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ABSTRACT 

Bridge A7957 is the first bridge superstructure implementation conducted by the 

Missouri Department of Transportation (MoDOT) employing self-consolidating concrete 

(SCC) and high-strength self-consolidating concrete (HS-SCC) in its primary supporting 

members. The objective of this research was to perform an in-situ evaluation of Bridge 

A7957 to establish its baseline response and compare existing differences between the 

different spans’ behavior (in particular the first and third spans which have same 

geometrical characteristics and nominal material properties). To fulfill this goal, a field 

load test strategy was elaborated and carried out to evaluate the bridge’s behavior under 

different static load configurations 

During the field load test, embedded vibrating wire strain gauges (VWSGs) 

recorded strain variations at instrumented sections. In addition, an automated total station 

(ATS) measured the girders’ vertical deflection at critical sections. Based on field results, 

the precast, prestressed girders’ response of the different spans was compared, and lateral 

load distribution factors were obtained from field measurements and using the 

AASHTO LRFD Bridge Design Specifications. No significant difference between the 

spans’ behavior was observed during the live load tests. The load distribution factors 

estimated from the AASHTO LRFD approach resulted in more conservative values 

compared to the measured load distribution values. 
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NOMENCLATURE 

Symbol Description          

a Depth of equivalent stress block (in.) 

ag Maximum aggregate size (in.) 

Ac Area of concrete section (in.2) 

Ag Area of girder's cross section (mm2) 

Aps Area of prestressing steel (in.2) 

As Area of non-prestressing longitudinal steel (in.2) 

Av Area of shear reinforcement (in.2) 

bw Web thickness (in.) 

bv Effective web width (in.) 

c Distance from extreme compressive fiber to neutral axis (in.) 

de Horizontal distance from exterior girder's centroid to barrier's edge (mm) 
 

dp Depth from extreme compression fiber to centroid of prestressing tendons 
(in.) 

 
ds Distance from extreme compression fiber to centroid of non-prestressed 

tensile reinforcement (in.) 
 
dv Effective shear depth, taken as the perpendicular distance between 

resultants of tensile and compressive forces due to flexure (in.) 
 
eg Girder eccentricity (vertical distance from the girder's centroid to the slab's 

centroid 
 
Egirder Modulus of elasticity of precast, prestressed concrete girders (MPa) 

Eslab Modulus of elasticity of deck slab (MPa) 

f'c Specified design concrete compressive strength (ksi) 

f'ci Compressive strength of concrete at release (psi) 
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fcgp Concrete stress at centroid of prestressing steel due to prestressing force 
after elastic losses and member self-weight (ksi) 

 
fpc Compressive stress at the centroid of the concrete section due to the 

effective prestress force (psi) 
 
fpo Locked in difference in strain between the prestressing steel and the 

surrounding concrete multiplied by the modulus of elasticity of the 
prestressing steel (ksi) 

 
fpt Stress in prestressing strands immediately after transfer (ksi) 

fr Modulus of rupture of concrete (psi) 

fy Specified yield strength of shear reinforcement (ksi) 

fpe Effective stress in the prestressing steel after losses (ksi) 

fpy Yield stress of prestressing steel (ksi) 

GDF Girder distribution factor obtained with AASHTO LRFD equations 

GDFm
ext Exterior girder distribution obtained with AASHTO LRFD equations (two 

or more lanes loaded) 
 
GDFm

int Interior girder distribution obtained with AASHTO LRFD equations (two 
or more lanes loaded) 

 
GDFs

ext Exterior girder distribution obtained with AASHTO LRFD equations 
(single lane loaded) 

 
GDFs

int Interior girder distribution obtained with AASHTO LRFD equations 
(single lane loaded) 

 
h Total depth of member (in.) 

H Relative humidity (%) 

hc Total depth of composite member (in.) 

Ic Gross moment of inertia of composite section (in.4) 

Ig Gross moment of inertia of girder (mm4) 

L Span length (mm) 
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LDF Load distribution factor (obtained from experiemental data) 

LDFδ Load distribution factor (from experimental vertical deflections) 

LDFext
δ Exterior load distribution factor (from experimental vertical deflections) 

LDFint
δ Interior load distribution factor (from experimental vertical deflections) 

LDFext
ε Exterior load distribution factor (from strain measurements) 

LDFint
ε Interior load distribution factor (from strain measurements) 

LDFε Load distribution factor (obtained from strain measurements) 

Kdf Transformed section coefficient that accounts for time dependent 
interaction between concrete and bonded steel for time period between 
deck placement and final time 

 
k Number of main supporting girders 

kg Stiffness parameter (mm4) 
 
khc Humidity factor for creep 

khs Humidity factor for shrinkage 

Kid Transformed section coefficient that accounts for time dependent 
interaction between concrete and bonded steel for time period between 
transfer and deck placement 

 
KL Factor for type of prestressing steel 

ks Factor accounting for V/S of concrete section 

ktd Time development factor 

MAS Maximum aggregate size 

Mcr Flexural cracking moment (k-ft) 

Mcr Flexural cracking moment due to applied loads (k-ft) 

Mfl Nominal moment capacity as noted in Kani (1967) (k-ft) 

Mmax Maximum applied moment at section due to externally applied loads (k-ft) 
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Mu Factored moment at section (k-ft) 

mp Multiple presence factor (AASHTO LRFD 2012 Table 3.6.1.1.2-1) 

n Modular ratio (Egirder/Eslab) 

nl Number of lanes loaded 

Nu Factored axial force at section (kips) 

Pe Effective prestress force (ksi) 

PΔ Prestress force lost due to long term prestress losses before deck 
placement (kips) 

 
ru Relative strength of member 

s Center to center spacing of shear reinforcement (in.) 

S Girder spacing (mm) 

SF Skew correction factor (if 30° ≤ θ ≤ 60°) 

sx Cracking spacing parameter (in.) 

sxe Equivalent value of sx taking into account the MAS 

t Age of specimen (days) 

td Age of concrete at deck placement (days) 

tf Age of concrete at final time (days) 

ti Age of concrete at transfer (days) 

ts Deck thickness 

V/S Volume to surface ratio (in.) 

Vc Nominal concrete shear resistance (kips) 

Vci Nominal shear resistance when diagonal cracking results from applied 
shear and moment (kips) 

 
Vcw Nominal shear resistance when diagonal cracking results from high 

principle stresses in the web (kips) 
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Vd Applied shear force at section due to unfactored dead load (kips) 

Vi Factored shear force at section due to externally applied loads (kips) 

Vn Nominal shear resistance (kips) 

Vp Component of prestressing force in the direction of shear force (kips) 

Vs Nominal shear reinforcement resistance (kips) 

Vu Factored shear force at section (kips) 

w AASHTO unit weight of concrete (k/ft3) 

w/cm Water to cement ratio 

wc ACI unit weight of concrete (lb/ft3) 

α Angle of inclination of shear reinforcement to longitudinal reinforcement 
(degree) 

 
β Factor indicating ability of diagonally cracked concrete to transmit tension 

δmaxi deflection of i-th girder at mid-span 

εbdf Concrete shrinkage strain of girder between time of deck placement and 
final time 

 
εbid Concrete shrinkage strain of girder between time of transfer and deck 

placement 
 
εddf Concrete shrinkage strain of deck between placement and final time 

εmaxi bottom flange strain at mid-span 

εs Net longitudinal strain at centroid of longitudinal reinforcement 

Δfcd  Change in concrete stress at centroid of prestressing strands due to 
shrinkage of deck concrete (ksi) 

 
Δfcdf  Change in concrete stress at centroid of prestressing strands due to long 

term losses between transfer and deck placement combined with deck 
weight and superimposed loads (ksi) 

 
ΔfpCD Prestress losses due to creep of CIP deck concrete (ksi) 
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ΔfpCR Prestress losses due to creep of girder concrete (ksi) 

ΔfpES Elastic shortening prestress losses (ksi) 

ΔfpR1 Prestress losses due to relaxation of tendons before placement of CIP deck 
(ksi) 

 
ΔfpR2 Prestress losses due to relaxation of tendons after placement of CIP deck 

(ksi) 
 
ΔfpSD Prestress losses due to shrinkage of concrete after placement of CIP deck 

(ksi) 
 
ΔfpSR Prestress losses due to shrinkage of concrete before placement of CIP deck 

(ksi) 
 
ΔfpSR Prestress gain due to shrinkage of CIP deck (ksi) 

θ Angle of inclination of diagonal compressive stress (degrees) 

θ Bridge skew angle 

λ Reduction factor for lightweight concrete 

ϕ Shear resistance factor 

ψ(t2,t1) Creep coefficient at time t2 due to loads applied at time t1 

AASHTO American Association of State Highway and Transportation Officials 

ACI  American Concrete Institute 

ASTM American Society for Testing and Materials 

CA Coarse aggregate 

CC Conventional concrete 

CIP Cast in place 

CR Creep 

DOT Department of Transportation 

EPG 751 Engineering Policy Guide section 751 from the Missouri Department of 
Transportation 
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FA Fine aggregate 

FEA Finite element analysis 

FEM Finite element model 

HS-SCC High strength self-consolidating concrete 

HSC High strength concrete 

HRWR High range water reducer 

HRWRA High range water reducing admixture 

LRFD Load and resistance factored design 

MoDOT Missouri Department of Transportation 

MOE Modulus of elasticity 

MOR Modulus of rupture 

MS Mild steel shear reinforcement 

NCHRP National Cooperative Highway Research Program 

NU Nebraska University 

PC/PS Precast prestressed concrete 

QC/QA Quality control/quality assurance 

R2K Response 2000 

RC Reinforced concrete 

SCC Self-consolidating concrete 

SERL Structural Engineering Research Laboratory 

SH Shrinkage 

T1 First test conducted on each girder, with shear reinforcement 

T2 Second test conducted on each girder, without shear reinforcement 



D-xv 

TG1 Test girder 1, consisting of WWR shear reinforcement 

TG2 Test girder 2, consisting of MS shear reinforcement 

WWR  Welded wire mesh shear reinforcement. 
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1. INTRODUCTION 

1.1. BACKGROUND 

During the last two decades, self-consolidating concrete and high-strength self-

consolidating consolidating concrete have been implemented in several infrastructure 

projects due to its potential benefits (Ouchi et al. 2003, McSaveney et al. 2011, Keske et 

al. 2014, Hernandez and Myers 2015). The flowable characteristic of SCC results in a 

better consolidation and placement resulting in fewer voids and honeycombing. A more 

condensed microstructure increases the concrete’s durability properties, leading to a 

longer service life of the structure. This, in conjunction with reductions in labor and 

equipment costs as well as decreased maintenance expenses, lessens the project’s overall 

initial costs. Furthermore, HS-SCC brings to SCC’s main attributes an enhanced flexural 

performance achieved as a consequence of increasing the SCC’s compressive strength. 

This stronger flexural feature brings the possibility to reduce the number of main carrying 

members and interior supports of bridge super structures. Despite these and other 

advantages that come with using SCC and HS-SCC, there are some concerns related to its 

structural behavior due to its constituent materials and proportions. The effect of the 

larger paste content and the smaller coarse aggregate size utilized in the mixture is of 

particular interest (Myers et al. 2012). Consequently, it is fundamental to observe the 

serviceability response of full scale highway infrastructure utilizing self-consolidating 

and high-strength self-consolidating PC/PS concrete members. 

The AASHTO LRFD Bridge Design Specifications (AASHTO 2012) presents a 

methodology to obtain distribution factors that quantify the percentage of the live load 

applied to a bridge that is carried by each primary supporting member. Once distribution 

factors are estimated, a three-dimensional (3D) structural problem is treated as a one-

dimensional (1D) structural analysis (Barker and Pucket 2013). Live load effects (i.e., 

bending moment or shear force) are multiplied by distribution factors to obtain the design 

effect applied to an exterior or interior 1D member instead of the whole 3D system. The 

AASHTO LRFD is not a method that estimates how live loads are distributed among the 

girders for structural performance assessments of bridge structures. Instead, this approach 

proposes a methodology that can be applied to bridges with a wide range of span lengths, 
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girders spacing, and stiffness to conservatively obtain lateral load distribution factors 

suitable for bridge design. 

An alternative for effectively evaluating the in-service performance of a bridge 

structure and its live load-carrying capacity is offered by field load tests. In general, the 

AASHTO Manual for Bridge Evaluation (MBE) defines two different types of test 

options: proof load tests and diagnostic load tests (AASHTO 2010). Proof load tests are 

employed to obtain the maximum safe live load a bridge can withstand without 

undergoing inelastic deformations, while diagnostic load tests are used to better 

understand a bridge’s in-service response. Diagnostic tests are used to validate design 

assumptions and to verify the performance of a structure, most times improved, by 

implicitly considering in-situ field parameters deemed as beneficial for the bridge’s 

behavior (Cai and Shahawy 2003). The aim of this research was to oversee and obtain the 

initial in-service response of the precast-prestressed (PC/PS) concrete primary elements 

of Bridge A7957. A diagnostic test strategy was designed and executed on Bridge A7957 

to achieve this goal. In the following sections, the instrumentation and field test program 

and a comparison between the PC/PS conventional concrete (CC) and normal strength 

(NS) SCC members’ initial in-service performance is presented. In addition, comparisons 

between the lateral load distribution factors obtained from field measurements and the 

AASHTO LRFD approach are presented in order to estimate the differences that arise 

when these two alternative approaches are employed to conduct an evaluation of the in-

service response of an SCC bridge. 

1.2. BRIDGE DESCRIPTION 

Bridge A7957 is located along Highway 50 in Osage County shown in Figure 1.1. 

Latitude and longitude coordinates of the site are 38 29 39.11 N, 91 59 14.00 W. The 

bridge was constructed adjacent to bridge A3425 as part of a two lane expansion of 

Highway 50. The bridge is a three-span, continuous, PC/PS concrete bridge with a skew 

angle of 30 degrees (Figures 1.1 and 1.2). Each span has PC/PS concrete Nebraska 

University (NU) 53 girders fabricated with different concrete mixtures (Hernandez and 

Myers 2015). Girders in the first span are 100 ft. (30.48 m) long and made of 

conventional concrete (MoDOT’s Class A mixture) with a target strength of 8,000 psi 
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(55.2 MPa). The second span’s girders measure 120 ft. (36.58 m) and were fabricated 

with an HS-SCC mixture of 10,000 psi (68.9 MPa). Girders in the third span are 100 ft. 

(30.48 m) long and employ SCC with a nominal compressive strength of 8,000 psi (55.2 

MPa). 

 
Figure 1.1. Bridge A7957 Location 

 
Conversion: 1 ft. = 0.3048 m 

Figure 1.2. Bridge A7957 Elevation View 

PC/PS concrete panels, with a target compressive strength of 8,000 psi (55.2 

MPa), span between the girders’ top flange underneath the cast-in-place (CIP) reinforced 

concrete (RC) slab deck in the transverse direction (Figure 1.3). The CIP deck was cast 

with a 25% fly ash replacement of a portland cement mixture with design strength of 

4,000 psi (27.6 MPa). The bridge superstructure is supported by two abutments and two 

intermediate bents (Figure 1.2). The second intermediate bent and abutments were cast 

with a concrete mixture that had a 20% fly ash replacement of portland cement and a 

nominal compressive strength of 3,000 psi (20.7 MPa). The third intermediate bent was 

    
  

Span 1 (CC) Span 2 (HS-SCC) Span 3 (NS-SCC)

100' 120' 100'

*End Bent No. 1
Intermediate
Bent No. 2
(CC)

Intermediate
Bent No. 3
(HVFAC) *End Bent No. 4

*No instrumentation was
used in End Bents No. 1 and
No. 4
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built using high-volume fly ash concrete (HVFAC) with a 50% fly ash replacement of 

portland cement and a specified compressive strength of 3,000 psi (20.7 MPa). 

 
Conversion: 1 in. = 25.4 mm 

Figure 1.3. Bridge A7957 Cross Section Looking East 

1.2.1. Precast-Prestressed NU Girder 

Each span consisted of four precast-prestressed NU 53 girders. Girders in span 1-

2 and 3-4 each had 30 Grade 270 ksi (1,862 MPa) low-relaxation prestressing strands, 10 

of which were harped, while span 2-3 consisted of 38 Grade 270 (1,862 MPa) low-

relaxation prestressing strands. Cross sectional dimensions are illustrated in Figure 1.4.  

 
Conversion: 1 in. = 25.4 mm 

Figure 1.4. NU Bridge Girder Cross Section 

R77
8"

(Typ.)

R77
8"

(Typ.)

4'-01
4"

4'-5 5
32"

3'-23
8"

R2"
(Typ.)

R2"
(Typ.)

57
8"

2 9
16"

3
4" Chamfer (Typ.)

51
2"

5 5
16"

3'-213
32"



D-5 

The strand arrangement for each span at the ends and at mid-span is displayed in 

Figure 1.5 and Figure 1.6. 

 
Conversion: 1 in. = 25.4 mm 

a) Ends b) Mid-span 

Figure 1.5. NU Girder Spans 1-2 & 3-4 Strand Layout 

 
Conversion: 1 in. = 25.4 mm 

a) Ends b) Mid-span 

Figure 1.6. NU Girder Span 2-3 Strand Layout 

13
4"

4 spaces
@ 2"

4"

17 spaces @ 2"

2"
2" 2 3

16" (Typ.)

3
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Prestressed to 2.02 kips/strand
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(interior strands).

0.6" diameter prestressing strands @
43.9 kips/strand.

13
4"

4 spaces
@ 2"

4"

17 spaces @ 2"

2"
2" 2 3

16" (Typ.)

3
8" diameter support strands.
Prestressed to 2.02 kips/strand
(outer strands) and 8 kips/strand
(interior strands).

0.6" diameter prestressing strands @
43.9 kips/strand.
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D20 welded wire reinforcement was provided for shear resistance at spacing 

intervals of 4 in., 8 in., and 12 in. (101.6, 203.2, and 304.8 mm, respectively) along the 

length of the girder. The design strength of spans 1-2 and 3-4 was 8,000 psi (55.2 MPa) 

with release strength of 6,500 psi (44.8 MPa). Span 2-3 had design strength of 10,000 psi 

(68.9 MPa) with release strength of 8,000 psi (55.2 MPa). 

1.2.2. Bridge Elements and Numbering 

The superstructure and substructure elements of Bridge A7957 were labeled for 

consistency during the course of the research program. The bents were numbered 1 

through 4 from west to east. Spans were labeled S1 through S3 from west to east, and 

girders were labeled G1 through G4 from north to south. Each girder had a unique 

abbreviation identifying the span number and girder number, i.e., S1-G3 for span 1-2, 

girder 3. Only girder lines 3 and 4 included instrumentation within the member. The 

numbering sequence is shown below in Figure 1.7. 

 
Figure 1.7. Bridge A7957 Numbering Scheme 

1.3. RESERCH TEAM 

Dr. John Myers, professor at Missouri S&T, served as the principal investigator 

(PI) for the project. Eli Hernandez served as the lead graduate assistant, with assistance 

from Hayder Alghazali, Alex Griffin and Kaylea Smith. Graduate student Benjamin 

Gliha also helped with the instrumentation during the fabrication process of the bridge 

girders. Reed Norphy and Michael Janke, undergraduate students at Missouri S&T, 

helped with material testing and preparation. Technical help with data programming and 

collection and destructive girder testing was done by Brian Swift (Electronic Research 

Engineer) and Gary Abbott (Senior Research Electronic Technician) from the 

B1 B2 B3 B4

S2 S3S1

G4

G3

G2

G1

G4

G3

G2

G1

G4

G3
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Department of Civil, Architectural, and Environmental Engineering (CArEE) at Missouri 

S&T. The research was completed through careful coordination between the Missouri 

Department of Transportation (MoDOT), Fred Weber, Inc. of Maryland Heights, MO, 

and County Materials Corporation of Bonne Terre, MO. The program was funded by the 

MoDOT and the National University Transportation Center (NUTC) at Missouri S&T. 

1.4. WORK PLAN 

A work plan was drafted for this research program to outline the major tasks 

involved in the project. Ten major tasks were identified in the work plan for MoDOT 

Project TRyy1236. The tasks are listed here with the original instrumentation plan in 

Appendix B. 

1. Pre-Construction Planning and Coordination 

2. Development of Bridge Instrumentation Plan and Load Testing Plan (Bridge 

A7957) 

• Addressed in Sections 3 and 4. 

3. Mix Design and Quality Control Procedures/Quality Assurance – Trial Mixes 

• Addressed in Report A, Section 5.1 and 6.1.1. 

4. Shear Testing and Evaluation of HS-SCC Precast NU Girders 

• Addressed in Report B with results. 

5. Precast-Prestressed Plant Specimen Instrumentation and Fabrication 

• Addressed in Sections 3.6.1 and 3.6.2. 

6. Field Cast-In-Place Elements and Instrumentation 

• Addressed in Section 3.6.3, and Report A, Section 5.2.6. 

7. Hardened Properties of Plant and Field Produced Concrete 

• Results located in Report A, Section 6.1. 

8. Bridge Load Testing and Monitoring/Evaluation of Experimental Load 

Testing Results 

• Addressed in Sections 4 and 5. 

9. Reporting/Technology Transfer 

• Presented in Summary Report. 
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10. Value to MoDOT and Stakeholders to Implementing SCC/HVFAC 

• Presented in Summary Report. 

1.5. SCOPE OF THE REPORT 

This report includes the instrumentation and load testing plan of Bridge A7957 in 

Osage County Missouri. Each of the spans of the bridge was unique: the first span (span 

1-2) utilized CC (MoDOT’s class A-1 mixture), the second span (span 2-3) HS-SCC, and 

the third span (span 3-4) NS-SCC. The in-situ performance of the bridge girders was 

investigated using vibrating wire strain gauges (VWSG) and a high performance Total 

Station (TS). The serviceability and structural performance were monitored and evaluated 

from fabrication to service conditions via a series of live load tests. More details about 

the MoDOT’s standard concrete mixtures are given in Report A, Section 2.6. During the 

course of this research, MoDOT’s concrete mixture class A-1 was referred to as 

conventional concrete (CC) mixes when they were compared to their counterpart mixes: 

NS-SCC and HS-SCC. 

1.6. ORGANIZATON OF THE REPORT 

The report is organized into six sections. Section 1 contains an overview of the 

research program including general bridge details and elements’ numbering sequence. 

Section 2 contains the measurement type and data acquisition systems used during the 

testing program. Section 3 describes the instrumentation plan and field preparation 

executed before the first series of live load tests was completed. Details about the live 

load test conducted in-situ to obtain the maximum response of Bridge A7957’s spans are 

presented in section 4. Section 5, summarizes details and results of the estimation of 

lateral load distribution factors from field results and using the AASHTO LRFD Bridge 

Design Specifications. Conclusions are drawn and presented in Section 6. 
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2. BRIDGE INSTRUMENTATION 

2.1. MEASUREMENT TYPES 

Three central measurement types were collected throughout the research program 

including concrete strains, concrete temperatures, and girder camber and deflection. 

Prestressing tendon strains as well as the concrete corrosion process were also 

investigated. Table 2.1 lists the gauges used and the data obtained for each measurement 

type. 

Table 2.1. Measurement Types 

Measurement 
Type Measurement System Data Collected 

Concrete Strains 

• Vibrating Wire Strain 
Gauges 

• Demountable Mechanical 
Strain Gauges  

• Stress-strain response 
• Development length of prestress 

force 
• Prestress losses 

Concrete 

Temperatures 
• Thermocouples 
• Thermistors 

• Hydration profiles 
• Strain corrections due to 

thermal effects 
• Deflection corrections due to 

thermal effects 
• Seasonal temperature variations 

Girder Response 

Properties 
• Precise Surveying System 
 

• Camber 
• Time dependent deflections 

(creep) 
• Service life deflections 

Prestressed 

Tendon Strains 

• Electrical Resistance 
Strain Gauges 

• Loadcell 

• Tendon stresses 
• Verification of initial prestress 

force 
Corrosion • RFID Corrosion Sensor • Onset of corrosion 

2.1.1. Concrete Temperatures 

Concrete temperatures were collected in both the intermediate bents, and bridge’s 

girders and deck. Thermocouples were embedded in the pier cap, columns and web wall 

of the intermediate bents to measure the hydration profile within the first 48 hours of 
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concrete curing. A thermocouple wire was attached outside of the formwork during data 

collection to measure the ambient temperature through the curing process. Within the 

bridge girders, each vibrating wire strain gauge (VWSG) included a built in thermistor to 

correct the measured strain and to record hydration temperatures. The hydration 

temperature measurements were of value during the casting and early service life of the 

bridge girders. In span 2-3, girders 3 & 4 were instrumented with VWSGs at mid-span 

and at both ends. Girders 3 & 4 in spans 1-2 and 3-4 were instrumented with VWSGs at 

mid-span and at the end closest to the intermediate bent. 

2.1.2. Concrete Strains 

Concrete strains were measured in selected prestressed girders and panels and the 

cast-in-place (CIP) deck. A combination of VWSGs and a Demountable Mechanical 

Strain Gauge with exterior fixed discs referred to as “DEMEC points” were used with the 

NU girders, and VWSGs were embedded in two of the precast panels and across the CIP 

deck. By embedding up to five VWSGs in the girder and two VWSGs in the CIP deck at 

a given section, the strain profile could be accurately determined. This was accomplished 

at the mid-span location of each instrumented girder and at sections above the 

intermediate bent supports. Strains in the transverse direction of the bridge were also 

measured in the precast panels and CIP deck. Long-term creep and shrinkage effects 

could also be measured using the VWSGs. Furthermore, the DEMEC system was used to 

measure the transfer of force from the prestressing tendons to the girder. 

2.1.3. Girder Deflection and Camber 

The camber and time-dependent deflection of each instrumented girder was 

obtained at the pre-cast plant shortly after fabrication. At the plant, deflection 

measurements were made at the ends, mid-span and quarter points of each member. In-

service deflections were also measured during the first series of live load tests at five 

equidistant locations (including mid-span) along the bottom of each girder along line 3. 

Additionally, mid-span deflections were also recorded for girder lines 1, 2 and 4 

of each span. The measured camber and deflections were used to assess the in-situ 

serviceability performance of the girders from fabrication through in-service conditions. 



D-11 

2.2. MEASUREMENT SYSTEMS 

2.2.1. Vibrating Wire Strain Gauges 

A vibrating wire strain gauge is used for monitoring strain in concrete caused by 

stress variations. The sensor is installed by placing the gauge at a location in the structure 

(normally tied to rebar with soft iron or plastic wire) suitable to accurately pass loads 

from the cured concrete into the gauge. Each strain gauge consists of two end blocks with 

a tensioned steel wire between them. As the concrete surface that encompasses the strain 

gauge undergoes strain, the end blocks will move relative to each other. The tension in 

the wire between the blocks will change accordingly, thus altering the resonant frequency 

of the wire. Vibrating wire readout is utilized to generate voltage pulses in the 

magnet/coil assembly located at the center of the strain gauge. The magnet/coil assembly 

plucks the wire and measures the resulting resonant frequency of vibration. The VWSGs 

used in this project were EM-5 series manufactured by Roctest, Inc. shown in Figure 2.1. 

The EM-5 has an adjustable 3000 microstrain range with an accuracy of 1 

microstrain. This is the usable microstrain limit of the EM-5 VWSG. The gauge has a 

built-in thermistor to record concrete temperatures ranging from -122 °F to 140 °F (-50 

°C to 60 °C). Embedded VWSGs were selected for this project because of their durability 

and have been found to be reliable for several years in field conditions (Myers and Yang, 

2005). Eighty six (86) VWSGs were used at specific points of interest. 

 
Figure 2.1. Vibrating Wire Strain Gauge 
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2.2.2. High Performance Total Station System 

At the precast plant, a laser-based High Performance Automated Total Station 

(ATS) system was used to obtain vertical deflection data before and after the release of 

the prestressing force acting on the PC girders. The ATS employed to monitor the camber 

deflection of the PC/PS girders was a Leica TCA2003 (Figure 2.2). 

 
Figure 2.2. Total Station (Leica TCA2003) 

The ATS equipment was set atop a secure tripod with an unobstructed view of the 

prisms (targets) that were placed on the top flange of the girders. Additionally, two 

prisms were set atop secure tripods located between the PC/PS girder and the ATS. These 

additional prisms were used as reference targets that help verify the ATS had not 

experienced any relative movement before and after the strands release. Five prisms were 

set on steel plates installed atop the flange of the girders at 5 different locations: 1.0 ft. 

(0.30 m) from the ends and at sections located at L/4 and L/2 from each end. 

 
Figure 2.3. Reflecting Prisms Mounted on PC/PS Girders (Precast Plant) 
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The ATS, also called Robotic Tacheometry System (RTS), (Hernandez et al. 

2006), obtains three-dimensional coordinates of every target by measuring the horizontal 

and vertical angle as well as the distance between the ATS and prisms. The instrument 

was configured to take three readings per point measured. This was internally done by 

four diodes that optically read a fine bar code set on a glass ring inside the Leica 

TCA2003. During monitoring, the equipment continuously read the bar codes on the 

horizontal and vertical planes by sending a laser ray that reflected on the targets mounted 

on the structure (Figure 2.3). By means of triangulation with the fixed reference points 

placed aside the PC/PS girders, the ATS helps determine how much the element has 

moved in a three-dimensional array with an accuracy of 0.5 arc-seconds on angular 

measurements and 1mm+1ppm on distance measurements (1 in = 25.4 mm). 

The Leica TCA2003 is very accurate through the use of robotics, and this feature 

allows the instrument to rotate on the horizontal and vertical axes by itself. The system 

automatically recognized and locked onto targets that were manually entered by the user 

at the beginning of the test. The Leica TCA2003 automatically relocated the targets and 

obtained their coordinates. Because of the high sensitivity of the equipment to movement 

and vibration, its robotic capability helps eliminate any human error through less physical 

contact during operation. 

The Leica TCA2003 was also used to obtain the vertical deflections of the bridge 

at different sections located along the longitudinal axis of the PC/PS girders. The first 

part of the first series of non-destructive load tests was conducted in April 2014 to 

evaluate the live-load response of the bridge during serviceability loading. The second 

part of the first series of load tests was conducted in August 2014. 

2.3. DATA ACQUISITION 

2.3.1. Data Acquisition System 

Three data acquisition systems (DAS) were used for strain and temperature data 

collection during the fabrication and construction of Bridge A7957. These DAS were 

custom-built by the researchers at Missouri S&T. The first built DAS was a compact RIO 
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system, and the two remaining DAS were Campbell Scientific CR800 boxes that work 

wirelessly. 

 Campbell Scientific CR800 2.3.1.1.

During the girders fabrication, erection and construction, the VWSGs were 

connected to either of two Campbell Scientific CR800 DAS that have AVW200 and 

AVW206 VWSG reading modules. Following the erection of the girders, these two 

CR800 DAS were anchored to the interior side of the intermediate bent pier caps for 

long-term monitoring. A cellular antenna, also anchored to the interior side of the bent 2 

pier cap, was used to send the data from the CR800s in real time back to the researchers 

at Missouri S&T during fabrication of the precast PC girders and the different stages of 

the bridge construction. The number of channels needed during the fabrication of each 

instrumented girder is listed in Table 2.2. 

Table 2.2. Gauges Needed During Fabrication of PC Girders (Precast Plant) 

Span Member Gauges DAS Type Total of Channels 

1-2 
(CC) 

Girder 3 VWSG + 

Thermistor 9 CR800 9 
Girder 4 

2-3 
(HS-SCC) 

Girder 3 VWSG + 

Thermistor 13 CR800 13 
Girder 4 

3-4 
(NS-SCC) 

Girder 3 VWSG + 

Thermistor 9 CR800 9 
Girder 4 

The number of channels used to monitor the bents during their construction is 

presented in Table 2.3. 

Table 2.3. Gauges Needed During Construction of Bents 

Bent Member Gauges DAS Type Total No. of Channels 
2 

(CC) 
Web Wall 

Thermocouple 
4 

Compact RIO 8 
Pier Cap 4 

3 
(HVFAC) 

Web Wall 
Thermocouple 

4 
Compact RIO 8 

Pier Cap 4 
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The number of channels needed during the different construction stages and long-

term monitoring of Bridge A7957 is presented in Table 2.4. 

Table 2.4. Channels Needed During the Long-Term Monitoring of Bridge A7957 

Part Gauges DAS Type Total of Channels 

PC/PS Girders 
(Longitudinal VWSG) 

VWSG 

+ 

Thermistor 
62 CR800 62 

CIP Deck 
(Longitudinal VWSG) 

VWSG 

+ 

Thermistor 
20 CR800 20 

CIP Deck 
(Transverse VWSG) 

VWSG 

+ 

Thermistor 
2 CR800 2 

PC/PS Panels 
(Transverse VWSG) 

VWSG 

+ 

Thermistor 
2 CR800 2 

Total channels for long-term monitoring: 86 

Figure 2.4 shows the data acquisition systems and their components. 

  
CR800 DAS CR800 Modules 

Figure 2.4. Campbell Scientific CR800 
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The components of the two DAS boxes are shown in the diagrams of Figure 2.5 

and Figure 2.6. Within each CR800 DAS box, the first two multiplexer modules receive 

16 VWSGs, and the third module hosts 11 VWSGs. This configuration allows that 43 

VWSGs can be connected to each CR800 DAS. 

 
Figure 2.5. Components of DAS Box 1 

 
Figure 2.6. Components of DAS Box 2  

Where: 

A: Sierra Raven XT (wireless modem with high boost antenna) 

B: 12V solar panel with backup battery 

C: CR800 (logger) 

D: RF401 radio transceiver (send/receive)  

E: AVW200 (2-port VW reader, serial connection) 

F: AM16/32 B (16/32 channel multiplexer) 

G: AVW206 (2 port VW reader, wireless) 
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 Programing and Data Collection 2.3.1.2.

A portable personal computer (Dell Latitude E6520 Laptop) and the CR800Series 

software package supplied with LoggerNet 4.1 by Campbell Scientific were used for 

programming and collecting stored data. The data, obtained at the different construction 

stages and during the long-term monitoring of Bridge A7957, can also be downloaded 

wirelessly to this portable personal computer that is installed in the research laboratory 

(Figure 2.7). 

  
a) CR800 DAS Box Installed on Bent 3 b) CR800 Modules and VWSGs 

 
c) CR800 DAS Software with LoggerNet 4.1 

Figure 2.7. Data Acquisition System Installed on Bridge A7957 
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3. INSTRUMENTATION PLAN AND FIELD PREPARATION 

3.1. EQUIPMENT AND GAUGES 

The instrumentation equipment and gauges employed on this implementation 

project are summarized in Table 3.1. Two data acquisition systems were assembled for 

the girders’ data collection. The VWSGs can provide a strain profile through the cross 

section of the PC/PS girders as well as a temperature profile. A total of 86 VWSGs built-

in with thermistors, type EM-5, manufactured by Roctest Inc., were embedded in the 

PC/PS girders, PC/PS panels and CIP deck of Bridge A7957 (Hernandez and Myers 

2015). Table 2.4 presents the number of VWSGs installed within the different 

components of Bridge A7957. A compact RIO acquisition system was assembled for 

temperature data collection during and after the bents’ concrete placement. A total of 16 

thermocouples were connected to the compact RIO acquisition system. At the precast 

plant, the ATS equipment was used to obtain the camber deflections of the PC/PS girders 

as described in sections 2.1.3 and 2.2.2. 

Table 3.1. Instrumentation Equipment and Gauges 

EQUIPMENT & GAUGES QUANTITY DESCRIPTION 

CR800 DAS 2 Collecting data from VWSGs 

Compact Rio 1 

Collecting data from 

thermocouples 

Thermocouples 16 Monitoring temperature 

Vibrating wire strain gauges 86 

Monitoring strain and 

temperature 

Electrical resistance strain gauges 

(ERSG) 4 Monitoring strain 

High Performance Automated Total 

Station (ATS) 1 Monitoring deflection 
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3.2. INSTRUMENTATION LOCATION 

In the precast plant, six out of twelve PC/PS girders were instrumented at the 

cluster locations displayed in Figure 3.1. The VWSGs were installed prior to casting of 

the girders and panels. In the case of the PC/PS girders the sensor installation was limited 

to girder lines 3 and 4 of the bridge (Figure 3.1). The CIP deck was instrumented at 16 

different locations before concrete placement. 

 
Figure 3.1. Bridge A7957’s Instrumented Girders and Clusters’ Locations 

3.3. GAUGE NUMBERING AND IDENTIFICATION 

A complete identification of each gauge was performed to minimize confusion 

when installing and analyzing the data. The gauge identification designations are listed in 

Table 3.2 and Table 3.3. Table 3.2 lists the VWSGs designations while Table 3.3 presents 

the thermocouple designations. 

3.4. GAUGE LOCATIONS 

Within each girder of span (1-2) and span (3-4), the instrumentation clusters were 

located at two cross-sections. The first cross-section was located at mid-span, and the 

second was at 2ft (610 mm) from the centerline of bents 2 and 3, respectively. For span 

(2-3), the instrumentation clusters were located at three different locations: one at mid-

span, and the remaining two at approximately 2 ft. (610 mm) from each support 

centerline. The locations at which the VWSGs were installed are specified in Table 3.2. 

Figure 3.2 shows the cluster locations and layers at which the sensors were installed 

(mid-span and near the supports). More details about the instrumentation are presented in 

Appendices A and B. 

Int. Diaphragm Bent 2 Bent 1 Bent 3 Bent 4

Span 1-2 (CC) Span 2-3 (HS-SCC) Span 3-4 (NS-SCC)

Cluster Location Non-Instrumented Girder

DAS1 DAS 2

Data Acquisition Box
Unit Conversion: 1ft = 0.3048 m

1

2

4

3



D-20 

Table 3.2. Girders, Panels and Deck’s Gauge Identification Designations 

ITEMS IDENTIFICATION 

Embedded Gauge 
Number 

Type Range Named 
Deck VW See Appendix C  (1-2) 

Girder VW See Appendix C (1-7) 
Girder ER N/A (1-2) 

Girders and Decks 
Designation 

Sm S=Span; where m=Span number 
Gn G= Girder; where n= Girder number 

Dmn D= Deck; m, n= Girder line number 

Embedded Gauge 
Depth 

(See Row below for 
Section Location’s 

Explanation) 

TD*: M7, W5, E5 Top Deck (6 in. Above Deck’s Bottom Fiber)  
BD*: M6 Bottom Deck (2 in. Above Bottom Fiber) 

TF*: M5, W4, E4 Top Flange (2 in. Below Top Fiber) 
CGC*: M4, W3, E3 Center of Gravity of Composite Beam Section 

CGU/CGI*: M3 Center Gravity of Noncomposite Beam Section 
CGS*: M2, W2, E2 Center of Gravity of Pretensioned Strands 
BF*: M1, W1, E1 Bottom Flange (2 in. Above Bottom Fiber) 

Longitudinal 
Location of Gauges 

W Near Girder’s West Support 
M Girder’s Mid-span 
E Near Girder’s East Support 

Embedded Gauge 
Depth  

(Deck’s Mid-span) 

M2 Top Deck# (4½ in. above Bottom Fiber) 

M1  Mid Height of PC/PS Panel 
Embedded Gauge 

Depth  
(Lab Test Girders) 

TF*: M2 Top Flange (2 in. Below Top Fiber) 

BF*: M1 Bottom Flange (2 in. Above Bottom Fiber) 

Gauge Type 

Embedded 
Gauges 

VW Vibrating Wire Strain Gauge, VWSG 
TR Thermistor (Integral with VWSG) 
ER Electrical Resistance Strain Gauge 

Other 
Sensor TS Total Station 

DAS CR800 DAS BOX 1 DAS BOX 2 
*: VWSG depth according to instrumentation plan (Appendix B).  
#: The depth locations, first proposed in the instrumentation plan (Appendix B), were adjusted to the precast plant 

conditions. 
 

  

(a) Mid-span b) Near Support 

Figure 3.2. VWSG Installation Details 

10'8"

CIP Deck

      41
2" from Panel's Bottom Fiber

  3   4

           Midheight of PC Panel

4'4"

  3   4

10'8" 4'4"
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Table 3.3. Bent’s Gauge Identification Designations 

ITEMS IDENTIFICATION 

Embedded 
Gauge 

Number 

Type Range Named 

Bent TC N/A 2-3 

Bent Designation Bm B=Bent; m=Bent # 

Web Wall Designation 

NC NC= North Column’s Center Line 
SC SC= South Column’s Center Line 
NW NW= Web Wall ‘s North Side 
SW SW= Web Wall ‘s South Side 

Pier Cap Designation 

PC Pier Cap 
B Bottom 
M Mid Height 
T Top 

MT Ambient Temperature 
Gauge Type TC Thermocouple 

DAS Compact RIO 

3.5. EMBEDDED GAUGES PREPARATION 

All sensors were prepared in the Structural Engineering Research Laboratory at 

Missouri S&T prior to installation in the field. The VWSGs did not require a significant 

work preparation prior to their installation in the plant and field. To prevent any damage 

of the VWSG sensor, a zip tie was fastened around its body as shown in Figure 3.3a. 

Afterwards, all the wires were numbered and labeled (Figure 3.3b) according to the 

information listed in Table 3.2. Finally, the VWSGs were grouped depending on the 

section they were going to be installed within the PC girders and CIP deck. 

  
a) VWSG Secured with Zip Tie b) VWSG Labeled for Field Installation 

Figure 3.3. VWSG Preparation Prior to Field Installation 
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3.6. INSTRUMENTATION INSTALLATION 

3.6.1. Precast Prestressed Girders 

A total of 62 vibrating wire strain gauges (VWSGs) with built-in thermistors (type 

EM-5) were used to monitor strain variations, as well as temperature changes in the 

PC/PS girders and panels (Hernandez and Myers 2015). After all the strands were 

tensioned, usually about one or two days prior to casting, placement of the shear 

reinforcement was conducted by the fabricator. The placement of embedded VWSGs 

within the prestressed girders was performed after this procedure because the steel 

reinforcement was used as a framework for the gauges. Figure 3.4a depicts the 

installation of a VWSG within a section located near the end of a girder. Gauges located 

at a mid-span section are shown in Figure 3.4b. After the installation was completed, the 

gauges were connected to one of the DAS boxes as shown in Figure 3.5. 

  
a) VWSG Installation at Specified Depth b) VWSG Installed at Specified Sections  

Figure 3.4. VWSG Installation within PC Girders at Precast Plant 

  
a) DAS Box 1  b) Antenna Installation to DAS Box 1 

Figure 3.5. VWSGs Connected to DAS Box 
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DAS box 1 was employed as the main acquisition system while DAS box 2 

worked as the auxiliary acquisition system (Figure 3.5 and Figure 3.6). When the 

secondary box was used, it was always necessary to employ the main box to allow remote 

communication of the data to the lab. In such a case, the DAS box 1 was installed aside 

the PC girder as shown in Figure 3.6a. 

  
a) CR800 DAS Box 1 (Main DAS) b) DAS Box 2 (Secondary DAS) 

Figure 3.6. VWSGs Connected to DAS at Precast Plant 

After concrete reached the required compressive strength necessary for release, 

the prestressing force was released and the VWSGs were allowed to collect the strain 

variation for at least one hour. Finally, the girders were moved to the yard for storage 

until being delivered to the bridge site. 

3.6.2. Precast Prestressed Panels 

A VWSG was installed within two PC/PS panels at the precast plant. These 

panels were placed at the mid-span section of span 2-3, between girder lines 2 and 3 and 

girder lines 3 and 4, respectively. Once the panels were set on the girders, the two 

VWSGs remained perpendicularly oriented to the girders’ longitudinal axis (according to 

the details of Figure 3.1 and Figure 3.2a). Figure 3.7 shows the detail of a VWSG 

installed at mid-height of the precast panels. 
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a) Before Concrete Placement b) After Concrete Placement 

Figure 3.7. VWSG Installation within PC/PS Panels 

 
Figure 3.8. Instrumented PC/PS Panels 

3.6.3. CIP Deck 

Twenty two VWSGs were installed within the CIP RC deck. Twenty of them 

were installed along the girders’ longitudinal direction as specified in Figure 3.2a. Figure 

3.8 shows the two PC/PS panels that were instrumented with a VWSG along the 

perpendicular direction of the bridge. Figure 3.9 shows details of VWSGs employed 

within the CIP deck at mid-span and near-support sections. 

The two last VWSGs were transversely placed at 4.5 in (114 mm) from the 

bottom of the instrumented panels. One was located between girder lines 2 and 3, and the 

second between girder lines 3 and 4 (Figure 3.2a). DAS box 1 and DAS box 2 were 

situated on the interior sides of bent 2 and bent 3 pier caps. The 86 VWSGs were split 

into two groups of 43 sensors that were connected to each DAS box (Figure 3.10). 

Additional details about the VWSGs connected to each CR800 DAS box are given in 

Appendix C. After all the VWSGs were placed within the deck, the CR800 DAS were 

anchored to the interior faces of the bents’ pier caps. 
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a) Mid-span Section b) Near Support Section 

Figure 3.9. VWSG Installation within CIP RC Deck 

 
Figure 3.10. Bridge A7957 VWSG Instrumentation 

3.6.4. Steel Plate Installation for ATS Data Collection 

Twenty-four steel plates were fixed along the girders of Bridge A7957 at the 

locations shown in Figure 3.11. 

 
Figure 3.11. Prisms Layout for TS Data Collection 
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Before the diagnostic live load test was conducted, the ATS prisms were 

magnetically mounted on the plate locations shown in Figure 3.11. The coordinates of 

these targets are read before, during and after the bridge is loaded, and then the deflection 

of the points shown in Figure 3.11 is computed. More information about the trucks 

configurations during a load test is shown in section 4.2 (load stops executed during the 

first series of load stops) and Appendix C (original planned load stops). The information 

obtained during the first series of load tests was used to establish a benchmark of the 

bridge structure response under in-service conditions. 

For each span, the steel plates were situated at L/6, L/3, L/2, 2/3L and 5/6L. L is 

the length of the span measured between the bents center lines. The steel plates were 

fixed to the bottom of the girder with an epoxy adhesive (Loctite® Metal & Concrete 

Gray Epoxy) which set within 5 minutes. Figure 3.12 shows the installation of a steel 

plate underneath the bottom flange of one of the girders situated in span 2-3. 

  
a) Steel Plate Installation  b) Steel Plate Fixed (Girder’s Bottom Flange) 

Figure 3.12. Steel Plate Installation for Vertical Deflection Collection with ATS 
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4. FIELD LIVE LOAD TEST PROGRAM 

An instrumentation program was planned and performed to monitor the girders 

response during the service life of Bridge A7957. The first part of the load tests was 

conducted in April, and the second part was performed in August of 2014 (Hernandez 

and Myers 2016a, b). The following sections describe the load test procedure and load 

configurations planned to obtain the maximum response of the girders of each span. 

4.1. LOAD TEST PROCEDURE 

Six MoDOT H20 dump trucks were used to produce maximum load effects on the 

bridge superstructure during the live load test (days 1 and 2), and three dump trucks were 

employed on day 3 of the load test. The average trucks’ dimensions are shown in Figure 

4.1. The trucks’ weights (as reported by MoDOT personnel) are presented in Table 4.1 

according to data reported by Hernandez and Myers (2016a). 

 
Conversion factor: 1 m = 3.28 ft. P1 (front axle weight); P2 (total rear axles’ weight).  

Figure 4.1. Dump truck employed during field load test 

4.2. LOAD STOP CONFIGURATIONS 

Only seventeen load stops of the twenty original load stops planned were 

executed during the first series of load tests. Thirteen out of seventeen load stops are 

reported herein (Figures 4.2 and 4.3). For load stops 1-3, two lanes of trucks were driven 

from east towards west. The trucks were parked at the center of spans 3-4, 2-3 and 1-2, 

respectively [Figure 4.2(a)-4.2 (c)]. For stops 4-6, the trucks were driven from west to 

east, and located at the center of spans 1-2, 2-3, and 3-4, respectively. For these first 6 

H-20 DUMP TruckP2 P2 P11.83 m

1.42 m 4.88 m
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load stops, the center of the trucks’ exterior wheels was separated 10.67 ft. (3.25 m) from 

the safety barrier’s edge as illustrated in Figure 4.4(a). 

Table 4.1. Truck weights (reported by MoDOT personnel) 

Test Day Date Truck Rear (KN) Front (KN) Total (KN) 
1, 2* 4/21/2014 1 158.2 74.0 232.2 
1, 2* 4/21/2014 2 161.6 57.2 218.8 
1, 2* 4/21/2014 3 150.3 56.0 206.3 
1, 2* 4/21/2014 4 178.0 75.3 253.3 
1, 2* 4/21/2014 5 170.2 77.9 248.1 
1, 2* 4/21/2014 6 166.4 71.6 238.0 

3 8/11/2014 1 164.6 61.1 225.7 
3 8/11/2014 2 180.3 70.8 251.1 
3 8/11/2014 3 169.1 70.4 239.5 

Notes: 1 KN = 0.2248 kip. * The trucks remained loaded with the same weight during days 1 and 2. 

For stops 7-9, the trucks were driven from west to east as shown in Figure 4.2(g)-

4.2 (i), and the trucks’ exterior axles were separated 1.63 m (5.3 ft.) from the barrier’s 

edge [Figure 4.4(b)]. These first nine stops represented two-lane load cases. For stops 10-

12, a lane of three trucks was driven from west to east, and the trucks were separated 0.60 

m (2 ft.) from the barrier’s edge as illustrated in Figure 4.4(c). The trucks remained 

parked within the central region of each span as shown in Figure 4.3(a)-4.3(c) while 

measurements were recorded. Stop 13 consisted of a lane of three trucks parked on the 

north side of the central region of span 2-3, separated 0.60 m (2 ft.) from the safety 

barriers, as illustrated in Figure 4.3(d) and Figure 4.4(d). Stops 14-17 [Figure 4.3(e)-

4.3(h)] were designed to monitor the vertical deflection of the spans in the case of two 

continuous spans being loaded with a single lane of trucks. The transverse position of the 

lane of truck’s rear axle is illustrated in Figures 4.4(c) and 4.4(d). 
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Conversion: 1 m = 3.28 ft. 

Figure 4.2. Load Test Configurations (Two-Lanes Load Case) 
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Conversion: 1 m = 3.28 ft. 

Figure 4.3. Load test configurations (Single-Lane Load Case) 
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Conversion: 1 m = 3.28 ft. 

Figure 4.4. Transverse Trucks’ Location 

Figure 4.5 shows the ATS and its components collecting the spans’ vertical 

deflection during the different load stop configurations planned for the first live load test. 

Figure 4.6 shows a two-lane and a single-lane load stops acting on Bridge A7957’s 

superstructure during the first series of load tests. 
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(a) Leica TCA2003 

 
(b) Prisms (Target) Locations 

 
(c) Reference Target 

Figure 4.5. Automated Total Station Collecting Vertical Deflection during Load Test 
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(a) Two-lane Loading 

 

(b) One-lane Loading 

Figure 4.6. Trucks Loading Bridge A7957’s Superstructure during First Series of Load 
Tests. (a) Load Stop 3; (b) Load Stop 10 
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4.3. LOAD TEST RESULTS 

4.3.1. Strain Measurements 

The girders’ bottom flange strains at mid-span for the first 13 load stops 

conducted on Bridge A7957 are presented in Table 4.2. These values correspond to the 

two-lane and single-lane load cases described in the previous section 4.2. Larger strains 

were obtained at mid-span for the exterior and interior girders located in the vicinity of 

the applied load. Strain values at the bottom of the PC/PS girders 1 and 2 were necessary 

to compute the LDFε. As describe previously (Section 3.6.1), VWSGs were installed at 

cluster locations along girder lines 3 and 4 (Figure 3.1 and Figure 3.2) which allowed to 

directly obtaining girders 3 and 4’s strain for each load stop. Girder 1 and 2’s strain were 

interpreted by considering the bridge’s symmetry and assuming that mirrored image load 

stops cause a symmetrical response of the interior and exterior girders (lines 3 and 4) 

during the field load test. In the case of two lanes loaded, stops 3 and 4 (span 1-2), stops 2 

and 5 (span 2-3), and stops 1 and 6 (span 3-4) were considered as symmetrical load stops. 

Stops 11 and 13 (span 2-3) were also assumed as mirrored load stops for the case of one 

lane loaded (Figure 4.2 and Figure 4.3). 

Table 4.2. Bottom Flange Strains at Mid-span, µε 

Stop 
(1) 

Span 
(2) 

εG1
*
 

(3) 
εG2

*
 

(4) 
εG3

†
 

(5) 
εG4

†
 

(6) 
Two Lanes Loaded 

3 1-2 46 84 87 49 
4 1-2 49 87 84 46 
7 1-2 — — 73 65 
2 2-3 55 95 92 54 
5 2-3 54 92 95 55 
8 2-3 — — 80 75 
1 3-4 45 83 89 48 
6 3-4 48 89 83 45 
9 3-4 — — 67 58 

One Lane Loaded 
10 1-2 — — 44 64 
11 2-3 4 17 51 78 
13 2-3 78 51 17 4 
12 3-4 — — 43 65 

Notes: * Values were interpreted from sensors installed in girders 3 and 4. † Values were measured directly. 
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Stop 3 strains are reported in row 3 (Table 4.2). Girder 3 and 4’s strains (reported 

in columns 5 and 6 of Table 4.2) were directly recorded from load stop 3. Girder 1 and 

2’s strains, as reported for stop 3 (columns 3 and 4 of Table 4.2), were interpreted from 

stop 4’s measurements (i.e., these strains were recorded by sensors installed within 

girders 3 and 4). The same approach was employed to obtain the strains for the rest of the 

load stop configurations. Girder 1 and 2’s strain values were not obtained for those load 

stops with no mirrored image load stop (stops 7-10 and 12). 

Measured strain values obtained from two-lane load stop configurations acting on 

spans 1-2 and 3-4 (i.e., stops 1 and 3, stops 4 and 6, and stops 7 and 9) were compared. 

No significant difference was observed in the service response of the exterior or interior 

girders of spans 1-2 and 3-4. A maximum difference of almost 2% was observed between 

the interior girder’s strains for load stop 1 loading span 3-4 (89 µε) and stop 3 loading 

span 1-2 (87 µε). In the case of load stops 7 and 9 (two-lane loaded case), the difference 

in the strain values reported was close to 10% (73 µε vs. 67 µε and 65 µε vs. 58 µε). The 

difference in the results obtained for these two single-lane load stops may be attributed to 

two possible reasons. First, the trucks loading the bridge during load test stops 7 and 9 

might have been placed at locations that are not symmetrical [according to Figure 4.2(g) 

and 4.2(i)]. Second, the load stop might have not been allowed to last enough time so that 

the bridge could undergo the total expected deformation. Both sources should be 

investigated and controlled in future load tests conducted on the bridge. However, from 

the cases of two-lane load configurations (maximum load applied to each span), it was 

observed that the flexural response of the spans was independent of the materials 

employed in the fabrication of the PC/PS girders, namely CC (span 1-2) and NS-SCC 

(span 3-4). 

4.3.2. Vertical Deflection Measurements 

Figures 4.7 - 4.11 summarize the vertical deflections obtained for the load stop 

configurations described in Section 4.2. Load stops 10-13 are not shown because for 

these load configurations deflection values were only recorded at the girders’ mid-span 

due to time limitations when the load test was being executed. Figures 4.12 - 4.16, 
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summarize the girder’s vertical deflections at mid-span for the first thirteen load stops. 

Table 4.3 lists the experimental vertical deflections at the girders’ mid-span (along the 

bridge’s transverse direction) obtained for load stops 1-13. Comparable values, 

corresponding to stops 1 and 3, stops 4 and 6, and stops 7 and 9 (two lanes loaded) were 

obtained in spans 1-2 and 3-4. Larger deflections were obtained for the girders in the 

vicinity of the truck loads. For one-lane loaded cases (stops 10 and 12), a larger 

difference ratio was observed when girders 1 and 2 of spans 1-2 and 3-4 were compared. 

This difference can be related to the accuracy of the ATS that is close to the measured 

deflection values. For future load tests, the magnitude of the loads should be planned so 

that the bridge’s spans undergo vertical deflections larger than the ATS accuracy. In 

general, the girders’ response in spans 1-2 and 3-4 was within the same order of 

magnitude suggesting that the spans’ response during the first load test was independent 

of the type of material used to fabricate the PC/PS concrete girders. 

 
Figure 4.7. Girder 3’s Vertical Deflection (Stops 1-3) 
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Figure 4.8. Girder 3’s Vertical Deflection (Stops 4-6) 

 
Figure 4.9. Girder 3’s Vertical Deflection (Stops 7-9) 
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Figure 4.10. Girder 3’s Vertical Deflection (Stops 14-15) 

 
Figure 4.11. Girder 3’s Vertical Deflection (Stops 16-17) 
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 Figure 4.12. Vertical Deflections at Midspan (Stops 3, 4 & 7) 

 
Figure 4.13. Vertical Deflections at Midspan (Stops 2, 5 & 8) 
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Figure 4.14. Vertical Deflections at Midspan (Stops 1, 6 & 9) 

 
Figure 4.15. Vertical Deflections at Midspan (Stops 10 & 12) 
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Figure 4.16. Vertical Deflections at Midspan (Stops 11 & 13) 

Table 4.3. Vertical Deflections at Mid-span, mm 

Stop 
(1) 

Span 
(2) 

δG1 
(3) 

δG2 
(4) 

δG3 
(5) 

δG4 
(6) 

Two Lanes Loaded 
3 1-2 5 7 7 5 
4 1-2 4 7 7 4 
7 1-2 5 5 6 6 
2 2-3 6 10 10 6 
5 2-3 6 10 10 6 
8 2-3 7 8 8 8 
1 3-4 4 7 7 5 
6 3-4 5 8 8 5 
9 3-4 4 6 6 6 

One Lane Loaded 
10 1-2 0 1 4 5 
11 2-3 1 2 5 8 
13 2-3 9 5 3 1 
12 3-4 1 2 4 5 

Note: The experimental deflection values were limited to the ATS accuracy for distance measurements 
(1mm + 1ppm). 
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The deflection values reported in Table 4.3 were used to compute the lateral 

distribution factors reported in Section 5.1.2. The plots shown in Figures 4.5-4.9 are 

providing sufficient evidence that the bridge behavior during the load test responded as a 

continuous structure. For example, when the trucks loaded span 1 (during stop 3), it was 

observed that the vertical deflection in the second span (Span 2-3) showed positive 

values, and the vertical deflection of span 3-4 showed negative values. The same type of 

response was noted for the rest of the load test stops. 
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5. LATERAL LOAD DISTRIBUTION FACTORS 

5.1. LOAD DISTRIBUTION FACTORS 

The lateral load distribution factors were obtained from field measurements 

(strain measurements and vertical deflection values) and from the AASHTO LRFD 

approach (AASHTO 2012). The lateral load distribution factors, herein, were defined 

using the same nomenclature employed by Cai and Shahawy (2003). Factors computed 

from field strain values measured at the bottom flange of the girders’ (mid-span sections) 

were referred to as load distribution factors (LDF). Distribution factors computed using 

the AASHTO LRFD method were defined as girder distribution factors (GDF). 

5.1.1. Load Distribution Factors (from Strain Measurements, LDFε) 

The LDFε for interior and exterior girders from measured strains were computed 

with Equation (5.1). 

 𝐿𝐿𝐿𝐿𝐿𝐿𝜀𝜀𝜀𝜀 =
𝑛𝑛𝑙𝑙𝜀𝜀𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖
∑ 𝜀𝜀𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖
𝑘𝑘
𝜀𝜀=1

 (5.1) 

Where LDFεi = load distribution factor of ith girder; nl = number of lanes loaded; 

εmaxi = bottom flange strain at mid-span (estimated from field measurements) of the ith 

girder at mid-span; and k = number of girders. 

Table 5.1. Load Distribution Factors (Strain Measurements) 

Stop Span LDFεG1 LDFεG2 LDFεG3 LDFεG4 
Two Lanes Loaded 

3 1-2 0.346 0.632 0.654 0.368 
4 1-2 0.368 0.654 0.632 0.346 
2 2-3 0.372 0.642 0.622 0.365 
5 2-3 0.365 0.622 0.642 0.372 
1 3-4 0.340 0.626 0.672 0.362 
6 3-4 0.362 0.672 0.626 0.340 

One Lane Loaded 
11 2-3 0.027 0.113 0.340 0.520 
13 2-3 0.520 0.340 0.113 0.027 



D-44 

LDFs obtained from strain experimental measurements are listed in Table 5.1. 

These values are comparable to LDF results obtained from deflection measurements 

reported by Hernandez and Myers (2016b). It is noted that there is no significant 

difference between the load distribution factors obtained from span 1-2 and 3-4’s 

measurements. In addition, the interior girders’ LDFε values obtained for one-lane load 

cases are similar to the results reported by Pantelides et al. (2013) in the case of a bridge 

built with PC/PS AASHTO Type IV girders and precast deck panels reinforced with 

GFRP bars. 

5.1.2. Load Distribution Factors (from Vertical Deflections, LDFd) 

The LDFs for the interior and exterior girders were estimated from mid-span 

vertical deflections using Equation (5.2). 

 𝐿𝐿𝐿𝐿𝐿𝐿𝛿𝛿𝜀𝜀 =
𝑛𝑛𝑙𝑙𝛿𝛿𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖
∑ 𝛿𝛿𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖
𝑘𝑘
𝜀𝜀=1

 (5.2) 

Where LDFδi = load distribution factor of i-th girder obtained from deflection 

values obtained at mid-span; nl = number of lanes loaded; δmaxi = deflection of the i-th 

girder at mid-span; and k = number of girders. 

Table 5.2. Load Distribution Factors (Vertical Deflection Values) 

Stop Span LDFδG1 LDFδG2 LDFδG3 LDFδG4 
Two Lanes Loaded 

3 1-2 0.417 0.583 0.583 0.417 
4 1-2 0.364 0.636 0.636 0.364 
7 1-2 0.455 0.455 0.545 0.545 
2 2-3 0.375 0.625 0.625 0.375 
5 2-3 0.375 0.625 0.625 0.375 
8 2-3 0.452 0.516 0.516 0.516 
1 3-4 0.348 0.609 0.609 0.435 
6 3-4 0.385 0.615 0.615 0.385 
9 3-4 0.364 0.545 0.545 0.545 

One Lane Loaded 
10 1-2 0.000 0.100 0.400 0.500 
11 2-3 0.063 0.125 0.313 0.500 
13 2-3 0.500 0.278 0.167 0.056 
12 3-4 0.083 0.167 0.313 0.416 
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Table 5.2 lists the LDFs obtained for each of the load stop configurations 

described in section 4.2. The LDFδ values reported in Table 5.2 are similar to the LDFε 

values obtained from strain measurements reported in Table 5.1. The maximum 

difference observed between the LDFs obtained from the two different field 

measurements represents approximately a 4% of the total applied load to the bridge. This 

value can be considered within a reasonable range of accuracy considering two of the 

possible sources of errors committed during the execution of the field load tests: human 

errors in placing the trucks over the spans’ central region (as shown in Figure 4.2 and 

Figure 4.3) and duration of the load test might not have been enough to allow the bridge 

undergo the total expected deformation for the level of load applied. However, these 

results validate the use of the ATS as a potential and powerful alternative method to 

obtain lateral load distribution factors in the case of in-service evaluation of existing 

bridge structures for which no installed sensor instrumentation is available and access 

underneath the bridge’s deck is difficult or limited. 

5.2. GIRDER DISTRIBUTION FACTORS 

The AASHTO LRFD approach (AASHTO 2012) was used to compute the 

interior and exterior girders’ distribution factors for single and multiple loaded lanes. The 

GDF for an interior girder with two or more (multiple) design lanes loaded was obtained 

with Equation (5.3). 

 𝐺𝐺𝐿𝐿𝐿𝐿𝜀𝜀𝑖𝑖𝑖𝑖𝑚𝑚 = 0.075 + �
𝑆𝑆

2900�
0.4

�
𝑆𝑆
𝐿𝐿�

0.2

�
𝐾𝐾𝑔𝑔
𝐿𝐿𝑡𝑡𝑠𝑠3

�
0.1

 (5.3) 

Where S = girder spacing (mm); L = span length (mm); ts = deck thickness; Kg = 

stiffness parameter (mm4); Kg = n(Ig+eg
2Ag) ; eg = girder eccentricity (vertical distance 

from the girder’s centroid to the slab’s centroid); E = modulus of elasticity of the 

concrete computed as 57000√(f’c); n = modular ratio; Ig = girder’s moment of inertia 

(mm4); and Ag = area of the girder’s cross section (mm2). 

The GDF for interior girders with a single lane loaded was computed with 

Equation (5.4). 
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 𝐺𝐺𝐿𝐿𝐿𝐿𝜀𝜀𝑖𝑖𝑖𝑖𝑠𝑠 = 0.06 + �
𝑆𝑆

4300�
0.4

�
𝑆𝑆
𝐿𝐿�

0.3

�
𝐾𝐾𝑔𝑔
𝐿𝐿𝑡𝑡𝑠𝑠3

�
0.1

 (5.4) 

The exterior girder’s GDF for two or more design lanes loaded was computed 

with Equations (5.5) and (5.6). 

 𝐺𝐺𝐿𝐿𝐿𝐿𝑒𝑒𝑚𝑚𝑖𝑖𝑚𝑚 = 𝑒𝑒(𝐺𝐺𝐿𝐿𝐿𝐿𝜀𝜀𝑖𝑖𝑖𝑖𝑚𝑚 ) (5.5) 

 𝑒𝑒 = 0.77 +
𝑑𝑑𝑒𝑒

2800
≥ 1 (5.6) 

Where de = horizontal distance from exterior girder’s centroid to barrier’s edge 

(mm). The simple static distribution approach, also known as the lever rule, was 

employed to estimate the exterior GDF for a single lane loaded [Equation (5.7)]. 

 𝐺𝐺𝐿𝐿𝐿𝐿𝑒𝑒𝑚𝑚𝑖𝑖𝑠𝑠 = 𝑚𝑚𝑝𝑝 �
𝑆𝑆 + 𝑑𝑑𝑒𝑒 − 1524

𝑆𝑆 � (5.7) 

Where mp = multiple presence factor (equal to 1.2 for a single lane loaded). A 

skew factor was estimated with Equations 5.8 and 5.9 to modify the AASHTO GDF 

values. 

 𝑆𝑆𝐿𝐿 = 1 − 𝐶𝐶1(tan𝜃𝜃)1.5 (5.8) 

 𝐶𝐶1 = 0.25�
𝐾𝐾𝑔𝑔
𝐿𝐿𝑡𝑡𝑠𝑠3

�
0.25

�
𝑆𝑆
𝐿𝐿�

0.5

 (5.9) 

Where SF = skew correction factor (if 30o ≤ θ ≤ 60o); and θ = skew angle. Table 

5.3 summarizes Bridge A7957’s parameters employed to compute the GDFs.  

Table 5.3. Bridge A7957 parameters. 

Variable Span 1-2 = Span 3-4 Span 2-3 
S, mm (ft.)  3250 (10.67) 3250 (10.67) 
L, mm (ft.) 30480 (100.0) 36580 (120.0) 
ts, mm (in.) 240 (9.5) 240 (9.5) 

f'c, MPa (ksi) 55.2 (8.0) 58.9 (10.0) 
n=Ebeam/Eslab 1.41 1.58 
Ag, mm2 (in2) 479.9x103 (743.9) 479.9x103 (743.9) 
Ig, mm4 (in4) 1.2383x1011 (297512) 1.2383x1011 (297512) 
eg, mm (in.) 880 (34.7) 880 (34.7) 

Kg, mm4 (in4) 702.207x109 (1686724) 785.936x109 (1885815) 
θ, deg. 30 30 
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Table 5.3. Cont. 

de, mm (ft) 914 (3.0) 914 (3.0) 
C1 0.1004 0.0901 
SF 0.956 0.961 

Table 5.4 lists the GDF values obtained according to the AASHTO LRFD 

method. 

Table 5.4. Computed GDF (AASHTO LRFD) 

Span Case GDFint 
GDFint  

(corrected) GDFext 
GDFext 

(corrected) 
1-2,  
3-4  

2 or more lanes 
loaded 0.819 0.783  0.901 0.861 

1-2, 
3-4 1 lane loaded 0.558 0.533 0.975 0.932 

2-3 2 or more lanes 
loaded 0.788 0.756 0.866 0.832 

2-3 1 lane loaded 0.528 0.507 0.975 0.936 

5.3. RESEARCH PROGRAM RESULTS AND DISCUSSION 

The interior and exterior lateral load distribution factors are designated as the 

maximum estimated LDF or GDF when a single-lane or multiple-lane load cases are 

evaluated. Several critical live load scenarios were assessed to obtain the maximum effect 

acting within the bridge’s primary supporting components. 

The interior load distribution factor, LDFint
ε, and exterior load distribution factor, 

LDFext
ε, were equal to 0.672 and 0.520, respectively when field strain measurements 

were employed in calculations. When the experimental vertical deflections were used to 

obtain the interior load distribution factor, LDFint
δ, and the exterior load distribution 

factor, LDFext
δ, the values resulted equal to 0.636 and 0.545, respectively. The 

experimental results are within the same order of magnitude implying that both methods 

could be used to obtain the load distribution factors in the case of in-situ evaluation of 

existing bridges. 

The computed AASHTO LRFD interior girder distribution factor, GDFint, was 

0.783, and the exterior girder distribution factor, GDFext, was 0.936. These results reflect 



D-48 

that AASHTO girder distribution factors are larger and more conservative than the load 

distribution factors obtained from field measurements. The larger difference between 

lateral load distribution factors obtained from experimental and AASHTO LRFD 

approach are 15% of the total load applied to the bridge in the case of the interior girders 

and 42% in the case of the exterior girders. It is important to recall that the AASHTO 

LRFD provides a methodology that is used for the design of highway bridges. The 

AASHTO LRFD approach does not intend to evaluate the load distribution response of 

existing bridge structures for which a diagnostic field load test seems to be more suitable. 

The results obtained during the first series of load tests are indicating that the 

difference between the LDFs and GDFs might have a critical impact in cases of 

serviceability evaluations and load rating of existing bridge structures for which decisions 

regarding load posting, strengthening intervention, or replacement of the bridge structure 

have to be taken to rationally allocate available and limited funding resources. 
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6. SUMMARY AND CONCLUSIONS 

The following conclusions were addressed from the instrumentation, construction 

stages of Missouri Bridge A7957, and from the first live load tests executed on the bridge 

superstructure: 

• The first full-scale implementation of NS-SCC, HS-SCC and HVFAC was 

conducted on the structure of Bridge A7957 through the Missouri Department of 

Transportation (MoDOT). 

• The instrumentation phase of the project has been effectively accomplished.  

• The first series of diagnostic load tests was conducted on Bridge A7957 to 

evaluate the initial in-service response and the lateral load distribution of its 

PC/PS members. 

• The structural behavior of the NS-SCC and CC PC/PS girders was comparable, 

suggesting that the structural performance of NS-SCC and HS-SCC PC/PS girders 

should not prevent its implementation in future infrastructure projects. 

• Load distribution factors are critical in the design of new bridges and in the 

serviceability assessment of existing bridge structures. 

• LDFs were estimated from field measurements, and GDFs were obtained using 

the AASHTO LRFD approach. The AASHTO LRFD GDFs resulted in larger 

values compared to experimental LDFs. These differences may be attributed to 

several causes. The AASHTO LRFD equations were developed to be applied to 

different types of bridges with a wide range of span lengths, girders spacing, and 

stiffness. LDFs, obtained from field tests, implicitly consider field conditions such 

as unintended support restraints, skew angle, contribution of secondary members, 

and multiple presence factors, which may contribute to improving the bridge’s in-

service structural performance. 

• More research needs to be conducted to evaluate such differences and the range of 

applicability of each approach. 
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Introduction: 

For Bridge A7957 over the Maries River, Missouri University of Science and 

Technology (Missouri S&T), in conjunction with the Missouri Department of 

Transportation (MoDOT), will be performing research during the construction of the 3-

span, NU-girder bridge. This research will include instrumentation during and after 

construction of the selected NU girders, Bent No. 3, Bent No. 4, and portion of the slab 

deck. This document outlines the instrumentation plan including locations and types of 

sensors as well as timing for the activities. 

 
Goals: 

The primary goals of the instrumentation plan are summarized as follows: 

1. Monitor deflections from transfer through service life; 

2. Compare predicted and measured deflections; 

3. Monitor stresses along spans at cgs due to prestressing, applied loads, and thermal 

effects; 

4. Develop stress blocks (strain blocks) along depth of members at support and midspan; 

5. Monitor thermal gradients at similar cross-sections, for both interior and exterior 

spans; 

6. Evaluate distribution of loading between adjacent interior and exterior sections of the 

same span through a live load test after construction has been completed; 

7. Determine transfer length for 0.6-in diameter strands in the actual high-strength beams 

used in the structure; 

8. Determine level of continuity (both M- and M+) provided at the intermediate bents. 

 

Objectives: 

The primary objectives of the instrumentation program are as follows: 

1. Monitor components of the bridge superstructure during early-age and later-ages; 

2. Identify trends in measured and observed behavior; 

3. Examine applicability of current design procedures and assumptions for high 

performance concrete designs with 0.6-in. diameter prestressing strands. Provide 

recommendations for design of future Self Consolidating Concrete (SCC) and High 
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Volume Fly Ash Concrete (HVFAC) bridges in Missouri with 0.6-in. diameter 

prestressing strands as warranted. 

 

Instrumentation: 

The type of sensors used in (and on) the girders and deck will include: 

1. Vibrating wire strain gauges, VWSGs (Fig. 1); 

2. DEMEC points (Fig. 2); 

3. Taut-wire deflection gauges (Figs. 3 and 4); 

4. Load Cell (Fig. 5); 

5. Thermocouples 

The research team will coordinate their activities with MoDOT engineers and 

MoDOT’s Research Group, Construction and Materials and with personnel from the 

precast concrete plant and jobsite such that early-age monitoring of temperature and 

strain histories is possible for the girders and deck. 

Three i ndependent s ystems w ill be  us ed t o m onitor c oncrete s trains. Vibrating 

wire st rain gauges (VWSGs) will be embedded in the concrete for selected g irders.  

To assure proper orientation after concrete placement and adequate protection during 

casting, the research team will attach the VWSGs as illustrated in Fig. 1. 

 

 

Fig. 1. Instrumented Vibrating Wire Strain Gauge (VWSG) on Prestressing Strand 
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DEMEC po ints w ill be  l ocated on  t he s ide of  t he gi rder by t he r esearch t eam 

according to the image in Fig. 2. 

 

 

Fig. 2. Illustration of DEMEC Points and DEMEC Gauge 

Estimating and comparing experimental camber/deflections to measured values is 

often very critical for new materials particularly those where the modulus of elasticity 

may vary. In order to measure camber at release, a tension wire system may be used as 

illustrated in Figs. 3 and 4. This requires the use of a dead weight, piano wire, and two 

expansion bolts that are attached to the girder after the forms are removed, but prior to 

de-tensioning of the prestressing force. This will be undertaken on a representative HS-

SCC girder. 

 
Fig. 3. Schematic of Tensioned Wire System 

Center of Bearing
in Bridge

Precision Scale Fixed
to Beam at Midspan

“Dead End”
of Beam

“Live End”
of BeamHanging

Weight

Tensioned
Piano Wire
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Fig. 4. Dead Weight for Tension-Wire System 

In order to examine the associated prestress losses with the 0.6-in. diameter seven 

wire strands, a load cell and DAS will be required at the dead end of the member during 

fabrication.  The set-up for this procedure is illustrated in Fig. 5. A thermocouple will 

also be attached to the strand to monitor the temperature of the strand by the researchers. 

 
Fig. 5. Set-Up for Measurement of Strand Stresses and Temperature Before Release 
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A single exit point for all of the instruments’ cables (VWSG and thermocouples) 

will be provided so as to facilitate the use of a data acquisition system (DAS) which will 

record data from the various instruments (see their locations in Fig. 6).  The data will be 

acquired at regular intervals during the first few days after the casting.  Thereafter, data 

will be acquired during placement of the girders and superstructure construction as 

described in subsequent sections of this instrumentation plan. The cost of furnishing and 

placing the instrumentation systems in and on the girders and any other incidental work 

items shall be considered as completely covered in the contract between Missouri S&T 

and MoDOT. 

 

Location of Instrumentation: 

The location of the instrumentation described above will consist of several 

“cluster” locations for Span (1-2), Span (2-3), and Span (3-4). These “cluster” locations 

occur in the prestressed / precast girders and cast-in-place deck directly above the girder 

instrumentation. Two data acquisition system boxes will be located and mounted along 

interior bents No. 2 and No. 3 as illustrated in Fig. 6. 

 

Girders: 

The research team will instrument a maximum of six out of twelve girders prior to 

casting by the fabricator as illustrated in Fig. 6. These will comprise one exterior and one 

interior girder for Span (1-2), Span (2-3), and Span (3-4). Within each girder of Span (1-

2) and Span (3-4), the instrumentation “clusters” will be located at two cross-sections, 

one at midspan and one in a close proximity to the support at Bent 2 and Bent 3 

respectively. For the girders of Span (2-3), the instrumentation “clusters” will be located 

at three cross-sections, one at midspan and one in a close proximity to each of the 

supports (Bents 2 and 3). Figs. 7 and 8 illustrate the instrumentation required at the girder 

cluster locations. In addition to the cluster locations described herein, a VWSG (and 

thermocouple) will be located at the quarter point (within the member) along the centroid 

of the prestressing strands for the instrumented girders on beam lines 3 and 4. 
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Cast-In-Place Deck: 

The research team will instrument Span (2-3) at the same “cluster” location 

described for the girders at midspan in Fig. 6, but within the depth of the deck above the 

girders and along the transverse direction (see Fig. 7). There will be a total of four 

VWSGs (two at each location according to the detail in Fig. 7). 

 

NU Girder Instrumentation for Destructive Testing: 

The research team will instrument two lab test girders with strain gauges prior to 

casting by the fabricator. The strain gauges will be installed at midspan according to the 

instrument configuration shown in Fig. 9. 
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Fig. 6. Plan Illustrating Girders to be Instrumented and “Cluster” Locations
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Location of VWSGs at Girder Lines 3 and 4 “Cluster” Locations (Midspan): 

TD: Top Deck (2 in. Below Top Fiber of Deck) 

BD: Bottom Deck (2 in. Above Bottom Fiber of Deck) 

TF: Top Flange (2 in. Below Top Fiber) 

CGC: Center of Gravity of Composite Beam Section (Midspan Only) 

CGU/CGI: Center of Gravity of Non-Composite Beam Section (Midspan Only) 

CGS: Center of Gravity of Pretensioned Strands 

BF: Bottom Flange (2 in. Above Bottom Fiber) 

 

 
 

Fig. 7. Cross-Section of NU Girders Illustrating Instrumentation at Midspan 
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Location of VWSGs at Girder Lines 3 and 4 “Cluster” Locations (Near Supports) 

 

TD: Top Deck (2 in. Below Top Fiber of Deck) 

TF: Top Flange (2 in. Below Top Fiber) 

CGC: Center of Gravity of Composite Beam Section 

CGS: Center of Gravity of Pretensioned Strands 

BF: Bottom Flange (2 in. Above Bottom Fiber) 

 

 
 

Fig. 8. Cross-Section of NU Girders Illustrating Instrumentation Near Supports 
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Location of Gauges at NU Lab Test Girder (Midspan) 

TF: Top Flange (2 in. Below Top Fiber of Girder) 

CGS: Center of Gravity of Pretensioned Strands 

BF: Bottom Flange (2 in. Above Bottom Fiber of Girder) 

 

 
 

Fig. 9. Cross-Section of NU Girders Illustrating Instrumentation at Midspan for Lab 
Destructive Testing 

 

Bent Instrumentation: 

The research team will instrument Bent Nos. 2 and 3 (see Fig. 6) according to the 

thermocouple arrangement shown in Fig. 10. For each bent, two thermocouples will be 

placed 3 ft from the top edge and at the center of the Web Wall [Fig. 10 (a) and Fig. 

10(b)]. A second set of thermocouples will be installed on the bent columns, separated 3 

ft. from the top of the pier [Fig. 10(a) and Fig. 10(c)]. The beam cap will be instrumented 

with three interior thermocouples and one exterior thermocouple according to the detail 

shown in Fig. 10(d). 
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Thermocouple Location (TC) 

(a) East Elevation 

 

 
 

 

 

 

(b) Section A-A (c) Section B-B (d) Section C-C 

Fig. 10. Cross-Section of Bents Illustrating Thermocouple Locations 
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Additional Instrumentation:  

A chloride detection sensor may be added to the instrumentation plan if available. 

 

Staging of Instrumentation: 

The anticipated staging of the instrumentation is as follows: 

Plain Concrete / HVFA Bent – the instrumentation / research activity is in italics. 

1. Operation – Bent forms are set by the contractor. 

2. Operation – Reinforcement is placed by the contractor. 

3. The researchers will install thermocouple sensors in the locations shown in Fig. 10 

prior to casting of the web walls and columns of the bents.  It is desirable that the 

sensors be placed as close to the casting of the web walls and columns as possible.  

This is to avoid potential damage to these sensors.  The contractor shall allow time 

for this activity as part of the construction process.  

4. Operation – Concrete is placed by the fabricator. 

5. Test Specimens for the researchers are cast when the concrete is placed. 

6. Operation – Concrete attains required strength, the fabricator removes forms. 

7. The researchers will inspect the bents and record thermocouple readings before and 

after the forms are removed. The fabricator may note that the Data Acquisition 

System (DAS) will “scan” readings periodically after concrete is cast. A “cherry 

picker” or equivalent will be required by the researchers to acquire readings and/or 

data by the researchers.  During construction, this access is to be provided by the 

contractor.  After construction, MoDOT will assist with this activity.  

 

Prestressed / Precast Girders – the instrumentation / research activity is in italics. 

8. Operation – Prestressing strands are stressed by the fabricator. 

9. A load cell will be installed at the dead end prior to prestressing of the tendons 

during the stressing operation to monitor prestress losses during stressing and 

release of the strands (Fig. 5).  This load cell and DAS will be removed when the 

strands are released after the member has attained the required concrete release 

strength. 
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10. After the strands have been stressed, but before the forms have been set, the 

researchers will install the girder sensors in the cluster locations described herein.  

The fabricator shall allow time for this activity as part of the fabrication process. 

11. Operation – Precast Forms are set by the fabricator. 

12. Operation – Concrete is placed by the fabricator. 

13. Test Specimens for the researchers are cast including match cured cylinders when the 

concrete is placed.  The fabricator shall provide a covered area (preferably 

temperature controlled) for the casting and curing of match cured specimens by the 

researchers.  The fabricator shall have a calibrated compression-testing machine on 

site capable of testing the concrete cylinders at release. 

14. Operation – Concrete attains required release strength, the fabricator removes forms. 

15. DEMEC points are placed by the researchers near the ends of the members on each 

side of the lower flange with epoxy.  After installation, the research team shall take 

baseline DEMEC readings. The fabricator shall allow time for this activity as part of 

the fabrication process. 

16. Tension wire system installed by the researchers (Fig. 3).  The fabricator shall allow 

time for this activity as part of the fabrication process. 

17. Operation – Pretensioning strands are released by the fabricator. 

18. The load cell is removed by the researchers in conjunction with release of the 

pretensioning strands. 

19. The researchers will inspect the member, record DEMEC readings, and deflection 

readings (while the member is still on the bed).  The fabricator may note that the 

Data Acquisition System (DAS) will “scan” readings periodically throughout the 

fabrication process. 

20. Operation – Place the member in storage at the precasting yard.  (The support points 

for the members in storage should be similar to the final centerline of bearing after 

the member is erected.) 

21. Additional readings will be taken by the researchers periodically, but of note to the 

fabricator and contractor is that readings will be taken prior to shipment, at 28 days, 

at 56-days (optional to the researchers), after erection (before the formwork is set), 
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after erection (before the slab is placed), after the slab is placed, during a live load 

test, and at later-ages (i.e. six months, 1 year, etc.). 

 

Cast-In-Place (CIP) Deck – the instrumentation / research activity is in italics. 

1. Operation – Girders are erected and braced by the contractor. 

2. Operation – CIP deck forms are set by the contractor. 

3. Operation – Reinforcement is placed by the contractor. 

4. The researchers will install the CIP sensors in the cluster locations prior to casting 

that section of the deck.  It is desirable that the sensors be placed as close to the 

casting of the deck as possible.  This is to avoid potential damage to sensors.  The 

contractor shall allow time for this activity as part of the construction process.  In 

addition, the contractor may note that a “PVC” type or equivalent sleeve will be 

installed through the deck by the researchers near Bent No. 2.  This will be of 

adequate size for the bundle of instrumentation wiring that will feed into the data 

acquisition system / data logging box.  The researchers will coordinate the location of 

this sleeve with the contractor before the instrumentation is installed. 

5. Operation – Concrete is placed by the contractor. 

6. Test Specimens for the researchers are cast when the concrete is placed. 

7. Additional readings will be taken by the researchers periodically, but of note to the 

contractor is that readings will be taken after erection of the girders (before and after 

the formwork is set), after the slab is placed, during a live load test, and at later-ages 

(i.e. six months, 1 year, etc.).  A “cherry picker” or equivalent will be required by the 

researchers to acquire readings and/or data by the researchers.  During 

construction, this access is to be provided by the contractor.  After construction, 

MoDOT will assist with this activity. 

 

Damage to Instrumentation: 

Many of the sensors that will be installed in the girders, bents, and CIP deck are 

sensitive to the construction process.  Jobsite and plant workers must be aware of the 

location of the instrumentation to avoid damage.  Equipment in particular that may cause 

damage to sensors or wiring includes hand held vibrators, foot traffic, and construction 
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equipment.  During any handling, transportation and erection of the prestressed girders, 

the contractor shall make provisions to prevent damage to the instrumentation installed 

during the fabrication of the prestressed / precast girders.  The contractor shall also make 

provisions to prevent damage to the instrumentation placed in the bents and deck during 

fabrication / casting of the cast-in-place elements. 

Any damage sustained to the instrumentation installed in or on the prestressed / 

precast girders, bents, or CIP deck as a result of the contractor’s operations shall be the 

responsibility of the contractor. All costs of repair and/or replacement shall be as 

determined by the researchers. 

 

Representative Test Specimens: 

Additional specimens for the purpose of research testing will be collected by the 

researchers during fabrication of the prestressed girders, casting of the HVFAC web 

walls and bents, and casting of the deck. Fabrication of research specimens and the 

associated testing will require a maximum of 0.50 cubic yard of additional concrete to be 

provided per casting date where concrete is sampled. The researchers will be required to 

cast test specimens to monitor the mechanical and material performance of the in-place 

concrete. Fig. 11 illustrates representative quality control test specimens that may be 

required by the researchers. 

The contractor shall notify both the researchers [Dr. John Myers and Dr. Jeffery 

Volz] and the MoDOT Research Group, Construction and Materials, Division [Ms. 

Jennifer Harper and Mr. William Stone] with written notice four weeks prior to the 

commencement of fabrication of the prestressed girders, bents, and CIP deck.  It is most 

desirable that the tentative fabrication / production schedule be sent to the researchers as 

soon as feasible since the preparation of instrumentation can be very time consuming.  If 

possible, it is recommended that the instrumented beams be fabricated last to allow the 

greatest lead-time. 
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Fig. 11.  Representative QC/QA Test Specimens 

 

During fabrication / casting of the girders, bents, and CIP deck, the contractor’s 

fabricator and site crew shall be required to allow access to the work as required by the 

researchers. Specimen collection activities including use of equipment provided by 

research personnel will be accomplished with the minimum disturbance to the 

fabricator’s and contractor’s operations. 
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Date: 7/29/2013 
Span: 1-2 
Member: Girder 4 (S1-G4) 
Stage: Fabrication 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S1-G4-M1 114013049 9244 9269 17 1 2 
S1-G4-M2 114013040 9920 9945 18 1 2 
S1-G4-M3 114013039 9893 9918 19 1 2 
S1-G4-M4 114013034 10325 10351 20 1 2 
S1-G4-M5 114013068 9784 9810 21 1 2 
S1-G4-M6 114013033 10352 10377 N/A N/A N/A 
S1-G4-M7 114013056 10109 10135 N/A N/A N/A 
S1-G4-E1 114013080 7243 7251 23 1 2 
S1-G4-E2 114013110 7595 7603 24 1 2 
S1-G4-E3 114013111 7386 7394 25 1 2 
S1-G4-E4 114013112 7585 7594 26 1 2 
S1-G4-E5 114013114 7319 7327 N/A N/A N/A 

 

Date: 8/1/2013 
Span: 1-2 
Member: Girder 3 (S1-G3) 
Stage: Fabrication 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S1-G3-M1 114013037 10244 10270 60 2 2 
S1-G3-M2 114013036 10271 10297 61 2 2 
S1-G3-M3 114013053 9162 9188 62 2 2 
S1-G3-M4 114013055 9514 9540 63 2 2 
S1-G3-M5 114013035 10298 10324 64 2 2 
S1-G3-M6 114013067 9757 9783 N/A N/A N/A 
S1-G3-M7 114013042 10190 10216 N/A N/A N/A 
S1-G3-E1 114013116 7329 7337 70 2 2 
S1-G3-E2 114013117 7348 7356 71 2 2 
S1-G3-E3 114013118 7338 7346 72 2 2 
S1-G3-E4 114013115 7405 7412 73 2 2 
S1-G3-E5 114013081 7252 7260 N/A N/A N/A 
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Date: 8/3/2013 
Span: 3-4 
Member: Girder 4 (S3-G4) 
Stage: Fabrication 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S3-G4-W1 114013091 7452 7460 72 2 2 
S3-G4-W2 114013092 7300 7308 73 2 2 
S3-G4-W3 114013086 7290 7297 74 2 2 
S3-G4-W4 114013093 7433 7441 75 2 2 
S3-G4-W5 114013103 7548 7556 N/A N/A N/A 
S3-G4-M1 114013050 7604 7630 60 2 2 
S3-G4-M2 114013041 10217 10243 61 2 2 
S3-G4-M3 114013065 9703 9729 62 2 2 
S3-G4-M4 114013045 9270 9296 63 2 2 
S3-G4-M5 114013062 9460 9485 64 2 2 
S3-G4-M6 114013063 9487 9512 N/A N/A N/A 
S3-G4-M7 114013061 9433 9458 N/A N/A N/A 

 

Date: 8/5/2013 
Span: 3-4 
Member: Girder 3 (S3-G3) 
Stage: Fabrication 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S3-G3-W1 114013083 7262 7267 66 2 2 
S3-G3-W2 114013098 7519 7527 67 2 2 
S3-G3-W3 114013084 7271 7279 68 2 2 
S3-G3-W4 114013085 7281 7289 69 2 2 
S3-G3-W5 114013082 7415 7423 N/A N/A N/A 
S3-G3-M1 114013078 9568 9593 60 2 2 
S3-G3-M2 114013074 9838 9864 61 2 2 
S3-G3-M3 114013059 10055 10081 62 2 2 
S3-G3-M4 114013070 10020 10052 63 2 2 
S3-G3-M5 114013058 9542 9567 64 2 2 
S3-G3-M6 114013073 9947 9972 N/A N/A N/A 
S3-G3-M7 114013060 9407 9431 N/A N/A N/A 
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Date: 8/8/2013 
Span: 2-3 
Member: Girder 4 (S2-G4) 
Stage: Fabrication 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S2-G4-W1 114013102 7557 7565 60 2 2 
S2-G4-W2 114013094 7443 7450 61 2 2 
S2-G4-W3 114013107 7576 7584 62 2 2 
S2-G4-W4 114013105 7538 7545 63 2 2 
S2-G4-W5 114013104 7367 7375 N/A N/A N/A 
S2-G4-M1 114013077 9595 9621 1 1 1 
S2-G4-M2 114013044 9297 9323 2 1 1 
S2-G4-M3 114013066 9730 9755 3 1 1 
S2-G4-M4 114013076 9622 9648 4 1 1 
S2-G4-M5 114013075 9676 9702 5 1 1 
S2-G4-M6 114013043 9352 9377 N/A N/A N/A 
S2-G4-M7 114013047 10136 10162 N/A N/A N/A 
S2-G4-E1 114013095 7424 7432 11 1 1 
S2-G4-E2 1140130101 7500 7508 12 1 1 
S2-G4-E3 114013100 7510 7518 13 1 1 
S2-G4-E4 114013097 7529 7537 14 1 1 
S2-G4-E5 114013099 7309 7317 N/A N/A N/A 
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Date: 8/13/2013 
Span: 2-3 
Member: Girder 3 (S2-G3) 
Stage: Fabrication 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S2-G3-W1 114013113 7395 7404 72 2 2 
S2-G3-W2 114013088 7491 7499 73 2 2 
S2-G3-W3 114013087 7481 7489 74 2 2 
S2-G3-W4 114013079 7234 7242 75 2 2 
S2-G3-W5 114013109 7376 7385 N/A N/A N/A 
S2-G3-M1 114013057 10083 10108 60 2 2 
S2-G3-M2 114013048 9326 9350 61 2 2 
S2-G3-M3 114013052 9189 9215 62 2 2 
S2-G3-M4 114013046 10163 10189 63 2 2 
S2-G3-M5 114013054 9379 9404 64 2 2 
S2-G3-M6 114013051 9217 9242 N/A N/A N/A 
S2-G3-M7 114013069 9811 9837 N/A N/A N/A 
S2-G3-E1 114013090 7462 7470 11 1 1 
S2-G3-E2 114013106 7568 7573 12 1 1 
S2-G3-E3 114013096 7357 7365 13 1 1 
S2-G3-E4 114013108 9153 9161 14 1 1 
S2-G3-E5 114013089 7471 7479 N/A N/A N/A 

 

Date: 8/21/2013 
Panels (Mid-span 2-3 between girders 2 and 3, Mid-span 2-3 between girders 3 and 4) 
Stage: Fabrication 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S2-D23-M1 114013064 9651 9675 10, 10 1 1 
S2-D23-M2 114013071 10001 10027 N/A N/A N/A 
S2-D34-M1 114013072 9975 10200 7, 50 2 1 
S2-D34-M2 114013038 9865 9891 N/A N/A N/A 
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Date: 9/24/2013 
Span: 2-3 
Member: Girder 4 (S2-G4) 
Stage: Erection 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S2-G4-W1 114013102 7557 7565 N/A N/A N/A 
S2-G4-W2 114013094 7443 7450 N/A N/A N/A 
S2-G4-W3 114013107 7576 7584 N/A N/A N/A 
S2-G4-W4 114013105 7538 7545 N/A N/A N/A 
S2-G4-W5 114013104 7367 7375 N/A N/A N/A 
S2-G4-M1 114013077 9595 9621 1, 17 1 2 
S2-G4-M2 114013044 9297 9323 2, 18 1 2 
S2-G4-M3 114013066 9730 9755 3, 19 1 2 
S2-G4-M4 114013076 9622 9648 4, 20 1 2 
S2-G4-M5 114013075 9676 9702 5, 21 1 2 
S2-G4-M6 114013043 9352 9377 N/A N/A N/A 
S2-G4-M7 114013047 10136 10162 N/A N/A N/A 
S2-G4-E1 114013095 7424 7432 1, 33 1 3 
S2-G4-E2 1140130101 7500 7508 2, 34 1 3 
S2-G4-E3 114013100 7510 7518 3, 35 1 3 
S2-G4-E4 114013097 7529 7537 4, 36 1 3 
S2-G4-E5 114013099 7309 7317 N/A N/A N/A 

 
Date: 9/25/2013 
Span: 3-4 
Member: Girder 4 (S3-G4) 
Stage: Erection 
 

Location S/N Begin # End # Chanel # DAS MODULE 
S3-G4-W1 114013091 7452 7460 33 1 3 
S3-G4-W2 114013092 7300 7308 34 1 3 
S3-G4-W3 114013086 7290 7297 35 1 3 
S3-G4-W4 114013093 7433 7441 36 1 3 
S3-G4-W5 114013103 7548 7556 N/A N/A N/A 
S3-G4-M1 114013050 7604 7630 17 1 2 
S3-G4-M2 114013041 10217 10243 18 1 2 
S3-G4-M3 114013065 9703 9729 19 1 2 
S3-G4-M4 114013045 9270 9296 20 1 2 
S3-G4-M5 114013062 9460 9485 21 1 2 
S3-G4-M6 114013063 9487 9512 N/A N/A N/A 
S3-G4-M7 114013061 9433 9458 N/A N/A N/A 
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Date: 10/15/2013 (Connected to CR800 DAS) 
Span: 1-2 
Member: Girder 3 (S1-G3) 
Stage: Deck Placement 
 

Location S/N Begin 
# End # Chanel 

# DAS MODULE 

S1-G3-M1 114013037 10244 10270 1 1 1 
S1-G3-M2 114013036 10271 10297 2 1 1 
S1-G3-M3 114013053 9162 9188 3 1 1 
S1-G3-M4 114013055 9514 9540 4 1 1 
S1-G3-M5 114013035 10298 10324 5 1 1 
S1-G3-M6 114013067 9757 9783 6 1 1 
S1-G3-M7 114013042 10190 10216 7 1 1 
S1-G3-E1 114013116 7329 7337 8 1 1 
S1-G3-E2 114013117 7348 7356 9 1 1 
S1-G3-E3 114013118 7338 7346 10 1 1 
S1-G3-E4 114013115 7405 7412 11 1 1 
S1-G3-E5 114013081 7252 7260 12 1 1 

 

 

Date: 10/15/2013 (Connected to CR800 DAS) 
Span: 1-2 
Member: Girder 4 (S1-G4) 
Stage: Deck Placement 
 

Location S/N Begin 
# End # Chanel 

# DAS MODULE 

S1-G4-M1 114013049 9244 9269 13 1 1 
S1-G4-M2 114013040 9920 9945 14 1 1 
S1-G4-M3 114013039 9893 9918 15 1 1 

S1-G4-M4* 114013034 10325 10351 16 1 1 
S1-G4-M5 114013068 9784 9810 17 1 2 
S1-G4-M6 114013033 10352 10377 18 1 2 
S1-G4-M7 114013056 10109 10135 19 1 2 
S1-G4-E1 114013080 7243 7251 20 1 2 
S1-G4-E2 114013110 7595 7603 21 1 2 
S1-G4-E3 114013111 7386 7394 22 1 2 
S1-G4-E4 114013112 7585 7594 23 1 2 
S1-G4-E5 114013114 7319 7327 24 1 2 

*: VWSG did not work properly 
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Date: 10/15/2013 (Connected to CR800 DAS) 
Span: 2-3 
Member: Girder 3 (S2-G3) 
Stage: Deck Placement 
 

Location S/N Begin 
# End # Chanel 

# DAS MODULE 

S2-G3-W1 114013113 7395 7404 25 1 2 
S2-G3-W2 114013088 7491 7499 26 1 2 
S2-G3-W3 114013087 7481 7489 27 1 2 
S2-G3-W4 114013079 7234 7242 28 1 2 
S2-G3-W5 114013109 7376 7385 29 1 2 
S2-G3-M1 114013057 10083 10108 35 1 2 
S2-G3-M2 114013048 9326 9350 36 1 3 
S2-G3-M3 114013052 9189 9215 37 1 3 
S2-G3-M4 114013046 10163 10189 38 1 3 

S2-G3-M5* 114013054 9379 9404 39 1 3 
S2-G3-M6 114013051 9217 9242 40 1 3 
S2-G3-M7 114013069 9811 9837 41 1 3 
S2-G3-E1 114013090 7462 7470 51 2 1 
S2-G3-E2 114013106 7568 7573 52 2 1 
S2-G3-E3 114013096 7357 7365 53 2 1 
S2-G3-E4 114013108 9153 9161 54 2 1 
S2-G3-E5 114013089 7471 7479 55 2 1 

*: VWSG did not work properly 
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Date: 10/15/2013 (Connected to CR800 DAS) 
Span: 2-3 
Member: Girder 4 (S2-G4) 
Stage: Deck Placement 
 

Location S/N Begin 
# End # Chanel 

# DAS MODULE 

S2-G4-W1 114013102 7557 7565 30 1 2 
S2-G4-W2 114013094 7443 7450 31 1 2 
S2-G4-W3 114013107 7576 7584 32 1 2 
S2-G4-W4 114013105 7538 7545 33 1 3 
S2-G4-W5 114013104 7367 7375 34 1 3 
S2-G4-M1 114013077 9595 9621 44 2 1 
S2-G4-M2 114013044 9297 9323 45 2 1 
S2-G4-M3 114013066 9730 9755 46 2 1 
S2-G4-M4 114013076 9622 9648 47 2 1 
S2-G4-M5 114013075 9676 9702 48 2 1 
S2-G4-M6 114013043 9352 9377 49 2 1 
S2-G4-M7 114013047 10136 10162 50 2 1 
S2-G4-E1 114013095 7424 7432 56 2 1 
S2-G4-E2 1140130101 7500 7508 57 2 1 
S2-G4-E3 114013100 7510 7518 58 2 1 
S2-G4-E4 114013097 7529 7537 59 2 1 
S2-G4-E5 114013099 7309 7317 60 2 2 
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Date: 10/15/2013 (Connected to CR800 DAS) 
Span: 3-4 
Member: Girder 3 (S3-G3) 
Stage: Deck Placement 
 

Location S/N Begin 
# End # Chanel 

# DAS MODULE 

S3-G3-W1 114013083 7262 7267 61 2 2 
S3-G3-W2 114013098 7519 7527 62 2 2 
S3-G3-W3 114013084 7271 7279 63 2 2 
S3-G3-W4 114013085 7281 7289 64 2 2 
S3-G3-W5 114013082 7415 7423 65 2 2 
S3-G3-M1 114013078 9568 9593 66 2 2 
S3-G3-M2 114013074 9838 9864 67 2 2 
S3-G3-M3 114013059 10055 10081 68 2 2 
S3-G3-M4 114013070 10020 10052 69 2 2 
S3-G3-M5 114013058 9542 9567 70 2 2 
S3-G3-M6 114013073 9947 9972 71 2 2 
S3-G3-M7 114013060 9407 9431 72 2 2 

 

Date: 10/15/2013 (Connected to CR800 DAS) 
Span: 3-4 
Member: Girder 4 (S3-G4) 
Stage: Deck Placement 
 

Location S/N Begin 
# End # Chanel 

# DAS MODULE 

S3-G4-W1 114013091 7452 7460 73 2 2 
S3-G4-W2 114013092 7300 7308 74 2 2 
S3-G4-W3 114013086 7290 7297 75 2 2 
S3-G4-W4 114013093 7433 7441 76 2 3 
S3-G4-W5 114013103 7548 7556 77 2 3 
S3-G4-M1 114013050 7604 7630 78 2 3 
S3-G4-M2 114013041 10217 10243 79 2 3 
S3-G4-M3 114013065 9703 9729 80 2 3 
S3-G4-M4 114013045 9270 9296 81 2 3 
S3-G4-M5 114013062 9460 9485 82 2 3 
S3-G4-M6 114013063 9487 9512 83 2 3 
S3-G4-M7 114013061 9433 9458 84 2 3 

 



 

APPENDIX C – ORIGINAL PROPOSED LIVE LOAD TESTS 
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