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PREFACE 

On April 22, 1957, a research program to study the field behavior 

of a 99-foot clear span prestressed concrete pedestrian overpass was 

undertaken by the Engineering Experiment Station of the University of 

Missouri in cooperation with the Missouri State Highway Department and 

the Bureau of Public Roads. The objectives of this research were the 

collection and analysis of field strain and deflection measurements for 

the prestressed, post-tensioned girders and cast-in-situ walkway slab, 

and the comparison of the actual behavior of the structure with that 

predicted from the design assumptions. 

This report describes the test program developed including the 

control tests used in determining the design constants for calculating 

theoretical deflections and strains. The field observations are pre-

sented in tabular and graphical form and the correlations between 

observed and computed values are discussed. 

i 



ACKNOWLEDGMENTS 

The research described herein was conducted as a part of the work 

of the Engineering Experiment Station of the University of Missouri under 

the administrative direction of Dean Huber 0. Croft, Director. The work 

was sponsored jointly by the Missouri Stat.e Highway Connnission and the 

Bureau of Public Roads under a cooperative agreement between the Univer-

sity and the Missouri State Highway Department. The program was inaugurated 

through the initiative of Mr. John A. Williams, Engineer of Bridges, 

Missouri State Highway Department; and Mr. Robert C. Gibson, Bridge Engi-

neer, Kansas City District Office, U.S. Bureau of Public Roads. The 

interest and assistance of the personnel of District 6 of the Missouri 

State Highway Department; and in particular, of the resident engineer, 

Mr. Robert Mendell, and his assistant, Mr. Edwin Peck, is gratefully acknow-

ledged. Research and field operations were coordinated by the Missouri 

State Highway Department Division of Construction under the direction of 

Mr. C. C. Tevis, Engineer of Construction, and his representative, 

Mr. Carson R. Pappenfort, Senior Construction Engineer. University 

staff members engaged on this project were James M. Belling, Malise J. 

Graham, and Philip H. Huff, graduate research assistants; and Delbert A. 

Morton, laboratory technician. John E. Breen, Assistant. Professor of 

Civil Engineering, was the project engineer. The study was directed by 

Adrian Pauw, Professor of Civil Engineering. 

ii 



PREFACE 
ACKNOWLEDGEMENTS 

CHAPTER I - RESEARCH OBJECTIVES 

Introduction 
Objectives and Scope 

CONTENTS 

CHAPTER II - FIELD INSTRUMENTATION 

Scope ••••••••••.••••••••••••••••••••••••.••••••••••••••••••••• 
Concrete Strain Instrumentation....... •••••••••••••••••••• 
Deflection Instrumentation . . . . . . . . . . . . . .................. . 
Field Experience ...... ..................................... . 

CHAPTER III - THE COMPANION TEST PROGRAM 

Scope •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Tendon Characteristics .....•...................••..•..... 
Tendon Tensile Tests ••••••••••••••••• 
Tendon Relaxation Tests ••••••••. 
Concrete Mix . . . . . . . . . . . . ....... . 
Concrete Field Tests •••••••••••.•• 
Concrete 
Concrete 
Concrete 

Compression Tests .•••••• 
Shrinkage Tests ••••••.•••• 
Creep Tests •••••••••••••••••• 

CHAPTER IV - FIELD OPERATIONS 

Introduction 
Construction Operations •••••••••••••••••••••••••••••••••••••• 
Field Measurements ............... . .......................... . 

CHAPTER V - ANALYSIS OF THE STRUCTURAL BEHAVIOR 

PAGE 
i 

ii 

1 
2 

3 
5 
9 

15 

16 
16 
17 
20 
29 
29 
30 
31 
35 

38 
41 
46 

Post-Tensioning Procedure •••••••••••••••••••••••••••••••••••• 50 
Applied Prestress Force . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Effect of Cable Friction and Wobble on the Prestress Force 58 
Deflections During the Stressing Operation••••••••••••••••••• 65 
Concrete Strains During the Stressing Operation.............. 71 
Deflections Subsequent to Post-Tensioning.................... 74 
Longitudinal Strains Subsequent to Post-Tensioning .•••••• 87 
Strain Measurements in the Deck Slab ••••••••••••••••••••••••• 89 

CHAPTER VI SUMMARY AND CONCLUSIONS 

General Sunmary . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 91 
Conclusions and recommendations •••••••••••••••••••••••••••-••• 95 

iii 



CONTENTS (continued) 

REFERENCES 
APPENDIX A 
APPENDIX B 
APPENDIX C 

FIELD OBSERVATIONS 
INSTRUMENTATION APPURTENANCES 
NOTATION ••••••.•••••••.•••.• 

TABLE 
1 

2 

3 

4 

5 

6 

7 
8 

9 

10 
A-1 
A-2 

A-3 

A-4 
A-5 

FIGURE 
1 

2 

3 

4 

5 

6 

7 

8 

9 

TABLES 

Tendon Steel 
Tendon Relaxation .......................................... 
Concrete Properties 
Concrete Shrinkage 
Section Properties 
Jack Calibration ...................... . 

Post-Tensioning Operation - Tendon Force and Elongation 
Tendon Forces ........................................... . 

Calculated Strain Distribution 

Theoretical Girder Deflection•••••••••••••••••••••••••••• 
Strain Measurements .......•....................... -...... . 

Deflections ............................................. . 

Bottom Fiber Strains ...•..•......... . .................... 

Transverse Strains ....•.•.........•.......•.. 

Deck Slab Longitudinal Strains ••••••••••••••••• 

FIGURES 

Completed Structure ..................................... . 

Gage Inserts ............................................ . 

Whittemore Strain Measurement •••.•••••••••••••••••••• 
Location of Gaging Stations •••••••••••••••••••••••••••••• 

Base Line Anchorage Boxes •••••••••••••••••••••••••••••••• 

Base Line Fixed Anchorage•••••••••••••••••• ·•••••••••••••• 
Temporary Base Line Anchor Bracket. • •••••••••••••••••••• 
Temporary Base Line Loading Bracket •••••••••••••••••••• 
Deflection Meter ••....••.••••.••••••••••••••••••••••••••• 

iv 

PAGE 

98 

99 

126 
134 

PAGE 
18 
28 

30 

35 

38 

53 

56 
63 

72 

78 
100 
115 
116 
124 
125 

PAGE 
4 

6 

6 

8 

10 
10 
12 
12 
14 



FIGURES 
10 

(continued) 
Deflect ion Measurement .........................•..•...•.. 

11 

12 
13 

14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 
34 

35 

36 

37 

38 

39 
40 

41 
42 

, Tendon Wire Specimen ........ •.• ............•....•...... 

Tendon Tens ion Test .......................••......... 

Tendon Wire Button Head Sep~ration ••••••••••••••••••••• 
Tendon Wire Stress-Strain C~rves •.••••••••••••••••••••• 
Tendon Stress Relaxation Test Set-Up ••••••••••••••••••••• 
Tendon Relaxation Test Stressing Assembly •••••••••••••• 
Tendon Relaxation Test ..•.•..•............••.•...••••••.. 

Sleeve Adapter .................................•......•.. 

Tendon Stress Relaxation ••••••••••••••••••••••••••• 
Shrinkage Specimen . . . . . . . . . .......•.................. 

Differential Shrinkage Strains •••••••••••••••••••••••• 
Creep Test Equipment ........................•.. .•. ....... 

Design Dimensions .......................•.•........... 

Girder Forms ....................................•........ 

Girder Reinforcement ..........•..•.•.•••.•••...•. 

Girder Bracing •••••••••••••••••.•••••••••••••••• 
Girder Shores .••••••••••.••••••••••••••••••••••••••••• 
Girder Deflections 
Stressing Equipment ................•.........•...•... 

Stressing Operation .......•..........•.......•......... 

Jack Calibration .•••••••.•••••••••••••••••••••••••••••••• 
Tendon Elongation ..............................•..•...... 

Typical Tendon Stress Profiles ••••••••••••••••••••••••••• 
Prestress Camber ............................•............ 

Dead-Load Deflection Calculations •••••••••••••••••••••••• 
Prestress Camber Calculations 
Prestress Strain Profiles •••••••••••••••••••••••••••••••• 
Assumed Creep Coefficient ..................•......•...... 

Deflection Calculations Removal of Shores •••••••••••••• 
Deflection Calculations Handrail Loading and Shrinkage 

Girder Strains and Deflections ••••••••••••••••••••••••••• 
Strains in Bottom of Deck Slab ••••••••••••••••••••••••••• 

V 

PAGE 
14 
19 
19 
20 

21 

23 
24 

25 
25 
26 

33 
33 
36 

39 
43 

43 

44 
44 

48 

51 
51 
55 
55 
62 
67 

68 

69 
75 
81 
82 
83 

86 

88 



FIGURES (continued) 
A-1 to A-10 Strain Profiles 
A-11 to A-20 Strain Profiles 

B-1 

B-2 

B-3 
B-4 
B-5 
B-6 
B-7 

Fixed Base Line - Anchorage Box .••••••••••••••••••••••••• 

Gage Point Appurtenances ••••••••• • ••••••••••••••••••••••• 

Temporary Base Line Anchor Bracket ••••••••••••••••••••• 
Temporary Base Line Support Bracket ••••••••.••••••••••• 
Temporary Base Line Load Bracket •.•.••.•••.•••••••••••• 
Deflection Meter Base ................................. . 

Deflection Meter Vibrating Reed ..............•....••... 

vi 

PAGE 
llO 

ll9 

127 
128 
129 
130 
131 
132 
133 



Introduction 

Chapter I 

RESEARCH OBJECTIVES 

The purpose of this cooperative research project was to obtain 

field data to determine the actual behavior during construction and 

in service of one of the first prestressed concrete structures designed 

by the Missouri State Highway Department. During the initial planning 

stage of a pedestrian bridge across the Mark Twain Expressway in metro-

politan St. Louis, it was decided to utilize prestressed, post-tensioned 

concrete girders. In discussing the design and specifications for the 

girders, it was suggested that worthwhile technical information could 

be obtained with a relatively low-cost field observation program. 

The program was initiated with the design and manufacture of an 

instrumentation system which would meet the rugged demands of field 

service conditions and yet provide reasonable accuracy. University 

research personnel supervised the installation of all instrumentation 

appurtenances in the various elements of the structure and collected 

all field data. Measurements were made before, during, and after the 

post-tensioning operations; before and after all major construction 

operations; and at appropriate time intervals following completion of 

the structure. To provide the additional information needed for inter-

pretation of the field measurements, a companion test program was under-

taken to measure the actual physical properties of representative samples 

of the materials used in the construction of this structure. 
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Objectives and Scope 

The objectives of this investigation were to: 

1. Compare the actual prestress camber of the girder with the 

camber predicted by the design computations. 

2. Investigate the distribution of prestressing strains at several 

sections in the girder. 

3. Observe the changes in strains and deflections due to creep and 

shrinkage. 

4. Evaluate the composite behavior by comparing with the computed 

deflections the observed dead load deflections due to the weight 

of the slab. 

S. Investigate the effect of differential shrinkage between the 

girders and the cast-in-situ slab. 

The testing program was carried on through a period of over two years. 

The work performed consisted of three distinct phases. The first phase, 

covering a period of about eight months, included the development and 

construction of the necessary instrumentation. The permanent fixtures, 

including the gage points and the base line anchorages, were manufactured 

and installed. The second phase consisted of the collection of specimens 

and field data during the construction stage. Field observations were made 

during and following the post-tensioning and the erection of the girders 

and the placing of the top slab. Representative material specimens were 

collected for the companion test program. The final phase followed com-

pletion of the structure. Field observations were made under service 

conditions to determine the extent of time-dependent changes on the behavior 

of the structure. Testing of the specimens in the companion test program 

was conducted concurrently as required for the correlation studies. 

2 



Chapter II 

FIELD INSTRUMENTATION 

Scope 

This research project was primarily conceived as a field study 

wherein measurements were to be made at regular intervals over a long 

period of time. To obtain consistent data under these conditions it 

was considered desirable that the instrumentation used be relatively 

simple as well as flexible. Furthermore, the contractor had a wide 

latitude of choice in many important details; viz., the type of post-

tensioning system to be used, selection of the location for casting 

the girders, and the method of erection of the girders. It was there-

fore necessary to design the instrumentation so that it would be easily 

adaptable to any possible combination of circumstances. 

After a preliminary study it was decided that the following mea-

surements would best fulfill the objectives of the project: 

1. Concrete strain measurements at several different 

locations on the girders and in the cast-in-situ 

walkway slab to provide strain profiles at critical 

sections. 

2. Girder and bridge deflection measurements to provide 

a record of the actual deflection or camber for 

correlation with theoretical computed values. 

Consideration was given to the use of dynamometers or other instru-

mentation for determining the loss of tension in the prestressing tendons 

due to relaxation of the steel and to inelastic strains in the concrete. 

While this latter information was felt to be most desirable, the ensuing 

complexity of the instrumentation required made measurements of this type 
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Fig. 1. 1 ted Structure. Comp e 



unfeasible. Furthermore, since the tendons were to be grouted soon after 

post-tensioning, such instrumentation would not have given accurate infor-

mation on time-dependent losses but would only have reflected the dimen-

sional changes in the concrete at a particular section. It was therefore 

decided to estimate the relaxation losses in the tendons by means of a 

series of companion tests on representative samples under laboratory con-

ditions. 

The contractor elected to cast and stress the girders on the ground 

a short distance from the actual bridge location, hoist them onto the 

piers, and then cast the diaphragms and walkway slab in place. This 

construction sequence required that provision be made for a positive 

reference system so that measurements taken on the ground could be cor-

related with subsequent measurements taken after the girders were raised 

in place. 

A further instrumentation requirement was that the test program 

should not disrupt traffic flow on the expressway for an appreciable 

interval of time, since it was contemplated that field observations 

would be required after the expressway was opened to traffic. 

Fig. 1 shows the completed bridge and its substructure. The bridge 

is oriented on a north-south axis above the expressway which runs east-

west. In all references to the girders, the slab, or the completed 

bridge, directions will be designated in accordance with this orienta-

tion; 1-~·, the east girder, the south end, etc. 

Concrete Strain Instrumentation 

On the basis of a preliminary investigation of available strain 

measuring devices, the basic instrument selected for the measurement 

of concrete strains was a Whittemore strain meter with a ten-inch gage 

length reading directly to unit strains of ten micro-inches per inch. 
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Fig. 2. Gage Inserts. 

Fig. 3. Whittemore Strain Measurement. 
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A series of brass inserts was cast into the girders to furnish suitable 

gage points. A typical installation of gage inserts is shown in Fig. 2. 

Detailed drawings of the inserts used and of related appurtenances may 

be found in Appendix B. To insure correct positioning of these inserts, 

the contractor was furnished with steel templates which held the inserts 

firmly against the forms during the concreting operation. All inserts 

were provided with a tapped hole. Holes were drilled through the forms 

using the template provided and the inserts were then clamped to the 

face of the form with temporary hold-down screws. These screws were 

removed after the casting of the concrete and stripping of the forms and 

replaced with brass plugs threaded into the inserts. Gage points for 

the Whittemore strain meter were then drilled into these plugs. The 

plugs were then notched so as to prevent rotation in the insert. A 

typical measurement procedure is illustrated in Fig. 3. 

The strain gage points were selected to provide typical strain pro-

files at the critical sections shown in Fig. 4. In general the stations 

were placed as close to the end points, the quarter points, and the center 

line as was feasible. The occurrence of transverse diaphragms at the quar-

ter points necessitated a slight displacement in the gage point locations. 

Inserts were installed at each station on the inside faces and on the 

bottom of each girder at the locations shown in Fig. 4. In addition to 

the longitudinal gage lines, additional inserts were provided at three 

locations on the bottom of each girder. These gage points were used 

primarily for deflection measurements, but they also served as transverse-

strain gaging stations. During the concreting of the cast-in-situ walk-

way slab, strain-gage inserts were installed along the centerline of the 

walkway at each section in the bottom and in the top surfaces of the slab. 
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The use of the Whittemore strain meter proved to be very convenient. 

Most of the measurements were made with the girders in place, making the 

compact size and easy readability of the strain indicator a fortunate 

asset, since the quarters surrounding certain gage points were often 

cramped, particularly during the construction stage. The meter was 

equipped with a mild steel reference bar which was used to compensate 

for temperature differences. Since the thermal expansion coefficients 

for mild steel and concrete are very similar, no further compensation 

for temperature effects were made, 

Deflection Instrumentation 

In selecting a method for measuring the actual deflection or camber 

at various points along the girders, several schemes were investigated. 

Because of the small range of deflections anticipated, a system which 

would give an accuracy of a few thousandths of an inch was desired. 

Optical instruments available were not adopted because of their lack of 

sensitivity. After further preliminary study, it was decided that the 

most feasible method would be to install permenent reference points in 

the abutments to which a tensioned wire could be attached to serve as 

a base line for these measurements, Then brass inserts, similar to 

those used in the strain measuring program, could be cast into the gir-

der to serve as reference points. The actual deflection measurements 

would be made by using some mechanical means of determining the change 

in the distance between the base line and the reference points on the 

girders. The system had to be further modified so that it could be 

used while the girders were still on the ground, before being placed 

on the abutments. 
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Fig. 5. Base Line Anchorage Boxes. 

• • 

Fig. 6. Base Line Fixed Anchorage. 
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A base line system was developed which consisted of a tensioned 

wire stretched between two fixed reference points. To provide refer-

ence points from which the readings could be taken after the girders 

were in place on the abutments, special anchorage boxes were cast into 

the faces of the end piers about ten inches directly below the center 

of each girder bearing plate as shown in Fig. 5. Four boxes were pro-

vided and installed, two in each pier. The position of the reference 

wire in each anchorage was fixed by passing the wire over a grooved 

bearing as shown in Fig. 6. The two boxes on the south pier were pro-

vided with removable brackets. 

In setting up the base lines, wires were passed over an additional 

pulley on the removable brackets and calibrated fifty-pound weights were 

attached to provide constant tension. The No. 23 gage steel music wire 

used was stressed to about 100,000 psi by the fifty-pound weight. The 

wires were removed between tests and the boxes closed with cover plates. 

These plates were provided with a rubber gasket seal while a silica gel 

dehydrator was placed in the box to inhibit rusting and corrosion of the 

moving parts. Detailed scale drawings of the boxes and related appur-

tenances may be found in Appendix B. 

In order to provide a reference line for deflection measurements 

before the gi rders were placed on the abutments, a temporary base line 

system was developed. Two portable, demountable anchorage brackets were 

designed and manufactured so that they could be mounted on special plug 

inserts cast into the top surfaces of the girders above the bearing 

plates. Provision was made for leveling the brackets to insure a fixed 

height between the mounting surface on the girder and the base line. In 

both brackets the wire passed over grooved bearings located at a fixed 

11 



Fig. 7. Temporary Base Line - Anchor Bracket. 

Fig. 8. Temporary Base Line - Loading Bracket. 
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height. The bracket was provided at one end with a fixed anchorage 

for the wire as shown in Fig. 7, while at the other end the bracket 

was provided with an arm and two additional grooved pulleys from which 

a fifty-pound weight could be suspended, as shown in Fig. 8. Detailed 

drawings of these brackets are also included in Appendix B. 

The initial deflection measurements were made using the temporary 

base line and inserts spaced along the top surface of the girders. After 

the girders were installed on the piers, the deflection measurements were 

transferred to equivalent measurements by using the insert points on the 

bottom surface of the girder with the permanent baseline system. 

Brass inserts, identical to those described in the preceding sec-

tion for the strain-gaging stations, were cast into the girders on both 

the top and bottom surfaces at the quarter- and center-points. Two plugs, 

on a line perpendicular to the longitudinal axis of the girder, were used 

at each location. A strip of machined steel was mounted flush with the 

concrete surface between each pair of inserts to widen the effective 

deflection reference base to about 14 inches. This was necessitated by 

a slight bow in each girder which moved some of the deflection stations 

out of line. The steel strips were subsequently drilled to receive the 

aligning points of the deflection meter. 

All deflection measurements were made with the deflection meter 

shown in Fig. 9. The meter incorporates a standard 12-inch Starrett 

height gage provided with a micrometer adjustment and with a vernier 

which permits measurements to be made to an accuracy of one one-

thousandth of an inch. Two modifications were made to make field measure-

ments feasible. A leveling base plate was provided to which the height gage 

was firmly attached. The base plate had two fixed support points which 

13 



Fig. 9. Deflection Meter. 

Fig. 10. Deflection Measurement. 
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rested directly in drilled holes in the reference strip, and an adjustable 

support which permitted leveling of the meter. A level bubble on the base 

plate indicated when the instrument had been correctly leveled. The 

second modification was the addition of an extension arm with a vibrating 

reed. When the movable head of the reed was brought into contact with the 

baseline wire, the vibration of the reed was damped, giving a sensitive 

indication of position. The instrument can be conveniently handled and 

read by one person even from a cramped position such as a ladder or mov-

able platform. Fig. 10 shows the meter as used for measuring the elevation 

of the top of the girder with respect to the temporary baseline. 

Preliminary experimentation and field experience showed that with this 

measuring system deflection readings could be reproduced to within two 

thousandths of an inch, except on unusually windy days when the wire would 

tend to oscillate. On such days extra care and patience were required, 

but on only one such day was the wind so severe as to actually interfere 

with the collection of deflection information. It was necessary to 

repeat the deflection readings for that date. 

Field Experience 

The system is still in excellent operating condition and subsequent 

long-time observations are planned. Experience with the instrumentation 

since the expressway was opened to traffic indicates that traffic inter-

ruption for field readings is minimal. Erection and removal of the wires 

for the deflection baseline requires that all traffic be stopped for 

approximately five minutes, but this operation can be handled easily at 

an off-peak period. Readings are taken from a movable ladder truck of 

the type used in traffic signal work which requires the closing of indi-

vidual traffic lanes for a period of approximately fifteen minutes. No 

great inconvenience need be imposed on normal traffic. 
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Chapter III 

THE COMPANION TEST PROGRAM 

Scope 

A series of companion tests was carried out on representative 

samples of the materials used in the construction of the actual struc-

ture. The purpose of these companion tests was to provide additional 

information regarding the physical properties of the various materials 

used. The contractor who manufactured and stressed the girders pro-

vided specimens of the high tensile steel for both tension and relaxa-

tion tests. Representatives from the Engineering Experiment Station 

were present at the time each of the girders was cast, as well as when 

the walkway slab was added. Cylinders, beams, and prisms were cast to 

provide specimens for determining concrete strength and other physical 

characteristics. These specimens were tested during the course of the 

main field measurement program as time was available; hence, the com-

panion test program in a few instances does not pr9vide exact correlation. 

However, the majority of the information secured from this program was 

found to be pertinent to the main field study. 

Tendon Characteristics 

The post-tensioning system elected by the contractor was the Prescon 

system. Prescon tendons are manufactured units composed of a number of 

1/4-inch diameter wires laid in parallel. Positive end anchorage is 

ensured by cold-formed 3/8-inch diameter button heads or rivet heads on 

both ends of each wire. These button heads bear against the end-anchorage 

devices which usually consist of a stressing washer on one end and a 

spreader plate on the other end. In the stressing process, the tendon 
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is elongated by a jack attached to the stressing washer with a special 

stressing collar. Shims are inserted between the stressing washer and 

a bearing plate cast into the end of the beam, to provide for the proper 

elongation after removal of the jack. 

All the specimens of the tendon steel furnished by the contractor 

had button heads formed on the ends, and they were equipped with stress-

ing washers and spreader plates as shown in Fig. 11. The specimens were 

representative samples of the steel used in the main tendons. Infor-

mation furnished by the contractor indicated that the tendons were 

manufactured from 1/4-inch diameter cold-drawn, high-tensile wire, stress 

relieved in a lead bath at 600°-800° F., and having a guaranteed minimum 

ultimate tensile strength of 240,000 psi. The following chemical com-

position was specified: 

Carbon 

Manganese 

Phosphorus 

0.80 % 

0.82 % 

0.010% 

Sulphur 

Silicon 

0.024% 

0.24 % 

Typical tensile, elastic, and relaxation properties were also furnished 

by the manufacturer. 

Tendon Tensile Tests 

The tension test specimens furnished consisted of three single-wire 

tendons, each of which was 36 inches long when measured between the rivet 

ends. In the initial tension tests, the specimens were gripped in a 

60,000-pound universal testing machine in a manner simulating the way 

the wires are stressed in the girders;.!-~·, the entire load was trans-

ferred to the tendon through bearing on the button heads as shown in 

Fig. 12. A mechanical extensometer was attached to furnish strain infor-

mation and the tendons were loaded to failure. All three specimens 
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displayed identical modes of failure, the failure occurring at the throat of 

the button head formed on the lower end of the wire as placed in the testing 

machine. The separation of the cold-formed head is illustrated in Fig. 131 

and the typical spherical indentation in the spreader plates caused by the 

formed head may be seen in Fig. 11. Stress-strain diagrams for the three 

specimens furnished are shown in Fig. 14, and the secant modulus of elasticity 

at the proposed stressing level is indicated. For purposes of comparison 

the typical stress-strain curve furnished by the contractor for the tendon 

steel is included in this figure. Values of the actual ultimate strength 

due to separation of the button heads is given in Table 1 below. 

Table 1. - TENDON STEEL 

Tensile Test Data 
Gripped by Gripped by Efficiency of 

Specimen Prescon Anchorages Conical Devices on Button Ends 
At Button Ends Body of Wire 

Ult.Load P1 Ult.Stress Ult.Load P2 Ult.Stress (Pl/P2) , 
lbs. psi lbs. psi 

A 11,600 236,252 12,500 254,582 0.93 
B 11,900 242,362 12,200 248,472 0.98 
C 11,600 236,252 11,800 240,325 0.98 

Average 11,700 238,289 12,167 247,800 0.96 

Since all the specimens failed by separation of the cold-formed button 

head, it was decided to retest the specimens using conventional mechanical 

gripping devices to see if there was any appreciable loss in ultimate ten-

sile strength associated with this method of anchorage. In the retest pro-

cedure, the specimens were gripped mechanically with conical-wedge type grips 

near the center of the strands. The values of the ultimate strength at 

failure for the specimens gripped in this manner are also shown in Table 1. 

All specimens exhibited a slightly higher ultimate strength in the retest. 

The ratio of the ultimate strength for separation of the formed head to the 
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Fig. 11. Tendon Wire Specimen . 

Fig. 12 , Tendon Tension Test. 
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Fig~ 13. Tendon Wire - Button Head Separation. 

actual ultimate strength of the wire is presented in Table 1. The results 

indicate that the button-head anchorage device developed approximately 96 

percent of the tendon ultimate strength. Although the actual ultimate 

strength of the tendons gripped by conventional methods was in each case 

greater than the manufacturer's guaranteed minimum, two of the three speci-

mens failed due to button-head separation at a stress level slightly below 

this value. 

Tendon Relaxation Tests 

The specimens furnished for the tendon relaxation tests consisted of 

four sample tendons, each of which was 121 inches long when measured between 

the upset button heads. Since it was desired to keep the companion test 

program on a modest cost basis, a ~eans of measuring the relaxation stress 

losses of tendons held under constant strain was desired which would be 
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simple and use available equipment where possible. A system was developed 

utilizing a heavy steel pipe to keep the specimen at a constant strain and 

a universal testing machine pendulum dynamometer to measure the actual 

stress in the tendon after any desired time interval. As illustrated in 

Fig. 15, the sample tendon was enclosed in a 4-inch diameter extra-strong 

steel pipe. A slotted disk was welded onto the upper end of the pipe to 

provide a bearing surface for the upper tendon-spreader plate. At the 

lower end of the pipe a circular slotted plate was attached to which two 

pieces of billet steel were welded with a 3/8-inch clearance between them 

to permit passage of the tendon. When the wire was stretched to the desired 

elongation a machined shim was inserted between the lower end of these 

billet steel fillers and the stressing attachments on the tendon. Fig. 16 

is a close-up photograph of the lower end assembly. The tendon was stressed 

by mounting the assembly in a Riehle universal testing machine as shown in 

Fig. 17. The pipe assembly was seated on an extra-heavy pipe adapter 

sleeve which in turn rested on a spherical bearing seat in the upper cross 

head of the testing machine. A short length of one-inch diameter high-

tensile steel rod was connected by a threaded coupling to the stressing 

washer on the lower end of the tendon assembly. This rod passed through 

the upper head of the testing machine and was anchored to the lower head. 

In the tensioning operation, load was applied to the tendon by separation 

of the upper and lower heads of the testing machine. The connecting rod 

and the wire specimen were thus placed in tension and the pipe assembly 

was placed in compression. At the desired load, the machined shim was 

inserted between the end of the steel billets and the lower spreader plate. 

In order to permit this insertion an access hole was provided in the adap-

ter sleeve as shown in Fig. 18. All bearing surfaces were machined and 

the assembly was plumbed before any load readings were taken. 
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Fig. 16. Tendon Relaxation Test - Stressing Assembly. 

All auxiliary parts;!-~·, the pipe, the shims, the connecting rod, 

etc., were designed to operate at very low stress levels (the stress in 

the steel pipe was 1780 psi), so that appreciable inelastic losses would 

occur only in the highly stressed tendon. By insertion of a machined shim 

in the gap between the stressing appurtenances on the tendon and the bear-

ing devices connected to the pipe, the tendon could be kept at a constant 

length, hence constant strain, for any period of time. To measure the 

actual load or stress in the tendon at any specified time, load was applied 

with the universal testing machine and the load at which the shim loosened 

was recorded. This load was the load corresponding to the actual stress 

in the wire at that time. In a preliminary investigation utilizing one of 

the tendons, it was found that the system was quite sensitive and the 

release loads were regularly repeated on several trials. Loads could be 
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Fig. 17. Tendon Relaxation Test. Fig. 18. Sleeve Adapter. 
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easily read to the nearest 12.5 pounds, corresponding to a unit stress of 

about 250 psi. It was felt that this sensitivity was adequate and compati-

ble with the expected results. 

The relaxation tests were performed using three identica.1 tendon assem-

blies as described above. Because of the necessity of changing assemblies 

in the testing machine and because of the time required to make this change, 

the assemblies were tested on a staggered schedule. To initiate the tests, 

the tendon was loaded to an overstress level of 180,000 psi and held at 

that level for five minutes. This was in accordance with the specified 

procedure used in the actual field post-tensioning operations. At the end 

of this time interval, the machined shim was inserted in place and the 

tendon load transferred to the pipe assembly by a gradual release of the 

testing machine load. The load at which the shim "froze" was noted, and 

from this load the initial transfer-stress level in the tendon was calcu-

lated. At subsequent time intervals loads were reapplied with the testing 

machine and the loads at which the shim became free were noted. The loads 

were then immediately released and the tendon was kept under constant 

strain. Admittedly the system was somewhat crude, but with reasonable care 

very consist-ent results could be obtained. As a check on the accuracy of 

the indicated pendulum dynamometer readings, calibration checks of the 

universal testing machine were made at frequent intervals with a calibrated 

Morehouse proving ring. 

The results of the relaxation tests are given .in Table 2 and are shown 

graphically in Fig. 19. For purposes of comparison typical relaxation curves 

for 0.196-inch diameter wires of similar composition are also included in 

Fig. 19. These curves were furnished by the manufacturer of the steel wire 

in a report on the effect of prestretching on relaxation losses, and they 

show values for several different periods of overstressing. Only actual 
27 



Table 2. - TENDON RELAXATION 

Tendon A Tendon B Tendon C 
Elapsed Measured Elapsed Measured Elapsed Measured 

Time Stress Time Stress Time Stress 
hrs. psi hrs. psi hrs. psi 

0 150,660 0 157,540 0 162,880 
0.1 150,150 0.1 155,500 0.1 162,120 
0.25 150,150 0.25 155,500 0.25 161,610 
0.5 150,150 0.5 155,500 0.5 161,510 
1.0 148,370 1.0 155,500 1.0 161;610 
5.5 148,370 5.0 155,000 5.5 160,340 
8.5 148,370 9.0 155,000 8.7 160,080 

29.5 147,910 29.5 154,740 29.5 159,830 
54.0 147,660 53.5 152,950 53.5 159,830 
77 .5 146,640 77 .5 152,950 77.5 159,830 

101.5 144,800 · 101.5 152,950 197.5 159,570 
509.5 144,800 269.75 148,880 390.0 158,040 
703.0 144,300 677.75 151,930 894.0 155,500 

1207 .o 143,530 870.25 150,410 1758.0 151,680 
2071.0 137,680 1374.25 147,860 

2239.25 144,300 

test values up to 600 hours were included in the manufacturer's submitted 

data. It may be seen that the results of the tendon relaxation tests are 

in fairly good agreement for the 600-hour period. The percentage of relaxa-

tion at 600 hours is given for all specimens. However, after this period 

the loss due to tendon relaxation appears to continue and the loss percent-

ages for 1000, 2000, and 3000 hours are appreciable. Since the original 

test data presented represents only a limited number of specimens, over-

stressed to 75 percent of the ultimate strength for equal periods and then 

stressed to approximately 67 percent of ultimate strength during the remain-

der of the t~st, the test results are not completely conclusive. However, 

the tests do indicate a need for further investigation into the behavior 

of tendons under long time loading. Furthermore, since the tendons are 

usually bonded to the concrete or to a grout filler, it is necessary to 

obtain further information concerning the behavior of such bonded tendons 

under long-time loading. For design purposes these tests indicate that for 
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similar tendons relaxation losses of five percent at 1000 hours and ten 

percent at 3000 hours would be reasonable assumptions. 

Concr.ete Mix 

After a preliminary series of trial mixes, the following concrete mix 

design was selected to meet the specifications for a class B-1 concrete mix: 

Cement 

Fine Aggregate 

Coarse Aggregate 

Water 

Air Entrainment Agent - N.V.X. 

Pozzolith 

Slump 

Air Content 

Cement Factor 

602 lb 

1012 lb 

1925 lb 

30.7 gal 

2.6 oz 

1.6 lb 

2-3 in 

4% 

6.4 sack/cu yd 

The aggregates selected were Missouri River sand for the fine aggregate 

and Meramec River gravel for the coarse aggregate. The concrete was 

designed for a minimum 28-day compressive strength of 5000 psi. It was 

further specified that the girders be post-tensioned after the concrete 

attained a minimum compressive strength of 4000 psi. 

Concrete Field Tests 

The contractor elected to cast the girders on two separate dates so 

as to permit reuse of the formwork. The girders were cast on the ground, 

adjacent to the actual bridge site, and the concrete was furnished by a 

commercial ready-mix concrete company. Because of difficulties encountered 

in placing concrete in the first (east) girder, one of the truckloads of 

ready-mix concrete was rejected for excessive delay time. 

29 



During the concreting operations, representative samples of the 

concrete were obtained for each truck load and conventional slump and air 

content tests were made. The results obtained in these tests are reported 

in Table 3. The marked variation in the concrete properties for the sev-

eral truck loads placed in the east girder should be noted. Although sev-

eral of the slump tests indicated greater slumps than permitted by the 

specifications, the contractor was permitted to complete the casting of this 

girder at his own risk with acceptance depending on the results of the com-

pressive strength tests. 

Table 3. - CONCRETE PROPERTIES 

East Girder West Girder 
Cast October 4, 1957 Cast October 28, 1957 

Air Air 
Truck Slump Content f' E Truck Slump Content f' E 

C C C C 

in. % psi psi in. % psi psi 
1 2.0 .2.8 4750 5.33 1 3.5 5.0 5620 ' 5.23 
2 Rejected 2 1.0 3.8 5690 5. 72 
3 2.5 5.0 5580 5.14 3 6.0 7.5 4950 5.04 
4 7.0 7.5 4600 5.42 4 4.0 7.5 4630 4.69 
5 2.25 4.1 5720 5.59 

Average 5160 5.37 Average 5190 5.27 

Concrete Compression Tests 

Compressive strength tests were performed on standard 6" x 12" concrete 

cylinders as well as on special 3" x 6" cylinders. All cylinders were cast 

on the job site from representative samples of each truck load of ready-mix 

concrete. Cylinders from each batch were tested at various ages to provide 

information on the development of compressive strength. These tests indi-

cated that while many of the batches did not reach the specified 5000 psi 
·-

compressive strength at 28 days, all attained the 4000 psi strength speci-

fied for post-tensioning. The contractor was permitted to prestress the 
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girders on December 5, 1957. As of that date the east girder was 61 days 

old and the west girder was 37 days old. The cylinder strength, f I 
c' and 

the secant modulus of elasticity, E 
C 

, at f'/ 
C 3 were determined from tests of 

companion cylinders. The average values of these properties at the time of 

prestressing are shown in Table 3. It should be noted that at the time of 

stressing the average value of the modulus of elasticity for the east girder 

was slightly higher than the value for the west girder. Because of the 

wide scatter and because of the overlap in the values from the samples for 

both girders, it was felt reasonable that a single average value of E of . C 

6 5.3 x 10 psi for the modulus in all calculations be used to analyze the 

behavior of the structure. 

Concrete Shrinkage Tests 

It was considered desirable to obtain an estimate of the magnitude 

of the shrinkage strains which could be expected to occur in the bridge 

components. Since the effect of shrinkage in an actual structure is modi-

fied by the presence of reinforcement, it was decided to prepare specimens 

with several percentages of reinforcement so as to obtain basic information 

which could be useful in interpreting the behavior of the structure. 

The basic specimen selected for the shrinkage program was a concrete 

prism 4" x 4" x 17" as shown in Fig. 20. Invar tips were provided at the 

center of each 4" x 4" end to permit the measurement of inelastic length 

changes. The tips were designed to fit into a standard type comparator 

as specified by ASTM Cl57-54T for use in obtaining concrete volume changes. 

In addition to this measuring system, one-third of the specimens were equip-

ped with plug inserts cast into the specimens in pairs along the centerline 

of each 17" face to permit measurement of the concrete strains with a Whitte-

more strain meter. This precaution was taken to provide an indication of 
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warping by allowing measurement of differential shrinkage between the 

faces of the prism. 

The percentages of reinforcement used were 0, 0.3, 0.6, 0.9, and 1.2 

percent. Plain mild steel rods, arranged symmetrically about the longi-

tudinal axis, were used in the reinforced specimens; and the steel was 

placed as shown in Fig. 20. Three specimens for each percentage of rein-

forcement were cast from a representative sample of the concrete placed in 

each girder. One of the three specimens from each set was provided with 

end plugs and Whittemore strain meter inserts and the other two with end 

plugs only. The specimens were cured under the same conditions as the 

prototype girder. They were covered with burlap and sprinkled daily until 

curing of the girder was discontinued. After the curing period they were 

stored outdoors at the Engineering Experiment Station in Columbia, Missouri. 

This site is approximately 120 miles due west of the bridge location and 

has very similar climatic conditions. 

Complete sets of shrinkage measurements were made on a prescribed 

time schedule. From an analysis of these measurements it soon became 

apparent that many of the specimens were warping. While the end plug 

measurements would indicate a reasonable amount of shrinkage, the Whitte-

more readings would indicate that the specimen was warping by the sizeable 

differential strains which developed on the various faces of the specimen. 

Two typical examples are shown in Fig. 21. These warping strains, at 

least in part, were apparently due to differences in exposure of the faces 

of the prisms during curing, since they were encountered even in the unre-

inforced specimens. The uncontrolled warping of many of the specimens made 

interpretation of the results of the shrinkage companion test program diffi-

cult. However, it is believed that the mean shrinkage values are valuable 
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in that they provide at least a rough estimate of the magnitude of the 

shrinkage strains. 

The shrinkage strain values observed at a specimen age of 529 days 

for the samples from the east girder and of 505 days for those from the 

west girder are reported in Table 4. Analysis of the data in this table 

indicates that while general trends and average magnitudes for the shrink-

age strains could be obtained, specific effects of such variables as the 

amount of reinforcement could not be calculated because of the scatter in 

the experimental data. It can be seen that the shrinkage of specimens 

molded from high slump concretes was greater than that for the other speci-

mens. The effect of the percentage of reinforcement on shrinkage, however, 

could not be determined because the effect of this factor was obscured by 

experimental scatter in the data due to such variables as warping strains 

and differences in the properties of tpe concrete in the specimen. Because 

of the relatively small shrinkage strains observed and since the average 

shrinkage for the specimens with reinforcement was comparable with the 

grand average value for all the specimens, the latter value of 143 micro-

inches per inch was assumed in evaluating the shrinkage effects in the 

main girders. 

Five additional shrinkage specimens were obtained from the concrete 

placed in the cast-in-situ deck slab. These specimens were unreinforced 

4" x 4" x 17" prisms identical to those previously described, and they 

were also equipped with Invar end tips. This .set o.f specimens was cured 

in the same manner as the bridge slab and readings were taken at regular 

intervals. The shrinkage values obtained from these specimens were more 

closely grouped and indicated an average shrinkage strain of 195 micro-

inches per inch at age 450 days. These values were applied to the evaluation 
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Table 4. - CONCRETE SHRINKAGE 

EAST GIRDER - Average Shrinkage values at age 529 .days 
micro-inches per inch 

Truck Percent 0 .3 .6 .9 1.2 Average Reinforcement 

4 7" Slump -206 -177 -236 -118 -147 -177 
3 2.5" Slump -147 -118 - 50 -177 -206 -140 
1 2" Slump -147 -236 -118 -177 -177 -171 

Average -167 -177 -135 -157 -177 -162 

WEST GIRDER - Average Shrinkage values at age 505 days 
micro-inches per inch 

Truck Percent 0 .3 .6 .9 1.2 Average Reinforcement 

3 6" Slump -206 -147 -118 -300 -118 -178 
2 1" Slump - 29 - 59 -118 - 88 -177 - 90 
1 3.5" Slump -147 - 29 -294 - 29 0 -100 

Average -127 - 78 -177 -139 - 98 -124 

Grand Average -147 -128 -156 -148 -137 -143 

of the effect of shrinkage of the cast-in-situ slab on the overall com-

posite section. 

Concrete Creep Tests 

To provide information on the creep (inelastic deformation under 

constant stress) characteristics of the concretes utilized, a series of 

concrete prisms, 4" x 4" x 34", were cast using representative samples of. 

the concrete placed in each girder. It was planned to hold these speci-

mens at a constant stress level and then measure the resulting concrete 

strains at regular time intervals. The specimens were stressed by ten-

sioning a one-inch diameter high tensile strength steel rod placed on 

the longitudinal axis of the specimen. Plug inserts were provided at the 

midpoints of all four sides for measuring strains with a Whittemore strain 

meter. The longitudinal bar was encased with a thin layer of paraffin, 
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and a light coating of axle grease was applied to prevent bond development 

and to permit stressing of the specimen after hardening of the concrete. 

The method of stressing is illustrated in Fig. 22. A tensile force was 

applied by means of a hydraulic ram (A) to an extension bar (B) coupled 

to the longitudinal rod (C). The ram reaction was transferred to the speci-

men end-anchorage block (H-1) by means of a pipe sleeve (J). The applied 

force was measured with a load cell (D) placed between the ram and the 

anchorage nut (E). After the proper load was obtained, an intermediate 

anchorage nut (F) was tightened against a second load cell (G) located 

between the nut and the specimen end-anchorage block (H-1). The ram was 

then released, transferring the force in the extension bar to the interior 

load cell (G) and the anchorage nut (F). The stress level could then be 

checked at any time by measuring the residual force in the rod with the 

load cell (G). In case of relaxation of the applied stress, the load 

could be readjusted using the same procedure. 

In actual practice, the system was found to be unsatisfactory due 

to limitations of the load cells available and difficulties encountered 

in transferring the desired stress level. The load cells exhibited a sub-

stantial zero-shift which obscured the small changes in load due to creep. 

Due to time limitations the system could not be corrected, making abandon-

ment of the companion test series for creep-strain determination advisable. 
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Introduction 

Chapter IV 

FIELD OPERATIONS 

The design of the pedestrian overpass was governed by applicable 

requirements of the Missouri State Highway Commission "Standard Speci-

fications," the "Bridge Specifications" of the American Association of 

State Highway Officials, and the U.S. Bureau of Public Roads "Criteria 

for Prestressed-Concrete Bridges." The final design dimensions of the 

girders and of the composite bridge section are shown in Fig. 23. The 

important physical section properties are listed in Table 5. The design 

Table 5. - SECTION PROPERTIES 

Precast Girder 

Section Depth y A I ZT ZB e Wt. 
Dist. 2 4 3 3 From C/L in. in. in. in. in. in. in. lb./ft. 
0 60.000 34.85 492 213,639 8,494.5 6,130.3 -27.55 513 

12.375' 60.826 34.68 507 230,734 8,823.5 6,653.3 -22.34 528 
24.75' 63.252 34.37 551.5 277,997 9,619.3 8,088.4 -14.56 574 
37.125' 67.289 34.50 624.5 336,364 10,258.2 9,749.6 - 5.05 651 
43.5' 70.011 34.88 674.5 402,587 11,459.8 11,535.5 + 0.61 697 
44.5' 70.460 35.23 1691 699.612 19,858.4 19,858.4 + 1.17 1761 
49.5 1 72.000 36.00 1728 746,496 20,736.0 20,736.9 + 5.00 1800 

Composite Section (1/2 Bridge) 

Section Depth y A I ZT ZB e Wt. 
Dist. 

From C/L in. in. in. 2 in. 4 in. 3 3 lb./ft. in. in. 
0 63.233 42.20 686.3 308,169 14,653.8 7,302.5 -34.90 715 

12.375' 64.059 42.15 701.3 333,593 15,225.5 7,914.5 -29.81 730 
24.75' 66.485 42.11 745.8 405,355 16,612.9 9,628.4 -22.30 777 
37.125 1 70.522 42.47 818.8 504,395 17,950.0 11,876.5 -13. 02 853 
43.5 1 73.244 42.92 868.8 598,250 19,744.2 13,945.2 + 8.65 904 
44.5' 73.693 38.95 1885.3 926,583 26,671.9 23,789.0 + 4.89 1962 
49.5 1 75.233 39.72 1922.3 984,145 27,714.5 24,777.1 + 8. 72 2002 
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specified an initial prestress force for each girder of 424 kips based 

on a required effective post-tensioning force of 360 kips with the losses 

assumed equal to fifteen precent of the initial force. A temporary increase 

of the allowable initial unit stress from 160,000 psi to 192,000 psi was 

permitted to allow temporary overstressing to reduce losses owing to friction 

and tendon relaxation. The Missouri State Highway Commission plans and 

specifications did not specify the use of any particular post-tensioning 

sy~tem but merely indicated the tendon forces, stresses, and eccentricities 

required and reserved the right of approval of the prestressing system 

selected by the contractor. 

Following award of the contract, the contractor selected the ·Prescon 

system. This system utilizes a number of wires laid in parallel and 

enclosed with a metallic sheath to form prestressing tendons. The tendons 

are anchored by means of spreader 'plates, stressing washers, and rivet 

heads mechanically formed on the ends of the individual wires. The Pres-

con Corporation submitted the tendon layout shown in Fig. 23, consisting 

of five cables so arranged as to meet the specifications as to tendon area 

and the required location of the center of gravity, The upper and lower 

tendons (Mark A ·and E) each consisted of twelve 1/4-inch diameter wires, 

each wire having a minimum specified area of 0,0491 square inches. The 

three interior tendons (Marks B, C, and D) were each made up of ten wires 

of the same diameter and area. The contractor proposed to use an initial 

transfer stress of 160,000 psi, corresponding to an initial prestress force 

of 424 kips; and a working stress after losses of 136,000 psi, correspond-

ing to the specified 360 kip effective post-tensioning force. The order 

of post-tensioning of _the tendons was specified as Mark C, D, B, E, and A. 

Since the Prescon system requires that the wire rivet heads be formed at 
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the factory, the required cables lengths were predetermined from the pro-

posed tendon layout and the computed elongations under stress. 

Construction Operations 

The girders were cast and stressed at a location adjacent to the 

bridge site. The soffit forms were supported by timber sleepers set in 

the ground and were adjusted to grade by the use of blocks and wedges. 

Fig. 24 shows the construction of the side forms for the first girder. 

These forms were reused for the second girder. The tendon assemblies and 

the non-prestressed reinforcement required for shear and bearing were 

installed as shown in Fig. 25. Proper positioning of the tendons was 

assured by the use of suitable chairs, spacers and hold-down assemblies. 

The plug inserts required for the tests were attached to . the forms and 

the girders were then cast. 

Casting of the first girder was hampered by several unforeseen con-

struction difficulties. As already noted, the concrete in the several 

truck loads varied markedly in consistency. The principal difficulty 

was the result of the use of unsuitable equipment in placing the concrete. 

Due to the height of the girders, the concrete could not be chuted directly 

from the ready-mix trucks into the forms. The contractor attempted to 

solve this problem by backing the mixer trucks onto a flat bed trailer. 

This scheme caused excessive time delays, and the casting operation was 

finally completed with a crane and concrete bucket. 

The restricted clearances in the narrow girder web due to the pre-

sence of the tendons and the shear reinforcement made adeq~ate vibration 

of the concrete in the lower flange almost impossible. This problem was 

remedied by cutting circular windows in the lower flange forms to permit 

access for the vibrator and to allow inspection. These openings were 
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closed off before completion of the concrete placement and solved the prob-

lem quite satisfactorily. The girder forms were initially filled to a 

level just below the intersection of the top flange and the concrete was 

then allowed to settle for about thirty minutes before placing concrete 

in the top flange. This precaution was taken to reduce the danger of dif-

ferential settlement between the concrete in the girder web and that in 

the flange. Such settlement could have resulted in the formation of shrink-

age cracks at the junction between the web and the flange. Visual inspec-

tion of this junction after stripping of the forms indicated only a few 

minor hairline cracks. Benefitting from the previous experience, no dif-

ficulties were encountered in the casting of the second (west) girder 

several weeks later. 

After removal of the forms the girders were covered with burlap kept 

moist by daily sprinkling with water until the desired strength was 

obtained. During this curing period, vandals poured gasoline on, and 

set fire to, the burlap covering on the west girder. The fire did not 

seem to result in significant damage to the girder, other than to cause 

severe staining. Fortunately the fire was discovered almost imnediately 

and the unignited covering was removed from the girders before the fire 

could spread. 

During the curing period, a sizeable crack developed near the center-

line of the east girder. The crack started in the bottom flange, ran 

almost vertically to the bottom of the top flange, and apparently was 

caused by either shrinkage or by settlement of the girder soffit form. 

No similar cracking was detected at any other location in either girder. 

The crack closed up completely and became undetectable by the naked eye 

after post-tensioning. 
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Fig. 24. Girder Forms. 

Fig. 25. Girder Reinforcement. 
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Fig. 26. Girder Bracing. 

Fig. 27. Girder Shores. 
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After the cylinder tests indicated that the girders had reached the 

necessary 4000 psi minimum compressive strength specified for post-

tensioning, the girders were stressed on December 5, 1957. On this 

date the age of the concrete in the east girder was 62 days and that of 

the concrete in the west girder, 38 days. A detailed account of the 

stressing procedure is given in a subsequent section. Strain and deflec-

tion measurements were made after tensioning each cable. Approximately 

two weeks after tensioning, the tendons were grouted. The girders were 

raised into place on the piers on January 27, 1958. An auxiliary brac-

ing system was utilized to increase the lateral stiffness of the girders 

to permit handling of the long, slender sections with a minimum danger 

of failure. This bracing system, illustrated in Fig. 26, consisted of 

a set of auxiliary posts and a pair of tensioned cables acting as a 

double king-post truss. This bracing system proved quite effective in 

increasing the lateral resistance of the girders. However, the bracing 

system introduced unbalanced strains due to lateral bending. Unfortu-

nately the strain instrumentation was provided on only one side of the 

girders, and it was therefore not possible to measure the transverse 

strains which this system might have induced in the girders, thus add-

ing an additional unknown factor. 

After the girders had been set in place on their bearing surfaces, 

deflection measurements were made to transfer the deflection base line 

from the temporary reference line on top of the girders to the perma-

nent base line installed in the piers. Deflection and strain measurements 

were continued at regular intervals following erection of the girders. 

On April 30, 1957 the deck slab and connecting diaphragms were 

placed, Prior to the concrete placement temporary shores were installed 
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under each girder at the quarter points and at the center of the span using 

sections of tubular scaffolding as shown in Fig. 27. The purpose of these 

shores was to minimize the deflection due to the dead load of the deck slab. 

If the weight of the deck slab had been supported by the girders, the full 

dead load moment due to the deck slab would have been carried by the gir-

ders alone. By shoring the girders during the casting of the deck slab, 

most of the weight of the slab was supported by the shores. Upon removal 

of the shores the entire composite section, with its substantially higher 

moment of inertia, was available to resist the moment due to the weight 

of the deck. Hence, by developing composite action of the slab and the 

girders before the total weight of the slab was transferred to the struc-

ture, the deflections could be materially reduced. The results of this pro-

cedure are discussed in a subsequent section. After completion of the top 

slab and the diaphragms which joined the girders together, a hand railing 

was added and by June 17, 1958 the bridge was completed, 

Field Measurements 

At the various stages of construction, complete sets of field measure-

ments were made. The general layout of the instrumentation stations is 

shown in Fig. 4. Instrumentation positions were provided near the center-

line, the quarter points, and the ends. At the center and at the quarter 

points, the gage points for measuring longitudinal strains were slightly 

off center due to the location of the diaphragms. The gage points for 

measuring the transverse strains and the deflection reference stations 

were properly located at the center and quarter points, since the diaphragms 

did not interfere. The longitudinal strain gaging stations near the girder 

ends were positioned eight feet from the centerline of the girder bearings 
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to avoid the massive end blocks, because the investigation of the strain 

characteristics in the end blocks was felt to be beyond the scope of the 

present investigation. 

The original readings of the strain and deflection instruments at 

the respective stations immediately prior to the commencement of the 

post-tensioning operation have been selected as the arbitrary reference 

base. All strain measurements, together with related field data, at 

longitudinal strain gaging stations other than those on the bottom fiber 

are tabulated in Table A-1, Appendix A. The measured vertical strain 

distributions at the various stations are presented in Figs. A-1 to A-10, 

Appendix A. Elevations and related data for the deflection stations are 

tabulated in Table A-2, Appendix A. Camber is designated by positive 

changes(+) in elevation and deflections, by negative(-) changes. The 

elevations of the various stations are plotted in Fig. 28 for the various 

time intervals. 

At the time of stressing the girders rested on the soffit forms, 

and it was not possible to make measurements on the bottom strain gag-

ing stations; hence strains in the lower fibers could not be referenced 

to initial measurements before stressing. These measurements were there-

fore interpreted on the basis of an assumed linear strain distribution 

in the girder section 53 days after stressing, at which time the bottom 

strain gaging stations were first accessible. The linear strain distri-

bution was determined from the measured strains at the other longftudinal 

strain gaging stations at that section on that date. A correction factor 

was then computed to make the bottom strain reading correspond with this 

assumed strain distribution. All subsequent strain measurements for the 
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bottom stations were corrected by this same factor. The observed field 

measurements and the corrected strains are tabulated in Table A-3 and 

plotted in Figs. A-11 to A-20, Appendix A. 

The transverse strain measurements and the strain measurements for 

the gaging stations located on the top and bottom faces of the center 

of the deck slab are recorded in Tables A-4 and A-5, respectively, of 

Appendix A. 

Discussion of the significance of the data obtained will be pre-

sented in subsequent sections as they pertain to the various subjects 

under study. 
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Chapter V 

ANALYSIS OF THE STRUCTUAAL BEHAVIOR 

Post-Tensioning Procedure 

The basic objective of post-tensioning is to secure the specified 

level of prestress in the girder. To accomplish this objective, a means 

of measuring the actual prestressing force applied1 as well as a reason-

able method of predicting changes in this force and of estimating the 

prestress level at a given section and at a given time are required. 

In the Prescon system, tension is applied to the tendon with a 

jack which bears on a stressing cage placed between the jack and a spe-

cial end plate cast into the end of the girder. The tendon is gripped 

by an adapter rod connected to a special stressing washer which bears 

against the rivet heads formed on the individual wires. When the jack 

is activated the stressing washer is forced away from the end bearing 

block until a desired elongation of the tendon is obtained. Shims are 

then inserted between the bearing block and the stressing washer. When 

the jack is released, the force is transmitted to the shims. The stress-

ing equipment is shown in Fig. 29, and Fig. 30 shows a close-up view of 

the post-tensioning operation. In Fig. 29 the jack ram is shown attached 

to a tendon, with the tendon elongated. The dial gage visible in the 

center of the picture indicates the pump pressure. With the jacking 

assembly properly calibrated for a particular ram, the applied force 

can be computed from the indicated ram pressure. Fig. 30 shows the ram 

attached to tendon Band the shim plates inserted between the bearing 

plate and the stressing washer. In this figure the jack has not yet 

been released to transfer the force to the shim plates. Tendon A, 

so 



Fig. 29. Stressing Equipment. 

Fig. 30. Stressing Operation. 
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located directly above the ram, is still in its original position flush 

with the end bearing plate, since it has not yet been stressed. Tendon C, 

located below the ram, is in its final stressed position, and the shims, 

which prevent the stressing washer from returning to its original posi-

tion, can be seen plainly. 

In the post-tensioning procedure used for these girders the tendons 

were jacked simultaneously at both ends, to reduce frictional losses, and 

shims of proper length installed prior to release. Ample clearance was 

available for inserting the shims because the tendons were temporarily 

overstressed to reduce friction and creep losses. The stressing opera-

tion for both girders was completed in approximately eight hours. 

Applied Prestress Force 

The fundamental requirement for proper post-tensioning is an accurate 

measurement of the applied force. In the equipment provided for the post-

tensioning operation, only one of the two jacks had been adequately cali-

brated. The calibration data furnished is presented in Table 6, and Fig. 

31 shows the linearity of the relationship between the gage reading and 

the actual load applied. In the prestressing operation the tendon stress 

was controlled by measuring the tendon elongation, and the jack pressure 

gage readings were observed only as a check for correlation purposes. 

Prior to the stressing of the tendons, the required length of the 

shims had been calculated on the basis of the desired working stress, 

the length of the tendon, and the modulus of elasticity of the steel used. 

On the basis of assumed losses of fifteen percent, the transfer stress, 

fst' was set at 160,000 psi. For a tendon length, L, of 100.85 ft., and a 

modulus of elasticity, E , of 29,000,000 psi, the calculated elongation s 
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was computed by the elastic formula 

PL 
As= As Es - fstL 

Es (1) 

and was found to be 6.68 in. From past experience the Prescon Corpora-

tion recommended that the computed elongation be increased by 0.19 in. to 

allow for seating of the rivet heads. This correction also allows for 

losses due to bending and twisting in the anchorage devices when the force 

is transferred to the shims. Since shims are used at both ends of the 

tendon, the sum of the . correction and of the computed elongation is divided 

by two to give a recommended shim length of 3.44 in. No allowance was 

made for the effect of elastic compression of the concrete on the appar-

ent elongation. Based on an average .stress level of 800 psi and an assumed 

elastic modulus, E, of 5,300,000 psi, the total measured elongation would 
C 

be increased by 0.18 in. The recommended shim length was modified in the 

field to correct for initial slack in the tendons. 

The initial stressing force, F., applied to the tendon can be deter-
1 · 

mined from the observed pressure gage readings and the jack-calibration 

data in Table 6. The observed pressure readings, D, the corresponding 

Table 6. - JACK CALIBRATION 

Load Pressure Gage Reading, psi 
lbs. Trial 1 Trial 2 Trial 3 

1,000 0 0 0 
2,000 0 0 0 
5,000 0 0 0 

10,000 320 340 360 
20,000 1200 ll80 ll50 
40,000 2830 2780 2780 
60,000 4480 4510 4520 
80,000 6200 6220 6230 

100,000 7770 7790 7850 
120,000 9500 9580 9530 
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measured tendon elongations, .6 , and the computed prestress force, F, s 

are recorded in Table 7. The prestress force was computed from the re-

lationship 

F = P = 11.97D + 6.057 (2) 

in which Pis the effective jack force in kips and Dis the observed 

pressure gage reading. This relationship is shown on the calibration 

curve, Fig. 31, and was obtained by means of a least-squares fit of the 

calibration data in Table 6 furnished by the contractor's laboratory. 

The relationship between the applied force, F, computed from the 

pressure gage readings using Eq. (2), and the observed tendon elongations, 

..6 , is given in Table 7 and is plotted in Fig. 32. It should be noted s 
that only one of the jacks was properly calibrated prior to the prestress-

ing operation; the tendons however were jacked simultaneously from both 

ends and a special effort was made to keep the elongations equal. The 

center of the tendon may therefore be assumed to have remained station-

ary during the stressing operation, and the fact that this condition 

existed is evidenced by the linear relationship between the stressing 

force and the tendon elongation shown in Fig. 32. It should also be 

noted that the average stress-strain curves pass very close to the origin. 

From these curves the maximum total force applied to the east girder is 

estimated to have been 516,3 kips corresponding to a stress of 194.7 ksi 

and the maximum force applied to the west girder, 512,7 kips, correspond-

ing to a stress of 193.4 ksi. These temporary stresses while over-

tensioning were slightly over the 192 ksi allowed by the specifications 

and considerably higher than the 180 ksi which the contractor had pro-

posed to use. 
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Tendon A 

12 Wires, A =0.589 in. 2 
s 

As D F 
in. psi kips 
0 0 0 

0.500 1000 18,03 
1.125 2500 35 , 98 
1.625 3925 53.04 
2.125 4900 64. 71 
2,625 6100 79.07 
3.125 7300 93.44 
3.625 8350 106.01 
4.000 9100 114.98 

A = sf 3.588" 
F = 104.10 k 

0 

Tendon A 
12 Wires, A =0.589 in. 2 

s 
As D F 
in. psi kips 
0 0 0 

0.500 600 13.24 
1.000 1750 27.00 
1.500 2775 39.27 
2.000 4400 58.73 
2.500 5600 73.09 
3.000 7100 91.04 
3.500 8225 104.51 
4.000 9100 114. 98 

A = Sf 3.463" 
F = 100.00 k 

0 

Tendon B 

Table 7. - POST TENSIONING OPERATION 
Tendon Force and Elongation 

EAST GIRDER 
Tendon C Tendon D 

10 Wires, A =0.491 2 in. 10 Wires, A =0.491 2 in. 10 Wires, A =0.491 2 in. s s s 

As D F As D F ~s D F 
in. psi kips in. psi kips in. psi kips 

0 0 0 0 0 0 0 0 0 
0.500 700 14.44 0.500 400 10.85 0.500 650 13.84 
1.000 1700 26.41 1.000 1500 24.01 1.000 1700 26.41 
1.500 2800 39.57 1.500 2800 39.57 1.500 262!> 37.48 
2.000 4100 55.13 2.000 3800 51.54 2.000 3625 49.45 
2,500 5000 65.91 2.500 4600 61.12 2,500 4725 62.62 
3.000 5975 77 .58 3,000 5675 73.99 3,000 5475 71.59 
3.500 7025 90.15 3,500 6900 88,65 3.500 6875 88.35 
3.875 7700 98.23 3.875 7450 95.23 3.875 7250 92.84 

6. = sf 3.338" 6.sf= 3.338" 6 sf= 3.338" 
F = 85.50 k F = 83.00 k F = 81. 00 k 

0 0 0 

WEST GIRDER 
Tendon B Tendon C Tendon D 

10 Wires, A =0.491 in, 2 10 Wires, A =0.491 in. 2 10 Wires, A =0.491 in. 2 
s s s 

As D F As D F 6s D F 
in. psi kips in. psi kips in. psi kips 

0 0 0 0 0 0 0 0 0 
0.500 200 8.45 1.000 1400 2-2 .82 0.500 400 10.85 
1.000 1575 24.91 1.500 2250 32.99 1.000 1200 20.42 
1.500 2575 36.88 2.000 3125 43.46 1.500 2600 37.18 
2.000 3800 51.54 2.500 4800 63.51 2.000 3475 47.65 
2.500 4750 62. 91 3.000 5800 75.48 2.500 4925 65.01 
3,000 5800 75.48 3,500 6775 87.15 3.000 5950 77.28 
3.500 6775 87 . 15 3.875 7550 96.43 3.500 6950 89.25 
3.875 7400 94.64 3 . 875 7575 96. 73 

~sf= 3.463" ~sf= 3.463" Asf= 3.338" 
F = 82 .00 k F = 86.00 k F = 83.50 k 

0 0 0 

Note - All tendon elongations, fls, as measured at south end. 

Tendon E 
12 Wires, A =0.589 2 in. s 

As D F , 
in. psi kips 
0 0 0 

0.500 700 14.44 
1.000 2300 33.59 
1.500 3400 46.76 
2.000 4700 62. 12 
2.500 5800 75.48 
3.000 6650 85.66 
3.500 7750 98.82 
3.875 9100 114.98 

6 st 3.338" 
F = 98.80 k 

0 

Tendon E 
12 Wires, A =0.589 in. 2 

s 
~s D F 
in. psi kips 

0 0 0 
0.500 650 13.84 
1.000 2150 31. 79 
1.500 2900 40. 77 
2.000 4600 61.12 
2.500 5875 76.38 
3,000 7300 93.44 
3.500 8250 104.81 
3.875 8675 109.90 

A = sf 3.338" 
F = 98 . 80 k 

0 



After holding the over-tensioning force in each tendon for a period 

of five minutes, shims were inserted and the jacks were then gradually 

released, transferring the load to the permanent anchorage divices. The 

initial effective prestress at the anchorage after release of the over-

tensioning is designated as F and was not measured directly, To esti-o 

mate its probable value, a semi-graphical method of approximation was 

used based on the tendon characteristics displayed in the initial ten-

sioning and the final tendon elongation determined from the wedges, For 

example, for Tendon B of the east girder, the relationship between the 

applied prestressing force, F, and the tendon elongation, As' was obtained 

for the final stress level in the girder. This relationship is depicted by 

the dashed line "L" in Fig, 32. It was then assumed that upon release of 

the over-tensioning force the tendon force would follow this relation-

ship during the unloading stage, 

Line "M" defines the assumed final elongation, Llsf' of the tendon, 

This elongation was computed from the known value of the shim length and 

the manufacturer's suggested value for tendon seating allowance, In this 

example the tendon shim had a length of 3.44 in. and after deducting the 

0,10 in. seating correction, .b.sf' is 3,34 in. The effective initial 

prestress force, F, was found to be 85.5 kips as determined by the hori-o 

zontal line "N" passing through the intersection of lines Land M. A 

similar procedure was used for each of the ten tendons, 

It is recognized that the assumptions made in the above procedure 

are somewhat questionable. The reversal of the friction forces along a 

portion of the tendon, when the over-stress is released, introduces a 

mechanical hysteresis. The true slope of the force-deflection curve 

for the unloading cylce must therefore be steeper than the slope for 

the loading cycle given by the line "L". This error is in part compensated 
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by the empirical seating correction. This correction includes both the 

effects of compression and bending of the shims and of the apparent 

tendon elongation due to seating of the wire heads in the stressing 

washer. Most of the latter loss, however, takes place during the over-

stressing operation. Finally the resultant residual stresses are further 

modified by the elastic compression of the girder cross-section during 

subsequent tensioning of the other tendons as well as by stress relaxa-

tion losses in the tendons themselves. Due to these complicating fac-

tors, as well as to the inaccuracies in the initial stress measurement 

inherent in the system used, a more refined method for estimating the 

transfer stresses did not appear to be warranted. The values of .6 sf 

used and the corresponding values of F are also shown in Table 7. Com-o 

puted on this basis, the total effective transfer stress at the jack end, 

F , was 452.4 kips for the east girder, and 450.3 kips for the west 
0 

girder. Both of these values are approximately six percent higher than 

the design value of 424 kips. 

Effect of Cable Friction and Wobble on the Prestress Force 

The tendon forces at the jack were determined from the applied 

forces and corresponding elongations at the point of jacking. It can 

be shown, however, that the observed stress at the jack is not appli-

cable throughout the whole length of the tendon. For example, Tendon B 

on the east girder is composed of ten wires, each wire having an area 

of 0.0491 sq. in. In the companion test program the elastic modulus 
3 of the wire, E, was found to be 28.8 x 10 ksi. Since the tendon was 

s 

stressed simultaneously from both ends, the recorded tendon elongation 

at one end As' of 3.875 in. corresponds to the elongation for an 

effective length, L, of 602 in.;!·~·, the distance from the point of 
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application of the jack to the centerline of the beam. Rewriting Eq. (1) 

n LlsAsE.r r-ape = L (la) 

and substituting the above values 

p 
ave 

= (3.875) (.491) 
602 

(28 8 103) . 
: X - = 91.0 kips. 

However, the actual measured initial stress for Tendon B, F . , correspond-
1 

ing to this value was 98.23 kips. Thus it can be seen that in this par-

ticular instance the stress at the jack was about eight percent greater 

than the average stress required for the desired elongation. 

The difference between the average tendon stress and the stress 

applied by the jack is the result of tendon friction and the so-called 

"wobble" effect. Since the tendon is curved, it rubs against the tendon 

sheath as it is elongated, developing a friction force which is a func-

tion of the curvature and the coefficient of friction. Similarly, addi-

tional frictional forces are introduced due to small local dislocations 

of the sheath, which causes the tendon to rub against the sheath when 

the tendon is tensioned. The force loss due to these dislocations is 

called the "wobble effect." This problem has been the subject of exten-

* sive research and it was found that the magnitude of the frictional 

and wobble effects can be approximated by an exponential expression 

governed by the physical characteristics of the post-tensioning system, 

and the length and curvature of the tendons. 

Lin1 expresses the relationship between the applied prestress force 

Fi and the effective prestress force FL at the anchored end of the tendon 

of length L, by the equation 

F r -:.-U«-.k.L. t.=r1 e 

* Numbers refer to references listed on page 
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where _,,J,l is the frictional coefficient for the particular prestressing 

system, o( =½is the total change in slope of the tendon for a section 

of length Land constant radius of curvature R, and K is the wobble coef-

ficient. In the girders under study the length L can be assumed constant, 

and both the frictional coefficient~ and the wobble coefficient Kare 

approximately the same for all tendons. Eq. (3) may therefore be 

simplified and written as a function of a combined friction-curvature 

and wobble factor /J , thus 

rt.=~- e-,,BL (3a) 

In order to obtain the general equation for the effective force at any 

point, F, a distance x from the point of application of the prestress, 
X 

the point may be considered as the anchored end, Hence, the effective 

prestress force at that point is 

r;_ =0,· e-/X (3b) 

Therefore, if the initial prestress force F. and the factor /3 are 
]. 

known, the applied prestress force at any point in the girder can be cal-

culated. Since the applied over-tensioning force F. was measured with 
]. 

either the factor, /3, or the effective prestress, Fx, at any section 

known, the other variable may be determined by solving Eq. (3b). 

It has been shown1 •2 that for small frictional losses; i-~·, when ,,8 
is small, the tendon elongation .a corresponds closely to the elongation 

s 
F. + FL 

computed on the basis of assuming the average tendon force equal to 1. 2 

where Fi is the applied force at the jacking end of the tendon and FL is 

the reaction at the anchorage end. In the case of a beam simultaneously 

stressed from both ends, Fi is the force at the jacks and FL is the force 

at the assumed point of zero slip; i·~·, the center of the beam. For this 
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assumption 

L (4) 

Solving Eq. (4)for F1 , 

(4a) 

The computed tendon stresses at the girder centerline, based on the 

observed jacking force and tendon elongation during the initial over-

stressing, are recorded in Table 8. Substituting these values for F 
X 

and assuming x equal to half the span length, the frictional loss coef-

ficients were computed by solving Eq. (3b) for /3. 
I Fi· /3=-L In-' r1.. 

These values are also shown in Table 8. 

(3c) 

If the girders had not been initially over-tensioned and then 

released, the tendon force at any section could have been computed 

directly from Eq. (3b), and the distribution of the prestress force 

along the girder would have been as shown in Fig. 33 (a). However, 

the partial release of the over-tensioning force, reduced the initial 

force, F., to the transfer force, F. These transfer force values, 
i 0 

computed on the basis of the assumptions discussed in the previous 

sections are also tabulated in Table 8. The release of the initial 

tendon force reversed the direction of the frictional forces along a 

portion of the tendon adjacent to the jacking end. After release the 

tendon force in this region is then defined by the equation 

(5) 
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(b) Final Tendon Stress Profile Z<L 
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(c) Final Tendon Stress Profile Z > L 
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Table 8. - TENDON FORCES 

Girder Tendon Stress, A Fi h.s FL /h /3 X 10-5 F Fi 2~z z F s 0 X 
Seq. sq . in , Kips in. Kips Kips r e in. x=l04 11 x=157" x=306" x=454" x=602" 0 

East C 1 0.491 95.23 3 . 875 86,8 .0904 15,016 83.00 0.1398 465 84.4 85.0 86,9 88.-8 87.0 
" D 2 0,491 92.84 3.875 89.2 .0393 6.528 81.00 0,1361 1043 81.5 81.8 81.5 83.4 84.1 
" B 3 0.491 98,23 3.875 83.8 .1540 25.581 85.50 0 , 1398 273 87.6 89.0 90.9 87.5 84.4 
" E 4 0.589 114.98 3.875 103.4 .1040 17.275 98.80 0.1482 429 100.5 101.5 104.2 106.1 103.9 
II A 5 0.589 114. 98 4,000 110,5 .0397 6,595 104.10 0.0953 723 104,6 105.1 106,1 107.1 108.0 
II Total 2.651 516,2fi 4/j,7 452.40 458.6 [Z.62 .4 469.6 472.9 467.4 

West C 1 0.491 96.43 3.875 85,6 .1165 19.352 86.00 0.1132 300 87.6 88.6 91.0 88,1 85,9 
" D 2 0,491 96.73 3,875 85.3 .1230 20.432 83.50 0,1482 362 85.4 86.5 88,9 88.2 85.4 
II B 3 0,491 94.64 3.875 87 . 4 .0778 12. 923 82.00 0.1430 552 83,2 83,6 85.2 87.0 87 . 5 
II E 4 0,589 109.90 3,875 108.5 ,0115 1.910 98 . 80 0.1132 2960 98.9 98,8 99.4 99.5 100,0 
II A 5 0,589 114.98 4,000 110.5 .0397 6.595 100.00 0.1398 1060 100.5 101.0 102,0 103,0 104.0 
II Total 2.651 512.68 477.3 450,30 455.6 458.5 466.5 465.8 462.8 



As shown in Fig. 33 (b) for values of x greater than z the force profile 

developed during over-tensioning remains undisturbed. The value of z 

can be computed by solving the simultaneous equations 

and 

Fz=Fo e-j3Z 

From these equations, it can be seen that 

and hence 

Fi 2,sz --= e 
Fa 

I I F;· Z=--tn--f 
2/3 Fo 

These values are also reported in Table 8. 

(6) 

(7) 

(8) 

As can be seen from Fig. 33 (b) and (c), the effective prestress-

ing force at any section a distance x from the point of jacking can be 

computed as follows: 

for %~Z (9) 

for ;r ?;Z (10) 

Values of the tendon force, F , computed on this basis at the center-x 

line quarter and eighth points, and at the instrumentation section near the 

end point are included in Table 8, It can be seen that because of the 

effect of the reversed friction, the tendon force profile is similar to 

that shown in Fig. 33 (b). Computed values of the total tendon force at 

initial transfer range from 455,6 kips to 472.9 kips as compared to the 

specified value of 424 kips. This discrepancy points out the need for 

careful consideration of frictional effects during the post-tensioning 
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operations, since for structures in which the prestress camber is 

closely balanced by the dead load deflection an error of only ten per-

cent in the applied prestress force can result in relatively large 

deflections. 

Deflections During the Stressing Operation 

The method of post-tensioning selected for the girders presented 

an opportunity to measure and record not only the strain and deflection 

characteristics of the girders in service, but also the effect of each 

of the various stages of the stressing operation. Using the temporary 

base-line system, changes in elevation at the girder quarter points were 

measured after each tendon was stressed. The measurements are included 

in Table A-2 of Appendix A and are presented in Fig. 34. 

It can be seen from Fig. 34 that both girders began to deflect 

upwards after stressing of the first tendon. As the applied prestress 

force increased, the rate of change in the camber increased, and the 

deflections for both the center and for the quarter points displayed a 

very consistent pattern. The deflection of a prestressed concrete mem-

ber is governed by the moment due to the eccentricity of the applied 

prestress as well as the moment due to dead and applied loads. Both of 

these factors must be considered in predicting the deflection pattern. 

In this particular case the effect of the dead load is extremely 

difficult to predict for the intermediate stressing stages. At the start 

of the stressing operation the girder was supported completely by the 

soffit forms. As the stressing progressed, part of the dead load was 

transferred to the tendons until finally the prestress camber was suf-

ficiently large so that only the ends of the beam were supported by the 

soffit forms. There is no exact method available to predict with 
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certainty the exact rate of assumption of the dead load. So many vari-

ables affect this determination that anything more than a qualitative 

interpretation for the intermediate stages was considered unwarranted. 

It may be seen that the stressing of tendon E resulted in a more sub-

stantial increase in camber than those measured after the stressing of 

the previous tendons. This result may have been due to either the 

greater force in tendon E, the greater eccentricity of tendon E, or the 

camber due to the previously strressed tendons tending to offset the dead 

load deflection. The stressing of tendon A (which has the smallest 

eccentricity) resulted in an even greater increase in camber, indicating 

that most of the dead load moment must have been previously transferred 

to the tendons. 

Girder dead-load deflections were computed by the conjugate-beam method 

as illustrated in Fig. 35. All physical properties were based on the values 

shown in Table 5, which were computed on an assumed average modulus of elas-

ticity for the concrete, E, of 5.3 x 106 psi and an average unit weight of 
C 

150 pcf. The computed centerline deflection was 0.960 in. and the quarter 

point deflection, 0.667 in., for the dead load of the girder alone. 

The deflection due to the magnitude and eccentricity of the prestress-

ing force was also calculated by the conjugate-beam method. The calcula-

tions for the east girder are shown in Fig. 36. The calculations are based 

on the computed effective prestress force, F , as given in Table 8, and the 
X 

tendon eccentricities shown in Fig. 22 and listed in Table 5. The applied 

prestress moment was calculated from the equation 

M;:r= o. 96 F::r e (11) 

The factor "0.96" in Eq. (11) was introduced to correct for the loss in pre-

stress due to elastic shortening of the girder when subsequent tendons were 
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stressed. The magnitude of this loss was calculated from the equation 

(12) 

where .6-ftk= the total loss of stress in the k-th tendon due to the effect 

of elastic shortening resulting from the axial and bending 

stresses induced by the tendons stressed. subsequently 

f1 = the effective applied prestress FL at the centerline in the 

i-th tendon 

el = the eccentricity of the centerline of the i-th tendon 

ek = the eccentricity of the k-th tendon 

f 2 = ! = radius of gyration of the section at the centerline 

of the girder. 

The magnitude of this loss was determined to be approximately four percent. 

A more precise determination was not considered to be warranted due to the 

many assumptions and approximations involved and, in particular, due to 

the unknown rate of application of the dead load and its effect on the 

elastic shortening of the girder. The computations shown in Fig. 36 show 

that the effect of the prestress would result in a 1.211 in. camber at the 

centerline of the east girder and a 1.196 in. camber in the west girder . 

The computed camber at the quarter points was 0.811 in. and 0.800 in., 

respectively. 

The actual computed deflection or camber is the algebraic sum of the 

computed dead load deflection and the computed prestress camber. The com-

puted net camber is therefore 0.251 in . and 0.236 in. at the centerline of 

the east and of the west girder, respectively, and 0.144 in, and 0.133 in. 

at the respective quarter points. The correlation of these results with 

the actual measured values is shown in Fig. 34. Considering that the total 

range of the camber and the deflection calculated for the centerline of the 
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east girder is 2.171 in., the deviation of the measured value+ 0.292 in. 

from the computed value 0.251 in. represents an error of less than two 

percent of the total. Similar checks showed that the greatest deviation 

at any point was only 4.8 percent. 

In view of this close agreement between the computed and the observed 

deflections, the procedure outlined is believed to present a satisfactory 

method for computing elastic deflection or camber in a statically-

determinate prestressed concrete beam. 

Concrete Strains During the Stressing Operation 

Since it was possible to measure the concrete strains at several sec-

tions of the girders after the stressing of each tendon was completed, 

additional information as to the behavior of the members during the post-

tensioning operation was obtained. The theoretical stress distribution 

in the girder for any desired condition of loading can be computed on the 

assumption that the behavior of the girders during this period was in 

accordance with the generally accepted elastic theory. This theoretical 

stress distribution is converted to an equivalent strain distribution by 

using as the basic relationship between stress and strain, the concrete 

modulus of elasticity, E = 5,300,000 psi, determined in the companion 
C 

test program. The computed strains were used as a basis for comparison 

of the actual measured strain profiles. 

The theoretical stress distribution and corresponding strain profiles 

were computed for the typical sections where the strain gaging stations 

were located. Values were calculated for the stresses and strains with 

1. Tendon C stressed - no dead load acting 

2. Tendon C stressed - full dead load acting 

3. Tendons B, C, and D stressed - no dead load acting 
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w 

Station 

End 

End 

1/4 

1/4 

Center 

Center 

M 
(Dead) 

Case p (Load) 
Klpa in.kips 

1 , 2 84 . 4 2118,0 
3,4 248.0 2118,0 

5 440.0 2118,0 

1 ;2 87 . 6 2118.0 
3,4 251.0 2118,0 

5 438.0 2118.0 

1, 2 86.9 6384.2 
3,4 254 . 0 6384.2 

5 450.0 6384 . 2 

1,2 91.0 6384 , 2 
3 , 4 260.0 6384.2 

5 448.0 6384,2 
1,2 87 . 0 8324.6 
3,4 250.0 8324.6 

5 449.0 8324.6 
1 , 2 85 , 9 8324.6 
3,4 253 . 8 8324,6 

5 444.0 8324.6 

Table 9. 

! Pe Pe M M 
A 'ii Zs 'ii Zs 

Kai. Kai. Kai. Kai. Kai. 
0.13 0 0 0,18 0,18 
0,37 -0 . 01 -0.01 0,18 0.18 
0,65 - 0.02 -0 . 02 0 . 18 0,18 

0 . 13 0 0 0.18 0,18 
0.37 -0.01 -0 . 01 0,18 0,18 
0.65 -0 . 02 -0.02 0,18 0.18 
0,16 0 , 13 0,16 0,66 o. 79 
0.46 0 , 39 0 , 46 0.66 o. 79 
0.82 0 , 68 0,81 0,66 o. 79 

0 , 17 0 , 14 0 , 16 0.66 0. 79 
0,47 0.40 0,47 0.66 o. 79 
0,82 0.68 0.81 0,66 o. 79 
0,18 0,28 0.39 0 , 98 1.36 
0 . 51 0.81 1.12 0.98 1.36 
0.91 1.46 2 . 02 0 . 98 1.36 
0.17 o.28 0,39 0,98 1.36 
0 . 51 0.82 1.14 0.98 1.36 
0.91 1 . 44 2.00 0 , 98 1.36 

CALCULATED STRAIN DISTRIBUTION 

fT 
f ·- !. E • fll+ f f'M 

f •• !+~ ft M E • __!! ~'M- E •-E • - fTM• ft - Zr TM le II A z8 II le II 8M le T A Zt 
ln/1!,. ~g-5 ln/ln x 10"5 -· ln/ln x 10"5 Kai. bl. Ital , ln/ln x 10 Ital . 

-1.13 • 2 . 5 -0.31 • 5.9 -0.13 • 2.5 +o.05 + 0.94 
-0 . 36 - 6.8 -0 . 54 -10.0 -0.36 • 6 . 8 -0.18 • 3.4 
-0.63 -11 . 9 -0.81 -15 . 3 -0.63 -11.9 -0 . 45 - 8.5 
-0 . 13 - 2.5 -0.31 • 5 . 9 -0.13 - 2 . 5 +o.05 + 0.94 
-0 . 36 - 6.8 -0.54 -10 . 0 -0.36 - 6.8 -0.18 • 3.4 
-0.63 -11.9 -0 . 81 -15 . 3 -0.63 -11.9 -0 . 45 • 8.5 
-0.03 • 0,6 -0.69 -13 . 0 -0.32 • 6 . l +o.47 + 8.8 
-0.07 - 1.3 -o. 73 -13 . 8 -0 . 92 -17 . 4 -0.13 - 2. 5 
-0 , 14 • 2.6 -0 . 80 ·15.1 -1.63 -30 . l -0.84 -15. 9 

-0.03 • 0,6 -0.69 -13.0 -0.33 • 6.2 +o.46 + 8 . 7 
-0. 07 - l.3 -0.73 -13 . 8 -0.94 -17. 7 -0.15 • 2;8 
- 0.14 • 2.6 -0 . 80 -15 . 1 -1.63 -30. l -0.84 -15 . 9 
+o.10 + 1.9 -0.88 -16.6 -0 . 57 -10. 7 +o.79 +14 . 9 
+o.30 + 5,7 -0.68 -12 . 8 -1.63 -30.8 -0;27 • 5.1 
+o,55 +10 , 9 -0 . 43 - 8 . 1 -2 . 93 -55. l -l.57 -29 . 5 

+o.11 + 2.0 -0.87 -16 , 4 -0.56 -10.5 +o.80 +15.2 
+o.31 + 5.8 -0.67 -12. 7 -1.65 -31.0 -0.29 • 5. 5 
+o , 54 +10,4 -0.44 • 8.2 -2.90 -54.8 -1.54 -29 , 0 



4. Tendons B, C, and D stressed - full dead load acting 

5. Tendons A, B, C, D, and E stressed - full dead load 

acting. 

The computations are shown in Table 9. The computed strain pro-

files are shown in Fig. 37 together with the corresponding measured 

strains. 

It is apparent that the measured strains for the west girder are 

in much better general agreement with the theoretical strain profiles 

than the measured strains for the east girder. A slight lateral bow-

ing of the east girder was noted during the post-tensioning operation, 

and it is possible that the resulting secondary strains modified the 

values of the principal longitudinal strains. Another possible explana-

tion for the discrepancy is that in some way the effective prestress 

force applied to the west girder was greater than the force applied to 

the east girder. The stressing procedures were identical in nature, 

discrepancies noted were minor, and the observed vertical movements of 

both girders were in reasonably good agreement. It should be observed 

that, in general, the measured strain profiles after partial stressing 

of the girders fell between the computed strain profile for the case 

of zero dead load and the profile based on the full dead load acting. 

Thus, it appears that an increasing portion of the dead load was effec-

tive for each prestress increment, even though the exact amount could 

not be ascertained. It should be noted that no significant tensile 

stresses due to dead load we re developed during the stressing operation 

because the soffit forms provided partial support until the full dead 

load was transferred to the stressed tendons. 
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Deflections Subsequent to Post-Tensioning 

The deflection computation of prestressed concrete members is 

complicated by the large number of variables involved, In addition 

to the effect of the applied loads and the eccentricity of the pre-

stressing force, the effect of such inelastic phenomena as creep and 

shrinkage must be considered in the prediction of the resultant net 

deflection. Lin1 proposes a formula of the form 

(13) 

in which At= deflection at any time, t, after stressing, 

This 

Ct= creep coefficient expressing the relationship between 

the deformation at a particular time, t, and the 

initial elastic deformation. 

LlFt= deflection due to the effect of effective tendon 

force at time, t. 

LlDL= deflection due to the effect of dead load, 

method assumes that the deflection at a particular time may 

expressed as a ratio of the net effect of the tendon force acting at 

be 

that time and the dead load of the member, From the general nature of 

creep deformations it is known that they are not generally recoverable 

and, in fact, are usually additive in nature. In the case in whi ch large 

losses in the effective tendon force take place gradually, substantial 

creep losses are developed at a relatively early stage. The proposed 

formula ignores these effects in computing long-time deformations. For 

example, consider the case in which the tendon uplift was initially one 

in , , and the dead load deflection was 0.80 in. This member would have 

an initial camber of 0.20 in. 
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Assuming realistic values for the tendon relaxation and for the creep 

coefficient, the calculated deflections would be as follows: 

Time Tendon Loss Creep Coefficient Net Camber 

% ct in. 

0 mo. 0 1.0 0.20 

6 mo. 6 2.5 0.35 

1 yr. 10 2.75 0.275 

2 yr. 15 3.0 0.15 

Thus, even though the initial effect of an inunediate fifteen percent 

loss in tendon stress would have amounted to only 0.15 in. deflection, 

the computed values would indicate that the five percent loss in tendon 

stress which occurred between the one-year and two-year period would 

have caused a deflection of 0.125 in. This conclusion does not appear 

reasonable because the overall deflection pattern indicates that creep 

should still be effective in increasing the camber during this period, 

whereas the elastic action would account only for a loss of 0.05 in. 

The remainder of 0.075 in. would not be an elastic loss. It would then 

of necessity be a recovery of the creep deformations, but this would 

be in contradiction to the general nature of known creep behavior. 

If no cognizance were taken of the effect of the tendon stress 

relaxation, the deflections could be predicted by the formula 

(14) 

in which .4F is the deflection due to the initial effective tendon 
0 

force. Substitution of the values used in the previous example into 

this formula yields the following calculated deflections: 
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Time Tendon Loss Creep Coefficient Net Camber 
% ct in. 

0 mo. 0 1.0 0.20 

6 mo. 6 2.5 0.50 

1 yr. 10 2.75 0.55 

2 yr. 15 3.0 0.60 

Obviously the above results are in error due to the known loss in 

camber resulting from tendon stress relaxation. These values can be 

regarded, however, as representing the extreme upper limit for residual 

camber. The previous example can be considered to give the extreme 

lower limit for deflection of the member. The actual deflection pattern 

should fall somewhere between these limits. If it were possible to 

express the creep coefficient and the tendon stress losses as time func-

tions, then a theoretically exact solution could be obtained by the use 

of difference methods. The creep coefficients and the various tendon 

stress loss components can, however, at best only be determined in an 

approximate manner. The average of these two limits was therefore used 

as a reasonable method for predicting the resulting deflections. This 

approximation results in the expression 

L1 C ( L1Fo + LJF-1. + A ) t = t z LJOJ. (15) 

When eq. (15) is further modified to include the deflection due to loads 

applied for short-time periods or after most of the creep losses have 

taken place, 

(16) 

where L'.lAL is the deflection due to short-time loads. 
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2.90 1.211 

1.0 0.811 
2.55 0.811 
2.55 0.811 
2.75 0.811 
2.90 0.811 

Table 10. - THEORETICAL GIRDER DEFLECTIONS 

Tendon Losses % 
6Ft 601 

6AL - in. 
Elastic Concrete Concrete Tendon Tota Deck Hand lit 

Short. Shrinkage Creep Relax. in. in. Slab Rail in. 

4.0 0 0 0 4.0 1.211 o. 960 - 0 0 0.251 
4.0 1.0 3.9 2.0 10.9 1.128 0.960 0 0 0.534 
4.0 1.0 3.9 2.0 10.9 1.128 0.960 0.234 0.019 0.281 
4.0 2.0 4.2 3.0 13.2 1.098 0.960 0.234 0.019 0.282 
4.0 2.0 4.5 4.0 14.5 1.080 0.960 0.234 0.019 0.283 

4.0 0 0 0 4.0 0.811 0.667 0 0 0.144 
4.0 . 1.0 3.9 2.0 10.9 0.755 0.667 0 0 0.298 
4.0 1.0 3.9 2.0 10.9 0.755 0.667 0.160 0.013 0.125 
4.0 2.0 4.2 3.0 13.2 0.735 0.667 0.160 0.013 0.121 
4.0 2.0 4.5 4.0 14.5 o. 724 0.667 0.160 0.013 0.117 



With the same values assumed in the two preceding examples, the 

deflections predicted by Eq. (15) are: 

Time Tendon Loss Creep Coefficient Net Camber 
% ct in. 

0 mo. 0 1.0 0.20 

6 mo. 6 2.5 0.425 

1 yr. 10 2.75 0.413 

2 yr. 15 3.0 0.375 

These values, while certainly not representing an exact solution of the 

problem, give a reasonable approximation to the behavior expected for a 

typical prestressed beam. 

In Fig. 28 the measured girder deflections are compared to the theo-

retical values as computed from Eq. (16), utilizing the data for the east 

girder. The computations for the theoretical deflection values are shown 

in Table 10. The creep coefficients, Ct, were obtained from the assumed 

creep curve shown in Fig. 38. This curve is based on the shape of an 

idealized curve recommended by Lin1, modified for an over-all creep coef-

ficient of 3.0 in accordance with normal design assumptions. 

The magnitude of the tendon relaxation losses were based on the 

results of the companion test programs. Losses due to elastic shortening 

were based on an assumed average uniform allowance of four percent as 

previously explained, and the effect of concrete creep was calculated from 

the formula 

in which Ct was obtained from Fig. 38 and fc (the average concrete 
ave 
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compressive strength over the entire girder) was determined as 820 psi 

by averaging the values of the calculated stress profiles. The theoreti-

cal values are in good agreement with the measured deflections for the 

initial 150 days prior to construction of the deck slab and appear to 

confirm the assumptions in Eq. (15). 

The construction operations involved in the casting of the deck 

slab, removal of the shores, and placement of the hand railing took 

place over a period. of several weeks and for the purpose of simplicity 

the overall deflection due to these various operations is shown as acting 

at 150 days. The computed deflections due to the weight of the cast-in-

situ slab upon removal of the shores are shown in Fig. 39. These values 

were computed on the basis of full continuity of the precast girders for 

the weight of the deck slab only at the time of placement of the deck 

slab, and for full composite action between the girders and the deck slab 

at the time of removal of the shores. It should be noted that at the 

time of removal of the shores the actual deflections were of a much smaller 

magnitude than those indicated by the computations. This would indicate 

that the shores yielded under the additional dead load at the time the 

deck slab was placed . That this must actually have been the case may be 

presumed from the continued yielding of the shores as determined from the 

observed elevations at 146 days and at 153 days. Since the deflections 

were measured at the shoring stations, if full continuity had been developed 

for the dead load of the slab, the elevations at these stations would have 

remained unchanged. The deflections due to the handrail load were calculated 

as shown in Fig. 40. 
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A further discrepancy in the readings was caused by the construc-

tion procedure required in preparing the girders to receive the deck 

slab. In erecting the formwork for the deck slab and girder-connecting 

diaphragms, the girders were aligned vertically with crossed guy wires 

to enable correct placement of the forms. This alignment was performed 

between the set of readings taken at 139 days and those taken at 146 

days. A close inspection of Fig. 28 shows that the east girder stations 

were depressed and the west girder stations were elevated approximately 

equal amounts during that period. This procedure was necessary to equal-

ize the initial precast girder deflections. 

Several other variables which may have influenced the bridge deflec-

tions should also be considered. Foremost among these is the actual effect 

of the shores in developing composite action. If shores had not been 

used, the deflection at the center point due to a uniform load equal to 

that of the deck slab would have been 0.337 in., since composite action 

would not have been developed until after the load was applied. Coupled 

with the effect of the railing dead load, the theoretical centerline 

camber would have been reduced to a value of 0.175 in. which would have 

been less than the actual measured values. With the precast girder 

shored and assuming composite action to be fully effective, the predicted 

deflection would be 0.234 in. based on the computations shoWR in Fig. 39. 

The latter value compares reasonably well with the observed deflections 

between 137 days after stressing and 177 days after stressing. This 

period corresponds to the time of placement of the deck slab. It can 

be concluded that the effect of shoring to take advantage of composite 

action can be predicted by analysis and that such shoring can be effec-

tively used to control deflections under normal loads. 
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Another important variable which influences the bridge profile is 

the effect of differential shrinkage between the cast-in-situ slab and 

the original girders. Since the girders had already undergone much of 

their shrinkage at the time of the casting of the deck slab, an appre-

ciable amount of differential shrinkage could be developed between the 

slab and the girders. Such shrinkage would tend to induce compressive 

stresses in the top flanges of the original girder and hence produce a 

positive bending moment in the section. As a rough approximation, the 

magnitude of the potential shrinkage force can be considered to be equal 

to the product of the cross-sectional area of the cast-in-situ slab and 

its average shrinkage stress. Since composite action between the girder 

and the cast-in-situ slab restrains shrinkage of the deck slab, tensile 

stresses will be produced in the slab; thus, the average stress .level 

in the slab can be estimated by considering the tensile properties of 

the concrete. Assuming the tensile strength of concrete, ft, to be 

approximately 0.10 f' (in this case, 500 psi), a series of hairline 
C 

cracks would be developed along the length of the girder wherever the 

tensile stress exceeded this value. On the basis that the stress in 

the slab would then vary between 0 psi (at the crack) and 500 psi (at 

an incipient crack), an average stress value of 250-psi can be assumed. 

The product of this stress by the area of the slab was therefore used 

as the potential differential shrinkage force in the slab. Since this 

force acts at the centroid of the slab, the effective eccentricity is 

the distance between the centroid of the slab and the centroid of the 

composite section. The magnitude of the moment produced at a given 

section by the differential shrinkage of the top slab is given by the 

product of the shrinkage force and the eccentricity. The computations 
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for the predicted differential shrinkage deflections of this structure 

are given in Fig. 40. 

The computed shrinkage deflection at the centerline is 0.088 in. 

It appears quite probable that the effect of differential shrinkage 

accounts for at least a portion of the gradual deflection noted in the 

period between 153 and 322 days after stressing, since no additional 

dead loads were imposed on the structure after 194 days. Although the 

continued deflection during this period was probably primarily influ-

enced by the effect of this differential shrinkage, the observed results 

may have been modified by differential temperature effects,by creep due 

to altered stresses in the girders and slab resulting from the super-

imposed slab load, and by continued tendon stress relaxation. 

Longitudinal Strains Subsequent to Post-Tensioning 

In general, the longitudinal strain measurements subsequent to 

post-tensioning reflected principally the effect of creep and shrinkage 

and, to a lesser extent, the effect of the composite action. Since the 

stresses and, hence, the strains produced by placement of the deck slab 

and of the hand railing were of a comparatively small magnitude, it was 

difficult to correlate the observed readings with the computed data in 

anything more than a general way. Fig. 41 illustrates the general trend 

of the strain readings at several stations selected at random from the 

longitudinal strain records in Table lA. It may be observed that the 

overall relationship of girder strain Y!• time differs somewhat from the 

relationship of girder deflection Y!• time. While both relationships 

are similar up to the period between 147 to 153 days after stressing 

(at which time the cast-in-situ slab was placed), they differ markedly 

from that time on. While the girder strains were relatively unaffected 
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by the placement of the slab, and all stations showed the influence of a 

positive bending moment at the time of removal of the shores, there 

apparently was an almost immediate strain recovery following this con-

struction operation since the strain readings returned to the same general 

pattern that they had been following. These patterns are quite similar 

to the patterns of creep curves in concrete for creep coefficients between 

2 and 4. It may be concluded that for materials subjected to appreciable 

inelastic deformations, the effects of additional small elastic deforma-

tions are quickly suppressed by the inelastic effects so that it becomes 

almost impossible to separate these effects. 

The longitudinal strain measurements also tend to emphasize the reduc-

tion of the inelastic effects of creep and shrinkage with time, It may 

be observed that the major portion of the inelastic changes took place 

during the first year after stressing and that subsequent changes were 

a great deal smaller. This result is in accordance with accepted theo-

ries of creep and shrinkage, 

Finally, the longitudinal strain measurements confirm Navier's 

hypothesis that the strain distribution at a section remains linear. 

It can be seen from a survey of Figs, A-1 to A-20 inclusive that the 

observed strain distributions were reasonably linear and remained linear 

even under considerable inelastic deformation. 

Strain Measurements in the Deck Slab 

The inclusion of strain gaging stations in the deck slab provided 

an opportunity to evaluate the effectiveness of composite action between 

the girders and the slab, Unfortunately, the location of the plugs in 

the top surface of the slab and in the center of the walkway proved to 

be a poor choice, It soon became apparent that the drilled gage-point 

holes were rendered inoperative through accidental or intentional 
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dislocations and alterations. H9wever, the stations located on the 

bottom surface of the slab as shown in Fig. 42 were not subject to this 

difficulty. Observed strains at both the top and the bottom stations 

are recorded in Table A-5 of Appendix A and the variations in the longi-

tudinal strains for the bottom surface of the cast-in-situ slab are 

plotted in Fig. 42. It should be noted that immediately upon removal 

of the shores, (153 days after stressing of the main girders and 7 

days after pouring of the cast-in-situ slab), all of the stations along 

the centerline of the lower surface of the deck slab indicated tensile 

strain. At the corresponding points on the top surface, the slab was 

subjected to compression. According to conventional elastic theory, 

all stations should have registered compressive strain upon removal 

of the temporary shores, since the centroid of the composite section 

lies below the bottom surface of the deck slab. This discrepancy may 

have been caused by localized transverse bending of the slab due to 

unequal deflection of the two girders upon removal of the shores. The 

effects of shrinkage of the cast-in-situ slab became immediately appar-

ent, however, since subsequent readings at all stations indicated com-

pressive strains which grew in magnitude with time at a diminishing 

rate. 
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General Sununary 

Chapter VI 

SUMMARY AND CONCLUSIONS' 

This report describes a program for a field study of the behavior 

of a prestressed concrete pedestrian overpass. The purpose of this 

study was to develop information which might be useful in the design 

and construction of future prestressed concrete structures. The field 

study was accompanied by a companion test program to determine the 

physical characteristics of the materials used in the actual construc-

tion. 

The results of the tests on the samples of steel used in the 

tendons indicated substantial agreement with the elastic properties 

claimed by the manufacturer. The efficiency of the Prescon Corpora-

tion button heads used for anchoring the wires in the tendons was 

determined and it was found that the spreader plate developed approxi-

mately 96 percent of the ultimate strength of the wire in the tendons. 

This stress level was slightly below the manufacturer's guaranteed 

minimum ultimate strength. The modulus of elasticity of the steel in 

the tendons found to be 28.8 6 which compared favorably with was X 10 psi 

the assumed design value of 29 X 106 psi. Relaxation tests were made 

using three of the samples furnished by the manufacturer. The relaxation 

losses during the initial 600-hour period were in excellent agreement 

with the values furnished by the manufacturer. However, a continuance 

of the test revealed that the relaxation losses do not cease after the 

600-hour period as has been assumed, but rather these losses continue to 

increase at a relatively constant rate up to, and possibly beyond, the 
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3,00Q~hour period of the test. This result verifies observations made 

b . 1 h i . 5,6,7 y severa ot er nvestigators. On the basis of the limited test 

program ~nd for tendons of similar material and stressed under similar 

conditions, a relaxation loss of five percent at 1,000 hours and ten 

percent at 3,000 hours is reconunended, Further investigation of this 

phenomenon is needed, because available test data are limited. Further-

more, information on the effect of grouting of the tendons and of creep 

in the concrete on over-all relaxation losses is completely lacking. 

Valuable information was obtained concerning the elastic and shrink-

age properties of concrete in the companion test program, Field control 

of the consistency of the mix was poor, especially for the first girder 

cast. As a result, there were sizeable differences in the quality of 

the concrete used in various parts of the girder. These differences 

made the correlation of observed and theoretical values, .influenced by 

such factors as the modulus of elasticity, extremely difficult. The 

shrinkage tests also revealed a large spread in observed values due to 

the differences in the concrete quality. Nevertheless the tests were 

useful in furnishing an approximation of the order of magnitude of 

shrinkage strains which could be expected with the materials used. Strain 

observations made with the Whittemore strain meter revealed that most of 

the specimens warped during the curing period, Warping of the specimens 

due to differential shrinkage of the faces of the specimen was noted 

both in the reinforced and in the unreinforced specimens, The companion 

test program for the creep investigation was abandoned after it was 

found that the instrumentation developed for the program was not suffi-

ciently stable. 
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The instrumentation for field observation of strains and deflec-

tions performed satisfactorily and proved to be convenient in its appli-

cation. The observed measurements were reasonable and consistent, with 

the exception of a few measurements which were obviously in error. Since 

over ten thousand field measurements were made during the course of this 

investigation, the incidence· of such errors was relatively infrequent. 

Strain and .deflection measurements made during the post-tensioning 

operation indicate that the girders may ha.ve been slightly overstressed, 

due to the fact that the frictional :characteristics of the tendons were 

not considered. The magnitude of th7 prestressing force was controlled 

by measurement of tendon elongation. ·,The observed force, based on the 

hydraulic jack calibration, was used £;t reference purposes only. The 

analysis of the observed strains and deflections during the post-tensioning 

operation was found to be complicated by 'the uncertainty involved in the 

transfer of the girder dead load from the soffit form to the tendons. It 

is significant to note, however, that no appreciable tensile strains were 

measured at any section of the girder during the post-tensioning opera-

tion. Even though small tensile strains were noted after the stressing 

of the first tendon, these strains were reversed upon the application of 

additional prestress. 

The deflection measurements during the period in which the cast-

in-situ slab was placed revealed that the construction procedure used 

introduced strains and deflections which were not considered in the 

design assumptions, The assumption made was that continuity would be 

developed for the dead load of the slab only. However, in setting up 

the slab and diaphragm forms and prior to the placing of the deck slab, 

the girders were realigned by means of crossed wires to permit leveling 
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of the forms. This construction practice resulted in the shifting of 

a portion of the load from one girder to the other girder. This result 

is indicated by the change in the deflection profiles shown in Fig. 28 

for the period between 139 days and 146 days. It may be seen that the 

elevations for the east girder stations were depressed an amount almost 

equal to the increase in elevation of the west girder at corresponding 

stations. T_he effect of such corrections in the construct~on procedure 

is almost impossible to predict, and interpretation of the data is there-

fore extremely difficult. It was unfortunate that in setting up the 

forms for the deck slab the shores were placed at the location of the 

deflection measuring stations, so that data just prior to and during the 
.. 

casting operation could not be obtained. For the condition of full con-

tinuity assumed in the design calculations, the supports must be rigid. 

From the deflection profiles in Fig. 28, it may be seen that the girder 

elevations decreased at the support points between the time of placing 

of the concrete and the removal of the shores. This decrease indicates 

that the shores yielded under the load of the cast-in-situ slab, and 

hence, a loss of continuity occurred. 

Development of composite action between the cast-in-situ deck slab 

and the precast girders was confirmed by the observed deflection measure-

ments. The measured deflections were in much closer agreement with the 

predicted values for composite action than they would have been had no 

composite action been assumed. Shoring the girders before placing of 

the deck slab was found to be effective in reducing the dead load deflec-

tions and in equalizing small discrepancies in initial camber of the pre-

stressed girders. Finally, the time-dependent behavior of the structure 

was found to be predictable from a consideration of the material proper-

ties and the applied loads. With proper assessment of the tendon 
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losses, due to such factors as elastic shortening, shrinkage, creep of 

the concrete, and relaxation of the steel, the deflection of a structure 

at any given time may be estimated by the formula 

(16) 

The deflection components used in Eq, (16) may be calculated by the con-

jugate beam method. Using the measured values of the prestress force 

and the elastic modulus, and with the moment of inertia based on the 

gross concrete section, the deflections predicted by Eq. (16) were found 

to be in good agreement with the observed values. The effect on the 

deflection of the differential shrinkage between the concrete in the 

girders and that in the cast-in-situ slab was found to be one of the 

most difficult variables to assess. An approximate method for evaluat-

ing this factor was developed, and while the measured deflections tended 

to confirm the theory, it was not conclusively proven. 

Conclusions and Recommendations 

Although the test program was extremely limited in nature, since 

in effect it involved only the use of a single test specimen, the fol-

lowing conclusions are believed to be warranted: 

1. With suitable precautions, the field instrumentation 

developed for this program will permit the measurement of 

strains and deflections to an accuracy suitable for the 

evaluation of structural behavior. 

2. The over-all behavior of the structure was found to be 

in reasonable agreement with the assumptions made in its 

design. 
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3. The assumption that the tendon losses may be approxi-

mated as fifteen percent of the initial prestress force 

was confirmed by a comparison of the measured deflection 

with the calculated values based on the actual properties 

of the materials used in the structure, 

4, The technique of providing temporary shores for the 

girders during the placing and curing of the cast-in-situ 

slab was found to be effective in developing composite 

action before transfer of the slab dead load and in equal-

izing minor differences in the camber of the precast girders. 

The following recommendations are made in addition to those con-

tained in the body of the report: 

1. Strain gaging stations should be provided on both sides 

of all members instrumented to permit the measurement of 

transverse strain gradients, as well as the measurement of 

the longitudinal strain gradients. Furthermore, since the 

measurements of deflections are comparatively simple and 

rapid, a larger number of deflection stations could be 

used with profit on long spans. This particular study was 

hampered because the deflection stations were not accessible 

while the temporary shores were in place. 

2. The results from the limited tendon stress-relaxation study 

indicate the desirability of a comprehensive investigation of 

the phenomenon of stress relaxation for extended time periods. 

As a part of this study, the relaxational characteristics of 

both grouted and ungrouted tendons and the long term effect 

of temporary initial over-stress should be investigated. 
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3. A comprehensive study should be undertaken to determine 

the influence of creep and shrinkage on the deflection of 

prestressed concrete structures. In particular, the effect 

of composite action and of differential shrinkage should be 

further investigated. Both model studies, under controlled 

conditions, and further field studies would be desirable to 

accomplish these ends. 

4. A comprehensive set of instructions should be prepared 

and made available to all field personnel assigned to pro-

jects involving prestressing operations. These instructions 

should be concise but should include complete descriptions 

of both the pre-tensioning and the post-tensioning procedures, 

and should discuss the effects of creep, shrinkage, relaxation, 

elastic changes, tendon wobble, and friction. Check lists 

should be provided as a guide in the inspection and control 

of prestressing operations, and typical examples of the field 

calculations required for the determination of the effective 

prestress force should be made available. 

5. The contractor should be required to furnish the resi-

dent engineer certified calibration curves for his stressing 

equipment prior to the post-tension operation, as well as a 

detailed schedule of the proposed stressing sequence. In 

the course of stressing each tendon, the actual elongations 

and the actual applied load should be checked periodically 

to establish the magnitude of the tendon wobble and friction 

losses. 
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Table A-la. STRAIN MEASUREMENTS 
South End of East Girder 

Whittemore Gage Readings Corrected For Temperature Variation 
Compressive Strain Denoted by - Sign 

Elapsed Point 1 Point 2 Point 3 
Strain Strain Strain Date Note Time Reading X 10-5 Reading in 10-5 Reading ~xl0-5 (Days) -. X . 
lil. in in 

12-5-57 1 0 446.0 0 459.0 0 511.0 0 
12-5-57 2 0 445.5 - 0.5 456.5 - 2.5 510.5 - 0.5 
12-5-57 3 0 444.0 - 2.0 455.5 - 3.5 508.5 - 2.5 
12-5-57 4 0 442.5 - 3.5 453.5 - 5.5 507.5 - 3.5 
12-5-57 5 0 4li. 1. 5 - 4.5 4<;?. 5 - 6 5 c;n5 o - 6.0 
12-5-57 6 0 437.0 - 9.0 451.0 - 8.0 504.0 - 7.0 
1-27-58 53 438.0 - 8 0 451.0 - 8 0 c;n4_5 - 6.5 
2-19-58 76 li.?8. 5 -17 5 li.M, c; -1? 5 c;nn o -11.0 
1-?7-t:;8 11? 41n.o -16 O 441 <; -Vi c; L,.qq n -1? n 
4-30-58 7 146 - - 438.5 -20.5 494.0 -17.0 
5-7-58 8 153 431.0 -15.0 445.0 -14.0 498.0 -13.0 
5-7-58 9 153 434.5 -11.5 451.5 - 7.5 500.5 -10.5 
5-21-58 167 440.0 - 6.0 454.0 - 5.0 505.0 - 6.0 
f.-17-<;R 1n 10/, /,? c; <; .?n c; /.!,1 <; -17 <; /,0? <; .1 R <; 
6-30-58 207 422.5 -23.5 41q 5 .1q_5 489 5 -? 1 5 
8-6-58 244 420.5 -25.5 438.5 -20.5 488.5 -22.5 
10-10-58 309 520.5 +74.5 439.5 -19.5 491. 5 -19.5 
12-29-t:;R 389 Li.?? <; -?1 c; t_._t..n c; -lR <; l,.q? 5 -lR c; 
3-10-59 460 417.5 -28.5 437.5 -21. 5 487.5 -23.5 
5-1 Li.-5q t:;?5 418 5 -?7 5 4,A 5 -20 5 486 5 -?4 5 

Note Explanation 

1 Immediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 Immediately After Removal of Shores 

10 Bridge Complete, Railing in Place 
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Point 4 
Str,iin 

Reading inx 105 
in 

586,0 0 
585.5 - 0.5 
584,5 - 1.5 
584.0 - 2.0 
t:;Rl .O - 5.0 
581.0 - 5 0 
581.0 - 5.0 
578 5 - 7 c; 
<;7<; c; -1 n c; 
572. 5 -13.5 
574.5 -11.5 
578.5 - 7.5 
584.0 - 2.0 
<;71 <; _,? c; 
573. 5 -1? 5 
566.5 -19.5 
571. 5 -14.5 
57n c; _, <; <; 
566.5 -19.5 
567 5 -18 5 



Table A-lb. STRAIN MEASUREMENTS 
South End of West Girder 

Whittemore Gage Readings Corrected For Temperature Variation 
Compressive Strain Denoted by - Sign 

Elapsed Point 1 Point 2 Point 3 
LStrain Strain Strain Date Note Time Reading_ x 10 -5 Reading • < Reading in -5 (Days) X 10-- -:-x 10 
in 1.n 1.n 

12-5-57 1 0 478.0 0 469.0 0 514.0 0 
12-5-57 2 0 474.0 - 4.0 465.0 - 4.0 509.0 - 5.0 
1 ?-'>-'>7 3 0 471 0 - '>.0 l,.f,l,._ 'i - 4.5 r;nQ.O - 5 .0 
12-5-57 4 0 472.0 - 6.0 463.0 - 6.0 507.0 - 7.0 
12-5-57 5 0 471.0 - 7.0 461.0 - 8.0 503.0 -11.0 
12-5-57 6 0 466.0 -12.0 457.0 -12.0 501.0 -13.0 
1-27-58 53 471.5 - 6.5 457.5 -11.5 502.0 -1?.0 
?-lQ-r;R 76 t,.f,7 0 -11 0 4r;, 0 _,f, 0 l,.Ql,. i; _, Q. i; 
3-27-58 112 467.0 -11.0 455.0 -14.0 495.5 -18.5 
4-30-58 7 146 - - 446.S -22.5 489.0 -25.0 
5-7-58 8 153 460.0 -18.0 449.0 -20.0 492.0 -22.0 
5-7-58 9 153 465.5 -12.5 456.0 -13.0 497.5 -16.S 
5-21-58 167 460.0 -18.0 451.0 -18.0 494.0 -20.0 
6-17-58 10 194 456.0 -22.0 446.0 -23.0 488.0 -26.0 
6-30-58 207 454.0 -24.0 443.0 -26.0 484.0 -30.0 
8-6-58 244 452.0 -26.0 440.0 -29.0 483.0 -31.0 
10-10-58 309 452.0 -26.0 439.0 -30.0 484.0 -30.0 
1 ?-29-58 ,RQ 4'>'>.0 -23.0 442.0 -27.0 489.0 -25.0 
3-10-59 460 450.0 -28.0 439.0 -30.0 484.0 -30.0 
5-14-59 r;?.5 l,.r;Q 0 -?R 0 436 0 -33.0 l,.R2 0 -12 0 

Note Explanation 

1 Immediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 Immediately After Removal of Shores 

10 Bridge Complete, Railing in Place 
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Point 4 
Strain 

Reading • _< 
X 10--

ln 
565.0 0 
558.S - 6.5 
r;r;R 0 _ 7 n 
556.S - 8.5 
551.0 -14.0 
550.0 -15.0 
'i'i2.5 · -12. 5 
r;l,.l,. i; -?O i; 

547.5 -17.5 
537 .o -28.0 
541.0 -24.0 
547.0 -18.0 
545.0 -20.0 
538.0 -27.0 
r;l,.? .0 -? 1 .0 
532.0 -33.0 
534.0 -31.0 
~39.0 -26.0 
535.0 -30 . 0 
'>12 0 . ".\, 0 



Table A-le. STRAIN MEASUREMENTS 
South Quarter Point of East Girder 

Whittemore Gage Readings Corrected For Temperature ,Variation 
Compressive Strain Denoted by - Sign 

Elapsed Point 7 Point 8 Point 9 
Strain Strain Strain Date Note Time Reading Reading • C Reading (Days) X 105 l.n 10-- in X 105 
li.n in X in 

12-5-57 1 0 531.0 0 c;n7. s 0 51?.0 0 
12-5-57 2 0 530.0 - 1.0 506.0 - 1.5 532 .o 0 
12-5-57 3 0 529.5 - 1.5 505.5 - 2.0 532.0 0 
12-5-57 4 0 529.0 - 2.0 503.5 - 4.0 530.0 - 2.0 
12-5-57 s 0 527 .0 - 4.0 501.0 - 6.5 527 .o - 5.0 
12-5-57 6 0 526. 5 - 4.5 500.0 - 7.5 525.5 - 6.5 
1-27-58 53 532.5 + 1.5 502.0 - 5.5 526. 5 - 5.5 
2-1Q-'i8 7h <;?4 «; - n - c; 478 «; -2Q 0 [if,?_«; -69.5 
3-27-58 112 527 .o - 4.0 494.0 -13.5 524.0 - 8.0 
4-30-58 7 146 - - 490.5 -17.0 515.5 -16.5 
5-7-58 8 153 523.0 - 8.0 495.0 -12.5 520.0 -12.0 
5- 7-"iR 9 l '>1 51n.o - 1.0 LLQ9.0 - 8.5 "i?Li.0 - 8.0 
5-21-58 167 515.0 -16.0 487.0 -20.5 513.0 -19.0 
6-17-"i8 1n 194 518.0 -11.0 490.0 -17 .5 511 n _1q_n 
6-30-'-R 207 519.0 -12.0 492.0 -1';.5 516.0 -16.0 
8-n- <;R ?l,_l,_ c;n 'i -1R 'i . liR'i 'i _,, 0 c;nq c; _,, 'i 
1n.1n.<;R ~no i:;1, n _,q n MV, n -?1" c;1Li n .1R n 
1?-29-'-R 389 r;12 .o -19.0 483.0 -24.5 509.0 -23.0 
3-10-59 460 509.5 -21. 5 481.5 -26.0 505.5 -26.5 
5-14-59 525 511.5 -19.5 482.5 -25.0 505.5 -26.5 

Note Explanation 

1 Immediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestre~sing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 Immediately After Removal of Shores 

10 Bridge Complete, Railing in Place 

102 

Point 10 
Strain 

Reading ~n X 10-5 
in 

412.0 0 
411.0 - 1.0 
410.0 - 2.0 
407.0 - 5.0 
401.0 -11.0 
402.0 -10.0 
398.0 -14.o 
548.5 +136. c; 
393.0 -19.0 
387.5 -24.5 
396.0 -16.0 
399.0 _11.o 
387.0 -25.0 
390.0 _,, n 
192.0 -20.0 
·u:11 5 -?R "i 

391.0 -?1 n 
386.0 -26.0 
380.5 -31.5 
380 . 5 -11 r; 



Table A-ld. STRAIN MEASUREMENTS 
South Quarter Point of West Girder 

Whittemore Gage Readings Corrected For Temperature Variation 
Compressive Strain Denoted by - Sign 

Elapsed Point 7 Poin., 8 PoiT t- 9 
Strain Strain Strain Date Note Time Reading . . Reading . . Reading Ii ,,; 

(Days) ~n xlO- ~n X 10-~ X 10-.., 
P. n 1n ID 

12-'l-">7 l 0 'll 9 0 0 47f> 0 0 M{f., 0 0 
12-5-57 2 0 514.5 - 4.5 472.5 - 3.5 481.0 - 5.0 
12-5-57 3 0 514.0 - 5.0 473.0 - 3.0 481.0 - 'l . O 
12-5-57 4 0 509.5 - 9.5 471.0 - S 0 477 0 - 9 0 
12-5-57 5 0 S07.0 -1?.0 t...f.<;. 0 -11 0 474 0 -1? 0 
12-5-57 6 0 506.0 -13.0 463.5 -12. 5 471.5 -14.5 
1-27-<;A c;1 c;11 0 - 8 0 4"-l... c; -11 c; 47? 0 -14 0 
2-19-58 76 513.0 - 6.0 467.0 - 9.0 451.0 -35.0 
3-27-c;8 112 c;m.5 -16.5 458.5 -17.5 467.0 -19.0 
4-30-58 7 146 - - 464.0 -12.0 461.0 -25.0 
5-7-58 8 153 498.5 -20.5 454.5 -21.5 460.5 -25.5 
c;_ 7_c;8 q 1 <;1 c;oi; c; -11 c; t...f. c; c; -10.5 4f>8.5 -17.5 
5-21-58 167 495.5 -23.5 449.5 -26.5 456.5 -29.5 
6-17-58 10 194 495.5 -23.5 450.5 -25.5 459.5 -26.5 
6-10-C:Q ?07 /,Q7 r; -?1 i; t...<;1.c; -?L.... ') M,n.r; -2">. c; 
8-6-58 244 489.0 -30.0 442.0 -14.0 4'i1.0 -33.0 
10-1 n_ <;A 109 488.5 -30.5 440.5 -35.5 452.5 -33.5 
1?-29-'>R 1R9 48'i.5 -33.5 443.5 -32.5 455.5 -30.5 
1-1o_c;9 4f,Q 488.5 -30.5 440.5 -35.5 450.5 -35.5 
5-14-59 525 488.5 -30.5 439.5 -36.5 449.5 -36.5 

Note Explanation 

1 :µnmediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 Immediately After Removal of Shores 

10 Bridge Complete, Railing in Place 

103 

Point- 1n 
Strain 

Reading ~n X 10-5 
in 

,;10 0 0 
506.0 - 4.0 
i;ni:,.o - 4s0 
i;n-:t c; . - f., c; 
L...QR 0 -1?" 
496.5 -13.5 
<;nA 0 - ? 0 
">17.0 4-?7 .0 
c;o,.o - 8.0 
498.0 -12.0 
496.5 -13.5 
c;o1_5 - 6.5 
493.5 -16.5 
495.5 -14.5 
49">.5 -14. 'l 
489.0 _,, 0 
490.5 -19.5 
495.5 -14.5 
491.5 -18.5 
486.5 -23.5 



Table A-le. STRAIN MEASU-REMENTS 
Center of East Girder 

Whittemore Gage Readings Corrected For Temperature Variation 
Compressive Strain Denoted by - Sign 

Point 14 Point 15 Point 16 
Elapsed Strain Strain Strain Date Note Time Reading ~n X 10-S Readin~ 

X 10-5 Readin! ~n X 10-5 (Days) 1n 1n 10 
12-5-57 1 0 598.0 0 448.0 0 'iO'i.5 0 
1?-5-57 ? n f...nn .c; -1-? 'i l...l...Q 'i -1- n c; c;nf... c; ·-1- 1 n 
1?-'i-'i7 1 0 'iQ8.0 0 l...M,.O - 2 0 c;n, 0 - ,4 'i 
1?-'>-'>7 4 n i.qi. n - 1 n l...l...l... 'i - 1 " i.nn c; - c; n 
12-5-57 5 0 593.5 - 4.5 441.5 - 6 'i 4% 'i - q 0 
1?-5-57 6 0 595.0 - 3.0 l...l...? n - F. n t...oi. n -10 '> 
1-27-58 'i1 'iQ8 'i -1- O.'i 444 O - 4 0 l...01 0 - 1? 'i 
2-19-58 76 595.0 - 3.0 441.5 - 6.5 495.5 -10.0 
1-27-c;A 112 'iQ7 'i - 0. 'i t...1c;_ 'i - 1?. 'i l...88 'i -17 0 
4-30-58 7 146 - - 416.0 -1?.0 437.5 -68.0 
5-7-58 8 153 598.0 0 439.0 - 9.0 488.0 -17.5 
5-7-'>8 q 1 'i1 M'1 0 -1- 1 0 t...t...n o - 8 0 l...01 0 - 1? 'i 
5-21-58 167 586.0 -12.0 428.0 -20.0 481.0 -24.5 
6-17-58 10 194 587.0 -11.0 430.0 -18.0 481.0 -24.5 
6-30-'>8 207 590.5 - 7-5 l.i.11.5 -ll.i..5 l.i.85. 5 _,n.o 
8-6-58 244 586.5 -11.5 424.5 -23.5 477 .5 -28.0 
10-10-58 309 584.0 -14.0 426.0 -22.0 478 0 -27 5 
12-29-58 389 582.0 -16.0 425.0 -23.0 476.0 -29.5 
3-10-59 460 578.0 -20.0 422.0 -26.0 471.0 -34.5 
5-14-59 '>?5 577 .0 -21.0 421.0 -27 0 470.0 -1'> . 5 

Note Explanation 

1 Immediately Prior 'to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 Inmediately After Removal of Shores 

10 Bridge Complete, Railing in Place 

104 

Point 17 
Strain 

Reading !.!!_ X 105 
in 

c;L...Q 0 0 
,1,0' n n 
c;L...c; 0 - l... 0 
c.1.1 n - F. n 
'i17 5 -11 'i 
534.0 -15.0 
c;?q 0 -?O 0 
470.0 -79.0 
'il 6 'i -1? 'i 
'> 1 8 '> _1n i. 
522.0 -27.0 
c;?7 0 _,? n 
517.0 -12 O 
517.0 -32.[J 
'i?O 5 -?8" 
512. 5 -36.5 
515.0 -34.0 
512 .0 -37.0 
504.0 -45 0 
503.0 -46.0 



Table A-lf. STRAIN MEASUREMENTS 
Center of West Girder 

Whittemore Gage Readings Corrected For Temperature Variation 
Compressive Strain Denoted by - Sign 

l>nin 1 L.. 1>nin1: 15 l>ni n1 16 
Elapsed Strain Strain Strain Date Note Time Reading ~n X 105 Reading in X 10-5 Reading 

X 10-5 (Days) in in in 
12-5-57 1 0 495.0 0 479.5 0 482.0 0 
12-5-57 2 0 493.0 - 2.0 475.5 - 4.0 478.5 - 3.5 
12-5-57 3 0 491.5 - 3.5 475.5 - 4.0 477 .0 - 5.0 
12-5-57 4 0 489.0 - 6.0 473.0 - 6.5 472.5 - 9.5 
12-5-57 5 0 485.5 • 9.5 470.5 - 9.0 468.0 -14.0 
12-5-57 6 0 486.5 - 8.5 470.5 - 9.0 466.0 -16.0 
1-27-58 53 488.5 - 6.5 473.0 - 6.5 463.0 -19.0 
2-19-58 76 492.5 - 2.5 473.5 - 6.0 li.60.5 -21.5 
3-27-58 112 484.5 -10.5 466.0 -13.5 455.5 -26.5 
4-30-58 7 1 t..,; - - - - L..51LO -21.0 
5-1-'>R 8 1'11 M,? <; -1? " 456 '1 -?1 0 l,_l,_Q 0 .11 n 
'>-7-58 9 153 467.0 -28.0 464.0 -15.5 455.0 -27.0 
5-21-58 167 462.0 -33.0 461.0 -18.5 451.0 -31.0 
6-17-58 10 194 463.5 -31.5 458.5 -21.0 450.5 -31.5 
6-1.n.53 207 467.0 -28.0 462.0 -17.5 456.0 -26.0 
8.f;.c;A ?_M, L..c;A 0 -17 0 t..c;<;_n -24.'i L..L..L.._ ri -18.0 
10-10-58 309 455.0 -40.0 452.0 -27.5 444.0 -38.0 
12-29-58 389 458.0 -37.0 457.0 -22.5 446.0 -36.0 
3-10-59 460 455.0 -40.0 453.0 -26.5 443.0 -39.0 
'1-1 l,..<;Q '1?5 459 0 -36 0 450.0 -29 5 439.0 -41 n 

Note Explanation 

1 Immediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 Immediately After Removal of Shores 

10 Bridge Complete, Railing in Place 

105 

l>nint- 17 
Strain 

Reading . .,; 1:n X 10-., 
in 

483.5 0 
480.0 - 1 'i 
t..Rn.o - 3.5 
473.0 • 1n_ 'i 
468.0 -15.5 
464.0 -19.5 
458.5 -25.0 
'1?1 .5 .J.1..R 0 
451.0 -32.5 
4c;? .0 -31.5 
Ml 0 .L..? 'i 
451.0 -32.5 
451.0 -32.5 
451.5 -32.0 
453.0 -30.5 
L..L..1.0 .L..o. s 
442.0 -41.5 
444.0 -39.5 
440.0 -43.5 
t..11 n -u.6 " 



Table A-lg. STRAIN MEASUREMENTS 
North Quarter Point of East Girder 

Whittemore Gage Readings Corrected For Temperature Variation 
Compressive Strain Denoted by - Sign 

Point 21 Point 22 Point 23 
Elapsed Strai:, Strain Strain Date Note Time Reading 105 Reading ~n l<.I0-5 R.eadin~ in X 1()5 (Days) i X n . in in 

12-5-57 1 0 428.5 0 399-0 0 526.5 0 
12-5-57 2 n t..?o_n .._ n_i; 1QQ_n n r:.?1 n .._ n r; 
1?-5-57 · 3 0 "-?8_0 - 0_5 397.0 - 2_0 "'"- 0 - 2.5 
12-5-57 4 0 t..?6_ 'i - 2.0 ioi;._ 'i - 2_ 'i c;?l 'i - 'i 0 
12-5-57 5 0 425.5 - 3.0 393.5 - 5.5 518.0 - 8.5 
12-5-57 6 0 424.0 - 4.5 392.0 - - 7 .o 517.5 - 9.0 
1-27-58 53 426.5 - 2.0 393.0 - 6-0 516.5 -10.0 
2-19-'iR 76 t..11 .0 -17.5 386_5 - 1?. 5 51"- 5 -1? 0 
3-27-58 112 418.0 -10.5 387.0 -12-0 c;n8.o -18 5 
4-10-~R 7 1 t..f; - - - - ,;no. c; -17 0 
5-7-58 8 153 416.0 -12.5 . 386.0 -13.0 508.0 -18.5 
5-7-c;R 9 1 r;3 t..?2.0 - 6.5 '\R?_0 - 7.0 c;1n_5 -16_0 
5-21-58 167 416.0 -12.5 387.0 -12-0 508-0 -18.5 
6-17-r;.A 10 1 Q/, t..11 n -17.5 3R?.O -17.0 c;n1_0 _,1.s 
6-30-58 207 416.0 -12.5 383.0 -16.0 ,;01.0 .. --2:r::-:s 
8-6-c;R 2t..t. 41n_o -18.5 ,Rn_o -19_0 - -:: i;nn_o -26.'i 
10-10-58 309 403.0 -25.5 376.0 -23.0 497.0 -29.5 
12-29-58 389 t..nr;.o -?1.5 374.0 -25.0 l,,Q} .0 _ '\r;._ 'i 
3-10-59 460 402.5 -26.0 374.5 -24.5 4Q'-1.5 -11.0 
'i-1 t.,__r;q 525 402.0 -26.5 37b.O -29.0 492.0 -34.5 

Note Explanation 

1 ID1Dediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 ID1Dediately After Removal of Shores 

10 Bridge Complete, Railing in Place 
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Point 24 
Strain 

Reading in -5 
- X 10 in 

t..01 n n 
t..a? n - 1 n 
t..on o - 1 n 
t..sHI r; - l.,_ r; 
486.0 - 7.0 
487.0 - 6-0 
482-5 -10.5 
47g 'i -B 5 
475_5 -17 _ 5 
t..7'\ 'i -1Q r;. 
475.0 -18.0 
t,,77 0 -16.0 
473.0 _.... / -20.0 
47Lo _,, .0 
469.0 -24.0 
t..6Q_O -?t._o 
468.0 -25.0 
t..i;.r:._o -?A_O 
460.5 -'\?.5 
460.0 -33.0 



Table A-lb. STRAIN MEASUREMENTS 
North Quarter Point of West Girder 

Whittemore Gage Readings Corrected For Temperature Variation 

Date 
Point 23 Point 24 

Strain Note Strain 
Readin in x 10 

n 
Reading in x 10-s Reading 

n 

Note Explanation 

1 Iumediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 Iumediately After Removal of Shores 

10 Bridge Complete, Railing in Place 
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Table A-li. STRAIN MEASUREMENTS 
North End of East Girder 

Whittemore Gage Readings Corrected For Temperature Variation 
Compressive Strain Denoted by - Sign 

Elapsed 
Point 28 Point 29 Point 30 

- Strain Strain Strain Date Note Time -· -
!EX 105 :!;!! X 10-5 ~xl0-5 -

(Days) Reading Reading Reading 
n in 10 

12-5-57 1 0 597.5 0 574.5 0 520.5 0 
12-5-57 2 0 595.0 - 2.5 575.0 4- 0 C, 520.5 0 
12-5-57 3 0 5qc,_ 5 - 2.0 571.0 - L'i 'ilQ.0 - 1. C, 
12-5-57 4 0 586.5 -11.0 570.5 - 4.0 518.0 - 2.5 
12-5-57 --5 - ~ O 593.0 - 4.5 570.5 - 4.0 517.5 - 3.0 
12-5-57 6 0 588.0 - 9.5 5f>R.O - 6.5 51f..0 - I,. 5 
1-21.:. 58 53 588.5 - 9.0 569.0 - 5.5 518.0 - 2. 5 
2-19-58 76 586.0 -11.5 565.0 - 9.5 520.5 0 
3-27-58 112 574.0 -23.5 549.5 -25.0 498.0 -22.5 
4-30-'i8 7 1 ld, - - C,C,8 0 - lf. C, i:.ni:l · o - 1, C, 

5-7-58 8 153 577. 5 -20.0 556.5 -18.0 c,oo.o -20.5 
'i-7-'i8 9 1 C,1 583.5 -14.0 562. 5 -12.0 510.0 -10. 5 
5-21-58 167 579.0 -18.5 5C.Q.0 -15.5 505.0 -15.5 
6-17-58 10 194 575.0 -22 c, c,i;~ 0 -21 'i i;n, o -18 'i 
6-30-58 207 575.0 -22.5 555.0 -19.5 501.0 -19.5 
8-6-58 ' 244 574.0 -23.5 sc.o 0 -2L.. C, 4Qg 0 -21 'i 
10-10-C.R 10g C,f,Q. 0 -2Q C, ,;47 0 -27 'i l..OR 0 _,, C, 

12-29-58 389 570.0 -27.5 549.0 -25.5 498.0 -22.5 
3-10-59 !..f,O C,f,f,_0 -31. S c,41,. 0 -10 'i 401,. 0 -2f. C, 

5-14-59 525 563.0 -34.5 544.0 -30 . 5 ~91.0 -29.5 

Note Explanation 

1 Immediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place , 
9 Imnediately After Removal of Shores 

10 Bridge Complete, Railing in Place 

108 

Point 31 
Strain 

Reading in X 10-5 
10 

507.0 0 
C.06. C, - 0 C, 
c,nc, o - ? 0 
503.5 - 3.5 
501.5 - 'i. 5 
c.o,.o - 5 0 
c,04_ C, - 2 C, 
503.0 - 4.0 
491.0 -16.0 
1.a~ n _,1,. 0 
b.Ql.5 -15.5 
M6.5 -10.5 
491.0 -16.0 
t..QQ 0 -1A 0 
486 0 -21.0 
t..Q1 0 _,1,. 0 
t..Qf, 0 _,, 0 
485.0 -22.0 
l..QO 0 -27 0 
478.0 -29.0 



Table A-lj. STRAIN MEASUREMENTS 
North End of West Girder 

Whittemore Gage Readings Corrected For Temperature Variation 
Compressive Strain Denoted by - Sign 

Date 
Elapsed1--.....i...w.i...._....tw'--l--~i..w..i.u_1.__."'""_4-_...r..i.u.w1,1,o-""'-lit._-4-_....,.,1,1.,1...u.,...-..1i......_-1 

Note Time 
(Days) 

Note Explanation 

1 ltllllediately Prior to Prestressing 
2 After Stressing Tendon C 
3 After Stressing Tendon D 
4 _After Stressing Tendon B 
5 After Stressing Tendon E 
6 At Completion of Prestressing 
7 After Deck was Placed -- Shores in Place 
8 Shores Still in Place 
9 Im:nediately After Removal of Shores 

10 Bridge Complete, Railing in Place 

109 



24" 

-20 -10 0 -40 -30 -20 -10 0 ·40 -30 -20 -10 0 -40 -30 -20 - 10 0 
ELASTIC STRAINS X 10-5 CREEP STRAINS X ,o- 5 CREEP STRAINS X 10·5 CREEP STRAINS X ,o-• 

TENDONS A&E 

12-1/4" WIRES 

TENDONS e.c.a D 

10- 1/4" WIRES 

TENSIONING SEQUENCE 

c,o.e.E,A 

Fig. A-1. 

AFTER STRESSING 

TENDON C 

TENDON D 

TENDON B 

TENDON E 

TENDON A 

NOTE : 

0 DAYS 

AT COMPLETION 

OF STRESSING 

53 DAYS 

76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMBER 

OF DAYS AFTER STRESSING 

* AFTER DECK IS POURED 

T SHORES STILL IN PLACE 

-t---r- SHORES REMOVED 

:::: BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 
153 DAYS T 

153 DAYS ++ 

t 153 DAYS TT , . 

+ 167 DAYS 
194 DAYS :;: 

207 DAYS 

4 244 DAYS 

309 DAYS 

389 DAYS 
• 460 DAYS 

• 525 DAYS 

Strain Profile at South End of East Girder 
Stations 1 Thru 4 

tr 
ff f.' 

f!f 
' I 
' I 

I 
I 
I 

r' fl 

~! 
-20 - 10 0 -40 -30 -20 -10 0 -40 -30 -20 -10 0 -40 -30 -20 -10 0 

ELASTIC STRAINS x 10·5 CREEP STRAINS x 10-5 CREEP STRAINS x 10--5 CREEP STRAINS • 10·• 

TENDONS A&E 

12-1/4• WIRES 

TENDONS e.c. a D 

10-1/4• WIRES 

TENSIONING SEQUENCE 

c,D.B,E , A 

Fig. A-2. 

AFTER STRESSING 

TENDON C 

TENDON D 

TENDON B 

TENDON E 

TENDON A 

NOTE : 

0 DAYS 

AT COMPLETION 

OF STRESSING 

53 DAYS 

76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMBER 

OF DAYS AFTER STRESSING 

* AFTER DECK IS POURED 

+ SHORES STILL IN PLACE 

TT SHORES REMOVED 

t BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 

153 DAYS -r 

153 DAYS T T 

153 DAYS T T 

• 167 DAYS 

• 194 DAYS± 

9 207 DAYS 

• 244 DAYS 

309 DAYS 
3B9 DAYS . 460 DAYS 

525 DAYS 

Strain Profile at South End of West Girder 
Stations 1 Thru 4 
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24" 

TENDONS ASE 

12- 114" WIRES 

TENDONS e,c,a D 

10- 114" WIRES 
TENSIONING SEQUENCE 

C,O,B,E,A 

r ) 
f ' ( · 

Ii i 
/I I J: I 

' ' I I 

-20 -10 0 -40 -30 -20 -10 0 -40 
ELASTIC STRAINS x 1Ct5 CREEP STRAINS x 10- 5 

AFTER :STRESSING 

T ENDON C 

TENDON D 

T ENDON B 

TENDON E 

TENDON A 

NOTE : 

0 DAYS 
AT COMPLETION 
OF STRESSING 

53 DAYS 
76 DAYS 

112 DAYS 

ALL TIME·S REFER TO NUMBER 

OF DAYS AFTER ST RESSING 

Y AFTER DECK IS POURED 

-,- SHORES STILL IN PLACE 

-,--,- SHORES REMOVED 

:!: BRIDGE COMPLETE 

0 ' 
t ( 

)~ 
I I I 

I 

• 
-30 -20 -10 

CREEP STRAINS 1t 10-5 

112 DAYS 

146 DAYS * 
153 DAYS ·r 

153 DAYS -r ---r 

0 -4p 

, 

i 
i 

/ 
/ 
+ 

-30 -20 - 10 
CREEP STRAINS ·x 10-5 

153 DAYS -t-i· 

+ 167 DAYS 
194 oAvs+ 
207 DAYS 

4 244 DAYS 

309 DAYS 

389 DAYS 

460 DAYS 

• 5 25 DAYS 

,. 

0 

Fig. A-3. Strain Profile at South Quarter Point of East Girder 
Stations 7 Thru 10 

-20 -ro o -•o -30 - 20 -10 o -40 -30 -20 - 10 o -..o -30 -20 - 10 o 
ELASTIC STRAINS X 10·5 CREEP STRAINS X ,o-5 CREEP STRAINS x ,o-5 CREEP ST RAINS X ,o-5 

TENDONS A &E AFTER STRESSING 

12- 114" WIRES TENDON C 

TENDONS e.c,ao T ENDON D 

10- 114• WIRES TENDON B 

TENSIONING SEQUENCE TENDON E 

C,O,B,E,A TENDON A 

NOTE : 

0 DAYS 

AT COMPLETION 

OF STRESSING 

53 DAYS 

76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMBER 

OF DAYS AFTER STRESSING 

AFTER DECK IS POURED 

-r-- SHORES STILL IN PLACE 

-r--1- SHORES REMOVED 

:!: BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 
153 DAYS - i-

153 DAYS + + 

• 
• • 
.. 

153 .DAYS 
.,.,. 

167 DAYS 

194 DAYS:t 

207 DAYS 

244 DAYS 

309 DAYS 

389 DAYS 

460 DAYS 

!525 DAYS 

Fig. A-4. Strain Profile at South Quarter Point of West Girder 
Stations 7 Thru 10 
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TENDONS A aE 
12- 1/4-• WIRES 

TENDONS 8,C,8 0 

10- 114• WIRES 

TENSIONING SEQUENCE 

C,D,8,E, A 

v? 
J ! I /I I I 

I , I 

I I ! t, 
-20 -10 0 -40 -30 -20 -10 0 -40 -30 - 20 -10 0 -40 -30 - 20 ·10 0 

ELASTIC STRAINS 1. I0-5 CREEP STRAINS 1 10·1 CREEP STRAINS 1 10·1 CREEP STRAINS a 10·• 

AFTER STRESSING 

TENDON C 

TENDON D 

TENDON B 

TENDON E 

TENDON A 

NOTE • 

0 DAYS 

AT COMPLETION 

OF STRESSING 

53 DAYS 

76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMB~R 

OF DAYS AFTER STRESSING 

* AFTER DECK IS POURED 

T SHORES STILL IN PLACE 

·t--t SHORES REMOVED 

t BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 
153 DAYS 1" 

153 DAYS 11 

153 DAYS "t"T 

167 DAYS 

194 DAYSclc 

207 DAYS 

244 DAYS 

309 DAYS 

389 DAYS . 460 DAYS - 525 DAYS 

Fig. A-5. Strain Profile at Center of East Girder 
Stations 14 Thru 17 

TENOONS A 8E 

12 -1/4" WIRES 

TENDONS B,C,a D 

10-1/4" WIRES 

TENSIONING SEQUENCE 

C,D,B,E,A 

/I. 
/2 i I ti d ' 
' I 

.; I! 
' I 
' I 

.,; / 
)/," 

.!{1 
I .I 

-20 - 10 a -40 -30 - 20 - 10 o -40 -3o - 20 -10 o -40 -30 - 20 -10 o 
ELASTIC STRAINS 110·5 CREEP STRAINS 1 10·5 CREEP STRAINS x 10-5 CREEP STRAINS x 10-I 

AFTER STRESSING 

TENDON C 

T ENDON D 

TENDON B 

TENDON E 

TENDON A 

NOTE : 

0 DAYS 

AT COMPL ETION 

OF STRESSING 

53 DAYS 

76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMBER 

OF DAYS AFTER STRESSING 

* AFTER DECK IS POURED 

T SHORES STILL IN PLACE 

T T SHORES REMOVED 

~: BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 

153 DAYS T 

153 DAYS TT 

153 DAYS -,--t-

167 DAYS 
194 DAYS ~ 

9 207 DAYS 

9 244 DAYS 

309 DAYS 

389 DAYS 

460 DAYS 

• 5 25 DAYS 

Fig. A-6. Strain Profile at Center of West Girder 
Stations 14 Thru 17 
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TENDONS A& E 

12 - 114• WIRES 

TENDONS B,C, a 0 

10-1/4• WIRES 

TENSIONING SEQUENCE 

C,D,B,E,A 

-20 -10 0 -40 -30 -20 -10 0 -40 -30 -20 -10 0 -40 -30 -20 -10 0 
ELASTIC STRAINS x ,o-5 CREEP STRAINS x 10·15 CREEP STRAINS x 10·5 CREEP STRAINS x 10·11 

AFTER STRESSING 

TENDON C 

TENDON D 

TENDON B 

TENDON E 

TENDON A 

NOTE : 

0 DAYS 
AT COMPLETION 

OF STRESSING 

53 DAYS 
76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMBER 

OF DAYS AFTER STRESSING 

,. AFTER DECK 'IS POURED 

-r SHORES STILL IN PLACE 

•1··r SHORES REMOVED 

::: BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 
153 DAYS -t 

153 DAYS +-r 

153 DAYS 

167 DAYS 
194 DAYS+ 

• 207 DAYS 

* 244 DAYS 

309 DAYS 

389 DAYS . 460 DAYS 

525 DAYS 

Fig. A~7. Strain Profile at North Quarter Point of East Girder 
Stations 21 Thru 24 

-~ 
;,, 

TENDONS A& E 

12-1/4" WIRES 

TENDONS s,c,a D 

10-1/4" WIRES 
TENSIONING SEQUENCE 

C,D,B , E , A 

i p I 

rt! r 
i ) ) ,)} } 

' ' I l I/ ' I 6 

-20 -10 O -40 -30 -20 -10 0 -40 -30 -20 -10 0 -40 -30 -20 -10 0 
ELASTIC STRAINS x 10·15 CREEP STRAINS Jt 1015 CREEP STRAINS ll 10""' CREEP STRAINS x 10-5 

AFTER STRESSING 

TENDON C 

TENDON D 

TENDON B 

TENDON E 

TENDON A 

NOTE : 

0 DAYS 
AT COMPLETION 

OF STRESSING 

53 DAYS 

76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMBER 

OF DAYS AFTER STRESSING 

" AFTER DECK IS POURED 

-,- SHORES STILL IN PLACE 

.,--,- SHORES REMOVED 

::: BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 
153 DAYS 
153 DAYS ........ 

.. 
153 DAYS 

167 DAYS 

• 194 DAYS + 

• 207 DAYS 

* 244 DAYS 

309 DAYS 

389 DAYS 

460 DAYS 

525 DAYS 

Fig. A-8. Strain Profile at North Quarter Point of West Girder 
Stations 21 Thru 24 
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24" 

r 

't '\~1\\ \ \\\ \ ff t t ;;; 

\ 1 ! 1111 l 

-20 -10 0 -40 -30 -20 -10 0 -40 -30 -20 -10 0 -40 -30 -20 -10 0 
ELASTIC STRAINS xl0-5 CREEP STRAINS x 10-5 CREEP STRAINS x 10-5 CREE_P STRAINS x 10-5 

TENDONS A BE 

12-1/4" WIRES 

TENDONS e,c,a 0 

10-1/4" WIRES 

TENSIONING SEQUENCE 

C,0,8,E,A 

Fig. A-9. 

·~ 
'" 

AFTER STRESSING 

TENDON C 

TENDON 0 

TENDON 8 
TENDON E 

TENDON A 

NOTE : 

0 DAYS 

AT COMPLETION 

OF STRESSING 

!53 DAYS 

76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMBER 

OF DAYS AFTER STRESSING 

* AFTER DECK IS POURED 

-t SHORES STILL IN PLACE 

-rT SHORES REMOVED 

~: BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 

1!53 DAYS -,... 

1!53 DAYS 1- -r 

• 
4 

!!53 DAYS 
.,.,. 

167 DAYS 

194 DAYS:\= 

207 DAYS 

244 DAYS 

309 DAYS 
389 DAYS 

460 DAYS 

525 DAYS 

Strain Profile at North End of East Girder 
Stations 28 Thru 31 
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,P/ t 

{ T >I ) f ( 
i l/ 

-20 -10 0 -40 - 30 - 20 -10 0 -40 -30 -20 -10 0 -40 -30 . -20 -10 0 
ELASTIC STRAINS ll 10-5 CREEP STRAINS ll 10-!i CREEP STRAINS x ,o-5 CREEP STRAINS JI ,o-a 

TENDONS A 6, E 

12-1/4" WIRES 

TENDONS B,c,a D 

10-1/4" WIRES 
TENSIONING SEQUENCE 

C,D,B, E , A 

Fig. A-10. 

AFTER STRESSING 

TENDON C 

TENDON D 

TENDON 9 

TENDON E 

TENDON A 

NOTE : 

0 DAYS 

AT COMPLETION 

OF STRESSING 

!53 DAYS 

76 DAYS 

112 DAYS 

ALL TIMES REFER TO NUMBER 

OF DAYS AFTER STRESSING 

• AFTER DECK IS POURED 

-r SHORES STILL IN PLACE 

T T SHORES REMOVED 

t BRIDGE COMPLETE 

112 DAYS 

146 DAYS * 
1!53 DAYS -r 

1!53 DAYS + ·~ 

• 153 DAYS 

• 167 DAYS 

194 
+ 

DAYS -t-

207 DAYS 

4 244 DAYS 

309 DAYS 
389 DAYS 

460 DAYS 

5 25 DAYS 

Strain Profile at North End of West Girder 
Stations 28 Thru 31 
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Table A - 2. - FIELD OBSE~VATIONS - DEFLECTIONS 

Camber denoted by+ sign 

East Girder West Girder 
Dates Elapsed Notes 

Time South Qtr. Center North Qtr. South Qtr. Center North Qtr. 
(Days) 

Rdg. Elev. Rdg. Elev. Rdg. Elev. Rdg. Elev. Rdg. Elev. Rdg. Elev 
in. in. in. in. in. in. 

0 1 6.433 0 4. 720 0 6.246 0 5.666 0 4.058 0 5.306 0 
0 2 6.420 +0.013 4.700 +0.020 6.244 +0.002 5.630 +0.036 5.283 +.023 
0 3 6.400 +0.033 4.685 +0.035 6.224 +0.022 5.605 +0.061 4.015 +0.043 5.263 +.043 
0 4 6.390 +0.0L~3 4.655 +0.065 6.203 +0.043 5.590 +0.076 4.000 +0.058 5.250 + . 056 
0 5 6.310 +0.123 4.553 +0.167 6.142 +0.104 5.532 +0.134 3.909 +0.149 5.192 +.114 
0 6 6.248 +0.185 4.428 +0.292 6.077 +0.169 5.478 +0.188 3.818 +0.240 5.128 +.178 

76 6.150 +0.283 4.323 +0.397 6.008 +0.238 5.303 +0.363 3.608 +0.450 4.998 +.308 
4-23-58 139 7 6.106 +0.327 4.156 +0 • .564 5.961 +0.285 5.345 +0.321 3.608 +0.450 5.023 +.283 
4-23-58 139 8 2.635 +0.327 7.835 +0.564 2.950 +0.285 3.000 +0.321 7.630 +0.450 2. 725 +.283 
4-30-58 146 9 2.587 +0.279 7.760 +0.489 2.939 +0.274 3.063 +0.384 7. 715 +0.535 2 .805 +.363 
5- 7-58 153 10 2.545 +0.237 7.732 +0.461 2.900 +0.235 3.040 +0.361 7.698 +0.518 2.762 +.320 
5- 7-58 153 11 2.514 +0.206 7.681 +0.410 2.880 +0.215 2.991 +0.312 7.616 +0.436 2. 725 +.283 
5-21-58 167 2.476 +0.168 7.618 +0.447 2.822 +0.157 2.951 +0.272 7.535 +0.355 2.660 +.218 
6-17-58 194 12 2.411 +0.103 7 .515 +0.244 2.759 +0.094 2.905 +0.226 7.507 +o. 327 2.673 +.231 
6-30-58 207 2.479 +0.171 7.655 +0.384 2 • .836 +0.171 2.943 +0.264 7.564 +o. 384 2.673 +.231 
8- 6-58 244 2.470 +0.162 7.580 +0.309 2.804 +0.139 2.947 +0.268 7.566 +0.386 2.671 +.229 

10-23-58 322 2.383 +0.075 7 .4'>1 +0.180 2. 714 +0.049 2.849 +0.170 7.435 +0.255 2.571 +.129 
12-29-58 389 2.414 +0.106 7.522 +0.251 2.752 +0.087 2.892 +0.213 7.488 +0.308 2.608 +.166 

3-10-59 460 2.420 +0.112 7.542 +0.271 2.753 +0.088 2.887 +0.208 7.508 +0.328 2.620 +.178 
5-1 -59 525 2.455 +0.147 7.599 +0.328 2.831 +0.166 2.957 +0.278 7.600 +0.420 2. 711 +.269 

Note Explanation 
1 Immediately prior to prestressing 
2 After stressing tendon C 
3 After stressing tendon D 
4 After s'tressing tendon B 
5 After stressing tendon E 
6 At completion of prestressing 
7 Temporary base line used 
8 Permanent base line used 
9 After de.ck was placed -- Shores in place 

10 Shores still in place 
11 Immediately after removal of shores 
12 Bridge complete, railing in place 



Table A 3a. - FIELD OBSERVATIONS 

Bottom Fiber Strains 
Whittemore Gage Readings Corrected for Temperature Variation 
Compressive Strains Denoted by - Sign 

-

_ Date Note 

1-28-58 
2-19-58 
3-27-58 
4-30-58 1 
5-7-58 2 
5-7-58 3 
5-21-58 
6-17-58 4 
6-30-58 
8-6-58 
10-10-58 
12-29-58 
3-10-59 
5-14-59 

CENTERLINE STATIONS 

East Girder West Girder 
Elapsed Reading Strain Adjusted Reading Strain Adjusted 

Time ~OX 105 Strain 
(Days) in in X 10- 5 

in 
53 490 0 -26.0 
76 501.5 +11.5 -14.5 

112 488 - 2.0 -28.0 
146 
153 
153 490 0 -26.0 
167 481.5 - 8.5 -34.5 
194 485.5 - 4.5 -30.5 
207 486.5 - 3.5 -29.5 
244 481.5 - 8.5 -34.5 
309 484 - 6 -32.0 
389 478 -12 -38.0 
460 472 -18 -44.0 
525 473 -17 -43.0 

Note Explanation 
1 deck placed - shores in place 
2 shores still in place 
3 shores removed 
4 bridge completed 
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~n xl0-5 Strain 
in ~n X 105 

in 
504 0 -29.5 
496 - 8,0 -37.5 
498.5 - 5.5 -35.0 

502.5 + 1.5 -28.0 
495.5 - 8.5 -38 . 0 
496.5 - 7.5 -36 . 5 
499 - 5.0 -34.5 
491 -13.0 -42 . 5 
490.5 -13.5 -43 . 0 
488.5 -15.5 -45.0 
487.5 -16 . 5 -46.0 
483.5 -20.5 -50.0 



Table A 3b. - FIELD OBSERVATIONS 

Bottom Fiber Strains 
Whittemore Gage Readings Corrected for Temperature Variation 
Compressive Strains Denoted by - Sign 

Date Note 

1-28-58 
2-19-58 
3-27-58 
u-10-<;R 1 
5-7-58 2 
5-7-58 3 
5-21-58 
6-17-58 4 
6-30-58 
8-6-58 
10-10-58 
12-29-58 
3-10-59 
5-14-59 

Date Note 
-

1-28-58 
2-19-58 
3-27-58 
4-30-58 1 
5-7-58 2 
5-7-58 3 
5-21-58 
6-17-58 4 
6-30-58 
8-6-58 
10-10-58 
12-29-58 
3-10-59 
5-14-59 

Elapsed 
Time 

(Days) 

53 
76 

112 
146 
153 
153 
167 
194 
207 
244 
309 
389 
460 
525 

Elapsed 
Time 

(Days) 

53 
76 

112 
146 
153 
153 
167 
194 
207 
244 
309 
389 
460 
525 

Note 
1 
2 
3 
4 

QUARTER POINT STATIONS 

East Girder 

South Qtr., Point 11 North Qtr.,Point 25 
Reading Strain Adjusted Reading Strain Adjusted 

in X 105 Strain in xl0-5 Strain 
in ~nx 10-5 in ~n X 10-S 

in in 

621.0 0 -18.5 327.5 0 - 13.5 
651.0 +30.0 +11.5 539.0 +211.5 +198.0 
605.5 -15.5 -34.0 319.5 - 8.0 - 21.5 
606.5 -14.5 -33.0 
613.5 - 7.5 -26.0 
617.5 - 3.5 -22.0 303.5 - 2--zi:-.o - 37.5 
607.5 -13.5 -32.0 303.5 - 24.0 - 37.5 
610.5 -10.5 -29.0 307.5 - 20.0 - 33.5 
611.5 - 9.5 -28.0 309.5 - 18.0 - 31.5 
605.0 -16.0 -34.5 303.5 - 24.0 - 37.5 
610.5 -10.5 -29.0 301.5 - 26.0 - 39.5 
604.5 -16.5 -35.0 299.5 - 28.0 - 41.5 
600.5 -20.5 -39.0 295.0 - 32.,5 - 46.0 
599.5 -21.5 -40.0 291.5 - 36.0 - 49.5 

West Girder 

South Qtr.,Point 11 North Qtr.,Point 25 
Reading Strain Adjusted Reading Strain 

541.5 
562.5 
531.5 
528.5 
532 .o 
538.0 
525.0 
524.5 
528.0 
520.5 
527 .o 
532.0 
528.0 
523.0 

in X 10-5 Strain in xl0-5 
in ~n X 10-5 in 

in 

0 -18.0 546.5 0 
+21.0 + 3.0 321.5 -225.0 
-10.0 -28.0 542.0 - 4.5 
-13.0 -31.0 289.0 -257.5 
- 9.5 -27.5 
- 3.5 -21.5 531.5 - 15.0 
-16.5 -34.5 528,5 - 18.0 
-17.0 -35.0 514.5 - 32.0 
-13.5 -31.5 517 .5 - 29.0 
-21.0 -39.0 506.5 - 40.0 
-14.5 -32.5 500.5 - 46.0 
- 9.5 -27.0 509.5 - 37.0 
-12.5 -30.5 512.5 - 34.0 
-18.5 -36.5 504.5 - 42.0 

Explanation 
deck placed - shores in place 
shores still in place 
shores removed 
bridge completed 
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Adjusted 
Strain 

~n X 1()5 
in 

- 18.5 
-243.5 
- 23-5 
-276.0 

- 33.5 
- 36.5 
- 50.0 
- 47.5 
- 58,5 
- 64.5 
- 55.5 
- 52.5 
- 60.5 



Table A 3c. - FIELD OBSERVATIONS 

Bottom Fiber Strains 
Whittemore Gage Readings Corrected for Temperature Variation 
Compressive Strains Denoted by - Sign 

Date Note 

1-28-58 
2-19-58 
3-27-58 
4-30-58 1 
5-7-58 2 
5-7-58 3 
5-21-58 
6-17-58 4 
6-30-58 
8-6-58 
10-10-58 
12-29-58 
3-10-59 
5-14-59 

Date Note 

1-28-58 
2-19-58 
3-27-58 
4-30-58 1 
5-7-58 2 
5-7-58 3 
5-21-58 
6-17-58 4 
6-30-58 
8-6-58 
10-10-58 
12-29-58 
3:..10-59 
5-l4-59 

Elapsed 
Time 

(Days) 

53 
76 

112 
146 
153 
153 
167 
194 
207 
244 
309 
389 
460 
525 

Elapsed 
Time 

(Days) 

53 
76 

112 
146 
153 
153 
167 
194 
207 
244 
309 
389 
460 
525 

Note 
1 
2 
3 
4 

END STATIONS 

East Girder 
South End, Point 5 North End, Point 32 

Reading Strain Adjusted Reading Strain Adjusted 
in xl05 Strain ~n xl0-5 Strain 
in in X 1()5 1.n ~n X 105 

in in 
754.0 0 - 1.5 503.0 0 - 0.5 
740.5 -13.5 -15.0 507.0 + 4.0 + 3.5 
735.0 -19.0 -17.5 483.0 -20.0 -20.5 
739.5 -14.5 -13.0 595.5 +92.5 I +92 ,0 
745.0 - 9.0 - 7.5 494.0 - 9.0 - 9.5 
745.0 - 9.0 - 7.5 496.0 - 7.0 - 7.5 
741.5 -12.5 -11.0 490.0 -13.0 -13.5 
740.0 -14.0 -12.5 488.0 -15.0 -15.5 
736.0 -18.0 -16.5 487,0 -16.0 -16.5 
733.0 -21.0 -19.5 485.0 -18.0 -18.5 
743.0 -11.0 - 9.5 489.0 -15.0 -15.5 
740.0 -14.0 -12 .5 490.0 -13.0 -13.5 
737.0 -17.G -15.5 484.0 -19.0 -19.5 
736.0 -18.0 -16.5 478.0 -25.0 -25.5 

West Girder 
South End, Point 5 North End, Point 32 

Reading Strain Adjusted Reading Strain Adjusted 
~n xlO-S Strain ~n xl0-5 Strain 
in ~n X 10-5 in ~n X 10-5 

in 1.n 
448.0 0 -13.5 554.0 0 -10.0 
470.5 +22.5 + 9,0 554.5 + 0.5 - 9.5 
436.0 -12.0 -25.5 546.0 - 8.0 -18.0 
436.0 -12.0 -25.5 547.5 - 6.5 -16.5 
434.5 -13.5 -27.0 542 .5 -11. 5 -21.5 
439.5 - 8.5 -22.0 549.5 - 4.5 -14.5 
437.5 -10 . .5 -24.0 548.5 - 5.5 -15.5 
434.5 -13.5 -27.0 543.5 -10.5 -20.5 
425.5 -22.5 -36.0 544.5 - 9.5 -19. 5 
426. 5 -21.5 -35.0 541.5 -12.5 -22.5 
433.5 -14.5 -28.0 542 .5 -11.5 -21.5 
440.5 - 7,5 -21.0 545.5 - 8.5 -18.5 
437.5 -10.5 -24.0 543.5 -10.5 -20.5 
428.5 -19.5 -33.0 536.5 -17.5 -27.5 

Explanation 
deck placed - shores in place 
shores still in place 
shores removed 
bridge completed 
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TENSIONING SEQUENCE 
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Fig. A-11. Strain Profile at South End of East Girder 
Stations 1 Thru 5 
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Fig. A-12. Strain Profile at South End of West Girder 
Stations 1 Thru 5 
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Fig. A-15. Strain Profile at Center of East Girder 
Stations 14 Thru 17 
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Fig. A-17. Strain Profile at North Quarter Point of East Girder 
Stations 21 Thru 25 
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Fig. A-19. Strain Profile at North End of East Girder 
Stations 28 Thru 32 
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AT COMPLETION 
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Table A 4. - FIELD OBSERVATIONS 

Transverse Strains 
Whittemore Gage Readings Corrected for Temperature Variation 
Compressive Strains Denoted by - Sign 

Date Note 

5-7-58 1 
5-7-58 2 
5-21-58 
6-17-58 3 
6-30-58 
-8-6-58 
10-10-58 
10-29-58 
3-10-59 
5-14-59 

Date Note 

5-7-58 1 
5-7-58 2 
5-21-58 
6-17-58 3 
6-30-58 
8-6-58 
10-10-58 
10-29-58 
3-10-59 
5-14-59 

Elapsed 
Time 

(Days) 
153 
153 
167 
194 
207 
244 
309 
389 
460 
525 

Elapsed 
Time 

(Days) 

153 
153 
167 
194 
207 
244 
309 
389 
460 
525 

Note 

1 
2 
3 

EAST GIRDER 

Point B Point C 
Reading Strain Reading Strain 

1:!!x 10-5 ~n xl0-5 
in in 

1008.0 0 664.0 0 
1016.0 + 8.0 665.0 + 1.0 
1008.0 0 667.0 + 3.0 
1010.0 + 2.0 668.0 + 4.0 
1017.0 + 9.0 670.5 + 6.5 
1011. 5 + 3.5 669.5 + 5.5 
1008.0 0 659.0 - 5.0 
1008.0 0 668.0 - 4.0 
994.0 -14.0 652.0 -12.0 

1002.0 - 6.0 655.0 - 9.0 

WEST GIRDER 

Point B Point C 
Reading 

544.0 
554.0 
549.0 
552.0 
555.0 
548.5 
546.0 
547.0 
535.0 
539.0 

Strain Reading Strain 
~nx 10-5 
in 

~n xl0-5 
in 

0 1076.0 0 
+10.0 1076.5 + 0.5 
+ 5.0 1063.5 - 12.5 
+ 8.0 1070.5 - 5.5 
+11.0 1068.0 - 8.0 
+ 4.5 536.0 -540.0 
+ 2.0 523.5 -552.5 
+ 3.0 1085.5 + 9.5 
- 9.0 526.5 -549.5 
- 5.0 498.5 -577.5 

Explanation 
shores still in place 
shores removed 
bridge complete 
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Point D 
Reading Strain 

in -5 -. xlD in 

Point D 
Reading Strain 

~nx 10-5 
in 

124.0 0 
128.5 + 3.5 
133.0 + 9.0 
127.0 + 3.0 
134.0 +10 . 0 
131.0 + 7.0 
123.0 - 1.0 
122.0 - 2.0 
119.0 - 5.0 
119.0 - 5.0 



..... 
N 
V, 

Date 

5-7-58 
5-7-58 
5-21-58 
6-17-58 
6-30-58 
8-6-58 
10-10-58 
11-29-58 
3-10-59 
5-14-59 

Date 

5-7-58 
5-7-58 
5-21-58 
6-17-58 
6-30-58 
8-6-58 
10-10-58 
10-29-58 
3-10-59 
5-14-59 

Note 

1 
2 

3 

Note 

1 
2 

3 

Table A 5. - FIELD OBSERVATIONS 

Deck Slab Longitudinal Strains 
Whittemore Gage Readings Corrected for Temperature Variation 
Compressive Strains Denoted by - Sign 

TOP FACE 

Point A Point B Point C Point D 
Elapsed Reading Strain Reading Strain Reading Strain Reading Strain 

Time ~n X 10-5 ~n X 105 ~n X 105 in X 10-5 
(Days) in in in in 

153 457.5 0 429.5 0 441.5 0 586.0 0 
153 455.5 - 2.0 430.0 + 0.5 438.5 - 3.0 571.5 -14.5 
167 413.5 -44.0 438.0 + 8.5 436.0 - 5.5 564.0 -22.0 
194 453.5 - 4.0 430.5 + 1.0 416.5 -24.0 556,5 -29.5 
207 412.5 -45.0 382.5 -47.0 421.5 -20.0 553.5 -32.5 
244 433.0 -24,5 417.0 -12.5 388.0 -53.5 546.0 -40.0 
309 428.5 -29.0 420.5 - 9.0 426.5 -15.0 565.0 -20.5 
389 485.5 +26.0 344.5 -35.0 389.5 -52.0 537.5 -48.5 
460 444.5 -13.0 424.5 - 5.0 407.5 -34.0 566.5 -19.5 
525 437.5 -20.0 413.5 -16.0 399.5 -42.0 552.5 -33.5 

BOTTOM FACE 

Point F Point G Point H Point J 
Elapsed Reading Strain Reading Strain Reading Strain Reading Strain 

Time in -5 ~nx 10-5 .!E.x 10-5 ~nx 105 
(Days) -. xlO in in in in 

153 352.0 0 330.0 0 332 .o 0 328.0 0 
153 357.0 + 5.0 336.0 + 6.0 340.0 + 8.0 330.0 + 2.0 
167 354.5 + 2.5 326.0 - 4.0 329.0 - 3.0 325.0 - 3.0 
194 349.5 - 2.5 325.0 - 5.0 324.0 - 8.0 321.0 - 7.0 
207 349.5 - 2.5 328.0 - 2.0 328.5 - 3.5 323.0 - 5.0 
244 342.5 - 9.5 319.0 -11.0 319.0 -13.0 316.0 -12.0 
309 341.5 ~10.5 319.0 -11.0 317.0 -15.0 311.0 -17.0 
389 338.5 -13.5 315.0 -15.0 315.0 -17.0 306,0 -22.0 
460 336.5 -15.5 313.0 -17.0 312.0 -20.0 307.5 -20.5 
525 335.3 -16.5 314.0 -16,0 309.0 -23.0 305.0 -23.0 

Point E 
Reading Strain 

~n X 10-5 
in 

419.5 0 -
416.5 - 3.0 
422 .5 + 3.0 
426.5 + 7.0 
396.5 -23.0 
366.0 -53.5 
426.5 + 7.0 
422 .5 + 3.0 
438.5 +19.0 
418.5 - 1.0 

Point K 
Reading Strain 

~n X 105 
in 

348.5 0 
354.0 + 5.5 
345.5 - 3.0 
343.5 - 5.0 
344.5 - 4.0 
339.5 - 9.0 
336.5 -12.0 
330.5 -18.0 
331.5 -17.0 
328.5 -20.0 
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Case Std. 5" Pipe 
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Fixed Anchor Clip 
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' 
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Wire Deflector 
( Removable) 

I 50 Lb. Weight) 

Fig , B-1. Fixed Base Line - Anchor age Box 



Cut flat to obtain 
1/4" thick head. 

far 1/4" dia. bolt. 

~Gage mark 
( ta be made in field) 

BOTTOM VIEW 

INSERT 

¥ Drill Hole 9/32" Dia. 

NOTES: 
A is a f dia. brass bolt, 1" Ieng!~, N.C. thread, hea,!f cut to give if averall length . 

Top drilled and threaded far f dla. brasa bolt, ½ length, N.C. thread . 

B is o f dio. brass bolt, f length, N. C. thread. 

C is o f dia. steel bolt, L varies, N. C. thread. 

L varies depending on thickness of form lumber. Spacer bar to be mode of 
r"x { hot rolled steel. 

Drill Hole 9/32" 

Io• Gage Length 

;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;=r~ 
I I" 

SPACER BAR 

Quantities required : 

166 A bolts, brass, 3/4" dia. , 1" len,;ith, N. C. 

166 B bolts, brass, 1/4" dia., 1/2" len,;ith, N. C. 

166 C bolts, steel, 1/4" dia., N. C. 

83 Spacer bars 

Fig. B-2. Gage Point Appurtenances 
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In each case the radius used 
in rounding the ends of the 
bars and angles is equal to 
one half the width unless 
otherwise noted. 

,c denotes center of hole 
for standard l/4"-20" - 3/4" 
cap screw. 
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I 

·f 
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5" I 5/e" I 1,1 

',.I~ 
I 
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All dimensions In inches. 
7• 132 diameter roller wheels. 

Slot in roller wheel 83: 
wide 0.0020" deep. 

Ll{-1-f-"fi 

Fig. B-3. Temporary Base Line - Anchor Bracket 
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I-' w 
0 

3" 
T 

Drill and Tap for ·i"-16 N. C. 

3" 
8 Drill 

All dim.i,nsi~ns In Inches 
Bars 1¾-¾ 
Ends of 1f- f bars rounded using f R. 

No 28 Drill 
Countersunk 1/8" 

Note: One Side is Ori lled and 
Countersunk 1/8" for 6-32- I 
Flat Head Screw. The Other 
Side of the Hex Filler is Drillecl 
and Tapped far 6- 32- I Screw. 

7" 20Ti' 

Fig. B-4. Temporary Base Line - Support Bracket 

Drill 



Drill and tap each face of filler 
-.._ ______ _,_--1---..w.....:l/4"- 20 N.C. 11/16" deep 

3/4" pipe 
fl lier ~--'s:E;::i::;31- ~-+1H-1--+-

7• I 52 diameter roller wheels 
3" Slot in roller wheel 84 

wide 0.0020 deep. 

Al I dimensions in 
inches. 

Drill and tap on eac.h 
~3=F-E::::::::::3==:=:::3 ~ end for 6-32-3/4 

flat 

I. 34 

Fig. B-5. Temporary Base Line - Load Bracket 

131 

(\J 
(\J 



r" 

_.., 
=0 .... 
... .l: -goo 
·-N -fut 
!:~ ..,_ 

Drill and Tap 
for 8-32" N. C. 

Stanley Level Bubble __ _,- · 

, .. 
7y 

8-32" N. C. 1 
brass stud. .J\ 

9" 

111• 

Drill and Ream 0.25'~ . ;..----~--__JL_~ 

s• 
3Ti 
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.. 
0 
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All dimensions in inches. 

Fig. B-6. Deflection Meter - Base 
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Fig. B-7. Deflection Meter - Vibrating Reed 
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NOTATION 

A= Cross-sectional area in general. 

A = Cross-sectional area of steel. 
s 

C = Distance from neutral axis to extreme fiber of section. 

e = 
E = 

E = C 

E = s 

fB = 

Creep coefficient. 

Observed pressure-gage dial reading. 

Eccentricity in general 

Modulus of elasticity in general. 

Modulus of elasticity for concrete. 

Modulus of elasticity for steel. 

Computed unit stress, bottom fiber, without dead load. 

fBM = Computed unit stress, bottom fiber, including dead load. 

f = C 

f' = C 

f = s 
f st = 

fT = 

f™ = 
F = 

FL 

F = 
0 

F = 
X 

F = z 

I = 

Unit stress in concrete. 

Ultimate unit stress of concrete. 

Unit stress in steel. 

Tensile strength of concrete. 

Computed unit stress, top fiber, without dead load. 

Computed unit stress, top fiber, including dead load. 

Applied prestress force. 

Initial applied prestress force at the tensioning end of the 
tendon. 

Effective pres tress force at the anchored end of the tendon. 

Effective transfer force at the jacking end~ 

Effective pres tress force at section x. 

Effective pres tress force at section z. 

Moment of inertia of the section. 

K = · Wobble coefficient. 

L = Length of member, or length in general. 
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M = Applied ·prestress moment at section x. 
X 

p = Percentage of steel. 

P = Total tendon force, or effective jack force in kips. 

r = Radius of gyration; ~I/A. 

R= 

X = 

y = 

z = 

o( = 

= 

AAL,. 

ADL = 

6fLk = 

.,6 F = 0 

..6 F 
t = 

.6s = 

.Asf = 
.6 t = 

E: B = 

€ = BM 

Radius of curvature of the tendon. 

Distance from point of application of the prestress force. 

Distance to the neutral axis. 

Distance from the initial point of application of prestress 
to maximum residual prestress in the tendon. 

Section modulus, I/c. 

Section modulus for the bottom fiber. 

Section modulus for the top fiber. 

Total change in the slope of the tendon for a section of 
length Land constant radius of curvature R, L/R. 

Combined friction-curvature and wobble factor. 

Deflection due to short-time loads. 

Deflection due to the effect of dead loads. 

Total loss of stress in the k th tendon due to the effect of 
the elastic shortening resulting from the axial and bending 
stresses induced by the tendons stressed subsequently • 

Deflection due to the effective initial tendon force. 

Deflection due to the effect of the effective tendon force 
at time, t. 

Tendon elongation in general. 

Final tendon elongation. 

Deflection at any time, t, after stressing. 

Computed unit strain, bottom fiber, without dead load. 

Computed unit strain, bottom fiber, including dead load. 
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= T 
Computed unit strain, top fiber, without dead load. 

'= = Computed unit strain, top fiber, including dead load. 
TM 

.;I-L = Frictional coefficient. 
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