 8w o 85 Q6 X ez £E38z a5« R
= ) e3> [~ A< naas <= X O~
1) (2) (3) (4) (5) (6) (7) (8)
Upper Chord 5 60.0 9.7 211.6 294.0 367.0 80.1
U3U5 West 4 46.4 20.2 211.6 290.3 367.0 79.1
Truss 3 52.0 - 211.6 - 367.0
U3Ug East 5 20.2 42.0 211.6 285.1 367.0 77.7
Truss 4 27.4 60.0 211.6 314.9 367.0 85.8
3 30.6 63.7 211.6 323.0 367.0 88.0
Lower Chord 4 28.4 14.0 198.4 248.5 323.8 76.7
L3L4 West 3 36.8 18.5 198.4 263.8 323.8 81.5
Truss 2 35.4 17.6 198.4 261.0 323.8 80.6
L3L4 East 4 16.2 28.5 198.4 251.2 323.8 77.6
Truss 3 24.5 36.9 198.4 271.0 323.8 83.7
2 18.2 32.0 198.4 257.7 323.8 79.6
Endpost 2 54.4 24.8 181.6 275.2 368.0 74.8
LoUy West 1A 55.7 24.0 181.6 275.8 368.0 74.9
Truss 1 52.8 22.4 181.6 270.5 368.0 73.5
LOUl East 2 25.3 50.4 181.6 271.1 368.0 73.7
Truss 1A 25.1 52.2 181.6 273.0 368.0 74.2
1 23.2 50.1 181.6 268.2 368.0 72.9
Vertical 2 6.0 3.8 39.5 51.1 104.8 48.8
LU, West 1A 17.3 8.4 39.5 69.9 104.8 66.7
Truss 1 23.6 11.1 39.5 80.5 104.8 76.8
Truss 1A 7.2 15.9 39.5 66.8 104.8 63.7
1 10.0 22.1 39.5 77.4 104.8 73.9
Diagonal 4 20.2 8.7 23.8 58.0 91.3 63.5
L4U3 West 3 3.1 1.6 23.8 29.4 91.3 32.2
Truss 2 -12.7 -5.4 23.8 2.4 91.3 2.6
L4U3 East 4 8.7 19.9 23.8 57.6 91.3 63.1
Truss 3 1.0 3.1 23.8 28.6 91.3 31.3
2 -5.6 -13.1 23.8 1.7 91.3 1.9
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TABLE 8

MAXIMUM TRUSS FORCES FROM CENTER LINE POSITION OF TEST VEHICLE

=]
o
. @®
- N o o )
L [SI] O U~
o wn Ll ! o ow ~
" o 3 O B8 o ~
Bk g~ [<TI)] Qo U
O A ] =T — 50
T -0 <~ o T~ o o
o oA [ Y+ O
o ~ (e} oa E ~ B8
- - o L I ™M v
[} [ ] ] -~ 9]
el [ ] U U o U E &0 =
S > M 6D :>§.-.-t > 0 ~ U
[} - O @ o A5 o e Qo o
= - ©n o — K~ - A O~

Drive Axle positioned at Ly (See Figure 3)

Endpost - UOU1

(W. Truss) 1380 36.8 37.8 97.4

(E. Truss) 1390 37.1 38.1 97.4

Resultant of 2 heavy axles at L, (midspan)
(See Figure 3)

Upper Chord - U3U5

(W. Truss) 1510 42.0 44.9 93.5

(E. Truss) 1740 48.4 45.1 107.3
- 4

Lower Chord L3L4 !

(W. Truss) 1100 22.7 42.9 52.9

(E. Truss) 1130 23.3 43,2 53.9
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TABLE 9
FLOOR SYSTEM

FLOOR BEAM AT L1

(38ejuadaad) _
S *T03/y "100 &

39.3

47.4

53.1

40.5

50.6

59.4

39.3

47.6

53.1

Bdg0T X G68°9 = TSy T
(Tsy) ssaaagn
Teanxald a1qemoTIy

18.0

18.0

18.0

18.0

18.0

18.0

18.0

18.0

18.0

Bdo0T X G68°9 = IS4 1
(1) &

$s9131§ Tel10] € 10D

+ 3oeduy 4+ Z °TOD

7.07

8'53

9.55

7.29

9.11

10.69

7.07

8.57

9.55

®dg0T X $68°9 = TS% T
(1sy) ss213§5 ™
peo] peaQ TEITI9109Y]

6.35

6.35

6.35

6.35

6.35

6.35

6.35

6. 35

6.35

e .

mooa X G68°9 = TSy T

(Tsy) ssaiaasg peoTyy
9AT TeIjuswraadxy

0.55

1.68

2.45

0.72

2.12

3.34

0.55

1.71

2.46

9TOTYSA JO UOTITSOI

.2

West Lane
Pos

1A

Pos.

1

Pos.

Center

2

Pos.

1A

Pos.

1

Pos.

East Lane

2

Pos.

1A

" Pos.

1

Pos.
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Bdg0T ¥ 66879 = IS4 T
(Tsy) ssaiagwn
TelnxaTd 9TqeMOTTV
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TABLE 10
FLOOR SYSTEM
FLOOR BEAM AT L2

Bdg0T X 66879 = TSY T
(1sy) ssai1ig e
pPeOT pea2] TEBOTIaI0ayl

e
mooa X G689 = ISY T ~
(1s1) ssaaig peo1l
AATT TeIUSWTIAdXF

STOTYSA JO UOTITSOd

-0

Yo

&

e

£

40.1
54.2
52.4
52.1
40.9
59.4
56.6
58.1
40.3
53.8
52.1
51.9

18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0
18.0

7.22
76
9.43
38
7.36
25
9.38
9.35

9.
9.
10.69
10.19
10.45
7.
9.69

36

6.35

.35
6.35
6.35
6.35
6.35
6.35
6.35
6.35
6.35
6.35
6.35

0.67
2.62

37
2.33
0.78
3.34
2.95
3.15
0.69
2.57
2.33
2.31

2.

2
1A
1
3
1A
1A

West Lane
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
.Pos.

Center

"East Lane
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21.7

.7

32

21.7

19.2

22.2

21.1

17.8

19.5

19.8

Bdg0T ¥ G68°9 = TS T
(¥SY) sSS313S in

N

Teanxa] OTqeMOTTY

18.0

18.0

18.0

18.0

18.0

18.0

18.0

18.0

18.0

®dy0T X 66879 = TSY 1
(1s¥) 4
S§Sal13§S Te3aol € 10D -~

+ 3oeduy 4+ Z °T10D

3.90

5.88

3.90

3.45

3.99

3.79

3.21

3.51

3.57

Bdg0T X G68°9 = TSA T _
(1s7) ss311s 2
PEOTT P9y TEBOTII0aY]J,

2.98

2.98

2.98

2.98

2.98

2.98

2.98

2.98

2.98

®
mooa X G68°9 = TSA T
(Tsy) ssaijg peo
9ATT Teijuawraadxy

0.71

23

2.

71

0.

0.36

0.78

0.62

0.18

0.41

0.45

9TOTYaA JO UOTITSOZ O

2

Pos.

1A

Pos.

Pos.

Center

Pos.

1A

Pos.

1

Pos.

East Lane

Pos.

1A

Pos.

Pos.

West Lane
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TABLE 12
FLOOR SYSTEM
INTERIOR STRINGER

(98e3juadaad) ~
\O

¢ *100/% 10D~

19.1

33.3

15.9

18.7

28.7

16.5

17.1

20.3

16.6

®dg0T X G68°9 = TSA T _
(¥sy) ssaaig
TeANXaTd °TqemoT1V

18.0

18.0

18.0

18.0

18.0

18.0

18.0

18.0

18.0

Bdg0T ¥ G68°9 = TS 1T
(rsh) o
ssa13s TB30L € 1003

+ 3%edWI + 7 °T0D

3.44

6.00

2.86

3.37

5.16

2.97

3.08

3.66

2.99

Bdg0T X G68°9 = TSA 1T
(1s3) ssa1as &
peo1 peaQq Ted1laioayy

.72

2

2.72

2.72

72

2.

2.72

2.72

2.72

2.72

2.72

B .

mOOH X 66879 = ISy 1
(Tsy) ssaa13§ peOT N
AT Te3lusuriadxy

0.55

2.52

0.11

0.50

1.88

0.18

0.28

0.72

0.21

STOTYSA JO UOTITSOg S

2

West Lane
Pos.

1A

Pos.

1

Pos.

Center

Pos.

1A

Pos.

1

Pos.

East Lane

Pos.

1A

" Pos.

Pos.

-
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TABLE 13
FLOOR SYSTEM
MIDDLE STRINGER

(@8e3uadaad)
S "TOd/% °TOD

(6)

17.7

29.9

17.2

19.3

35.6

17.8

18.1

29.1

.7

17

mmwoa X G68°9 = TS T
(1sY) ssai13s
Teanxatq STqeMoTTV

(5)

18.0

18.0

18.0

18.0

18.0

18.0

18.0

18.0

18.0

BJg0T X G68°9 = Isq T
(1s%)

ssa131§ Te1ol € 10D

+ 30edWI + Z 10D

(4)

3.19

5.39

3.10

3.47

6.40

3.21

3.25

24

5.

3.18

Bdg0T X 66879 = TS3 T
(Tsy) ssaiaasg
PEOT pPE9(Q TEBOTIDI0dY]

(3)

2.72

2.72

.72

2

2.72

2.72

2.72

2.72

.72

2

2.72

e
mooa X G68°9 = TS T
(1sy) ssaiag peo]
9AT Te3juswriadxy

(2)

0.36

2.05:

0.29

0.58

2.83

0.38

0.41

1.94

0.35

STOTYSA JO UOTITSO4

(1)

West Lane

Pos.

1A

Pos.

1

Pos.

Center

Pos.

1A

Pos.

Pos.

East Lane

Pos.

1A

Pos.

Pos.
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TABLE 14
SIMULATED TWO LANE LOADING ON FLOOR SYSTEM
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TABLE 15
Middle Stringer

(es)
93Tsodwod-uou $s9115 N

PEOTT DAL TEOLIOI0DYY,

LIVE LOAD STRESSES IN STRINGERS

(rsy) 859438 Q)
peoT1 2ALT Tejusuriodxy ™

9TO9TUSA 3JO cowuﬂmommw

.6
.1

41.4
43.2

66,7
59
47
40.8

0.87
4.75
0.00
0.87
4.75
0.00
0.87

75
0.00

4.

.3

25.7
26.8
41.4
36.9
29.3
25

41

1.40
7.66
0.00
1.40
7.66
0.00
1.40
7.66
0.00

0.36
2.05
0.29
0.58
2.83
0.38
0.41
1.94
0.35

1A
1

2
2

Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.

West Lane
Pos.

East Lane
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TABLE 16
LIVE LOAD STRESSES IN STRINGERS

Interior Stringer
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TABLE 17
LIVE LOAD STRESSES IN STRINGERS

Exterior Stringer
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TABLE 19

COMPARISON OF TRUSS BRIDGE RATINGS
BASED ON THEORETICAL COMPUTATIONS AND EXPERIMENTAL RESULTS

;P()f?
DO AN

Inventory Ratings (0.55 Fy) for Type 3S2 Trucks - A7 Steel

Member Theoretical Rating Experimental Rating Position Ratio
(tons) (tons) of Col. 2/Col. 3
1 ton = 8.896 x 103N 1 ton = 8.896 x 103N Drive Axle Percentage
(1) (2) (3) (4) (5)
Lower
Chord 16
LOL2 —76=% x 36 = 56.2 (not instrumented)
LyL 125.4 ¥ 36 = 39.0 122.4 4 36 = 62.2 3 63%
4 115.9 72.6
End Post
LoUp 186-4 x 36 = 61.8 180-3 x 36 = 71.2 1A 87%
Upper
Chord 79=
U, U5 io%' X 36 = 58.4 (not instrumented)
1 = 155.4 = * 9
UsUs g ¥ 36 = 45.9 oz X 36 = 50.2 3 91%
Verticals
LUy 3.3 x 36 = 39.6 2.3 x 36 = 57.3 1 69%
L3U3 " " " (not instrumented)
Diagon-
| _als 077
U1L, —3%f7 x 36 = 53.6 (not instrumented)
L2U3 ggf% x 36 = 35.1% (not instrumented)
UsLy, 023 x 36 = 45.6 7.2 x 36 = 71.1 4 64%
Floor
System
End Bm. %%*%z x 36 = 33.8 (not instrumented)
18.1 - 11.65 _ o
Int. Bm. 5103 ¥ 36 = 31.0% 575 X 36 = 62.1% 2 507
85.3 = 15.02 - o
Ext. Str. = = x 36 = 40.9 =343 x 36 = 157.6 1A 267
123.4 _ 15.28 _
Int. Str. T& X 36 = 59.2 51 ¥ 36 = 130.7 1A 45%
Mid. Str.| " e l§+%§ x 36 = 106.0 1A 56%

*Indicates critical members in the truss and in

theoretically and experimentally.
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the floor framing as determined
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Column 1 -

Column 2 -

Column 3 -

Column 4 -

Column 5 -

Column 6 -

Column 7 -

Column 8 -

Column 9 -

Column 1 -

Column 2 -

ety iy §
EXPLANATION OF COLUMNS IN TABLES 1 THROUGH 5
Summary of Unit Stresses and Axial Loads in Truss Members
Lateral and longitudinal position of test vehicle. See Figures 11 and 12.
Live load experimental stress from strain gage. See Figure 6 for positions
of strain gages.
Live load forces in truss members calculated by multiplying the stresses
in column 2 by the cross-sectional areas of the members.
Live load forces in truss members calculated from the wheel loads in
Figure 10 and the influence diagram ordinates in Figure 14. The two
lines of wheel loads were proportioned to the two trusses by calculating
simple beam reactions of the floor beams.
A ratio of column 3 to column 4 in percentages. Provides a comparison
between experimentally determined live load forces and theoretically cal-
culated live load forces.
Theoretically calculated dead load forces in truss members frém dead loads
applied at panel points as shown in Figure 15.
Truss member design load including experimentally determined live load.
Truss member design load including theoretically determined live load.
A ratio of column 7 to column 8 in percentages. Provides a comparison
between total design loads from experimentally measured live 1oad$ and
theoretically calculated live‘loads.
EXPLANATION OF COLUMNS IN TABLE 6
Simulated Two Lane Loading Live Load Plus Impact
Truss member designation. See Figure 3.
Longitudinal position of the two simulated test vehicles. East lane

loading plus west lane loading. See Figures 11 and 12.
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Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

3 - Live load forces in truss members calculated by multiplying the stresses
from strain gages by the cross sectional areas of the members. Test
vehicle in the west 1lane.

4 - Same as column 3 except the test vehicle is in the east lane.

5 - Live load forces in truss members from test vehicle in both east and
west lanes simultaneously plus 18.27 impact.

6 - The total design capacity of the truss member (according to AASHTO Spec.)
less the force from dead load. Listed in Table 18.

7 - The percentage of the total force available for live load that is developed
from the test load in the east and west lanes.

8 - The member rating for the several positions defined as the ratio of the live
load capacity available to that which is developed from this test procedure.

EXPLANATION OF COLUMNS IN TABLE 7
Simulated Two Lane Loading Dead Load Plus Live Load Plus Impact

1 - Truss member designation. See Figure 3.

2 - Longitudinal position of the two simulated test vehicles. East lane loading
plus west lane loading. See Figures 11 and 15.

3 - Live load forces in truss members calculated by multiplying the stresses
from strain gages by the cross sectional areas of the members. Test vehicle
in the west lane.

4 - Same as column 3 except the test vehicle is in the east lane.

5 - Theoretically calculated dead load forces in truss members from dead loads
applied at panel points as shown in Figure 15.

6 — Total calculated load in truss members including live load from test
vehicle in both east and west lanes plus 18.2% impact plus dead load.

(column 3 plus column 4) 1.182 + column 5.
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Column 7 -

Column 8 -

Column 1 -

Column 2 -

Column 3 -

Column 4 -

Column 5 -

Column 1 -

Column 2 -

2243

The total design capacity of the truss member according to AASHTO
Spec. (listed in Table 18).
A ratio of column 6 to column 7 in percentages. Provides a comparison
between the total forces including those from test vehicle, impact and
dead load and the total design capacity of the truss member.
EXPLANATION OF COLUMNS IN TABLE 8
Maximum Forces From Center Line Position of Test Vehicle
Truss member designation. See Figure 3.
Live load stress determined by multiplying the experimental strain reading
by the approximate modulus of elasticity of 30 x 106 psi (1 psi = 6.895 x
103 pa).
Live load force in truss member calculated by multiplying the experimental
stress (column 2) by the cross sectional area of the member.
Live 1oad force in truss members calculated from the wheel loads in
Figure 10 and the influence diagram ordinates in Figure 14, The two
lines of wheel loads were proportioned to the two trusses by calculating
simple beam reactions of the floor beams.
A ratio of column 3 to column 4 expressed in percentages. Provides a com—
parison between experimentally determined live load forces and theoretically
calculated live load forces.
EXPLANATION OF COLUMNS IN TABLES 9 THROUGH 13
Floor System Flexural Stresses
Lateral and longitudinal position of test vehicle. See Figures 11 and 12.
Live load experimental stress from strain gage. See Figure 7 for positions

of floor system strain gages.

49



224,

Column

Column

Column

Column

Column
Column
Column
Column

Column

Column

Column

Dead load flexural stress. Non-composite section.
Live load experimental stress from strain gage plus 30% impact factor
plus theoretical dead load stress.
Allowable tensile flexural stress (18,000 psi) by Virginia Department
of Highways & Transportation rating practice.
A ratio of column 4 to column 5 in percentages. Provides a comparison
between the total stresses including those from the test vehicle, impact
and dead load and the VDH&T rating stress.
EXPLANATION OF COLUMNS IN TABLE 14

Simulated Two Lane Loading on Floor System
Structural element of floor system.
Longitudinal position of test vehicle. See Figure 12,
Live load experimental stress with test vehicle in west lane. See
Figure 11.
Live load experimental stress with test vehicle in east lane. See
Figure 11.
Sum of live load stresses from test vehicle positioned in both the
west lane and the east lane plus 307 impact factor.
Stress available for live load plus impact. The allowable flexure
tensile stress of 18 ksi less dead load stress. See Tables 9-13 for
dead load stresses.
A ratio of column 5 to column 6 in percentages. Provides a comparison
between the experimental two lane live load stresses plus impact with

the value available for live load stress plus impact.
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Column 8 - The reciprocal of column 7 expressed in decimals. This is a factor which

Column

Column

Column

Column

Column

Column

could be applied to the standard live load applied and the stress developed

in the member would still be within the allowable.

EXPLANATION OF COLUMNS IN TABLES 15 THROUGH 17

Live Load Stresses in Middle, Interior and Exterior Stringers

1 -

2 -

3 -

Lateral and longitudinal position of test vehicle. See Figures 11 and 12,
Live load experimental stress from strain gage. See Figure 7 for position
of stringer strain gages.
Live load stringer stress assuming non-composite beam action (F = %%),
and AASHTO lateral distribution factors (g%g).
A ratio of columm 2 to column 3 in percentages. Provides a comparison
between experimentally determined stresses and stresses calculated by
theory used at the time of design (1934).
Live load stringer stress assuming composite beam action, n = 10,
F = %% and AASHTO lateral distribution factors.

T ransformed
A ratio of column 2 to column 5 in percentages. Provides a comparison
between experimentally determined stresses and stresses calculated on the
basis of unbroken bond between the concrete slab and the top flange of the
steel stringer.

EXPLANATION OF COLUMNS IN TABLE 18
Summary of Theoretical Live Load Capacities of Truss Members

Column 1 - Truss members.

Column 2 - Calculation of live load forces in truss members. Wheel loads times

influence diagram ordinates times lateral distribution factor (2.39) times

impact factor (1.18). See calculations following.
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Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

3 - Net cross sectional area on top line and number of rivets on second line.

4 - Allowable axial stress in kips per square inch on top line and allowable
shear in rivet in kips on second line. See calculation sheets following.

5 - Total allowable load in member in kips as controlled by axial stress or
by number of rivets.

6 - Dead load force in member in kips from a panel load of 39.5 kips.

7 - Total allowable force in member less force from dead load. Net force
available for live load. Columm 5 less column 6.

8 - Force in member from live load plus impact. Column 2 forces repeated.

9 - Force in members from dead load plus force in member from live load.
Column 6 plus column 8.
10 - Total design stresses. Member forces from column 9 divided by cross

sectional areas in column 3.

11 - Under stresses. Allowable stresses from column 4 less design stresses
in column 10.

12 - Live load capacity of the structure in tons applied at the standard 352
axle spacing. Calculated by multiplying 36 tons (3S2 type) times the
ratio of the available live load force to the design live load force.
The ratings listed are based on theoretical considerations only. The

most critical member theoretically, the diagonal L U3, was not instrumented

2
in the field study.

EXPLANATION OF COLUMNS IN TABLE 19
Comparison of Truss Bridge Ratings Based on
Theoretical Computations and Experimental Results

1 - Component member of bridge.
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TRUSS DEAD LOAD
(Quantities from Va. Dept. of Highways Standard Plan SC-24-150)

Concrete 91.9 cu. yds. x 27 x 145 1lbs./c.f. = 360,000
Reinf. Steel 18,000
Structural Steel 202,000
Asphalt wearing surface 15 psf x 23' x 150' = 52,000
TOTAL 632,000 1bs.
Q%EE = 316 kips per truss
Q%Q = 39.5 kips per panel point

See Figure 15 for member dead loads.

TRUSS LIVE LOAD
(See Ref. 1, VDH&T, "Truss Bridge Inspection Instructions'", Plate 4, Rev. 1/27/71)

Wheel Lines per truss = (1 + E%l§) 2

W = Width of roadway = 23 ft.
C = Center to center of trusses = 25.9 ft.
Wheel lines per truss = (1 + g%glg)Z = 2.39
Impact = 20 = 50 = 0.18
L+125 1504125
Wheel lines plus impact factor = 2.39 x 1.18 = 2.82

a3
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CALCULATION OF RATINGS OF THE CRITICAL TRUSS MEMBER, L2U3
Ratings of other truss members shown in column 12
of Table 18 calculated in a similar manner.
Inventory rating 0.55 fy = 18 ksi

f, = 11.3 ksi in compression

Total allowable load (TAL) = 11.3 x 7.78 = 87.9X
Dead load (See Figure 15) = 37.1K
Available for live load plus impact = 50.8K

Rating for Type 3 truck = 20-8 « 20 = 32.6 tons

Rating for Type 3S2 truck = zg'i 36 = 35.1 tons
Rating for Type 3-4 truck = 38‘2 x 52 = 37.4 tons

See Figure 13 for truck types

The values 31.2, 52.1, and 70.6 kips were computed from the influence line for

LoU; (See Figure 14) and the wheel weights (See Figure 16) for the respective truck
types. Lateral distribution factor and impact factor are included. See Table 18 for
calculation of the 52.1K value.
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Column 2 -

Column 3 -

2243
fo ddl

Theoretical capacity in tons for a Type 3S2 truck as limited by the
several component members of the bridge.

Truss members:

[Force_available for LL+I 136. See Table 18.
Theoretically applied force from LL+IL

Floor beam:

Avajlable Stinger reactions
Applied Stringer Reactions X 36T, See Plate 4. Ref. 1

Available Bending Moment (LL+I) . 3¢7.

(See calculation
Applied Bending Moment (LL¥I1)

Stringers:

sheets following for floor beam and stringer sample calculationms.
Capacity in tons as determined experimentally by applying a simulated 3S2
type truck. See Figure 10

Truss members:

[Force.Available for LL+I ] 36. See Table 6
Experimentally Applied Force from LL+I

Available stress for LL+I ] 36. See Table 14.

Floor Beams: [Expefimentally applied stress from LL+I1

[Available stress for LL+I 136. See Table 14.

Stringers: . .
Experimentally applied stress from LL+I

Column 4 - Position of drive axle for forces and stresses shown. See Figure 12,

Column 5 - A ratio of theoretical rating to experimental rating expressed in percentages.
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EXTERIOR STRINGER, continued . . .

The foregoing computations are based on 0.55 fy-p = 18 ksi for inventory rating.

Capacities for operating rating may be made in a similar manner using

G.

~J

5 f = 24.75 ksi
v'p
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