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PREFACE

These tests were proposed by Johm M. Graham and were approved by the Texas
State Highway Department Research Advisozy Committee, The gctual tests were
made by the field forces of District No. 9 Bridge office, The Tezas Trans-
portation Imstitute; Agricultural and Mechanical College of Texas; College Sta-
tion, Texas, was in general charge of the tests, Henson K. Stephenson, Research
Engineer; and Truman R, Joneg, Jr., Associate Regearch Englueer, of the Iamstitute
contributed their advice and help im setting wp the tesis.

The actuval field tests were supervised by Franklyn R, Hitz, Draftsman, Com~
putations, compilations and checking were accomplished by William M., Wood,
Seniocr Engineering Assistant; E. L. Hardeman, Senior Designing Engineer; and
Larry G. Walker, Senior Designing Engineer.

The Texas Transportation Institute furnished the Leeds-Northrup Precision
Potentiometer with copper-comstantan thermocouple for temperature zesulis on the
gteel beams, concrete glab and standard bar. Precision thermometers were fur-
nighed by the Texas State Bighway Department Laboratory. The Department of
Civil Eagineering; University of Texas; Austin, Texss, furnished the 20 inch
d. 0. Berry straln gage and standard bar,



FULL SCALE FIELD TESTS OF A
PRESTRESSED COMPOSITE L-BEAM BRIDGE

. Previous Design Experience:

On Project M 1308-1n.53 Control 1308-1-5, Bell County, Highway No. F.M, 1123,
State of Tezas, 2-40 foot simple I-Beam spans were washed out by large drift in
the £lood of May 1955. These 2 spang were in the center of the bridge which
consisted of a series of 40 foot I-Beam spans. Imvestigation showed an 80 foot
span was required to handle the drift. To ikeap adequate head voom between high
vater and the bottom of the steel, s shallow design was required, Ten salvaged
30" wide flange beams at 108 pounds per foot were used, Five of the 39°-8" long
beams were cut in half and butt welded at either end of five other 39°-8" beams,
This made avallable five lines of 30" wide flange steel beams for the 80 foot
span. The "Prestressed Composite I-Beam" design was used. The span was built
in placing during July & August 1955. Actual initial dead load and final live
load deflectioms checked the theoretical deflections, The depth of steel beam
to span ratic by the use of these 30" wide flange beame was about 1 to 31, No
excessive vibration was noted, Actual span length, from cemter line of bearing
to center lime of beaziug, was 78.5 feet, With this experience record as a
background, the Leon River Bridge on State Highway 236 in Coryell County was
designed as a "Prestressed Composite I-Beam™ structure and was imstrumented to

collect regearch information.

Description of the Desigm:

"Prestressed Compogite I-Beam Design" in thles case is simply jacking up the
individual steel beams a predetermined amount at the center line of the spans
and holding the ends of the steel beams down with anchor bolts. The jacking up
of the steel beams at the center line of the span results im a tension stress
in the top flange of the steel beams and a compression stress im the bottom
f£lange of the steel beams. Shear devices are welded im place on the ground with
the steel beams in an unstrained position, The ateel beams are not jacked up
unill all forms for the concrete slab are im place and the reinforeing steel
is in place in these forms, The weight of the comcrete sleb and forms adds
more tension in the top flange and moxe compression in the bottom flange of
the steel beams, due to this dead load weight acting on the steel beams while
fiey axe temporarily shored up atthe center of the spen.

After the concrete sleb has attained about 85 percent of its 28 day strength,
the shores are gradually released at the rate of one~half inch per hour., The
composite I-Beam span then acts as s simple span. Due to the fact that the
beams were Jacked up at the center of the span while the concrete gained strength,
the entire composgsite cross section is active in carrying the dead load,

Since the top flange of the steel beam is below the neutral axis of the com«
posite section, the simple composite span stress is an increase in the tension
stress present In the top flange, due to the jacking up of the beam, In the
bottom flange, this simp le composite span stress is also tension and is larger



than the initial compression sivess due to the prestressing process. This re-
versal of stress in the bottom flange means an equivalent tension working stress
in the bottom flange of about 30,000 psi, instead of the 18,000 psi normally
used. There is a considerable reduction in the final dead load top flange ten~
slon stress, due to ghrinkage and plastic flow in the concrete slab. The shrink=
age and plastic flow effect on the bottom flamge is the opposite, or a tension
increase; but, in magnitude only about one~fourth the effect in the top flange.

Purposes of the Tests:

The purposes of these tesis were, (1) to check the theoretical design cal-
culated stresses and deflections with the actual observed stresses and deflec~
tions, and (2) to determine the effect of shrinkage and plastic flow of the con~
crete slab on the prestressed composite I-beam spans. During the final dead
lcad test period, corresponding morning and afterncon readings for stresses
and deflections were made to determine the effect on stresses and defiections
due to heat storage ir the concrete during the day,

Description of the 0l1d Existing Bridge:

The problem which led to this test bridge and the use of the "Prestressed
Composite I-Beam” span was the rebuilding of the Leon River Bridge on State High-
way 236 in Coryell County, Texas, The existing structure was composed of two
50° simple spans, containing eight 21" CB 59¢ beams with timber flooxing and two
short timber approach spans., It was decided that by using a "Prestressed Com~
posite I-Beam" design, only four of the existing 21" CB 59 beams would be re-
quired in each new 50° simple span; thereby, leaving four beams from each of the
two existing 50° spans te build two new 50° "Prestressed Composite I-Bean"

approach spans.

In this case, the three existing interior concrete bents could be reused and
only two new concrete abutment bents would be required to complete the four 50°
spans and,; thereby, sclve the problem of the new bridge layout,

Degeription of the New Test Bridge:

The mew bridge layout is showm im Figure 1. The bridge was designed for H-15~
44 loads (AASHO Specifications - 1953 , 26" roadway, 9" curbs, and an effective
span length of 48°<6"., The 21" CB 59¥ beams were placed at 7°-1", centers as
shown, in the typical half-gection of Pigure 2. Initial design calculations in~
dicated a need for the 5" x 3/8" cover plate on the bottom flange. The typical
shear devices, shown in Figure 2, were deaigned to resist bending and shear, and
were placed at an anmgle to resist any pullng apart effect between the beam and the

concrete when the shoring jacks were removed., Bending stresses in the shear device
itself were within the design allowable unit stresses., The bearing of the cen~

crete on the exposed flanges of the shear devices were well within the unit bearing
stress allowed by specificetions., No "slip" was anticipated,



Construction and Testing Procedure:

The construction and testing procedure paraliel wery closely in the early
stages, namely from Stage #1 to Stage #8; therefore, for convenience, the out-
line of procedure to follow will be given in terms of tests procedure and the
construction procedure which corresponds will be explained. All tests, except
as noted, were performed between the houre of 4:00 to 7:00 a.m. These early
morning hours, besides being convenient for the contractor, were chosen for the
testing period because the air temperature varies the least during this period.
The construction and testing of this bwidge begen im February 1957. The bridge
was completed in October 1957, and opened for use by the public; however, test-
ing was not concluded until September 1958,

The test stage procedure was as follows: (See Figure 3)

Stage #1, All beams were blocked level by eyesight on the ground in an un=
strained position and strain gage weasurements were made on test
pointe cl, cr, dl and dr, for beams 2B and 2C only. This iz the
initial reference stage for beams in Span #2.

Stage #2. The cover plates were welded on all beams and strain gage measure-
ments were made on test poimts ¢l, cr, dl and dr, for beams 2B and
2C only. Beams are still in sm umstrained position.

Stage #3, The shear connectors were welded cn all beams, and strain gage
measurements were made on test poiats cl, er, dl and dr, for all
beams, This is the initial veference stage for all beams. Beams
are still in an unstrained position.

Stage #4., All beams were placed and the digphragms were welded in place, then
all forms were set and the reinforcing steel was placed im thege
forms, With the forms and reinforcing steel in place, all beams
were jacked up the desired amounts and strain gage measurements
were made on test points er, cl, dl and dr, for all beams,

Stage #5, Steel test plates for measuring strains for the bottom of the cone
crete slab were placed about 20" apart against the bottom forms
before the 3lab was poured, Before the concrete slab had taken
its initial set, simllar test plateswere placed flush with the
top of the slab. When the concrete glab had set with forms in
place, Stage #5 readings for test points a, cl, dl and dr were
contemplated, but were not taken,

Stage #6, After the forms were removed and just before the jacks were re-
moved, strain gage meagurements were made on test points, 8, b,
cl, cr, dl and dr, for all beams. The tezt stage is a combina-
tion of Stages #5, #56, and #7 and ie referred to as Stage #6,
Note that this is the initial referemnce stage for all concrete
test points.



Stage #8. The jacks wexe removed from all beams and thus completing the con-
struction of the bridge except for placement of the railing. On
the morning following removal of the jacks, strain gage méasure-
ments were made on all test points on all beams. :

Since no additional loads of any significance are placed on the beams beyoﬁd
Stage #8, the following test stages were made for the purpose of verifying shrinike
age., wﬁa%tic £low and live load stresses on the beams.

Stage #9. Dead load strain gags measurements were made on all test points
approximately one (1) month after shoring was removed for all
beams tested in Spen #2 and Span #3 oanly. The reason for not
using this stage on Spang #1 and #4 was because these spans were
vnder flood water for 22 days,

Stage #10. Dead load strsin gage measurements were made on all test noiﬁﬁs
aprriximataly three {3) woarhs sfter shoving was rvemoved for all
beams tegted,

Stage #11. Dead load strsin gage measurements were made on all test poinis
gpproximately siz (6) months sfter shoring was vemoved for all
beams tested.

Stage #12. Dead load strain gage measurements were made om all test_péints
approximately twelve (12) nmonths after shoring was removed for all
beams tested.

Stage #13. Live Load (test truck) plus dead load strain gage measurements
were made on all test points spproximately twelve (12) months
efter shoring was vemoved for all beamns tested,

 Stage #12 and #13 readings weve repeated on two szpavate days as follows:

HMornings (Stages #124, #12B, #134, #13B or all spans). Stage #124 on one mora«
ing and Stage #12B the following moraing,

Afcernoons (Stagea #12¢C and #12D dead load gage readings on Spans #1 and #4
only). HNote that Stages #12C and #12D readingsz ave the afterncon readings
which were teken to check the heat storege effect on stresses and deflections).

All corrcsponding reaéiﬁgs checked fairiy close, and readings on the opposite
sides of the steel beam f‘anga vere avevaged to veduce possible human error in

instrunentation,

¥igure 3 shows the location of all iest points and gives an explanation of the
type of tests used in the testing of thie bridge. Reference made to any test
point stress in this report will be as shown in the following empmples:



1. A sitress at test point "d" on top of the bottom flamge of Spam #2 and
beam B will berzferred to as 2-B-d, Hotations, "dr" and "d1", will not
be uvsed in this report, as the results of these tests are based on the

. averages of all stresses where readings were takem on the left and
rvight eides of the steel boem. 2-C-a would indicate the ciress on top
of the slab of beam C in Spen #2, ‘

2. 4-C-c would indicate the stress om the bottom of the top flange of bean
C in Span #4.

Testiug Equipment and Test Calculation Procedure:

All test points consisted of two very small holes, approximstely 20" apazt,
drilled in the steel besm or in steel plates aachored in the concrete, A 20¢
Ho 0. Berzy strain gage with an Ames disl reading in 001 inches, mounted on the
pivot arm was used to measure the straim movement between the test holes at the
different test stages, a3 referred to the initisl unstralned readings. Gage read-
ings on a standayd bar were taken corresponding to each test stage and for each
test point,for the purpuse of determining the strain effect dus to texmperature
differences messvred at the initlal stage veading,

Since test beams and concrete were not at the same temporature as the stan-
dard bar when gage veadings were teken, 1t was necessary to determine this dif-
ference of temperature and make adjustwente to the beam and concreie strain
measurewents. In each case, the beam and corcrete temperatures were rveferxred
to the standard bar temperatures, that ig, adjusted to read the same in tewpera-
ture as the standavd bar. The coefficient of expansion for steel 2s measured
on the Ames dial was 0.6 divisicns for 19 ¥ difference in temperatuve, There-
fore, if a beam temperature messured 2° ¥ higher than the staudexrd bar, the test
beem stirain wmeasurement was inmcreased 0.6 = 2 = 1.2 divigions, 1f the baam tem-
perature was lower by 2° ¥, then the test beam stvaln meastrement was decreased
by 1.2 divieions., For these tests, the coefficient of eipansion for concrete
was assumed to be the saune as steel, and siwmilar adjustwents io strain measure-
‘ments were mede for differemces in concrete temperatures (at the rate of 0.6
divisions for 19 7). :

Temperatures of the boam, concrete and the gtandard bar, waze measured with
a lead shielded thermocouple of copper and comstantan which was clmmped on the
teal: besm or concrete or standard bar {sec Figure 5). Measurements in the tem~
perature circuit (Figure 5) were made on a Leeds-Nowthryup precisica potentiometer,
The refevence temperature for the clrcait was measused with a ppeclasion centigrade
thermoeter in water in & thermos botitle. The refsrence centigrade thermometer
was calibrated in 0,5° C, and was the seme type of thermometer used to measure
air temperatures.

Temperatures were taken or xeasured corresponding Lo strainm measuvemsns
for each test point and alse correspondiag to 2 standard bar messuremant as
closely as time permitted. It took approzimstely two to three mimutes for the
shielded thermocouple to reach the sawe temperature as the member being tested,



6

After the test po:lnt strain -was adjusted £ir temperatum difference, final
sttains were computed by taking- the difference of the adjasted strains at any.
test stage and the initial wmstrained stage, ‘This difference was then referred '
£0 the correspending standard bar strain differeuce over the same stage gaerzlod
-and added -or aubtracted, as signg indicated. Like signs being added and unlike =
-gigns being subtracted for the final strain measuvement, final stress was detez-'
mined by the equation: .

Stress = strain x Eg x 1073 (for steel),
Stress = strain x Eg x 10 5 = strain z % % ',5.0 =5 (for concrete).

Note that strains were in divisiens of the Ames dial in the above equstion:.
The Ames dial, however, veads 1 & 1000 inches per mch for each division and
‘should be multiplied by: 12 pivsf: arm distance x gage length = 1 § 5 x 20, there~
fore, strains in divisicns waal& be muleiplied by 1 ¢ 1000 =1 ¢ 100 = 178 &0@%
10"’5, to get strain in inches per inch., The resulting stresses for all stages
for test points “a", "¢, "d" are plotted against time in graphs A through & of
this report, .

E; was taken as 29 x 106 psl for purposes of correlating the field testa data
with t:he theoretical data based on AASHO Specifications. However, an ave:sg{e Eg
value decermined experimntally from test specimeps taken from the beam ends cut
‘on the job was 31 x 10% psi, PFor concrete stresses a value of n equals 10
‘used, At a later date, teste were made to determine the modulus of elasticity
ffor the comcrete from beams cast on the job, This Ec at :one year of age was -
‘gbout 5.2 x 1_05., This results An an "n" factoz- of 6., L
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?ossible'gtfess Measurement Erxors:

i.

20

Concrete slab: 1 division error in reading the Berry gage equals 29 psi;
3° ¥ temperature errxor equals 51 psi: Total error possible 80 psi plus
or minusd.

Steel surfaces: 1 division error in reading the Berry gage equals 290
psi; 2° ¥ temperature error equals 348 psi error: total possible ervor
638 psi plus or minus, :

These errors may be additive or may tend to cancel out in readings at bottom
of steel beam, at top of steel beam, at bottom of concrete slab and at top of con-
crete slab, These errors could be additive from one stress stage to the other
stress stages.

Possible Errors in Theoretical Stresses:

1,

2,

3.

&

Care was used to record the right thickness of concrete slabs. A com-
parison of the measured stress curves and the theoretical stress curves
indicates our recorded net amount of upward shoring after settiement
and readjustment could be in error. Hence, our recorded thickness of

‘8lab could be in error causing our calculated stresses to be in error:

for one quarter ianch error in thickneas of slab: top flange steel
stresses would be 260 psi in error and bottom flange steel stresses
would be 63 psi in error,

The distribution of dead ioad to the steel beams was unknown, We tabu-
lated stresses duec to equal distribution, due to moment distribution
and due to the relative composite moment of inertia of each of the four
beams. Since the theoretical stressz calculations due to equal distri-
bution seemed to check closer to measured stresses, it was decided to
use thig distribution for compiling our theoretical curves. The error
due to distribution is unknown, Maximum minus dead loed stress errors
for. the 2 interior beams would be as follows: top of slab 75 psi; top
of I-beams 200 psi to 300 psi; bottom of I-beams 2050 psi to 2150 psi,

Theoretical stresses in the I-beams, due to the fact that the actual
detailed measurements of che I-beams varied from the handbook values

for their full length and varied from beam to beam9 may cause an error
in the shorad position stresses as much as 27t =o This ervor would occur
in the top and bottom stresses of the I-beams acting without composite
action. The final compogite stresses in the I~beams are directly af-
fected by this error by the larger or smaller original prastressed
stresses in the I~beanms,

Errors due to welding the cover plate and welding the shear devices to
the I-beams: Beamg 2B and 2C were the only beams tested for stresses
due to these 2 operations. Results: welding cover plate: Beam 2B:

28 psi tension in top flange and 3016 psi compresszion in botrom £flange;



Jdo

60

2o

8,

Ya

‘beam 2C: 174 psi temsion in top flange and 2088 psi compression in

bottom flange. After shear devices are welded on: Beam 2B: 6593 psi

. compression in top flange and 3611 psi compression in bottom flange.

Beam 2C: 7772 psi compression in top f£lange and 2784 psi compression
in bottom flange., These strasses =are on the safe side and some theo-
retical advanteges could be taken of these stresses. Our stress curves
all assume zero stress after the welding is accomplished.

Comcrete slab shrinkage plus creep has an effect om all stresses. All
theoretical curves ave based on '"n'" equale 10 and a shrinkage plus creep
factor of 00,0002, FProm sciual tests on I-beams and concrete, we kuow
that "n»" equals 6 plus oz minus, See appendix item ""Shrinkage plus
Creep.”" The error due to using '"n" equals 10 and shrinkage plus creep
factor equals 0.0002 is amalyzed in this item,

Errors in span 4 due to the following circumstsnces are unknown: plac-

. ing of concrete in the outside curb caused a deflection in the outside

overhang forms and a slight twist inthe outside I~beam. This was due
to inadequate styuts across the boktom flanges of the I-beams. Correc~
tive measures were taken by shoring the outside overhen$ forme from the
ground and trying to measure the effective amount of upward shoring at
the jacks and at the outside shores.

Errors due to the fact that our recorded amounts of upward net shoring

of the I-heams after settlement and the readjustment of the jacks was in
ervor in some cases: A comparison of the theoretical and measured stress
curves indicates there ware some errore im vecording the amount of net
shoring., Composite sectiom stresses duec to an erroy of plus one-eighth
of an inch in the smount of shoring are: top of slab 21 psi compression;
top £lange of beam 1300 psi tension and bottom flange of beam 420 psi

compression.

Beam A and B in span 2 were let down with a jerk some sevea~eighths of
an inch when the jack on that side of the roadway moved downward withe
out any warning. An attempt was made to bring this jack up to the same
level as the jack on the other side, znd lowering of both jacks was
continued, All thiz cccured during the lowering of the jacked up shor-
Vi.ngo )

On Figure 1 please note the fixed and expansion ends of the spans as
built, On epan 1 and span & the amount of temperature vestraint o move
the I-beam over the expansior bearing shoe was theoretically figured as
8690 pounds. This force would be on the bottom flange of the I~besms

and would tend to increase or decrease all sirvesses involved according

to whether or not the force wag producing temsion or compression inm the
bottom flange. According to our details of bearing shoes, the asachor
bolt holes in each fixed end would allov 2 movemsnt of ome quarter inch
without producing more than the 8690 pound foxce, Therefore, all spauns
would have the seme temperature restraiuning Force for a drop or rise in
temperature. In the appendix, see the item, "Stresses Due to Temperature
Changes,” In this item the results of increases and decreases in tempera~
tures iz amelyzed between the various stages of the tests on any one beam,
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Explanstion of.cv ves:

This family of curves shows the calculated stresses from test stage to test
stage, varying in the geme meaner as the messured stresses. Ope distinct variae
tion ig the effect of wet and dry weather on the shriﬁkage and swelling of the
concrete slab, which we will comment on later, A

Cuzves (A) and (€) ave based on field measurenment stresses, while Cuxves (B)
and (D) are bazed on theoretical stress from our ecalculations, All of these stress~
es originate at stage #4&, when the beams are fizst jezsked GP.

_All of these s?:z’esses ongmai:e from stage #8, which is the morning after
- the. shoring was removed, Field stréss measurements chown on curve (E) did not
-take account of the fact that the Berry gage readings included shortening, due
o compressive stress plus shortening due to shrinkage plus creep. The shrinkage
plus creep ghortening would be the equivalent of 580 psi for a shrickage plus
creep factor of 0.0002 inches per inch, Values of theoretical stresses shown
on curve (8) were increased 580 psi and placed on cuxve {e), s0 as to corrslaie
vith field measurement stresses

Curve (H):

. These curves. show ceater line of beam deflections witk respect to time in
months. Zerc time is at stage #8 immediately afier shoring was removed,

%!eai:he: Csnditions for Rach Sg‘é:_x:

On cuzve (B) a very definite effeéi is shown of the westher conditions as
listed elgewhere, by the effect of alternate shrinksdge and swelling of the concrete
‘plab. On curve (4) alternate shrinkage and swelling hes less effect on stresses,
and on curve (C) a very definite effect of alternate shyinkage and swelling of
slab is shown,

1. Spam 1: £rom 0,5 wmonth to 0.2 month befoze shoring was zemoved, heavy
rain and floods (slab not submerged); from 0.2 month before shoring was
vemoved to 0.1 month after shoring was removed, cloudy, cool, scattexed
light rain, £locds receding; from 0.1 month to 1.2 months after shoring
wag removed, heavy zain and floods {slab submerged 22 days); from 1.2
nonths to 2.6 monthe, hot, dry and cleaz, very light rains; from 2.6
months to 3.6 months, hot, dry and clear; from 3.6 months to 5.5 months,
‘fairly heavy rain fall, warm to mild; from 5.5 months to 5.8 months,
heavy rain, mild, continucus cloudy; from 5.8 months ¢o 1i. 7 wonths,
scattered heavy rains, mild to warm; from 11.7 months to 12,1 months,
dry, warm, and clear,
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Span 2: from 0.4 month to 0.1 month before shoring was removed, hot,
dry, clear; from 0.1 month before shoring was removed to 0.1 momth

after shoring was vemoved, hot, dry and clesr; from 0.1 wonth tc 0.7
month after shoring was removed, scatteved heavy rains, hot to warm;
from 0.7 month to 1.1 montha, warm, dey and clear; from 1.1 months to
2.8 months, scattered heavy rvains,warm £o mild; from 2.8 monthe to 3.1
months, warm, dry and clear; from 3.1 months to 5.9 months, cold te mild,
scattered heavy rains; from 3.9 wonths to 6.2 months, clear to partly
cloudy, cool to mild: from 6.2 monthe to 1l.9 months, scattered heavy
rai.ns warm to hm:, from 11.9 months to 1200 months, hot, dry, clear.

Span 3: from 094 month before shcr:!,ng was removed to 0.9 month after
shoring was removed, hot, dry, clear; from 0.9 month to 2.8 months after
shoring was removed, hot to warm, scattered heavy rains: from 2.8 months
to 3.1 months, warm, heavy raims, continuous cloudy; from 3.1 months to
6.5 months, cold to mild, scattered hesayy rains; from 6.5 months to 6.8
monthe, clear to partly cloudy, cool to nlld § from 6.8 months to 12.2
months, scattered heavy raing, warm to hot; from 12,2 months to 12.6
months, hot;dry, cleaz.

Span &4: £rom 0.5 month to 0.2 month before shoring was xemoved, heavy
raing and f£loaods {slab not submerged); from 0.2 month before shoring
wag removed to 0.1 month after shoring was removed, cloudy, cool,
scatrered light rain, floods receding; from 0.1 month to 1.2 months
after shoring wis removed, heavy rain and f£loods (slab submerged 22
days); from 1.2 months to 2.8 months, hot, dry and clear, very light
rains; from 2.8 months to 5.6 months, £airly heavy rain fall, warm to
wmilds £rom 5.6 wonths to 5.9 months, heavy rain, mild, contiavous
cioudy; from 5.9 months to 11.8 monthg, scattered heavy rains, mild to
werm; from 11.8 momths to 12,1 monthg, dry, warm, and clear,



eSS VB, TIME foR TES; P &Y e
&%V@ TESEES RO IS ok =74 INOVEL
oA/ 7@&@’ @ﬁ*" o~ i PLANGE

TIME Y PRONTHE (FTAGE &m0 18 aniy)

72T

07

A
L

O

3

N KIPES FER SRHUARE INCH
&
o1

%,_

A
Vil ke ke

P& T/ﬁf 7 i T

& 2 T B £ &R jE g I e 22 2 20 é%/g
THAE N CHvE EneE £ 75 § o)



@Wﬁ% N remp . TEST. 2R &° 1eow  mvER emoae
STTPESSES MO PrS @fﬁn@d/ CORYEL CO. BHETE
VT PLANGE PP BT=10

TIUE ) ENTHS (BTAGE & R 8 QpT)
: 1248 IF

&, @z /N@oy‘
M@@ﬁiem&

a8

ETAGE /2"

2 fe M D 22
@m@g & B & oMLv)



STPESS V6 TIME fOR TEST pr&’ LEBW FVER SaDHE
AVS. STRESSES Mo FONTS Ok §Cl SaEL w3k
OV BOTTOM O TOP MANSE

TIME W PONTHE (CmQE & T /3 aur)




eTRREeS V& TWE Fer TEsT o7 &7 Loy BVER ARosE
AVG, STITESSES FOF PTS. Cr &/ ?5?5%?““’”@%

O BOTTONT OF TOP PLANGE
TIrgE N ATONTHE (STAGE & T (8 aMly™)

@ o 4 B i3 K

Nerales W
- | ETAEE TS -

A

7 -

b

U iAW) &)

[
gy —




STPESS Ve TrE move vEST P wmov mver oriose

W TOP of SLAS

(/?s/a)

recl £

=
i

o

{

CORYIELL B, SHZ3b
PP - 8710

TINE N N THS (mﬁ § 7o /8 oy J

-

//846
e

N

-SB

287 2¢€. %

\

I KIS P SQUARIE

;

LU

srmsss

g
e

|
B

Frauee 1/

'f.zs’%és

TIrIE [ PMONTHS (STacHE

7 & 9

o W 12 B
§ @ /83 omMLT)



e

STRESS Ve, TIME M TEST PT T’ aw mvee avoss

@, SH P85
oM TORP OF SLAS  (7)m/O) W o

WM‘Q AN WE (%W ty w""-vs W)




LEBN TOVERR BRIGGE
coR L Co, S 256

P = EF7=i2

T 0200 763400 | 2500 % 2/60°0 | 08
OE00' ZI3E6D0C| LEDO ZH&6FOC0P| & |

LEOC: E #8800 IEQCC T RBLOC] DY
©EO00' F IS0 | bZ0O0' FTF90C| O
SI/I00 'z EFLO0 %W%@ Nm.w@@ 01 &

g 3 ¥V swiveg e @w% 7

| sroriosissc D svorL

(H)

N
LPIGURE /D




Heat Storage Effects on
Stresses & Defiectione

24

Leon Rivex Bridge
Coryell Co, ~ 8.H, 236
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This type of design makes a very tough and rugged bridge. In spite of a
relatively large ratio of span lemgth to depth of i-beam of about 28, there was
no excess vibration. By use of the 5-inch by 3/8-inch bottom cover plate, the
allowable temporafy prestress top flange stress was greater than the bottom £langa
stress., S8ince failure at yield point occurs in the bottom £lange, our factor of
safety from design stress to the yield point stress was about 2.5 instead of the
usual 1,83 allowed for steel. In future designs, it would be well to use a mini-
mum weight beam for the depth required and use & cover plate on the bottom of
this beam. For instance, if a 27-inch by 102-pound wide flange beam was requived,
then by the use of the 27-inch by 94-pound wide f£lange beam with cover plate, we
would ratse the factor of safety well above 1.83 on the governing bottom f£lange
$r this particular design. ‘ :

The theoretical and the measured stress curves show that the theory used in
design progiuced the same kind of changes in stress from stage 8 to stage 12. All
of the unknown factors such as shrinkage plus creep, exact thickness of concrete
slab, distribution of dead load to individual I~-beams, variation in size of I~
beams, wishaps during construction on span 4 and span 2 as described under , "Pos-
sible Errors in Theoretical Calculations,' the exact net amount of each beams
upward jacking and the actual effect of expansion and contraction of the I~-beams
over the bearing shoes; all of the preceding factors affect the accuracy of the
theoretical calculations, See "Stresses Due to Temperature Changes" in the

appendix.

- There wag a very small error due to our using "m" equals 10 in our theo-
retical calculations, With "n" equals 6, a shrinkage plus cxeep factor of 0.0001L
inch per inch would cauze the following stresses in our design: Top of slab

29 psi compression, top of I-beam 1870 psi compression, bottom of I-beam 450 psi
tension. With "n" equals 10, & shrinkage plus creep factor of 0,0001 would cause
the following stresses in our design: Top of slab 10 psi compression, top of I
beam 1760 psi compression, bottom of I-beam 540 psi tension., When the deaigner
determines the correct ghrinkage plus oreep factor to use by reference to the
appendix item "Shrinkage Plus Creep,” he would be wise to use "n'" equals 6 with
the proper shrinkage plus creep factor, For Texas Highway Department Class "A"
concrete the factor of & is about right for "n", On our design the only stresse~
es affected matexially on governing stresses is the bottom f£flange of the beam.
The bottom f£lange additional stress dua to use of a shrinkege plus creep factor
of 0,0004 inch per inch would be 1800 psi tensfon. For a factor of 0,0003 the
additional stress would be 1350 psi tension. To be on the safe side, use a
shrinkage plus creep factor of 0,0004 inch per inch and use an additional final
working stress allowable in the bottom flange of 2500 psi due to the welding of
the cover plata and shear devices. The 2500 psi stress in the bottom flange due
to welding is compressicn; hence, this would reduce the working stress in temsion
due to bending moment by 2500 pai. See item 4 under, "Possible Ervors in Theo~
retical Stresses."”

Expansion or contraction of the span over the end beaxring would cause 8690
pounds of force om the bottom flange of the beam at the bearing shoe. This is
a condition that exists on all spans of steel and concrate designed in the past.
This factor has been ignored and is one reasom why a factor of safety of 2.5 is
used in concrete design and a factor of gsafety of 1,83 is used in steel design.



" There would have to be a r:!.se or fall in the effective temperature of the com-.
gosite atructure of 0.48° F to overcome this force of 8690 pounds. This force,
due to falling temperature, would cause 18 psi ccmpression in top of the slab,
197 psi tension in the top flange and 799 psi tension in the bottom flange.

With a cover plate on the bottom of the I-beam, the ptest;ress tension stress
in the top flange of the I~beam governs the design, Imnitial compression stresses
in the top and bottom flanges of the I-beam, due to welding, could well be taken
account of in the design. This is a temporary high stress, and shrinkage plus
creep will reduce this stress some 4000 psi., The above governing high stress
occurs at stage 8 (after shoring is removed) when all dead load is on the span.
The shrinkage plus creep reduces this high stress and the live load iuncreases
this stress very slightly, since the top flange of the I-besm is a very small
distance below the neutral axis of the composite section. Because of this, the
£ailure of the composite section occurs when the bottom of the I~-beam reaches
the yield point., At this stage, the slab stress and stress at the top of the I«
beam is not at yield point., Before live load is comsidered, the dead load plus
shrinkege tension stress in the bottom flange is low and the degsign live load
will bring this bottom £lange stress to a tension stress of well below the allow-
able of 18,000 psi tension. Remember, the bottom flange stress after prestrees~
ing is io compression. The dead load plus shrinkage plus creep plus live load
has to reverse thls compression stress te a tension stress. In other words, the
compression stress has to be forced out by bending moment acting on the composite
section before the bottom flenge has a net tension stress, «

The initial compression stress in the top and bottom flange of the I-beam
is due to the heating of the welding., There was 7.8 inches of one-quarter inch
bead weld per linear foot of top flange, There was 7 inches of one-quarter inch
bead weld per linear foot on the bottom flange of our beam. BSee item 4, under,
"Possible Exrrors ia Theoretical Stresses.” The stresses shown under this item were
due to the effect of this heat on our sections as shown on Figure 2. With a
known amount of welding on any I-beam section, it would be possible to approxi-
mate these compression stress values by comparing with our section and our
amount of welding.

It can be readily shown that this type of design is very economical, The
bid cost to the Texas Highway Department for the furnishing of shear comnector
steel in pounds and for welding these comnectors on top of the I~beams was the
equivalent of adding 8 pounds per linear foot of ctructural steel to the weight
of I-beam sections. The contractor kept costs on shoring and said the bid price
of the shoring work would be $200,00 per span., To compare costs, simply design a
simple gpar I-beam or a coatinuous I-beam span and compare the net cost.of the
structural steel involved.

From our experiénnes we offer the following methods of adjusting the amount
of jecking necessary due to settlement in the doring as the concrete is placed
in the forms:

It would be better to jack up each beam individually by use of a screw jeck
under every beam at the center linme of the span.
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A good method to adjust the jacking would be to jack the beams up with forms
and reinforcing in place cne-eighth inch higher than the theoretical. Check this
. jacking by means of an Engineer’s level, reading to ocne thousandth of a foot.

Take rod readings on each end on the top of the I-beam and on the top of the I-
beam at the center line of the I~beam, Then, before concrete 18 placed, set the
top of a bolt fastened to the top flange of the I~beam to the proper height to
check with the center line of the strike~off board. As the concrete is placed,
keep the jacked up height right by adjusting the jack until the rod reading on
the top ¢f£ the bolt is correct, There should be a man working on the jacks the
entire time the concrete is being placed and until the concrete has been in place

2 hours.

Another method would be to take levels by means of an inverted level rod on
the bottom of the I-beams one foot from the center line of the beams until all
adjusting of the jacks has been accomplished and until all concrete has baen

placed ®

Alternate Methods of Prestressing:
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‘An inverted king post truss, as ghown, used for the purpose of prestressing
the I-beam was investigated. It was found that there was no advantage galned by
prestressing in this fashion over the unshored composite I-besm speo.

If this scheme had worked, there would have been no adjustment of the amount
of upward deflection due to weight of plastic comerete. The deflection due to
the weight of the concrete could be figured and predicted to an accuracy of ome=
sixteenth of an inch,

ch B BE DETESHIMED

‘j ) _ N.,
(s;ﬁw FRArTE (fgﬂ@ﬁ TNy D STV F@%ﬁoﬁ>

The above general schewm2 has been suggested as s means of prestressing the
I-beam and elimdnate the necessity of shoring. An analysis will show that on e
50" span about 10000 psi of the prestressing strees in the top flange of the
beam is lost due to the welght of the beam from stiff freme to stiff frawe, The
only way to prevent this loss in prestressing stress 1s to deflect the center
of the beam up more than would otherwise be necessary, o take account of the
loss in prestressing stress. This additicnal presiressing stress added to the
stress due to the original upward deflection would make the psi stress well above
the alliowable in the top flange of the I~beam aven for a temporary stress. All
upward deflection noted aboye would be forced imto the i~beam before the plastie
concrete and the forms were placed in order that no adjustment of upward deflec~

tion would be necessary.
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Methods of Calculating Stress Page 2 of 2
on Shoered Composgite Beam
(Conztant Section)

METHOD A

Moments I and II are the moments locked into the shored beam when it Eet:crms
compogite, "The reverse of thege mowents will act with the net DL to deflect
the besm dowmvard when the ghore it zemoved. Therefore, My (Ipey, + V) is the
moment, induced by removing forms and shore. The streas due to thiz moment is
based on the composite gection and should ke adde.d. algebraicelly to the stresgs

due to I snd IT which is based on the beam gection,

METHOD B
Applying a load, which is equal and opposite to the shore reaction, to the bHeam
in shored position is equivalent to rewoving the shore reaction. Therefore,
M, (I1I + IV) is the wmoment iuduce& by removing forms and shore. The atress
due to this moment 1s based on the composite gection and should be added nige-

braically to the stregs dve to I and 1Y, which is based on the besm section,

As ghown aboves
My {Ipgy, + gey, + V) = M (IIL + IV)

The two methods will yield equal resalts,
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‘SHORING HMOMENT (Stage #4-7) LECN RIVER BRIDGE
’ GORY?*LL coo
Span 2 Beam € | SH - 236
RP-~10 Pg. 1

Shoring performed by jacking beam up 1,152" at & spen.

EBeéﬁ data: Momept of Imextia - Beam + Plage

CB=21~59 part | A | ¥ | - Ay d_[ad* | Io

Io = 1,250 in% IRevm | 17-42 0 | 0 1-1,087| 18,7 | 1,250.0
dept:h; .2309155@0 " | 1,88 [10.643 | 20,009 | 9.61 |173.6 | e
Tigo % 20000 18 | Topsd| 19,36 | -~ | 20,000 | - | 192.3 [1,250,0
4%%%%;” o Ly, B = 1923 + 1,250 = 1,442.3 inf

length = b

¢ = 3/8 in,

@ =3 iu, Io = 0,867

A = 1.88 in® T |
M+

shoring M/I, Disgrem

voment in terms of & at ﬁ‘:

Rlp O » %¥x2x26,2:%7 = %x0,133 x2/3 x 24.25° + % x 0,084 x 2/3 x 15,252
Eipdd = 11 (196.0 - 26.1 + 6.5) = 176.44

Cfor: B = 29 x 10% pst Iy = 1,250 in®, A in inches
Moo= EioD = 20 x16° z 1,250 A = 118,9208 (£e.~1b.)

176.4 176.4 x 1,728
| . =M, x 22,25 = 1091104 (ft.-1b.)
¥@ test pt. 2 ‘i 09,1104 (ft.-1b,

= 125,695 (ft,~1b.)
= 1,508,340 (La.~1b.)



2-5PAN CONTINUOUS UNIF,
LD, MCMERT COEF, AT SHORING
SUFERORT

Stége #4=7

SPAN 2

9 f’=
55275
15,25\ =
T%.95

BEAM C

0037112 = 0.1377

0.6289° = 0.3955
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LECK RIVER BRIDGE
CORYELL CO,
SH - 236

RP“’IG ?ga 2

0,1377 (.867) = 0,119
C.9336 (.867) = 0.809%

DRI @%@); 0. 9535wl

Ry A
}T
<
égga‘ﬁaments aboui "A"
295 2 2 g ' wr
2/3 (15.25) (0.3955) } 15.25/2 . 30,660 (@_gﬁ)
Lo 8io

2) 1/2 (15.25) (0.9336) ( do ) 2/3 {15.25) 72,272 {40)
@ 2/3 (9:.0) (0.119%) (do) 15.25 + 9/2 | 14,149 (do)
1/2  (9,0) (0.8094)  ( do ) 15.25 + 9/3 86,472  {(d0)
| 183,654 2 4~
176.4 Mpfi, = 5 AZ 810
SoMg = (-) 183,656 ewd® = w0130 w@%,

8 (176.4)
At _Test Point (20°' from "3")

24,25

M = [-0.1301 (zz zs}+ 448 (0,918 - 0.,918%) [ ., ¢ 2

22,25 = 0,918 =
24.25

-0,0819 e 2
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2-SPAN CONTINUOUS POINT 1LEON RIVER BRIDGE
1D, MOMENT COEF, AT CORYELL CO.
SHORING SUPPORT S8 -~ 236 ,
) ' ' ' RP-10 Bgo 3

Span 2 Beaw C Stage #4-7

2.830 Ffly ~——_ f’{@ SRR ?5;}
2.¢66 M. O\ @% S S E 3.6¢5 P,
2.374 é@/z'o N S I @o@@@{@a%‘z}ss 178

P

8.¢78 ~/I,

M R

19.75 . -
V- 2 - M — | S E— L
iy

e

- me m_,f%'é' Wil 2
el e f@

“*'~..,§ H
/T, DIAGRAM
Ares Moments sbout "A" _
Area o | % | &
@ 0.374/2 (15.25) (2/1) | 2/3 (15.25) 29,001 B/1,
() 3.178/2 (19.75) (/1) 2/3 (19.75) 415,205 B/1o
1® sas sy (erie) | 19954883 | 1s1.950 1,
1764 Wia = F & | 588,156 pfig
B

= M@T? = w3, 37P((39918) + 3,665 (2/4.5) = |~L.47

Dispbragm P (16 WF36) = 36 (70°) = 252 1b, (INT. BM.)
~ : 126 1330 (EXE, B, )




‘UNIFORM LOADS Stage #4-7 LEON RIVER BRIDGE
CORYELL €O,
SPAN 2 BEAM C SH -~ 236
RP - 10 ?ga /3
SCAFOLDS = 30.8 p.l.£.
PORMS = 52.0
BEAM = 59,0
cov, = 2.4
SHEAR LUGS = 3.1 Avg. over entire span
" RBIN, STL, = 32,5
- CONC, BHAURCH & SIAB s 555,31 wet concretew

- 734.9 pol.fs

#___—__
T fzur ¢ nossgEsen)l(15) = G lt K

=g/Z @/t f, &

% By simple beam H3gE. on half of bridge with wet concrete = 555,1 pol.f,
Fote reduction is due primarily to Cantilever of curb forms and concrete,

TOTAL MOMENT ON BEAM Stage #4-7 @ = 24.25"
A = 1.152 in, €/ = 734.9 pol.f. P = 252 1,
~ 109,110 = = 125,695 (£to~1bo)
- 0,0819 e & = - 35,393
- 1,470 = - 330
= = 161,458 (ft.~1b.)

@ - :
wo, ~1937,496 (in.-lb,)

M/T = M/1462.3 = 13435  Ip/ea’

STAGE # 4-7 - SIRESSES pai n = 10 |

THEORETLICAL STRESS Averagel
Test FE. | Cim, | B/ CEu/T Megﬁ‘;:‘;
" f5 ¢op 10.917 . 1,343,3 14,665, 20531%
ngn £ . 2.843 - do ‘ 1193790 '.'!.59?5550




SHRINKAGE STRESS AEALYSIS

COMPOSITE BEAM

AASHO _ Design Specifications

LEON RIVER BRIDGE
CORYELL CO,
SH - 236

RP=~10 Ego' 5

Max Allowable concrete shrinkage strain (S) ‘7=j'0'°0002 in/in

Eg + 29 x 10% pat a = 10

Max Allowable initial shrinkage stress on steel (£545) 3

£, = 8E; = «5,800 psi Compression

80

o W TN A

4(1?1) (F3) & (F3) are the resisting forces of the steel in the opposite direction

to the compressive shrinkage stress.

By moments-of forces about the (NA) :

ey ByF1 + Fi¥y - BiFy
2

Pinal stresses are-calculated as follows:

forop = 1 ( e Tl 'shb)
n AT ;
X
B
fopor. = X (zi. - Bep Chot, slab}
n % T ip
fstop = 35,800 + R+ Rey top flg.
Az I
£s bog, =~ 9,800 + 5..; + Bf Cpot. flg,
I

T

(R) is the total resisting force of the
section, acting a distance {er) from the neviral axia (NA) of the composite section,

Transformed ares of
gection,

ITransformed mom, of Inertia,

Ay & Iy aze in terms
of steel,

. Kod %
— gg@ g ﬁm‘,w&@



PROCEDURE FOR CORRELATION OF FIELD LEON RIVER BRIDGE
STRESSES AND THECRETICAL STRESSES FOR CORYELL CO,
CONCRETE DUE TO FULL DEAD LOAD ?LD’S SH - 236

RF-10 Pg. 6

Shrinkage + Creep Strainm (S+C) = 0,0002 in./in.

Eg = 29 = 106 psi (AASHO)

cofgy = SeEg = 0,0002°29 <108 = 5,800 psi Comp,
= initial steel streas due to Shrinkage + Creep,

Final Field stress on Concrete due to dead load + shrinkage = foeqd
Final theor. stress on Concrete due to dead load = £, 4.1

Final theor. stress on Concrete due to ghrinkage -+ plastic flow = £, (8+C)
also £ = 1 fR <« BRe o C
“(stc) (’g‘; R }
Iy

however £

*t £ + £ By Correlation
Ce1d, €d.1. ¢(3+C) By )

oo Since £, was measured with the H, 0. Berry 20" Strain gage and

probably includes actual shrini:’age movement the correlaf;-icn should be as follows:

Cf1d. ®d.1,

for n = 10

£, = £ + 1. R w Re. o C
cfldo cdolo E (:@;E R } + 586
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OF IHERTIA ' LEfN RIVER BRIDGE
COMPOSITE BEAM 2-C CORYELL CO.
‘(Neglect haunch) ==10 SH ~ 236
- RP-10 Bgo 7
. ﬁéﬁ“ T _
435 o | TEST LSVEL
385 L e No E 438" Lger LEVEL
// ‘f?zfﬂg :;%“‘ e wr W M%@’é
G 4. ~C8 2/ 69 o= 209100 Awg+8 = 193072 )
—__ 7EST LEVEL .Z’ = 3
S A Ay
Member | A 52 A7 a | & Ad? 1o @gz*gg
L+ @l13,30] o | o 13,31 | 177.15 | 3419.0 | 1442.3
Conc Flg.f 5472 | 18,01 ] 985.51 | 4.70 22,03 | 1208.8 189.0 .
fomar 74,02 985,51 |~~~ 46278 | 1631.3] 6259.1
Ciop slab =, o J¥322 = 792" Coop ge1, tp = gy .y ff TROM =239
:cb"-’-’v 33@ = ( ~3.22 1048"’ , Chot, stl, tp = + 8,843 = 22,15"
Stage #9-

s aocoooz infin (AASHO) By =29 x 109 psi £, = sEg = 5,800 psi

Fu-#5 = 1.24 (5,800) = 7192 1P
F3=#5 = 0,93 ( do ) = 53% . R=5F = 124,568

F‘bm += 19,30 ( do ) =111940

7192 ¢5,795) + 5394 (3.605) -~ 111,940 (13.31) ' _qq 4m

& = 124,526

RfA, = 1,692 pai BRe/I, = 228 psifin.

£g top = ~5,800 + 1,692 + 228 (2,39 =. 3,563 psi C
£5 pot, ° -, 108 & 228 (22.15) = -+ 942 psi T
fc tﬂp = 169.2 - 2‘298 (?092) 2 « 1% ps‘!. [ H
£ = 169.2 =~ 22,8 (1.48) = 4+ 136 psi T

¢ bot,



48" = 6" SIMPLE COMPOSITE MOMEN. COﬂ‘o LEON RIVER BRIDGE
& STRESSED DUE TO REMOVAL OF SHOLTNG _ CORYKLL CO.

.8H - 236
‘8t 812 RI’-IO ’ Pgo 8

A. Shoring deflection: = = 48.5°
118,920 = Rpd/6 o Ry = 9,8084 (1bo)

SRR

B. Uniform load:

Vg = 0.5 whi2 () = 10000 @wlj2 o L e Wl
v, = 0.1301 wf/2 (2) = 0.2602 wh2 J Y £

oe Rgs @ 102602 (48.5/2)ey = 30.56,,, (1b.)

Vg = 19.75/24025 (P) (2) = 1.6288P |
Ve = 3.37/26,25 () (2) = 0.27809

Vror = 1,9068p = RP

Rpgraz, = A+B+C = 9,808A + 30,56, + 1.9068 P

fleg = &g, Bo = a8.50 (Rop) = 12125 Ry,

Sy, - 0918 (12125). Bpop, = 110125 Ry
A = 115" W= 1505 polfx P = 252 1,

* for equal dist. of all D.L.
Mpp, = (11.12%) (12) [ @808 (1,152) + 30,56 (750.5) + 1.9068 (252)}

= 4,634,400 in-db M/I, = 740.4 1b/in’
Icomp b 6{925901 in

THEORETICAL :STRESS psi (n+= 10) Average
' : i Measured
Teat Pt. C in HII/ M/IxC Shrinkage (4~7) + S + (8-12) | Stress
'"a," fc top | 7092 | 7404 | 3862 e 597 1,381
" £o pot.| 1.48| do | 1168 136 26" T 54F
['e" £4 cop | =2.39 | 740.4 | 17760 3,5638 12,8728 17,357
['d" £5 pot, | 2215 do | 16,4008 9427 5,463% 3,589
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LIVE LOAD MOMENT & STRESSES LEOK RIVER BRIDGE

FOR TEST TRUCK & H~15 TRUCK CORYELL CO, ’
COMPOSITE BEAM 2-C ' SH - 236 .
AASHO Spec, Stage #13 RP=10 Pg. 9

TEST_TRUCK DATA: (Dump Truck w/side bds., filled w/asph.)

Wheel spread = 5%-8%" = 5,688’
Wheel base = 10'-10§" = 10,875
Rear Axle = 13,660 1b, = 6,830 lb./wh.
Pront axle = 4‘93‘10 1‘3.0'._: = 29170 Ibojﬁhe

TEST TRUCK POSITION ON BRIPGE: (2 trucks used)

Above position for max. moment on beam A & B reverse position onm bridge for max
on . beam C & D,

POR INTERIOR BEAMS: 8/5.5 = 7.083 = 1.288wh. = 0.664 lanes

' 5.5 B 7] ' GiR
EXTERIOR BEAMS: 8 = 7,083 = 1,227 wh. = 0,614 lanes
i - 4.0¢0.25(8)  4.Ce(7.0830(0.25) . Gy Cig
I = 50 = 09286 o




LEON RIVER BRIDGE

. CORYELL CO.
COMPOSITE BEAM 2-C ._ SH -~ 236 |
AASHO S sc, Stage #13 v RP-10 Pgo 10
rest Truck Ipt. Beams H=15 Truck
PR = 6,830 (1,288) = 8,85 Pp = 12 (1.286) (1.288) = 19.9%
Pg = 2,170 (1.288) = -2,79% P = 3 (1.286) (1.288) = 497"
for Ext, Beans multiply above by 1227 = o,g53

1.288
H=15 Lane Jot. P = 13,5 (.644) (1.286) = 11,2k

Doeg Not Gontrol W= 0,48 (.644) (1.286) = 0. ok/%

: fo: Ext, Bmo mltiply above by °a953
Test ;“_L_'r_g_ﬁckr‘(intﬂ beams)

S 12.043

LLM, = 2,79 (22,25 x 15.375) + 8.8 (22.25 x 26,25)
48.5 48,5

= 125.7 Rip-feet .x 12,000 = 1,508,400 in-1b

I, = 6,259,1 in% for ext. beams = 1,437,505 in~1b

c
Int. M/I, ‘= 241 psi/in.

H-15 Truck (int. beams)
LLMo = 4097 (22,25 % 12.25) + 19,9 (12043) =
- 27.9 + 29907 = 267,68 = 3,211,200 tn-lb
for ext, beams = 3,060,274 in-1b
Int. M, = 513 psifin,



LIVE LOAD MOMENT & STRESSES

41

LEON RIVER BRIDCE

FOR TEST TRUCK & H-15 TRUCK CORYELL CO,
COMPOSITE BEAM 2~C _ SH = 236
AASHO Specg Stage #13 RP=10 Pg. 11
Test Truck L.L. Stresses & Dead Load Stresses a= 10
THEORETICAL STRESSES psi
Test. Pk c M/ig Mizx C #8-12 + #13 Average Measured
- - Stregg pai ‘
"al £ pop | 7592 | 24,1 | 1918 788¢ 1,5418
" £o boto 1,48 | do - 366 102 4518
" £ oo | 2039 | 241 5762 13,4488 18,2568
d"g 22,15 do 53387 10,801 7,2857

H=15 Truck L.L. Stresses & Dead Load sﬁress,es =10

THEORETICAL ‘STRESSES psl  |averace Measured
Test Pto C in. H/]‘.c M[Ic. x C| #8-12 + _#13 ’ Stress psi
Fa" £, pon | 7.92 | 813 | 4066 1,003€
"b" fo por,| 148 | do 768 58 N
e £ gop | 2039 | 513 | 1,226% 14,098 N
14" £5 pot.| 22.15] 513 11,363F 16,826% >




