
Transportation Learning Network - 12-17-2015

Transportation Learning Network - 12-17-2015 1

 

Joint Detailing for Improved 
Performance of Double Tee 

Bridge System

Nadim Wehbe, PhD, PE
South Dakota State University

December 17, 2015

 

• South Dakota Department of Transportation
• Mountain Plains Consortium University 

Transportation Center

December 17, 2015

Funding Agencies

 

• Double Tee Bridge System
• Motivation for Study
• Objectives
• Previous Studies
• Experimental Work
• Results
• Conclusions
• Recommendations

December 17, 2015

Outline
 

• “Decked” precast/prestressed bridge girder
• Simply supported
• Reduced construction time and cost
• Suitable for rural/low traffic areas
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Double Tee Bridge
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Double Tee Bridge
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Double Tee Bridge Typical Details
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Double Tee Girder Typical Section

• Typical 46″ wide x 23″ high DT section
12-0.5″ prestressing strands

Two 8 x 4 – D8 x D4 wire mesh

Four # 4 bars longitudinal bars (deck)
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Inadequate shear transfer

Leakage of Water and deicers

Corrosion of reinforcing steel

Spalling at longitudinal joint

Deterioration of longitudinal joint

Reduced structural capacity

December 17, 2015

Motivation

Corrosion

Leakage

Concrete 
Spalling

 

• Short-term solutions
Asphalt overlays and joint sealants: temporary; 

costly; tendency to form reflective cracks

• Design service life 50 – 70 years
• Replacements needed < 40 years
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Motivation

 

• Factors contributing to reflective cracking
 Relative deflection, ∆

 Rotation, ߠ
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Motivation

Relative Deflection
Relative Rotation

 

1. Develop new joint detailing for improved 
performance of double tee bridges

2. Examine the structural performance 
(serviceability and strength) of 
“Conventional” and “Proposed” joints
 Perform laboratory tests on full-scale girder 

specimens under fatigue and monotonic loading
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Objectives



Transportation Learning Network - 12-17-2015

Transportation Learning Network - 12-17-2015 2

 

Questions?

December 17, 2015



 

December 17, 2015

Previous Studies

• Zhu, Ma, and French
 U-bar joint
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Previous Studies

• Zhu, Ma, and French
 Headed-bar joint



 

• 4″ grouted keyway
 4″ overlap D8 x D4 welded wire mesh
 Transverse Reinf: 0.32″ diameter bars at 4″ c/c (0.24 in2/ft)
 Lacer Bars: 2-0.25″ diameter bars
 4500 psi non-shrink grout

• Optional Restraint: 3/4″ bolt (tie) and concrete strut

December 17, 2015

“Proposed” Joint Detail

Section View
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• Two full-scale specimens: one with “Conventional” 
joint and one with “Proposed” joint

• Two connected girders per specimen

• 40′ long standard 46″ x 23″ girders

• Reinforcing: 12-0.5″ prestressing strands, 8 x 4 –
D8 x D4 wire mesh
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Test Specimens
 

• Simply supported configuration under point load
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Test Configuration

 

• Girders were fabricated at Cretex in Mitchel, 
SD
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Girder Fabrication

“Conventional” Shear Key “Proposed” Shear Key

 

• Assembly in lab followed field procedures
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Specimen Assembly
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Specimen Assembly-“Conventional”

• Keyway and connection

Grouting

Plate after Welding

After Grouting

Plate before Welding

Block-outs for 
Inspection of 
Connections
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Bottom View Top View

Specimen Assembly-“Proposed”

Joint Formwork Optional Diaphragm
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Test Setup

A
B

Water Dams
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Instrumentation

Cable Transducers 
(Deflection)

LVDT (Relative Rotation)

Load CellsEmbedded Strain GaugesSurface-Mounted Strain Gauges

LVDT (Relative Deflection)

 

1. AASHTO-LRFD (2012) Fatigue II (cyclic)
 Normal truck loads

2. AASHTO-LRFD (2012) Fatigue I (cyclic)
Overweight truck loads

3. Monotonically increasing load until flexural 
failure
Strength limit state
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Loading Protocol

 

• Fatigue Truck:

• Dynamic Impact Factor: IM = 15%

• Live Load Multiplier
 Fatigue II: γp = 0.75
 Fatigue I: γp = 1.50

• Equivalent point load (based on matching girders’ 
max BM in prototype bridge and test specimen)
 Fatigue II: P = 21 Kips (applied at 1 cycle per sec.)
 Fatigue I: P = 42 Kips (applied at 0.75 cycle per sec.)
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Fatigue Loading
 

Questions?
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• 21 kip fatigue
 Seepage at 19,500 cycles (3.6 service years)

 First weld failure at 62,000 cycles (11.3 service years)

 Third weld failure at 80,000 total load cycles (14.6 service 
years)
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Experimental Results: “Conventional”

Water Seepage Weld Failure

 

• 42 kip fatigue
 First weld failure at 37,500 cycles (6.8 service years)

 Fourth weld failure at 56,000 total load cycles (10.2 service 
years)

 Significant cracking along longitudinal joint
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Experimental Results: “Conventional”



 

• Stiffness Degradation
Degradation under 42 kips is more than 3 times 

that under 21 kips
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Experimental Results: “Conventional”



 

• Relative Deflection and Rotation
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Experimental Results: “Conventional”



 

• Flexural Strength
 The combined girders attained 62% of theoretical strength

 Separation of the two girders at the joint
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Experimental Results: “Conventional”
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Experimental Results: “Conventional”

Separation of 
Longitudinal Joint

• At Failure

 

• 21 kip fatigue
500,000 load cycles with struts (91 service years)

200,000 load cycles without struts (36.5 service 
years)

No water seepage or visible joint cracks

• 42 kip fatigue
100,000 load cycles without struts (18 service 

years)

No water seepage or visible joint cracks
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Experimental Results: “Proposed”



 

• Stiffness Degradation
Negligible
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Experimental Results: “Proposed”



 

• Relative Deflection and Rotation
Essentially unaffected by fatigue
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Experimental Results: “Proposed”



 

• Flexural Strength
 Attained flexural failure without girder separation or joint 

cracking
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Experimental Results: “Proposed”
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Experimental Results: “Proposed”

Crushing of Concrete

• At Failure



 

• Reactions at supports were measured at 21 kips 

• FEM analysis was conducted to verify experimental 
results (good agreement)

• Proposed joint provided more even load distribution
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Load Distribution to Supports
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• The proposed joint mitigated water leakage through the 
joint while the conventional joint started to leak at an early 
stage of the fatigue loading.

• The proposed joint eliminated stiffness degradation due 
to fatigue while the conventional joint deteriorated rapidly 
resulting in significant stiffness degradation.

• The proposed joint enhanced continuity between adjacent 
girders
 The flexural capacity of the “proposed” specimens was more than 

1.5 times that of the “conventional” specimen

 The “proposed specimen” allowed for more uniform load 
distribution to the supports
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Conclusions
 

• Current joint detailing should be discontinued for new 
construction.

• Proposed joint detailing should be adopted for the DT 
bridge system covered in this study.  Initial cost increase 
was estimated at approximately 3.5%.

• Joints of existing DT bridges should be retrofitted to 
extend the useful life of those bridges.

• Similar joint details can be developed for other decked 
bridge girder systems.  
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Recommendations

 

Questions?
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