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 4.1 

 

 

4.  FORENSIC INVESTIGATION 

 

4.1  Introduction 

 

 In the previous chapter, five reported failures were investigated with a view 

towards identifying underlying trends that could be used to predict future failures. This 

chapter describes on-site investigations that were carried out to pursue the same 

objective: to gain enhanced understanding of the degradation process. In the study, 

several precast deck panel bridges scheduled for replacement during 2003-2004 and 

located within easy driving of the USF campus were investigated. A list of these bridges 

is given in Table 4.1. 

Table 4.1    Forensic Studies 

Bridge # District Built Study 
Date 

Bridge Location 

130078 1 1981 6/03 
I-75 SB over Moccasin Wallow Rd (Manatee 

County) 

130079 1 1981 6/03 
I-75 NB over  Moccasin Wallow Rd (Manatee 

County) 

170140 1 1981 1/04 I-75 NB over  Toledo Blade Blvd (Sarasota County) 

130075 1 1981 5/04 1-75 SB over CSR R/R (Manatee County) 

100415 7 1983 6/04 I-75NB over US 92 (Hillsborough County) 

100398 7 1984 6/04 
I-75NB over Sligh & Ramp D-1 (Hillsborough 

County) 

100417 7 1983 7/04 I-75NB over Ramp B-1 (Hillsborough County) 

130085 1 1981 8/04 I-75NB  over SR-64 (Sarasota County) 

 

 

 The bridges included in this forensic study were scheduled for a complete deck 

replacement for a variety of reasons not necessarily related to the state of disrepair. As a 

result, both badly deteriorated and those not so badly deteriorated decks were 

investigated. This made it possible to investigate the condition of the decks at different 

stages of deterioration.  

 

 The aim of the investigation was to compile a photographic record of the 

deterioration that could be used in developing a rational failure model. Forensic 

inspection methods were designed to obtain maximum information with minimal 

disruption to the contractor. The specific information of interest is summarized in Section 



 4.2 

4.2. Self-standing sections relating to each bridge in Table 4.1 are presented in Sections 

4.3-4.10. Section 4.11 describes a degradation model that was developed incorporating 

all the information compiled in this chapter. The main conclusions are summarized in 

Section 4.12. 

 The investigations reported could not have been carried out without the 

cooperation and unconditional assistance of the deck replacement contractors: Zep 

Constructions Inc. and AIM Engineering & Surveying.  

 

4.2 Objectives 

 The main objective was to obtain first hand evidence of actual deck deterioration 

in order to get a better understanding of how deficiencies are initiated and how they 

propagate in typical deck panel bridges.  

 Specific information of interest was for identifying conditions that resulted in: 

  

• Decks with no cracking. 

• Longitudinal surface cracks. 

• Transverse surface cracks. 

• Deck surface spalling including “walking” spalls. 

• Deficient M1 repairs.  

• Underside longitudinal and transverse panel cracking.  

• Condition of fiberboard bearing. 

• Effect of epoxy panel bearing. 

• Effect of different wheel locations. 

 

 Not all the information could be retrieved from a single bridge given that they 

were in different states of disrepair.  In the sections that follow the same basic format will 

be followed: a description of the bridge that was replaced followed by the inspection 

method used and the principal findings.  

  

4.3 I-75 NB and SB over Moccasin Wallow Rd. (Bridges #130079, #130078) 

 

 The replacement of the deck in these twin bridges was carried out in June 2003 by 

Zep Constructions. In three weeks, the existing deck panel was removed and replaced by 

a full-depth cast in place concrete slab. In all a deck area of 35,680 sq. ft was replaced.    

 

 

4.3.1 Bridge Details 

 

 The I-75 NB and SB bridges over Moccasin Wallow in District 1 are located in 

Manatee County, a few miles north of the I-75 - I-275 intersection. These 3-span bridges 

were built in 1981 and were in service for nearly 23 years before replacement.  

 Each bridge has two approximately 100 ft. long main spans (span 2, span 3) and 

two 45 ft long secondary spans (span 1, span 4). The total length is about 290 ft.  



 4.3 

 In the north bound bridge, the shorter spans were built using two AASHTO Type 

IV girders on the outside and six AASHTO Type II girders on the inside all spaced 9 ft 3 

1/2 in. apart. For the main span, nine AASHTO Type IV girders are spaced at 8 ft 1 1/2 in 

on centers as shown in Fig. 4.1. In the south bound bridge, the shorter spans use two 

AASHTO Type IV girders on the outside and five AASHTO Type II girders on the inside 

all spaced 8 ft 10 in. apart. In the main span, seven AASHTO Type IV girders are spaced 

at 8 ft 10 in on centers. 

 The deck had a 7.5 in. thick concrete slab with the precast panel component being 

either 2-½ in. or 3-½ in. (at the rib-section) thick as shown in Fig. 4.2. The specified 

compressive strength of concrete for the precast panel was 5,000 psi. It was 3,000 psi for 

the cast in place concrete slab.  

 The bridge has three 12 ft wide lanes, and 10 ft wide shoulders as shown in Fig. 

4.1. There is an auxiliary lane that merges with traffic entering the interstate from I-275. 

These dimensions and the bridge cross-section are typical of all deck panel bridges in 

Districts 1 and 7 excepting that the deck thickness (7.5 in.) is slightly greater than the 7 

in. norm. 

 In general the deck was in reasonable condition in both bridges with typical 

longitudinal and transverse cracking. Some regions had deteriorated and both M1 Repairs 

and spalling were present.  

 

Table 4.2    Bridges #130078 and #130079 [4.1] 

 Bridge #130078 (SB) Bridge #130079 (NB) 

Year Built 1981 1981 

Number of Spans 4 4 

Lanes on Structure 3 4 

ADT  (2003) 26,500 27,000 

Percent Truck (ADTT) 30% 30% 

Composite Slab Thickness 7-½ in. 7-½ in 

Precast Panel Thickness 2-½ in (panel) 3-½ in (ribs) 2-½ in (panel) 3-½ in (ribs) 

Girder Type AASHTO Type II and IV AASHTO Type II and IV 

Deck Condition Rating (2003) 7 (Good Condition) 7 (Good Condition) 
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Figure 4.2    Composite Deck Section 

 

4.3.2  Inspection Method 

 

 As several panels had already been removed when the USF research team was 

able to access the site (Fig. 4.3), three different procedures were to optimize the 

investigation. This involved (1) examination of already removed panels from the 

southbound bridge, (2) inspection of panels that had been identified prior to their removal 

and (3) inspection of panels in-place after adjoining panels had been removed. The last 

scenario provides the best information but is rarely possible since it can interfere with the 

contractor’s work. 

  

Removed Panels 

 A quick visual inspection was conducted to identify panels that exhibited typical 

deficiencies and a detailed report was done with all the information collected in the form 

of photographs, sketches and field notes. Care was taken to isolate existing deficiencies 

from those induced by the removal process. 

 

 

 

 

Figure 4.1    Cross Section View of Bridge #130078  
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Figure 4.3    Removed Deck Sections from SB Bridge #130079 

  

Marked and Removed 

 

 This was undertaken for the east (right) half of the northbound bridge. Following 

a quick inspection of the deck, regions of special interest were identified (Fig. 4.4). These 

included sections with well defined typical deficiencies as well those with no apparent 

defects. A total of six panel sections were marked and removed. The average dimension 

of these sections was 8 ft by 10 ft.  

 

 The contractor removed the marked sections taking extra care to minimize 

additional damage and then stored them at an assigned place for subsequent detailed 

inspection.  

 

   
 

Figure 4.4    Marked Deck Sections Removed From NB  Bridge#130078 
 

 Inspection of these marked sections included detailed visual examination, crack 

survey of the deck surface and the cross section, and extraction of concrete cores (Fig. 

4.5) from locations of special interest. A total of 15 cores were taken from the 6 deck 

sections.  Appendix C has detailed information on these deck cores.  
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Figure 4.5    Coring of Marked Sections 
 

Insitu Examination 
 

 To eliminate any doubt that the crack patterns were induced by the removal process, 

insitu inspection was instituted where deck sections were examined prior to their 

removal. This provided authentic information on crack propagation through the thickness 

of the deck.  As mentioned earlier, this was possible when adjacent sections had already 

been removed to allow access to the vertical faces of the section. This inspection 

confirmed that the condition of the deck deficiencies was unaffected by the removal 

process.  

 

 

4.3.3  Findings 

 

  Fig. 4.6 is a schematic drawing highlighting some of the findings. It provides 

details of their location in the deck cross section and also cross-refers to figure numbers 

where photographs of the particular deficiencies are provided.  
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Figure 4.6    Overview of Findings from Bridge # 130079 
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 In the following sections, detailed information is provided for each of the following 

findings some of which are shown in Fig. 4.6. These are: 

 

1. No Deck Surface Cracking 

2. Longitudinal Deck Surface Cracking 

3. Transverse Deck Surface Cracking 

4. Additional Longitudinal Cracking 

5. Deck Spalling and Delamination. 

 

 

4.3.3.1 No Deck Surface Cracking 

 

  Fig. 4.7 shows a retrieved panel with no surface cracking. The location of the 

prestressed girder support and the bearing pad has been drawn to provide better 

understanding.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 4.7   No Deck Surface Cracking 
  

 Inspection of Fig. 4.7 shows that there is separation of the precast panel from the 

cast-in-place concrete slab possibly due to long term differential creep and shrinkage 

movement. This separation is about 1 mm wide.  

 

 There is a vertical crack emanating from the corner of the panel that does not 

propagate all the way to the deck surface. This could be because the effect of creep and 

differential shrinkage was lower for this case, e.g. lower effective prestress, smaller age 

difference between casting of the panel and cast-in-place (CIP) deck. 
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4.3.3.2 Deck Surface Longitudinal Cracking 

 

 This is the most common deficiency observed in precast deck panel bridges found 

in almost all the deck panel bridges. 

 

 Fig. 4.8 shows how a typical longitudinal crack develops. This picture was taken 

with the panel in place in the bridge after the adjoining panel had been removed. The 

prestressed girder shown is the actual girder which supported the panel. The fiberboard 

bearing support is also visible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8    Development of Deck Surface Longitudinal Crack 
 

 Inspection of Fig. 4.8 shows clear separation of the vertical interface between the 

panel and the cast in place slab, i.e. the face of the panel completely debonded from the 

cast in place concrete. A vertical crack emanates from the top corner of the precast panel 

and propagates to the top of the deck. This pattern is replicated along the entire edge of 

the panel creating reflective longitudinal cracking on the deck surface.  

 

 It is important to recognize that this type of cracking can even be found on the 

shoulders of the bridge where live load is minimal. Thus, this type of cracking is not 

related to live load. 

 

 Also for this case and for all the sections inspected it was found that a very good 

bonded interface existed between the top face of the panel and the cast in place concrete. 

This indicates composite action under bending loads. 
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4.3.3.3 Deck Surface Transverse Cracking 

 

 Transverse deck surface cracking is not as common as longitudinal cracking. In 

most cases this is a hairline crack and it tends to remain stable without causing any 

further damage. In the forensic examination it was only detected in sections that were 

removed (Fig. 4.9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9   Deck Surface Transverse Crack 
 

 In Fig. 4.9 the location of the two adjoining panels has been drawn to provide 

better understanding. Cracking emanates at the joint and eventually propagates to the 

deck surface. Thus, it is a reflective crack that maps the location of the transverse panel 

joint on the deck surface. Where it does not reach the top surface, no cracking is visible.  

 

 

4.3.3.4 Additional Longitudinal Cracking 

   

In addition to the typical longitudinal crack running over the edge of the panels 

(See 4.3.3.2) another type of longitudinal cracking was found. This crack runs about 4 in. 

parallel to typical longitudinal cracks (Fig. 4.10).  
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Figure 4.10    Additional Longitudinal Cracking  
 

 This additional longitudinal cracking is caused by a divergence of the vertical 

crack emanating from the corner of the precast panel. It propagates at an angle of less 

than 45 degrees to reach the deck surface, generating an additional longitudinal crack on 

the deck surface.  

 

This type of crack is not as common as the typical longitudinal crack; it is only 

found in localized regions of the deck whereas other cracks tend to occur along the entire 

span. Also it was found that this additional cracking only occurs when a wheel load is 

located close to the panel support (see Fig. 4.6). 

 

 

4.3.3.5 Deck Spalling and Delamination 

 

 This is one of the most important deficiencies in deck panel bridges. In the previous 

chapter examples are provided where sudden localized deck failures occurred at sites 

where temporary spalling repairs had been carried out. 

 

 The deck section analyzed was removed from span 3, bay 3 from the north bound 

bridge (see bridge cross section detail, Fig. 4.6). The spall was located right under the 

wheel load with the wheel load positioned at the edge of the girder. 

 

 In this specific case, the spalled area studied was located next to an existing M1 

repair. This is a common deficiency in deck panel bridges; it is also known as a “walking 

spall” because it always occurs next to a spall patch or repair. 
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Figure 4.11    Development of a Deck Surface Spall 
 

 

 Fig. 4.11 is a photograph of the retrieved panel. A prestressed girder is drawn to 

provide contextual reference. Inspection of Fig 4.11 shows that it has all of the cracks 

described earlier, i.e. panel separation, vertical crack, diagonal crack, but with an increase 

in width of the cracks and additionally more diagonal cracks under the spalled area. 

 

 The longitudinal and diagonal cracking causes the concrete surface to break up 

into small pieces that can be easily detached from the deck by traffic creating the spall. 

Deck deterioration starts to accelerate due to the impact of the wheel loads on the spall. 

 

 

4.3.4 Findings on Panel Bearings 

 

 Regarding the precast panel’s bearing, it was found that the panels were supported 

on fiberboard (referred to as “negative bearing”). However, in some areas of the bridge, 

the fiberboard bearing had been removed and replaced by epoxy. This replacement had 

been recommended in a previous research study [4.3] as a method of reducing future 

deterioration of the bridge deck. It was found that major deterioration had occurred at 

exactly the same spots where the fiberboard had not been replaced by epoxy.  
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4.3.5 Findings on Core Examination 

 

 Most of the cracks found on the cores showed signs of water and dust infiltration 

(Cores 1-3 [Fig. 4.12], 1-4, 5-4, 5-6, 5-7 in Appendix C). In the case of vertical cracks, 

some of them showed these signs only over half the depth indicating that the prestressed 

slab was uncracked. But when the section deteriorated, infiltration occurred over the 

entire deck depth (Cores 5-6, 5-7 ). 

 

 In most cases (Cores 1-3, 1-4), concrete at the top of diagonal crack was crumbled 

and showed signs of water infiltration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12    Crumbled concrete in top of a diagonal crack. (Core 1-3) 
 

 M1 repairs debonded only near the panel edges in the vertical direction as well as 

at its horizontal interface with the cast-in-place slab (Cores 1-1, 1-2, 5-4, 5-5 ). Along the 

longitudinal interface away from the panel edge there was no debonding (Core 5-3). 

 

 The depth of the deck, measured at each core location, varied from 7 ¾ in to 8 ½ 

in. See Appendix C for a detailed description of each core. 

 

 

4.4  I-75 NB over N Toledo Blade Blvd. (Bridge #170140) 

 

 The deck replacement of this bridge was performed in January 2004 by Zep 

Constructions Inc. Fort Myers FL. At that time the bridge was widened and an additional 

12 ft. lane added on the left side.  

 

 

4.4.1 Bridge Details 

 

 This 3-span bridge located in Sarasota County, FL was built in 1981. Its deck was 

in service for 23 years before replacement. The bridge has a main span (span 2) of 107 ft 

8 in. and two 41 ft secondary spans (span 1, span 3). Its overall length is 189 ft 8 in. 
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 The shorter spans were built using two AASHTO Type IV girders on the outside 

and three AASHTO Type II girders on the inside all spaced 9 ft 3 in. apart. In the main 

span, seven AASHTO Type IV girders are spaced at 6 ft 2 in on centers as shown in Fig. 

4.12.  

 The deck has a 7.5 in. thick concrete slab with the precast panel component being 

either 2-½ in. or 3-½ in. (at the rib-section) thick as shown in Fig. 4.2. The specified 

compressive strength of concrete for the precast panel was 5,000 psi. It was 3,000 psi for 

the cast in place concrete slab.  

Table 4.3    Bridge #170140 [4.1] 

Bridge #170140 Characteristics 

Year Built 1981 

Number of Spans 3 

Lanes on Structure 2 

ADT  (2003) 19,000 

Percent Truck (ADTT) 30% 

Composite Slab Thickness 7-½ in. 

Precast Panel Thickness 2-½ in (panel) 3-½ in (ribs) 

Girder Type AASHTO Type II and IV 

Deck Condition Rating (2003) 7 (Good Condition) 
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Figure 4.13    Cross Section View of Bridge #170140 

 

 The bridge has two 12 ft wide lanes, a 10 ft wide shoulder on the right of the 

traffic, and a 6 ft shoulder on the left, as shown in Fig. 4.13. It is in District 1 and is 

located 30 miles south of Sarasota.  
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 The part of the bridge where the study was conducted was in apparent good 

condition. It only exhibited typical longitudinal and some transverse cracking. No 

previous repairs were found on the deck. 

 

 

4.4.2  Inspection Method 

  

 The methodology used for this bridge was the same as the one used on the I-75 

NB over Moccasin Wallow. Deck sections of special interest were marked for careful 

removal and subsequent detailed inspection (Fig. 4.14). However, no cores were 

extracted from the deck sections.  

 

      
                   A) Marked section                                              B) Removed section 

 
Figure 4.14    View of Bridge #170140 

 
4.4.3  Findings 

 

 An examination of the retrieved panels confirmed the findings from the previous 

bridge (Fig. 4.15). Longitudinal cracks emanated from the corner of the prestressed panel 

and propagated through the slab thickness to emerge as visible cracks (Fig. 4.16a, 4.16b). 

Additional parallel cracking due to divergence of the crack emanating from the panel 

corner was also observed. However, the parallel cracking on the deck surface only 

appeared intermittently as shown in Fig. 4.16c.  
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Figure 4.15    Findings Overview, Bridge # 170140 
 

 

 As before, there was separation between the precast panel and the cast-in-place slab 

at its vertical interface. This was suspected to be due to long term creep and shrinkage as 

stated earlier. An example was also found of the deck panel being supported by epoxy 

instead of fiberboard. In this instance, the extent of the longitudinal cracking was reduced 

(Fig. 4.16d). Overall, there were no dramatic new findings, simply confirmation of what 

was found earlier. 
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              (a) Longitudinal Cracking                               (b) Longitudinal Cracking 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         (c) Additional Longitudinal Cracking                       (d) Epoxy Support                                    

 

Figure 4.16    Retrieved Panels from Bridge #170140 
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4.5  I-75 SB over CSX R/R. (Bridge #130075) 
 

 The deck replacement of this bridge was performed in May 2004 by Zep 

Constructions Inc. Fort Myers FL.  

 

 

4.5.1 Bridge Details 

 

 This 3-span bridge located in Sarasota County, FL was built in 1981. Its deck was 

in service for 23 years before replacement. The bridge has a main span (span 2) of 79 ft 2 

in. and two 45 ft 5 in. secondary spans (span 1, span 3). Its overall length is 170 ft. 

  The shorter spans were built using two AASHTO Type III girders on the outside 

and five AASHTO Type II girders on the inside all spaced 8 ft 10 in. apart as shown in 

Fig. 4.16. For the main span, nine AASHTO Type III girders are spaced at 6 ft 7½ in on 

centers.  

 The deck has a 7.5 in. thick concrete slab with the precast panel component being 

either 2-½ in. or 3-½ in. (at the rib-section) thick as shown in Fig. 4.2. The specified 

compressive strength of concrete for the precast panel was 5,000 psi. It was 3,000 psi for 

the cast in place concrete slab.  

 

Table 4.4    Bridge #130075 [4.1] 

Bridge #130075 Characteristics 

Year Built 1981 

Number of Spans 3 

Lanes on Structure 3 

ADT  (2003) 36,500 

Percent Truck (ADTT) 30% 

Composite Slab Thickness 7-½ in. 

Precast Panel Thickness 2-½ in (panel) 3-½ in (ribs) 

Girder Type AASHTO Type II and III 

Deck Condition Rating (2003) 5 (Fair Condition) 
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Figure 4.17   Cross Section View of Bridge #130075 

 

 The bridge has three 12 ft wide lanes, and 10 ft wide shoulders, as shown in Fig. 

4.17. It is in District 1 and is located 2 miles north of Ellenton.  

  

 From the inspection performed before the deck removal, typical longitudinal and 

transverse cracking plus various M1 repairs, some of them stable and some unstable (Fig 

4.18) were found. 

 

 
 

Figure 4.18    Deck Overview of Bridge #130075 
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4.5.2  Inspection Method 

 

 This bridge was not part of the original investigation. Access was arranged at the 

last minute when much of the deck had already been removed. In view of this a different 

approach had to be employed.  

 

 In the modified approach there was no time for marking sections and then having 

them carefully removed by the contractor. Consequently, it was necessary to perform a 

quick inspection to locate and document major deck deficiencies. Following this 

inspection, each deck section was inspected in place after the adjoining section had been 

removed (Fig. 4.19a). Also deck sections that had been removed were also inspected, Fig. 

4.19b.  

 

 
 

Figure 4.19    Inspection Methods Bridge #130075 

 

4.5.3 Findings 

 

 As in previous examinations, panel face separation, and vertical cracking other 

typical cracking described in detail earlier were detected (see Fig. 4.20). New information 

relating to panel support was found. 

 

 Fig. 4.20 is a view of a section of the deck panel and the prestressed girder. The 

panel on the left is supported by epoxy while the section on the right is on fiberboard 

Thus, the replacement was partial and not over the entire deck as recommended in a 

previous research study [4.3]. Inspection of Fig. 4.20 shows that when epoxy was used to 

replace the fiberboard bearing it only penetrated over approximately one third the bearing 

width leaving a region that was unsupported (bay 3). Note the emergence of a vertical 

crack from this unsupported region. A similar crack appears from the edge of the 

fiberboard support on the right (bay 2). This was more heavily loaded and required an M1 

repair. The divergence of the vertical crack caused separation of the interface between the 

M1 repair and the panel that cannot act compositely under flexural loading. The 

deterioration was more severe in bay 2 because of a combination of heavier loads and 

fiberboard supports. 

(a) (b) 
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Figure 4.20    Deck Cross Section View over Girder # 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.21    Panel Bearing Condition, over Girder # 3 
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 Due to the examination of the deck sections before removal, it was possible to 

prove that the typical cracking found in this bridge and in previous cases was not caused 

by the deck removal process.  

  

 

4.6  I-75 NB over US 92. (Bridge #100415) 

 

 The deck replacement of this bridge was performed in June 2004 by AIM 

Engineering & Surveying. This was conducted simultaneously with two other deck panel 

bridges (#100398 #100417) that are part of I-75- I-4 interchange. 

 

 

4.6.1 Bridge Details 

 

 This 3-span bridge located in Hillsborough County, FL was built in 1983. Its deck 

was in service for nearly 21 years before replacement. The bridge has a main span (span 

2) of 107 ft. and two 40 ft 7in secondary spans (span 1, span 3). Its overall length is 188 

ft 2 in. Only the main span (span 2) was built using precast deck panels, the other spans 

being built using full depth cast in place concrete.  

  The shorter spans used two AASHTO Type IV girders on the outside and five 

AASHTO Type II girders on the inside all spaced 10 ft 1 in. apart. The main span has ten 

AASHTO Type IV girders spaced about 6 ft 9 in on centers as shown in Fig. 4.21.  

 The deck has a 7.5 in. thick concrete slab with the precast panel component being 

either 2-½ in. or 3-½ in. (at the rib-section) thick as shown in Fig. 4.2. The specified 

compressive strength of concrete for the precast panel was 5,000 psi. It was 3,000 psi for 

the cast in place concrete slab.  

 

Table 4.5    Bridge #100415 

Bridge #100415 Characteristics 

Year Built 1983 

Number of Spans 3 (only span 2 –deck panel) 

Lanes on Structure 4 

ADT  (2003) 43,000 

Percent Truck (ADTT) 30% 

Composite Slab Thickness 7-½ in. 

Precast Panel Thickness 2-½ in (panel) 3-½ in (ribs) 

Girder Type AASHTO Type II and IV 

Deck Condition Rating (2003) 5 (Fair Condition) 
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Figure 4.22    Cross Section View of Bridge #100415 span 2 

 

 This bridge has three main lanes, a 12 ft wide auxiliary lane, and two shoulders – 

one 6 ft wide and the other 10 ft as shown in Fig. 4.22. It is in District 7.  

  The forensic study was conducted on span 2, bays 1 to 5. This section of the 

bridge exhibited longitudinal and some transverse cracking typical of deck panel 

construction. Also along bay 5, there were two deteriorated M1 repairs and several 

walking spall patches as shown in Fig. 4.23. This figure also identifies the cut patterns 

used by the contractor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.23    Bridge # 100415 Span 2, Prior to Deck Removal  
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4.6.2  Inspection Method 

  

 The intent was to follow the same procedure used in earlier forensic studies. 

However, the contractor used a different cut pattern (Fig. 4.24) and regions of greatest 

interest (the supported edges of the panel along the girder lines) were not included in the 

removed section. Therefore analysis focused mainly on the deck sections that were left on 

the top of the girders. These provided information on the bearing support provided to the 

panels.  

 

 Before the deck was removed, a detailed inspection was conducted to document 

the deficiencies and to determine their exact location so that their position could be 

identified in the remaining deck section on the top of the girders. Special interest was 

placed on assessing the condition of the panel bearings along the bridge deck. The cut 

pattern used in this case (Fig 4.24) helped to provide a detailed and unaltered view of the 

deck bearing. The panel sections removed were also inspected but not much information 

was obtained from them. 
 

      
Figure 4.24    Cross Section View of Cut Pattern on Bridge #100415 

 

 

4.6.3  Findings 

 

4.6.3.1 Deteriorated M1 Repair and Walking Spalls 
 

 Fig. 4.25 shows the location of the M1 repair and the walking spalls in bays 4 and 5 

in span 2. There are four numbered locations 1-4 in the plan view. These identify 

elevation views of the supporting girder and deck section after the panel had been cut out. 

The top left figure marked 1 shows the support for the panel at the M1 repair location. 

Note the longitudinal delamination in the cast-in-place (CIP) slab near the top. The figure 

marked 2 is a view of the panel after it was removed and placed on temporary barrier 

supports. The patch repairs and regions adjacent to it separated readily indicating loss of 

bond. The figure marked 3 is same as the one marked 1 except that it is located at a 

deteriorated region. A hammer head can be easily inserted indicating lack of bearing 

support and separation (also shown in the figure marked 4 where the concrete was 

removed. Separation of the vertical face (not visible) is also marked.  
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Figure 4.25    Examination of a Deteriorated Deck Section on Bridge #100415 
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4.6.3.2 Deck Panel Bearing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.26    Panel Bearing Examination on Bridge #100415 
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 Fig. 4.26 shows support for the panels at various locations along the bridge. Four 

pictures reflecting bearing locations marked 1-4 in the plan view are shown. The figure 

marked 1 shows a region where the slab was supported by 1 in. of fiberboard and 2 in. of 

concrete. This was unexpected from the Crosstown construction drawings and from 

previous research that indicated that the fiberboard was placed at the ends leaving no 

room for concrete to penetrate under the panel. Only vertical cracking was present in the 

panel with no delamination. Unfortunately, it cannot be seen because it was saw cut. The 

figures marked 2 and 3 show alternate locations where the concrete was unable to 

penetrate below the panel. The last figure, marked 4, also appearing in Fig. 4.25, shows 

lack of support that led to cracking and spalling of the deck. Thus, this figure provides 

evidence on the role of the bearing support on the performance of the deck. 
 

 

4.7  I-75 NB over Sligh Ave & Ramp D-1 (Bridge #100398) 

 

 The deck replacement of this bridge was performed in June 2004 by AIM 

Engineering & Surveying. This deck replacement was conducted simultaneously with 

two other deck panel bridges (#100415 #100417) that are part of I-75- I-4 interchange. 

 

 

4.7.1 Bridge Details 

 

 This 5-span bridge located in Hillsborough County, FL was built in 1984. Its deck 

was in service for nearly 20 years before replacement. The span lengths are as follows: 

Span 1 (south) 35 ft, Spans 2 and 3, 82 ft, Span 4, 54 ft 10 in, and Span 5 107 ft. Its 

overall length is 360 ft 10 in.  

  Span 1 has two AASHTO Type IV girders on the outside and six AASHTO Type 

II girders on the inside all spaced 10 ft 2 in. apart. Spans 2, 3 and 4, all have the same 

configuration as span 1 but used only girder type IV. The longest span (span 5) has 

eleven AASHTO Type IV girders spaced about 6 ft 7 ½ in on centers as shown in Fig. 

4.27. 

Table 4.6    Bridge #100398 

Bridge #100398 Characteristics 

Year Built 1984 

Number of Spans 5 

Lanes on Structure 4 

ADT  (2003) 43,000 

Percent Truck (ADTT) 30% 

Composite Slab Thickness 7-½ in. 

Precast Panel Thickness 2-½ in (panel) 3-½ in (ribs) 

Girder Type AASHTO Type II and IV 

Deck Condition Rating (2003) 5 (Fair Condition) 
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 The deck has a 7.5 in. thick concrete slab with the precast panel component being 

either 2-½ in. or 3-½ in. (at the rib-section) thick as shown in Fig. 4.2. The specified 

compressive strength of concrete for the precast panel was 5,000 psi. It was 3,000 psi for 

the cast in place concrete slab.  

 

Bay 1Bay 2Bay 3Bay 4Bay 5Bay 6Bay 7

2'-101
2

"9'-8 5
16

"9'-8 5
16

"9'-8 5
16

"9'-8 5
16

"9'-8 5
16

"9'-8 5
16

"Varies2'-101
2

"

Varies

Bridge Number100398 Spans 2,3,4

12'

10'

12'12'

6'

12'

* Bays covered in the study (1-3)

 

Bay 2 Bay 1Bay 3Bay 4Bay 5Bay 6Bay 7Bay 8Bay 9Bay 10

2'-10
1
2

" Varies 6'-7
1
2

" 6'-7
1
2

" 6'-7
1
2

" 6'-7
1
2

" 6'-7
1
2

" 6'-7
1
2

" 6'-7
1
2

" 6'-7
1
2

" 6'-7
1
2

" 2'-10
1
2

"

* Bays covered in the study (1-3)

12'

6'

12' 12'

10'

12'

Bridge Number100398 Span 5

Varies

 

 

Figure 4.27    Cross Section View of Bridge #100398 

 

 After the half of the bridge to be replaced was closed, a detailed inspection of the 

bridge deck was conducted. During this inspection, no major deterioration was found, 

only typical longitudinal and some transverse cracks typical of deck panel bridges. Also 

no signs of previous repairs were found (Fig. 4.28). 
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Figure 4.28    Deck Overview of Bridge #100398 

 

4.7.2  Inspection Method 

 

 Bearing in mind that in this bridge the contractor did not use the same cut pattern as 

the ones used in the previous bridge (Fig. 4.24), (they used a cut pattern similar to the one 

used on Moccasin Wallow Bridge, (Fig. 4.8), plus the fact that this bridge deck only 

exhibited random cracking but no major deficiencies, a different inspection method was 

used. 

  

   
 

Figure 4.29   Inspection Methods Bridge #100398 

 

 First, random sections previously removed were inspected to identify panel face 

separation, vertical cracking or other type of typical internal deterioration (Fig. 4.29a). 

Then a detailed inspection of the panel bearing over the edges of the girders was 

conducted (Fig. 4.29b). 
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4.7.3      Findings  

 

 The most important finding was related to panel bearing support. It was found that 

the type of panel bearing used in this bridge was completely different, to the ones 

believed to be used in all deck panel bridges in Florida. Here a positive bearing was 

provided by a layer of grout placed next to a 1 in. fiberboard strip (Fig. 4.30). This 

system provided a stiff support for the panel. Soft fiberboard bearing is known to be 

responsible for premature deterioration of Florida’s deck panel bridges [4.2]. 

 

 Keeping in mind that this bridge was built on 1984, it is likely that in this bridge the 

panel bearing detail was changed to a positive bearing to prevent deterioration that had 

been observed in deck panel bridges built earlier in this area. This is the main reason why 

this bridge deck did not exhibit major deterioration after 20 years of service.  
 

 

  
 

Figure 4.30    Panel Bearing Examination Bridge #100398 

 

 Despite the use of positive panel bearing in this bridge, typical deterioration such as 

panel face separation and vertical cracking was observed (Fig. 4.31). This proves that this 

kind of cracking is not related to the type of bearing used to support the panel. Positive 

bearing only prevents the occurrence of additional shear cracking that causes spalling in 

the deck surface, and may lead to sudden failures. 
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Figure 4.31    Vertical and Longitudinal Cracks Bridge #100398 

 

 Fig. 4.32 provides a summary of all the findings of the forensic investigation of 

bridge #100398. It shows the panel bearing detail used, and the typical panel face 

separation and vertical cracking found in all the deck sections inspected on this bridge. 
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Figure 4.32    Findings Overview Bridge #100398 
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4.8  I-75 NB over Ramp B-1 (Bridge #100417) 

 

 The deck replacement of this bridge was performed in June 2004 by AIM 

Engineering & Surveying. This deck replacement was conducted simultaneously with 

two other deck panel bridges (#100398 and #100415) that are part of I-75- I-4 

interchange. 

 

 

4.8.1  Bridge Details 

 

 This 3-span bridge located in Hillsborough County, FL was built in 1983. Its deck 

was in service for nearly 21 years before replacement. The bridge has a main span (span 

2) of 107 ft. and two 40 ft. 7 in. secondary spans (span 1, span 3). Its overall length is 

160 ft 6 in.  

  The shorter spans used two AASHTO Type IV girders on the outside and four 

AASHTO Type II girders on the inside all spaced 10 ft 7-3/16 in. apart, except the center 

two spaced at 10 ft 7-1/4 in. The main span has seven AASHTO Type IV girders spaced 

about 8 ft. 10 in. on centers as shown in Fig. 4.33.  

 The deck has a 7.5 in. thick concrete slab with the precast panel component being 

either 2-½ in. or 3-½ in. (at the rib-section) thick as shown in Fig. 4.2. The specified 

compressive strength of concrete for the precast panel was 5,000 psi. It was 3,000 psi for 

the cast in place concrete slab.  

 

Table 4.7    Bridge #100417 

Bridge #100417 Characteristics 

Year Built 1983 

Number of Spans 3  

Lanes on Structure 3 

ADT  (2001) 48,290 

Percent Truck (ADTT) 30% 

Composite Slab Thickness 7-½ in. 

Precast Panel Thickness 2-½ in (panel) 3-½ in (ribs) 

Girder Type AASHTO Type II and IV 

Deck Condition Rating (2003) 5 (Fair Condition) 
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Figure 4.33   Cross Section View of Bridge #100417 span 2 

 

 This bridge has three main lanes, a 12 ft wide auxiliary lane, and two shoulders – 

both 10 ft wide as shown in Fig. 4.33. This bridge is located in District 7.  

 

Figure 4.34    Deck Before Removal Bridge # 100417 (Bays 4-6) 
 

 After the half of the bridge to be replaced was closed, a detailed inspection of the 

bridge deck was conducted. During this inspection only typical longitudinal cracks along 

the entire deck and some transverse cracks were found. Both are typical of deck panel 

construction. Also no signs of previous repairs were found (Fig. 4.34). 

 

4.8.2     Findings  

 

 This bridge had exactly the same type of panel bearing detail as in the previous 

bridge (Section 4.7). Here a positive bearing was provided by a layer of grout placed next 

to a 1 in. fiberboard strip (Fig. 4.35). This system provided a stiff support for the panel. 

Soft fiberboard bearing is known to be responsible for premature deterioration of 

Florida’s deck panel bridges [4.2]. 
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 The use of positive panel bearing in this bridge is believed to be the reason why it 

did not exhibit major deterioration after 20 years of service. 

 

    

 

Figure 4.35    Panel Bearing Examination Bridge #100417 

 

 The inspection confirmed that longitudinal cracks were caused due to separation of 

the vertical face of the panel (Fig. 4.36). It also proved that the presence of deck surface 

longitudinal cracking is related only to the use of precast panels regardless the type of 

panel bearing used, whereas the occurrence of spalls or additional cracking was directly 

linked to the type of bearing used (“negative bearing”). 

 

  

   
 

 Figure 4.36    Panel Bearing Examination Bridge #100417 

 

 

 Fig. 4.37 provides a summary of all the findings of the forensic investigation of 

bridge #100417. It shows the panel bearing detail used, and the typical panel face 

separation and vertical cracking found on in almost all the deck sections inspected. 
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Figure 4.37   Findings Overview Bridge #100417 

 

4.9  I-75 NB Over SR 64 (Bridge #130085) 

 

 The deck replacement of this bridge was performed in August 2004 by Zep 

Constructions Inc. Fort Myers FL. In about three weeks, the existing deck panel was 

removed and replaced by a full-depth cast in place concrete slab.     

 

 

4.9.1 Bridge Details 

 

 This 4-span bridge located in Manatee County, FL District 1 was built in 1981. Its 

deck was in service for nearly 23 years before replacement. The bridge has two main 

spans of 108 ft 10 in. with two secondary spans of 43 ft.  Its overall length is 303 ft 8 in. 

  The shorter spans used two AASHTO Type IV beams on the outside and six 

AASHTO Type II beams on the inside all spaced 8 ft 8 9/16 in. apart. The main span has 

eleven AASHTO Type IV beams spaced about 6 ft 9 in on centers as shown in Fig. 4.38  

 The deck has a 7.5 in. thick concrete slab with the precast panel component being 

either 2-½ in. or 3-½ in. (at the rib-section) thick as shown in Fig. 4.2. The specified 

compressive strength of concrete for the precast panel was 5,000 psi. It was 3,000 psi for 

the cast in place concrete slab.  
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Table 4.8    Bridge #130085 

Bridge #130085 Characteristics 

Year Built 1981 

Number of Spans 4  

Lanes on Structure 4 

ADT  (2001) 25,000 

Percent Truck (ADTT) 10% 

Composite Slab Thickness 7-½ in. 

Precast Panel Thickness 2-½ in (panel) 3-½ in (ribs) 

Girder Type AASHTO Type II and IV 

Deck Condition Rating (2003) 7 (Good condition ) 
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Figure 4.38    Cross Section View of Bridge #130085 span 2 

 

 This bridge has three main lanes, a 12 ft wide auxiliary lane, and two shoulders – 

one 6 ft wide and the other 10 ft, as shown in Fig. 4.38. 

   The forensic study was conducted on spans 2 to 4, bays 1 to 5. This section of the 

bridge and the rest of the bridge, exhibited only longitudinal and some transverse 

cracking typical of deck panel construction. No spalls or previous deck repairs were 

noticed on this bridge (Fig 4.39). 
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Figure 4.39   Bridge # 130085 Prior to Deck Removal  
 

4.9.2  Findings 
 

 It was found that the panels in this bridge were initially placed over a 1 ½ wide 

fiberboard strip, with a 2 in. wide grout layer (Fig. 4.40), providing positive bearing 

support to the panels. However, the fiberboard had been replaced later by epoxy, as 

recommended in a previous research study [4.3], as a way to stop or to prevent future 

deterioration of the deck. 

 

 The panel bearings were inspected over a large area of the deck. It was found that in 

some regions the precast panel was not long enough, and therefore the grout could not 

flow below the panel and provide support. In such panels, support was only provided by 

fiberboard that had been subsequently replaced by epoxy (Fig. 4.40 4.41). 

 

 

 
 

 

Figure 4.40    Bridge # 130085 Original Panel Bearing Detail  
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Figure 4.41    Bridge # 130085 Bearing Detail after Epoxy Repair 
 

    
 

Figure 4.42    Bridge # 130085 Panel Bearing Details 
 

 

 Despite the use of positive panel bearing in this bridge, typical deterioration such as 

panel face separation and vertical cracking were detected (Fig. 4.43). Similar cracking 

was found in bridges on fiberboard bearings (“negative bearing”). This proves that such 

cracking is not related to the type of bearing used to support the panel.  
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Figure 4.43    Surface Longitudinal Crack Bridge # 130085  
 

 

 As in bridges (100398 and 100417), the relatively good condition of this bridge can 

be attributed to the fact that this bridge was built using positive (grout) bearing for the 

precast panels. Also, replacement of the fiberboard by epoxy helped to prevent 

deterioration in regions where the panel was only supported by the fiberboard (Fig. 

4.42b). 
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4.10 Study Summary 

 

 Table 4.9 summarizes all the different types of panel bearings used in the bridges 

covered on the forensic study and comments on the relationship between the type of 

bearing and the condition of the deck. 

 

Table 4.9    Bearing and Deck Condition Summary 

Bridge 
# 

Study 
Date 

Built Bearing Type  Comments 

130078 

& 

130079 

6/03 1981 

Originally fiberboard 

bearing. Partially replaced 

by epoxy bearing. 

Major deficiencies found in regions 

where there was no epoxy 

replacement. This was probably 

because the fiberboard had become 

too thin to be removed and there was 

insufficient room for the epoxy to 

penetrate below the panel. 

170140 1/04 1981 

Originally fiberboard 

bearing. Full epoxy bearing 

replacement. 

No major deficiencies were found. 

The fiberboard was thicker and full 

epoxy bearing replacement was 

possible. 

130075 5/04 1981 

Originally fiberboard 

bearing. Partially replaced 

by epoxy bearing. 

Major deficiencies found in locations 

where there was partial replacement 

of the fiberboard by epoxy.  

100415 6/04 1983 

Fiberboard with panel 

overhang to allow concrete 

to flow under the panel and 

provide support. 

Major deficiencies found in spots 

where no concrete went under the 

panel. Or the panel was too short to 

provide an overhang. 

100398 6/04 1984 
Fiberboard plus grout 

bearing. 

Bridge deck in good condition, only 

longitudinal and transverse cracking. 

100417 7/04 1983 
Fiberboard plus grout 

bearing. 

Bridge deck in good condition, only 

longitudinal and transverse cracking. 

130085 8/04 1981 

Originally fiberboard plus 

grout bearing. Now full 

epoxy bearing replacement 

plus grout. 

Bridge deck in good condition 

because the panel is supported by 

epoxy and grout. 

 

 

 Even though it was originally thought that all the deck panel bridges in Districts 1 

and 7 were supported only by fiberboard (negative bearing), it was found that in 4 out of 

7 bridges in the study there was some type of positive panel bearing -grout or concrete-. 

And all the major deterioration was linked to negative fiberboard bearing or due to 

construction inaccuracy.      

 

 Table 4.10 provides a summary of the findings from each bridge included in the 

study. These findings cover all the typical deck top deficiencies in deck panel bridges. 
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Table 4.10    Study Summary 

Bridge 
# 

Study 
Date 

Built Finding  New 

130078 

& 

130079 

6/03 1981 

No deck surface cracking.  

Longitudinal deck surface 

cracking. Transverse deck surface 

cracking. Additional longitudinal 

parallel cracking.  

Deck spalling and delamination. 

All are new 

170140 1/04 1981 

Epoxy panel bearing repair 

Longitudinal deck surface 

cracking. Additional longitudinal 

parallel cracking. 

 

Epoxy panel bearing 

repair 

130075 5/04 1981 

Epoxy bearing repair condition. 

Cracking of M1 Repair.      

Longitudinal deck surface crack. 

Cracking of M1 Repair  

100415 6/04 1983 

Positive (grout) bearing.            

Negative (fiberboard) bearing. 

Longitudinal deck surface crack.   

Deck spalling and delamination.                  

Positive (grout) bearing.            

Negative (fiberboard) 

bearing 

100398 6/04 1984 
Positive panel bearings.     

Longitudinal deck surface crack. 

 

100417 7/04 1983 
Positive panel bearings. 

Longitudinal deck surface crack.  

 

130085 8/04 1981 
Grout + Epoxy bearing repair. 

Longitudinal deck surface crack.  

 

 

 

 The forensic study made it possible to obtain invaluable information regarding the 

deterioration of deck panel bridges that could not otherwise have been obtained.  

 

 

4.11 Deck Failure Mechanism Model 

 

 From the information obtained from the analysis of failed bridges (Ch. 3) and 

forensic investigations, it is possible to develop a model that identifies the progression in 

deterioration that can potentially lead to localized failure. This is described in the 

following sections.  

 

 

4.11.1 Stage #1 Initial Condition 

 

 The first stage is the initial condition of the bridge after it was built. At this point 

we can identify two main groups of parameters that can affect long term performance of 

the bridge deck. These are: 
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1. Design Parameters – Relatively easy to quantify -  

a. Type of deck design. Deck panel, or full depth cast in place concrete deck  

b. Type of panel bearing. Positive panel bearing (grout, concrete), Negative 

bearing (fiber board) 

c. Deck geometry. Deck thickness, beam spacing, beam type, span length 

d. Deck material properties. Concrete f’c, water cement ratio 

e. Traffic volume. Average daily traffic (ADT), Average daily truck traffic 

(ADTT), Actual and estimated future values. 

f. Lane placement. Location of the wheel path relative to the edge of the 

girders. 

  

2. Construction quality parameters - Very difficult to quantify – 

a. Deck thickness accuracy – it was found that in some cases the deck 

thickness was 10% smaller than the design value. And this type of deck is 

very sensitive to reductions in slab thickness. 

b. Top steel rebar cover.  When the top steel rebar is very close to the surface 

of the deck chances of delamination and spalling are greater. 

c. Concrete properties. Actual water cement content ratio, concrete curing 

process, f’c value before the bridge was opened to traffic, capacity of the 

concrete to resist the environment, actual f’c values. 

d. Real panel bearing condition. It was found that poor workmanship can 

significantly affect the real condition of the panel bearing. 

 

 

4.11.2 Stage #2 Longitudinal/ Transverse Cracking 

 

 The second stage is the occurrence of longitudinal cracks over the edges of the 

girders. This is the most common type of cracking in deck panel bridges and starts early. 

This crack is mainly the result of creep induced by prestressing forces in the panel, and 

the differential shrinkage between the cast in place concrete and the deck panel. 

Following the formation of longitudinal cracking, sporadic transverse cracks can also 

develop. The intersection of longitudinal and transverse cracking can lead to spalling in 

regions of the deck subjected to wheel loads. 
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Figure 4.44    Deterioration Stage #2 

 

 

4.11.3 Stage #3. Shear Failure Longitudinal Cracking 

 

  The third stage is the occurrence of additional longitudinal cracking on the deck 

surface, parallel to the cracking described previously. This additional cracking is the 

result of a shear failure of the cast in place concrete. This type of cracking is the first sign 

of future deck deterioration. This type of cracking is related only to panels supported on 

negative (fiberboard) bearing. 

 

 When the deck panels are supported only by fiberboard and no strand extension is 

provided in the panel face, all the shear load in this region is supported by the cast in 

place section on top of the panel edge, instead of being transferred to the entire composite 

section.  

 

  Shear failure that causes this crack occurs in part due to the reduction of the shear 

capacity in the already overstressed cast place concrete slab. This shear reduction is 

caused by the vertical cracking described in Section 4.11.2. It was also found that this 
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reduction is affected by the shape of the vertical crack. Fig. 4.45 relates the shape of the 

crack to shear reduction. Reductions are higher when the crack extends towards the girder 

edge, and smaller when the crack extends towards the center of the girder since in the 

latter case, the load is directly supported by the girder.  

 

 
 

 

 

Figure 4.45   Effect of Vertical Crack Shape in Shear Reduction 

  

 From the forensic examinations, two different types of shear failures were 

identified.  

 

 The first type of failure occurs when the cast in place concrete still has some 

capacity to transmit shear according to the shape of the vertical crack (Fig. 4.45). This 

shear failure is manifested by the appearance of a diagonal cracking emanating from the 

corner of the precast panel that propagates at an angle of less than 45 degrees. In most of 

the cases this crack reaches the surface generating additional longitudinal cracks (Fig. 

4.46a. 

 

  The second type of shear failure occurs when due to the vertical crack the cast in 

place concrete has lost all its shear capacity. In this case, the shear is transmitted only by 

the steel rebar by dowel action. When the shear load is very high, the rebar acts like a 

“crowbar” digging into the concrete on top of the rebar, creating delamination in that area 

(see Fig. 4.46b). 

 

Since this crack is related to shear, it is more likely to occur in the cases where the 

wheel loads are located close to the support of the panels. This is the load location that 

provides the highest shear value in the section of interest. 
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Figure 4.46    Shear Failures for Different Degrees of Shear Reduction 
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Figure 4.47    Deterioration Stage #3 
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Figure 4.48    Examples of Deterioration Stage #3 

 

4.11.4 Stage #4 First Spall 

 

 After the occurrence of the second parallel crack, the concrete trapped between 

the two cracks is already internally cracked and starts to crumble. As a result, a spall 

develops. At this stage, a new parameter is introduced, the effect of the rainwater forced 

inside the cracks by vehicles. Although this is difficult to quantify, bridge inspectors have 

observed this phenomenon over the years.  
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Figure 4.49   Deterioration Stage #4 
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4.11.5 Stage #5 Spall Increase, Then Spall Patch  
 

  After the occurrence of the first spall in stage#4 it will keep increasing in size 

basically due to the effect of the impact of the wheels at the edges of the existing spall. 

The maximum size of the spall and additional deterioration of the deck depends on how 

long it is left unrepaired. Usually the spalls are patched before they reach a relatively 

large size. For the majority of the cases, the repair consists of a temporary patch using a 

flexible material. 

 
Figure 4.50    Deterioration Stage #5 

 

4.11.6 Stage #6 New Spalling Plus Spall Increase   
 

 Depending on all the different factors mentioned earlier, new spalls can appear in 

the areas adjacent to the repaired spall after some time. Note that after the spall is created, 

the residual shear capacity of that region is almost zero, even after it has been patched. 

Therefore, the shear that was to be supported by that region now has to be redistributed to 

sections adjacent to the spall. This creates additional stresses in that region, and 

accelerates its deterioration generating new spalls.   
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Figure 4.51    Deterioration Stage #6 
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4.11.7 Stage #7 M1 Repair  
 

 Generally after several patch and re-patches, an M1 repair is done in the affected 

area. An M1 repair consists of the removal of all the patched, spalled, and unsound 

concrete section, and its replacement by repair material. To do this, the edges of the 

section to be removed are cut and the concrete inside removed using a jack hammer. 

Usually the intent is to remove the cast in place concrete as close as possible to the deck 

panel surface. The opened surface is then cleaned and the removed concrete is replaced 

with different types of high strength epoxy materials. And in some cases the fiberboard 

bearing is replaced by epoxy. 

 

 The durability of the M1 repair and the condition of the deck area around it 

depends of the following parameters: (1) Time period between spall, spall repair, and M1 

repair, (2) Possible internal damage to the panel induced from previous stages, (3) 

Possible internal damage to the panel induced from removal of cast in place concrete, (4) 

Bonding between the old concrete and the repair material, (5) Stress redistribution to 

adjacent areas (after removal of the damaged cast in place concrete that deck region is no 

longer transferring shear to the supports, so that shear is redistributed to the transverse 

edges of the repair), (6)Repair Material, (7) Presence of panel shear connectors  

embedded in the M1 Repair, (8) Time interval between repair and passage of traffic. And 

finally the most important parameter,(9) removal of the fiberboard and its replacement by 

non shrink epoxy. 

 
Figure 4.52    M1 Repair Procedure (Stage #7) 
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Figure 4.53    Deterioration Stage #7 
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4.11.8 Stage #8 Parallel Longitudinal Cracking Adjacent to an M1 Repair  
 

 Assuming that the panel bearing was not replaced by epoxy, or that it was 

replaced but due to construction problems there was no full support of the panel by the 

epoxy, the deck area adjacent to an M1 repair starts to deteriorate again with the 

appearance of the additional parallel cracking – shear failure cracking - described in 

(Section 4.11.3). The parameters that affect the occurrence of this additional deterioration 

case are the same mentioned for stages #3 and #7. 

 

 
Figure 4.54    Deterioration Stage #8 

 

 

4.11.9 Stage #9 Spalling Adjacent to an M1 Repair 

 

 After the occurrence of additional longitudinal cracking, a new spall develops and 

it follows the same mechanism mentioned in stage #4. 
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Figure 4.55    Deterioration Stage #9 
 

M1 Repair 

Typical longitudinal 

crack 
Additional 

longitudinal crack 

Spall 



 4.55 

4.11.10  Stage #10 Cracking on M1 Repair and Adjacent Spalling Increase  
 

 When the spall mentioned in stage #9 is not patched quickly, it is very likely that 

the M1 repair can be fractured due to the constant impact of wheels over it. Impact can 

also cause growth of adjacent spalls, and delamination between the panel surface and the 

M1 repair.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.56    Deterioration Stage #10 
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4.11.11 Stage #11 Adjacent Spall patch  
 

 Right after the spall is noticed and depending on its size, it is patched. Usually a 

quick temporary repair is done, in most cases using flexible material. Then what we have 

here is a fractured and delaminated M1 repair, plus a flexible material patch. The 

structural capacity of this deck section is very limited leading to redistribution of stresses 

to adjacent areas. Also in the case where no positive bearing is provided, the panel will 

experience movement every time the deck section is loaded due to the lack of a stiff 

support. In some cases where the fiberboard is deteriorated or is missing, the panel can 

even touch the top of the girder every time it deflects. Due to the dynamic nature of the 

wheel loads, panel movement can generate a pulse between the panel and the top of the 

girder, creating a hammering action and introducing new stresses in the panel. The 

parameters that affect this stage are (1) Time period between spall beginning, and spall 

patch, (2) patch material, (3) lack of bond between repair and panel top and, (4) degree of 

disrepair of the precast panel and the M1 repair. 

 

 
Figure 4.57    Deterioration Stage #11 
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4.11.12 Stage #12  Additional Adjacent Spalling 
 

 After stage #12, since the structural capacity of the section is not restored, 

deterioration of the deck surface will continue and can generate new spalls adjacent to the 

previous patch, and next to the edges of the M1 repair. At this point, the deterioration of 

the deck panel is accelerated by the effect of wheel loads applied over small chunks of 

concrete over the panel. This concentrates the wheel load over a very small region of the 

panel surface instead of distributing it over the entire deck section. As a result large 

stresses are generated in the panel which increases the probability of the occurrence of a 

punching shear failure of the panel.  

 

 
 

Figure 4.58    Deterioration Stage #12 
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Figure 4.59    Example of Deterioration Stage #12 

 

 

4.11.13 Stage #13 Deck Localized Failure  
 

 After experiencing all the previous deterioration stages, a localized failure is 

likely to occur. When this happens, the top steel bar is the only structural element that 

prevents the occurrence of the failure of the entire bay. 
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Figure 4.60    Deterioration Stage #13 
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4.12 Conclusions 

 

• The most important conclusion is that the lack of positive panel bearing is clearly 

the main factor responsible for the occurrence of major deck deterioration such as 

delamination, spalling, failing repairs, and in the worst case localized punch-

through deck failures. The lack of positive bearing can occur due to two main 

reasons: 

 

1. When the initial deck design indicates the exclusive use of fiberboard as a 

bearing material for the panels. 

2. Or in cases where positive bearing is specified in the design but due to 

construction deficiencies the panel may not be properly supported over 

stiff material. (Fig. 4.25 – 4.26). 

 

• Not all the deck panel bridges in Districts 1 and 7 were built using negative panel 

bearing, i.e. panel supported by fiberboard only, as originally assumed. Four out 

of seven bridges investigated in the study provided positive support for the panels. 

 

• The occurrence of deck surface longitudinal and transverse cracking is not related 

to the type of panel bearing whether positive or negative. It can be found for both 

types of bearings. This type of cracking has proven to remain stable through the 

years in bridges with positive panel bearing. 

  

• The replacement of the fiberboard by epoxy to provide positive bearing in the 

panels is an effective way to prevent future deterioration. But it was found that 

replacement may be difficult to perform in certain cases, i.e. when the fiberboard 

is too thin and there is insufficient space for the epoxy to flow below the panel.   

 

• Three common factors were found in all the deteriorated decks: 

 

1. Lack of stiff support for the deck panels (negative bearing) 

2. Wheel loads close to the supports (creating maximum shear stresses) 

3. Vertical crack (due to creep and shrinkage) that reduces the shear capacity 

of the cast in place concrete. 

 

• The structural behavior of deck panel bridges depends on many factors as 

described in 4.11, and most of them are very difficult to establish, i.e. type of 

panel bearing used (no records were found regarding deck panel construction for 

most of the bridges). This makes it almost impossible to predict the deck 

condition in the future using numerical analysis. 
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