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FIZLD CHECK OF DESIGN
OF POSITIVE TYPE EHEAR DEVELOPERS

i ghway bfidges with compésite concrete and steel type supersiructures
in which the concrete floor slsb is tied to the steel gtringere by positive
shear transfer devices have been constructed in recent years in various pafts
of the United States, particularly in the Fast. The usge of thig type in the middle

wegtern states, however, is not toc common.

At present day construction priceg in Wichigan, composite construction has
considerable economic advantage for beam spans over 50! in iengt& or in locationg
where thin superstructures are necegsary because of underclearance requirements.
It ig anticipated thst additional stiffness isg also obtained by the use of the
composite type.

Of the various shear developers which have been proposed, the type selected
for uge by the Wichigan State Highway Department ig the so~called "Spiral®
Shear Developer, congisting of a plain reinforcing bar rolléd into a helix with
the loops of proper size and spacing to develop proper shear beiween the concrete
sleb and the beam. The bar ig welded to the steel beams in the field and is in-
corporated intc the slab, together with the regular reinforcing steel, when the
deck iz poured. Other types of positive sghear develope;s have been found by others
to satisfactorily tie the slab and beams tcgether, but the Department has so far
used only the prefabricated "spirals™ belleving them more easily installed, more
economical and more effective. This policy may change, however, with verying
conditions.

The Problem: 7 - .

The Bridge Division of the Highway Depdrtment has degigned = few bridges

H .
with composite decks using spiral shear developers and were proposing to design

more. However, it wag felit that, even though experiments have been made by others

on this type of construction, before proceeding too far, it was advisable to conduct
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loading teste on such a bridge actuslly completed. These tests would more or

lesg conclusively establish the safefy and adeqﬁacy of our methods of siress compu-
tation and furnish a sound basis fer proceeding with the use of the composite type
construetion. Accordingly & structure was selected for study and the Research
Laboratory of the Testling and ReSearcﬂ Division was enligted to perform the

sctual tests. |

Taguipment for the Study

The bridge chosen for the investipgation is lodated on Highway M-AG over the
Black River near Cargonville, and ig designatéed by the Department gs Bl of 74-3-2.
It is a skew structure as one may gee in Figure 1. This fact somewhat complicated
the computations hbut made little difference in the field work of the experimental
ghudy.

The measurement of strain presented no problem. The Baldwin Southwark SR-4
electric strain gage is a lamiliar tool and the‘Portable‘Stréin Indicator ;s a
permanent plece of equipment In the Regearch Lahoratory.

The method of determining deflection reguired .some development. It wag
known that besm deflectioﬁs wenld be relaﬁiveiy emall and the engineers level
rod would riot give results of sufficient accuracy to be of much value. It was
impractical to support indicator dislg from a beam or from posts driven into the
river bed.

The apparatus finally consgtructed is shown in Figure 2. It consists of a
brackei with a movable head. An indicstor dial to which a tafget is attached is
fastened to this head, and the bracket is clamped to the lower flanée of the
bridge beam. The indicator show rests agalnst the beam. Movement between thé
dial and the beam 12 accomplished by means of z screw.

In order to use thig deflection measuring egquipment, a precise level



FIG.

F1G.

FI1G.

BRIDGE SELECTED FOR TEST OF
EFFECTIVENESS OF SPIRAL SHEAR
DEVELOPERS.

DEVICE DEVELOPED FOR DEFLECTION
MEASUREMENT.,

AGGREGATE TRAIN USED FOR
LOADING THE BRIDGE.

VIEW BENEATH BRIDGE SHOWING
SCAFFOLD AND MEASURING DEVICES,




is get up on the river bank in such & popition that the line of sight faelle
within the working range of the device. The target is brought to line and
gn initial reading taken. The bridge is then loaded, the turget again
brought to line, and a final reading taken. The difference in reédings ig
the deflection for that load.

The accuracy of this apparatus Was.checked by making several gseries of
readings. A variation of five thougand inches or lesg was recorded, sgo for
this test results were rounded off to the nearest mmdredth inch.

Loads were applied on the bridge deck by & specigl aggregate truain
conslegting of & tractor, seml-trailler, and full trailer., The maximuw load
was about fifty tons when the full irain vas used and thig was reduced to
25 tons for edge tests by uncoupling the treilers. A view of this equip-
ment ig given in Figure 3.

Tegt Procedure

Arrangements were made with the Séginawtoffice of the-Maintenance Diwvi-
gion for the construciion of & scaffeld beneath the bridge. This framework
supported walks beneathlthe Fast quarter line snd the lateral center line.
FTO& these walks an operator could easily cement sirain gages to the bottéms
of the-beams and attach the deflection ﬁeasuring assemblies. Figure 4 is a
plcture of a section of the bridge showing the scaffold and the measuring
equipment.

The test routine was as [ollows: One operator was stationed on the
river bank with the precise level, one was on the bridge deck with the‘strain
indicator and switching eguipment, and a third was on the catwalk under. the
brgdgeg fhile the first and third operators were bringing the deflection
reading agsemblies to line of sight, the second man was taking initial réadm
ings on the strain gages. At the completlon of these reallinge, the load was

carefully spotted onto the bridge deck and the reading process was repeated.

.



O

DIAPHRAGMS:

%o

— /GUIDELINE 2/ FROM CWRA=A 0 " “Eua_agz/
20’ v7/
- 78/
SPACING OF BRIDGE BEAMS
40t 9 "t 8" b2 4 )" S p ) ——342 12%" *

8710 _  __8250 8290 _ 8470 _ _7930 9240 4010 _ T
TRAILER SEMI - TRAILER TRACTOR o

w0

28650 9330 7700 7300 8600 2000 4150 i

DISTRIBUTION OF LOAD UNDER TRUCK TRAIN
5P

FIBURE 5



Final readings were again taken after the load was moved off from the bridge.
The exact positions of the loadg, the gages, and the deflection dialse
are shown on tﬁe attached data. The weight on each wheel of the loading train
ig indicated &g well aé the spacing. Since this was & nine beam bridge and
readiﬁgs were made at the quarter and center points of the beame, eighteen
deliection devices were uped. Two sgtraein gages were atlached to the bottom
of the disphragme in addiiion te the two gageg on each beam: The‘total of
SR-4 gages wag twenty. :

Pregenlstion of Data

Figure 5 ig a line dimgram of the bridge and loading plan. The whole
truck-trailer system was used along the longitudindl center line, but at the
edges the trailer was uncoupled and the bridge was loaded with the tractor
and semi-trailer only. The truck-trailer loading arrangement produced a load
moment of 1,357,000 foot poundg for this span. The corresponding moment for
H20m3i6c44 toading of the AASHO is 1,004,000 foct pounds. The ratio of these
values is 1.3,

Fligure 6 is8 a group of‘drawings of the bridge members upon which are
the measured end compubed values of stresses and deflections. Fach plan
and associated data represents one test. These data are grouped and presented
in tebular form in Table L.

Columns 2 to 8, inclusive, for both deflections and stresses as shown
in the table, are sell-explanatory. The colums marked "1", however, require
a few explanatory remarks. In determining the maximum célculated stregs for one
beam the lane load moment was distributed in sccordance with the 1938 Edition
of the Michigan State Highway Design Specifications, namely:

M' = .514 M (As applied to this structure)
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TABLE I

4 Comparison of Caloulated and Measured

Values of Deflection and ‘Stress at Mid-Span

Live Load Deflection at Mid-Spen

Live Load Stress at Mid-Span

Lomd 1 2 4 [) 1 R 3 . 4 k4 [}
Taice Defl. [Hemsodelle of fAetio of meas. oSum of calc.defl. Sum of Eatio of sum Caleostress  keas.stress Batio of mess. Sum of Cale, Sum ef Hatio of Sum
Fozitions for one beam hewn carrying to ecalce defl. Tfor totel beaus keas. of meas.defl. for one beam for besm to Celee.stress  streas for Heas, of meas.ztress
heaviest load in percent assumsd Lo carry defls %o sum of cales sarrying - in percent total besms stress ts sum of calee
load dafl. in percent heaviest load assumed o _ stress in
' ) carry load ~ percent
4 927 217 e3 1.75" 1.02" 57 9,700 pss, 2,790 psi 29 18,850 psi 13,640 ps1 T2
B 289 =19 23 1.73 »B0 46 9,530 - 2,?39 29 18,520 13,860 14
D <57 211 19 1011 247 a2 4,280 1,920 31 12,200 8,850 73
13 . 31
b 257 211 Ave Above = 2173 1e21 225 41 6,280 1,950 hve Bbove = 0% 12,200 9, 990 82
21 X 1.75 = 374 30 X .75 = 53%
F ¥ <56 218 32 1.09 +53 49 6,130 1,740 28 11,930 - 5,520 .45
G = 256 .19 3a 1,09 58 53 6,130 - 1,830 30 11,930 6,120 51
., .
Averace — 25% Awerage — 48% Aversge = 30% Average = 66%
Hote: .

Distribution factors used in determining ealculated deflections and

strosses are in acecordence with the Michigan State Highwey Department’s
3pecifications for the Design of Highwey Bridges, 1935 Bdition.-

% DBased on measured stresses and deflections for the ist interior beam.
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Where: :
M¥= the maximum bending moment to he carried by one
stringer. :
M = the maximum bending moment for one 10 foot traffic
lane.

Thig same distribution was used in calculating the deflections.
As noted above, the maximum moment to be resisted by one stringer in

the calculations ig 5l.4 per cent of the meximmm lane load moment. The stress

due to that moment was calculated'and is shown on one of the beamg in the appro-
priate column on the individual load position sheetg. The remaining amount
of the stress produced by the lane load, 48.6 per cent, b@s been shown on Lhe
adjacent beam. It is not intended that these calculated stresses apply necess-
arily to the beams on which they are shown., It 1s simply to show that, asg
far asg &esign calculations asre concerned, 5l.4 per cent of the sbress, or
deflection, is figured to be taken by one stringer and the balance, 48.6 pér
cent, ieg distributed among the remaining stringers in some fashion. The
éumﬁation coluang "5® were prepared with the thought in mind that the ratio
of the sgums of the calculated to_measured values for all of the beams for any
one pogition of loading would eliminate the vé%iabié of load disgtribution among
the stringers snd would thug afford a more accuréte check on the composite
design.

In calculating the stresses in the stringers the ugual transformed sec-
tion method was uéed with the ratlo of the ﬁodulus of elasticity of concrete
to that of steel egual to ten foi' both stress and deflection computations.,

in order to portray graphically:the relation between computed and observed
deflectionsg in the light of the foregoling explénation, & series of area dia-
grams have been constructed {Figure 7).

The hatched areas of the diagrams indicate the summations of the deflec-

tiong which calculations show that the beams must teke to support the load,
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while the shaded poritions show the deflections actually taken by the beans
according to field measurements.

The measured values of the deflections of esch 5eam have been pleotted
as ordinates directly under the respective beams as determined in the field,
but it is realized that the calculated values are not actually distributed
to bhe various heams as they are shown. Therefore, as far ss the calculated
velues are concerned, the diagrare must be used for the structure as a whole
and cannot be used to determine the deflection of any particular beam.

Lfraivedis and Conclugion.

In analyzing the results as shown in Table T it will be noted that the.
average ratio for the various positions of loading of the summation of the
nmessured deflections to the summation of the caleulated deflections ig 48 per
cent and that the corresponding ratic for sgiress is 668 per cent. These ratios
seem to indicate conclusively that the composite action assumed is being realized
and that assumptions regarding the moduli of elasticity are on the safe side.

It may be also observed from a study of the table that the ratios of
maximum measured to maximum calculated deflections vary from 19 to 34 per cent
for the.different load positions énd similar ratios for stress vary from
28 to 31 per cent. It will be noted, however, that for positions 4, B, D,
and E the Wheel lines were not directly over ‘the stringers and, therefore,
some increase of the above ratiop for those positions of loéding might be
obtained by shifting the applied load tranéVGTSelya It does not seem probable,
however, thal such a shift would increass the percentages by more than 75 per
cent. If this percentage is assumed it would bring the average of the measured
to calculated maximum deflectiong for these four poeitions to 87 per cent, and
the comparsble average ratio for stress to 53 per cent. The fact that even the

adjusted values of the ratios of measured to calculated deflections and stress



are'less than eight=tenths of the corresponding ratios when the swmmations
are used, indicates that the loads are being distributed transversely among
the stringers by the diaphragms and slab to a considerably greater extent
than our usual load distributicon formulse indicate,

The znalysis of the results of this experiment has indicated that when
additional experiments of this nature are performed, it would be well to
include a get of measurements for multiple lane loading.. Such a tesgt is
now being planned by the Department in connection with the proposed.Kalamazoo
River.Bridge east of Fennville. It is obvious from a study of these measure-
ments that the maximum stringer stresgs will be experienced with the bridge
loaded with more than one lane and, while the suwmmation of all the stringer
stregses are a check on the compogite design, multiple lane loading would,
‘nevertheless, eliminate some of the uncertainties. Also it would be well to
g0 place the laneg transversely so as to secure the maximum stress in one of
the stringer lines.

Summarizing, 1t appears that two facts are brought out by this experi-
ment: (1) That our design assumptions with regard to the composite action
are safe, and, (2) That consideréh;y more transverse distribution ié obtain-

ed through the slab and diaphragms than is customarily calculated.
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