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Purpose

To discuss research from the National Cooperative Highway 
Research Program (NCHRP)’s Research Report 895: Simplified 
Full Depth Precast Concrete Deck Panel Systems.

Learning Objectives

At the end of this webinar, you will be able to:

• Describe new advances of full depth precast 
concrete deck panels for highway bridges

• Describe use of ultra-high performance 
concrete on highway bridges

• Determine current needs for bridge 
construction projects

http://www.trb.org/nchrp/nchrp.aspx
http://www.trb.org/NCHRP/Blurbs/178452.aspx
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• Goals of the Project
• Features of proposed deck panel system
• Analytical investigation
• Experimental investigation
• Design Guidelines
• Proposed changes to AASHTO LRFD Bridge Design 

Specifications
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GOALS OF THE PROJECT
1) Develop a simplified full depth precast concrete deck panel system:

(a) Satisfactory composite action
(b) Meet ABC goals
(c) Simplified grouting
(d) Minimize shear pockets and joints
(e) Relax tight tolerances

2) Investigate analytically and/or experimentally various design issues
3) Develop guidelines for design and construction
4) Propose revisions to the AASHTO LRFD Bridge Design Specifications
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Features of proposed deck panel system
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1. Discrete (isolated) horizontal shear connections at 6 ft ** filled with UHPC
2. Haunch between girder top and deck bottom is filled with flowable grout (or may 

be left unfilled to save time and material)
3. Panels are 6-ft long in direction of traffic with no interior shear pockets (length may 

be doubled to 12-ft with one interior pocket)
4. Ribbed (waffle) slab to reduce the weight (may be solid)
5. Transverse joints are filled with UHPC with spliced rebars, or conventional 

concrete with post-tensioning (PT)
6. Unique connection hardware for concrete girders
--------------------------------------------------------------------------------------------------------
** NCHRP 12-65 (2008) proved the feasibility of extending the spacing to 4 ft

LRFD Specs. (2014 to present): Spacing = 4 ft



Simplified full depth 
precast concrete deck 

panel system
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6 ft

Panels with Longitudinal PT 

• The panel can be made solid
• The panel can be made 12-ft 

long with one interior pocket
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Panels with no PT
The panel-to-panel transverse 

joints are filled with UHPC



10

On concrete girders 
Innovative connection 

hardware
joints are filled with 

UHPC
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On steel girders
Use large size studs 

(1.0 or 1.25 in. diameter studs)
to reduce the size of the joint Nine 1-in. diameter studs
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6 ft

Discrete (isolated) joint connection system
The shear connector joints are filled with UHPC. 
The haunch may be filled with flowable concrete. 
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Innovative longitudinal PT system 
(duct-in-duct, unbonded PT system):
Sheathed strands placed in larger PVC tubes
The PVC tubes are not grouted (unbonded system) and not spliced
Simply supported bridges: PT is applied after the shear connector joints are 

grouted and cured
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Analytical investigation

1. Deck design
2. Beam design
3. Deck-beam composite system:

Distribution factors 
Flexure design
Deflection
Vertical shear 
Interface shear 
Top flange buckling 
Effect of simplification of deck 
post-tensioning

Tools:
1- Vierendeel model
2- Non-linear finite element analysis
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Deck slabs with discrete joints

Deck design
Design aids were developed for HL93 

and 100 psf.
A commercial finite element package 

was used in the analysis.  
The deck was modeled using plate 

elements (bending-only surface 
elements).

HL93
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Deck slabs with discrete joints
Vierendeel Model was used to investigate deflection, interface shear, and vertical shear

The investigation has shown that the simple Euler–Bernoulli Beam Theory yields conservative results 
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Deck slabs with discrete joints

Distribution factors 
A three-dimensional finite element 

model was used in the 
investigation. The slab and the 

haunch were modeled using the 
8-node linear reduced integration 

brick elements. 

The AASHTO LRFD provides 
conservative results.
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Experimental investigation

With concrete girder (UNL) With steel girder (GWU)
Push-off specimens Push-off specimens
Large scale composite beam with 
unbonded longitudinal PT

Tested for:
- Strength for interface shear, 

flexure & vertical shear

Large scale composite beam with 
no longitudinal PT

Tested for:
- Fatigue: 6.8 million cycles
- Strength for interface shear & 

flexure 
Ribbed Panels & the haunch was unfilled
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6 ft

Discrete (isolated) joint connection system
The shear connector joints are filled with UHPC 

6 ft
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Experimental investigation with concrete girder (Push-off Specimens)

Predicted horizontal shear capacity = 236 kip
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Average interface shear capacity = 295 kips (predicted = 236 kips)
UHPC compressive strength = 14.8 ksi 

Experimental investigation with concrete girder (Push-off Specimens)



4/30/2019 Sameh S. Badie, Ph.D., PE 25

Concrete deck failure

Average interface shear capacity = 295 kips (predicted = 236 kips)
UHPC compressive strength = 14.8 ksi 

Experimental investigation with concrete girder (Push-off Specimens)
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Experimental investigation with concrete girder (Large-scale composite beam)

NU 900
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Predicted interface shear strength = 236 kips
and
Predicted composite flexural capacity = 3,401 kip-ft

Experimental investigation with concrete girder (Large-scale composite beam)
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Maximum applied load = 338 kips
Measured interface shear per joint = 325 kips (predicted 236 kips)

No observed cracks at the joints
Measured flexural capacity = 3,505 kip-ft  (predicted 3,401 kip-ft)

Flexure & shear-flexure cracks in the girder
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Load-horizontal displacement relationshipLoad-deflection relationship

Experimental investigation with concrete girder (Large-scale composite beam)
Interface shear strength
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Experimental investigation: Interface shear strength

Bridge Name Span 
(ft) Span Type Girder

 Size
Girder 

Depth (ft)
Girder 

Spacing (ft)
Span / Girder 

Depth
Interface Shear 

Demand (kip/in.)
Demand Interface 

Shear (kip/6 ft)

PCI BDM Ex. 9.1a 120 Simple BT-72 6 9 20.0 2.86 205.9

Florida Bridge, FL 150 Simple FL I-72 6 10 25.0 3.38 243.4

Oxford South, NE 110 Continuous NU1350 4.42 9 24.9 3.58 257.8

Kearney East, NE 166 Continuous NU1800 5.92 8.5 28.0 3.70 266.4

Average 25.9 3.6 261.9

Average interface shear capacity per joint (Push-off & Large Scale Beam) = (295+325) /2 = 310 kips
= 310 kips / 6 ft = 51.7 kip/ft = 4.3 kip/in. 
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Experimental investigation
(Large scale beam):
Vertical shear Strength
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Maximum applied load = 544 kips
Measured vertical shear capacity = 272 kips (Predicted capacity = 221 kips) 

Experimental investigation (Large scale beam): Vertical shear strength
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Experimental investigation (Large scale beam): Vertical shear strength
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Experimental investigation:
Applying longitudinal PT after the deck is made composite with the beam

Ratio of deck PT stress in composite simple span bridge compared to 
deck PT stress in non-composite deck
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Experimental investigation

With concrete girder (UNL) With steel girder (GWU)
Push-off specimens Push-off specimens
Large scale composite beam with 
unbonded longitudinal PT

Tested for:
- Strength for interface shear, 

flexure & vertical shear

Large scale composite beam with 
no longitudinal PT

Tested for:
- Fatigue: 6.8 million cycles
- Strength for interface shear & 

flexure 
Ribbed Panels & the haunch was unfilled
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Experimental investigation (Push-off Specimens)

Measured average horizontal shear capacity = 279.5 kips 
Predicted  = 510.0 kips (strength of steel studs, LRFD Chapter 6)

UHPC mix average strength = 14.2 ksi
No cracks were observed in the joints 

The precast panel failed by bearing

Concrete deck failure

Test set up

'0.5  E ( q. 6.10.10.4.3 1)n sc c c sc uQ A f E A F= −≤
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Experimental investigation with composite steel girder
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Experimental investigation with composite steel girder 

• Fatigue test (effect of 6.8 Million Cycles)
• Very satisfactory performance.
• Minor hair cracks (0.05 in. wide cracks) appeared in the 

unreinforced shear pocket cover.
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Experimental investigation with composite steel girder
Fatigue test (effect of 6.8 Million Cycles)
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Experimental investigation with composite steel girder
Fatigue test: Full composite action (effect of 6.8 Million Cycles)
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Experimental investigation with composite steel girder, unfilled haunch
Fatigue test (effect of 6.8 Million Cycles)

For deflection calculations due to 
service loads, a 25% reduction in 
the member stiffness is proposed.
This issue is recognized by the 13th

edition of AISC Manual, where 25% 
reduction in the member stiffness is 
stated.

6 ft
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Experimental investigation with composite steel girder
Strength test: Test was stopped at 450 kips (maximum safe capacity of the loading frame)

No interface shear 
failure was observed

Measured Analysis

Flexural 
capacity 

(k-ft)
3,758 3,489

Corresponding 
Interface 

shear/joint 
(kips)

453.8 424.1

Corresponding 
load at 

midspan (kips)
450 418

Composite flexural nominal capacity
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Experimental investigation with steel girder

interface capacity per joint Push-off 
specimens

Large scale 
composite beam

Average 

Measured: 279.5 kips 453.8 kips 366.6 kips
Predicted:
LRFD Article 6.10.10.4.3

510.0 kips
Experimental/Predicted capacity = 72%

A group reduction factor of 72% is proposed to the LRFD Equation 6.10.10.4.3-1: 

0.5n sc c c g sc uQ A f E R A F′= ≤

Rg = Group reduction factor = 0.72 for clusters with 2 rows of studs or more

Similar reduction is proposed by:

International codes, Issa at al. (2003), NCHRP 12-65 (2008) & Provines & Ocel (2014)



EQ. 6.10.10.4.3-1 (AASHTO LRFD Specs.)
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'0.5n sc c c sc uQ A f E A F= ≤

Resistance of 
the concrete 
surrounding 

the shear stud 

Resistance of a shear stud: Because the shear 
stud resistance is written in terms of its tensile 
strength, it implies that a shear stud behaves in 
pure tension rather than shear, which seems 
unlikely.

'

If = 70 ksi,  will control 
as long as 4.7 ksi

u sc u

c

F A F
f ≥

When other members, like beams, are designed 
for shear, a 0.6 factor is multiplied by the 
member’s tensile strength to determine its shear 
strength. No such factor is included.

The AASHTO provisions also do not provide any guidance for grouping clusters of studs 
close together to facilitate the use of precast deck panels.  No guidance is provided to 
account for shear lag, which would likely be present when using clusters of studs at 

extended spacings. 



International Codes
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• The Eurocode 4(1) and Australian Standard(2) provisions both include a 
0.8 factor with the stud resistance. This factor implies that shear studs 
fail somewhere between pure shear and pure tension.

• Although no explicit guidance is provided, the Eurocode 4(1), Australian 
Standard(2) and the Japanese Standards(3) mention that clustering studs is 
allowed if consideration is given to account for a greater local demand 
on the surrounding concrete due to clustering studs. 

---------------------------------------------------------------------------------------------------------
(1) Eurocode 4. 1994-2:2005. Design of Composite Steel and Concrete Structures, Part 2-General Rules and Rules for 

Bridges. 
(2) Australian Standard. (2004). Bridge Design. Part 6: Steel and Composite Construction. Sydney, Australia. 
(3) Japan Society of Civil Engineers. (2009). Standard Specifications for Steel and Composite Structures. 1st Edition.
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Published Research Results (3 selected samples)
Issa at al., PCI Journal, Sept./Oct. 2003

Badie & Tadros, NCHRP Report 584 (Project 12-65), 2008
Provines & Ocel, National ABC Conference, Miami, FL, 2014

'0.5n sc c c sc uQ A f E A F= ≤
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Design Guidelines
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Proposed changes to AASHTO LRFD Bridge Design 
Specifications

WAI presented to T-10 (Concrete structures)
WAI presented to T-14 (Steel structures)



WAI presented to T-10 (Concrete structures)
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WAI related to Section 5 of the AASHTO LRFD Specs
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WAI related to Section 5 of the AASHTO LRFD Specs
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WAI related to Section 9 of the AASHTO LRFD Specs
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WAI presented to T-14 (Steel structures)
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Today’s Speakers
• Pedro Silva, The George Washington 

University, silvap@gwu.edu
• Sameh Badie, The George 

Washington University, 
badies@gwu.edu

• George Morcous, The University of 
Nebraska at Lincoln, 
gmorcous2@unl.edu

mailto:silvap@gwu.edu
mailto:badies@gwu.edu
mailto:gmorcous2@unl.edu


Get Involved with TRB
• Getting involved is free!
• Join a Standing Committee  (http://bit.ly/2jYRrF6)
• Become a Friend of a Committee 

(http://bit.ly/TRBcommittees)
– Networking opportunities
– May provide a path to become a Standing Committee 

member
• For more information: www.mytrb.org

– Create your account
– Update your profile

http://bit.ly/2jYRrF6
http://bit.ly/TRBcommittees
http://www.mytrb.org/


Receiving PDH credits

• Must register as an individual to receive 
credits (no group credits)

• Credits will be reported two to three 
business days after the webinar

• You will be able to retrieve your certificate 
from RCEP within one week of the webinar
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