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ABSTRACT 

Alabama employs thinner decks on their highway bridges than all other states in the U.S. 

Up until about two years ago, ALDOT deck depths ranged from 6 114" to 7 3/4 ", with the depth 

depending primarily on the girder spacing. About two years ago, the minimum depth was 

increased to 7" and thus ALDOT's deck depths now range from 7" to 7 3/4". While this increase 

in minimum value is viewed by most parties as being a step in the right direction, this upgrade 

does not affect bridge decks with the very common girder spacings of 8 feet or more. Also, even 

with the upgrade, ALDOT still employees the thinnest decks in the country. 

Thicker bridge decks are stiffer, stronger and should provide a longer servIce life; 

however, they cost more and require a stronger and more costly support girder system. Thus, the 

cost/benefits of using thicker decks is not clear and this was the impetus for this study. 

The results of performing a parameter sensitivity study, talking with ALDOT bridge 

design engineers and bridge contractors, and a survey of other state DOTs all point to increasing 

bridge deck thickness to a minimum of 8 in. All of the parameters investigate in the parameter 

sensitivity study, with the exception of two (deck unit weight and initial cost), support increasing 

Alabama's bridge deck thicknesses to 8". An increase in deck thickness from 7" to 8" will cause 

the deck unit weight to increase 6-12 psf depending on whether the concrete is added to the top 

or underside of the deck. This will increase the cost of the bridge deck around $0.20ft2, and 

would translate into an increase in deck/bridge initial cost of around 2%-3%. However, 

increasing the deck thickness from 7" to 8" would also increase the deck service life (10-50%) 

which would reduce the life cycle cost of the deck/bridge. 

From the information developed and collected in this study, it is recommended that 

bridge deck thicknesses in Alabama be increased from a minimum of 7" to a minimum of 8". 
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This will increase the durability and longevity of the bridge decks and in turn lower the life cycle 

cost of decks/bridges. Additionally, a deck thickness of 8" should become the standard and used 

throughout the state except for unique circumstances. This will improve construction quality and 

lower cost by simplifying the construction process. Also the deck top bar cover should be 

increase from 2" to 2 Yz" to allow for construction errors and errors in overestimating the deck 

DL deflection. This will help insure a minimum cover of 2". These changes will help improve 

the quality of bridge decks in Alabama with minimal increase in initial cost and an anticipated 

reduction in life cycle cost. 
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1. INTRODUCTION 

1.1 Statement of Problem 

The Alabama Department of Transportation (ALDOT) employs thinner decks on their 

highway bridges than almost all other states and countries. Up until about two years ago, 

ALDOT deck depths ranged from 6 Y4' to 7 %", with the depth depending primarily on the girder 

spacing. About two years ago, the minimum depth was increased to 7" and thus ALDOT's decks 

now range from 7" to 7 3/4". While this increase in minimum value is viewed by most parties as 

being a step in the right direction, this upgrade does not affect bridge decks with the very 

common girder spacings of 8 feet or more. Also, even with the upgrade, ALDOT still employs 

thinner decks than most other highway agencies. Thicker bridges are stiffer, stronger and should 

provide a longer service life; however, they cost more and require a stronger and more costly 

support girder and substructure system. Thus, the costlbenefits of using thicker decks is not clear 

and should be investigated. This is the impetus for this research. 

1.2 Project Objectives 

The purpose of this research is to determine the "best" bridge deck thickness (es) for 

Alabama based on life-cycle cost/benefit estimates. The specific objectives of this research 

toward that end are as follows: 

1. Identify via mail survey minimum deck thicknesses and typical deck thickness vs. 
girder spacing used by other DOTs in the U.S. 

2. Identify the primary deck and support girder parameters affecting the design, 
construction and costs of bridge decks and superstructures. 

3. Identify the primary advantages/disadvantages of using a standard deck thickness 
(except for unique circumstances) such as 8". 

4. Perform a parameter sensitivity study to determine the costlbenefit of using thicker 
decks, and to identify "the best" deck thickness (es) for Alabama. 
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1.3 Scope of Work 

This study assesses the sensitivity of bridge deck primary design, performance and cost 

parameters to deck thickness. Deck serviceability/durability was considered along with deck 

strength in the assessments, which were based on theoretical analyses, experiences of other 

DOTs, and discussions with ALDOT bridge engineers and Alabama bridge building contractors. 

No laboratory or field-testing of decks were conducted as part ofthis investigation, and only CIP 

reinforced concrete decks were considered. 

1.4 Work Plan 

It is possible to theoretically examine the variables which influence the deck thickness, and 

also to examine the effect that deck thickness has not deck performance, durability/longevity, 

costs and other major components of a bridge, i.e., the bridge support girders, bents and 

foundations. This is the purpose and objective of this research. A brief chronological outline of 

the work performed to accomplish the project objectives is presented below. 

1. Perform background reading on design of bridge decks, and a literature review of bridge 
decks and factors affecting deck thickness decisions. 

2. Meet with ALDOT bridge design engineers to (1) review AASHTO and ALDOT bridge 
deck and support girder design requirements and procedures, (2) to identify the primary 
effects of increasing deck thickness on the design of the other bridge components along 
with the associated cost increases, and (3) to discuss the advantages/disadvantages, from 
a design perspective, of using a standard deck thickness of 8". 

3. Prepare a mail survey questionnaire to gather information on deck thicknesses and deck 
thickness vs girder spacing used by other DOTs in the U.S. This questionnaire will be 
mailed to all 50 states, and the resulting information presented for comparative purposes. 

4. Meet with 2 bridge contractors in the state to identify the primary effects of increasing 
deck thickness on construction issues and cost of the deck and other bridge components. 
Also, the relative merits/demerits of ALDOT employing a standard deck thickness of 8" 
will be discussed form construction and cost viewpoints. Uniformity of deck thickness, 
e.g. 8", would allow standardization of rebar mats or girds support chairs in attaining 
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proper bottom and top covers, would simplify construction and inspection, and should 
result in enhanced deck quality/durability. 

5. Perform a parameter sensitivity study to assess the effect of deck thickness on design and 
construction parameters. Parameter tables and graphs will be prepared to present the 
results of the sensitivity study. 

6. Analyze and synthesize the results of 1-5 above to assess the primary effects of 
increasing deck thickness, and to identify optimum value(s) of deck thickness based on 
costlbenefits. Draw appropriate conclusions and make recommendations on bridge deck 
thickness (es) to maximize costlbenefits. 
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2. BACKGROUND AND LITERATURE REVIEW 

2.1 Background 

Bridge decks must withstand one of the most damaging types of live load forces, i.e., the 

concentrated and direct pounding of truck wheels. One of the functions of the deck is to distribute 

these forces in a favorable manner to the support elements below. The ratio of live to total load 

stresses is high in bridge decks, usually much higher than in most of the other components of the 

bridge, and such fatigue-producing stresses tend to aggravate any defects that might be present in the 

deck (10). Additionally, because of its exposed location, temperature variations are large in bridge 

decks and restraints to the resulting volume changes tend to cause early cracking of the concrete as 

well as fatigue-producing stresses. 

Many bridge decks constructed in the u.s. in the 1950's and 1960's suffered from severe 

cracking and deterioration. These decks were typically in the 6" - 6.5" thickness range. In the 

1970's many state DOTs enacted deck design changes to address these premature deterioration and 

poor durability performances. The primary changes were increased deck thickness (to 

approximately 8" - 8.5") and increased cover on the deck top reinforcing steel to 2" - 2.5"(30). 

Texas, New York and New Jersey were three of the states making such changes and in talking with 

their bridge engineers; most were pleased with the improved deck performances. It is interesting to 

note that the ACI recommends a nominal deck thickness of 8" (1). 

Alabama has many bridges, which have good substructures and superstructures, but with 

badly cracked and deteriorating decks as can be seen in Figs. 2.1 and 2.2. It appears that these 

cracks are primarily the result of (24) 

• early drying and thermal shrinkage 

• early concrete obstructed settlement 
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Fig.2.1 Close-up of Transverse Cracking on 1-65 Bridge in Birmingham, AL (22) ) 

Fig. 2.2 1-65 Deck Surface Spall in Birmingham, AL (22) 
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• thin and flexible deck (approximately 6W' thickness) 

• light and flexible superstructure 

• heavy traffic volume and truck loading 

The typical top-down failure chronology for bridge decks in Alabama appears to be as follows (24): 

• A significant level of early transverse shrinkage cracking 

• Growth in width of transverse cracks due to crack movement and abrasion from 
traffic and environment loadings 

• Development of longitudinal cracks at girder edges due to poor longitudinal 
distribution of truck tire loadings (due in part to extensive transverse cracking) 

• Reduced bending stiffness in both the transverse and longitudinal directions due 
to crack growth which in turn leads to increased deck cracking 

• Small regions of the deck top surface become "boxed-in" by transverse and 
longitudinal cracks, and local top surface delaminations and spalling occur from 
the pounding traffic 

• Local surface spaUing causes greater traffic impact loadings which lead to further 
delaminations and spalling and require ever increasing maintenance attendance 

• Eventual deck punching shear failures 

2.2 Literature Review 

Primary Findings ofUAB Study. Researchers at the University of Alabama at Birmingham 

(UAB) (9) performed condition surveys as well as analytical and experimental analyses on 10 

Binningham bridge decks (5 with severe cracking damage and 5 largely undamaged for control) 

during the period 1993-1995 to determine the cause of the significant deck deterioration. General 

infonnation about the bridges investigated is provided in Table 2.1. As can be seen in the fourth 

column of Table 2.1, the average age of the bridges studied was approximately 40 years at the time 

of the study. 
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Table 2.1 General Information About UAB Decks Studied (22) 

Const. Transverse 
Damage Study Date Span Type/ Girder DeckCond. Deck Crack Spacing 
Category No. Location (age)* Length(s) Type Rating Damage (Crack Width) 

1 I-59 over 1961 simple RC 3 advanced deck 24" 
Little Canoe (34) 34' damage, sudden (0.04") 

Creek localized deck 
failures 

2 1-65 over 1959 continuous RC 4 severe transverse 24" 
US 31 near (36) 30 degree cracking -
Blountsville skew 

60'/55'/59' 

Severely 
3 US 78 over 1962 continuous steel 5 severe transverse 18"-30" 

Damaged 
Locust Fork (33) 141 '/l80'1140 cracking (0.05") 

Decks 
of the Warrior 

, 

River 

4 AL 269 over 1954 continuous steel 5 moderate transverse 55" 
TCI Railroad (41) 134'/164'/225 cracking (0.04") 

, 

5 AL 269 over 1955 continuous steel 5 severe transverse 26" 
Copeland (40) 184'/184' cracking (0.05") 

Feny 

6 AL 79 over 1956 simple RC 6 minimal damage -
Five Mile (39) 45 degree (spalling @ expo 

Creek skew jt.s) 
34' 

7 US 78 over 1955 simple RC 8 minimal damage -
Kelly Creek (40) 45 degree 

skew 

Undamaged 46' 

Decks 
8 US 31 over 1955 simple RC 7 minimal damage -

Bishop Creek (40) 42' 

9 US 31 over 1955 simple RC 7 minimal damage -
Black Creek (40) 40' 

10 AL 269 over 1945 simple RC 7 minimal damage -
Southern (50) 36' 
Railroad 

* At time of survey in 1995. 
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Some ofthe primary results ofthe UAB condition surveys are summarized in Table 2.2. As 

can be seen in Table 2.2, the bridges with the severely damaged decks were on the unfavorable side 

relative to the required values for most of the conditions shown. Relative to the undamaged decks, 

the bridges with the damaged decks were on the unfavorable side of every condition assessed. 

The UAB researchers determined that severe transverse cracking at the top surface above 

the transverse rebars was the predominant form of deck damage. Their assessment of the primary 

causes of the severe transverse cracking, and their recommended corrective actions were: 

• Excessive deck slenderness, i.e., excessively large values of deck span/thickness 
ratios. The design thickness for 7 of the 10 decks was 6 114", and was 6 112" for 2 
others. Even worse, the mean as-constructed thickness for these 9 decks was 5.61", 
with a range of 5" - 6 1/4". So, indeed the decks are very thin. The researchers 
recommended increasing the deck thickness so that the design tensile stresses do not 
exceed the concrete cracking strength. 

• Excessive truck loadings in number of trucks and in weight of trucks. 

• Insufficient longitudinal rebar in both the top layer (shrinkage and temperature rebar) 
and the bottom layer (load distribution rebar). The researchers recommended 
increasing the percentage of top longitudinal rebar and in placing it on top of the 
transverse steel to improve its effectiveness and to reduce transverse cracking over 
the top transverse bars. 

• Poor quality, gradation, and shape of the deck concrete coarse aggregate. Decks of 
hard, crushed and well graded aggregate performed better than decks of 
softer/absorptive, rounded (river gravel) and poorly graded aggregate. The 
researchers found that river gravel (rounded aggregate) was used as the coarse 
aggregate in 4 of the 5 severely damaged decks. They recommended using only 
crushed stone coarse aggregate, and that coarse and fine aggregate be well graded. 

• Poor construction QC/QA by construction contractors and ALDOT inspectors. Large 
variations in deck thicknesses, rebar spacing and rebar cover were detected during 
the field condition surveys. In most every case, the variation or error was on the side 
of reducing the deck strength, stiffness and durability. The researchers recommended 
additional or improved inspection be conducted during construction to assure the as
built bridge is the same as shown in the construction documents. 
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Some significant results of the UAB study which are germane to this study are: 

• The Birmingham bridge decks are quite thin and are badly cracked. This would 
imply that thicker decks are probably in order. 

• The deck construction and inspection quality leave much to be desired. Note in 
Column 3 of Table 2.2 that 9 out of 10 of the decks are thinner than specified with 
3 of these having deck thicknesses of around. 

Dactual = 0.80 Dspecified 

= 0.80 x 6.25" = 5.00" 

A 1 114" error in thickness on a deck specified to be 6 114" thick is an unacceptable 
construction tolerance. Also note in Columns 8 and 9 of Table 2.2 that the errors in 
horizontal location of the deck longitudinal reinforcing steel (distribution steel in the 
bottom and shrinkage/temperature steel in the top) were gross and of unacceptable 
construction tolerance for most of the bridges. It can only be assumed that if the 
horizontal location of the reinforcing steel is so poor, then the vertical location and 
concrete cover on the steel, are probably equally as poor. The UAB researchers did 
not show tables of values of deck rebar cover measured in the field, however they did 
indicate numerous instances of smaller that specified rebar cover. 

Though this is a construction QAlQC problem, from a practical standpoint, designing 
the decks somewhat thicker would render them more "forgiving" of poor 
construction and inspection quality. That is, it would be probably be wise to employ 
a "belt-and-suspenders" approach in avoiding situations such as this in the future. 
Also because of the large deviation between the specified and as-built deck thickness 
and rebar locations, the ALDOT should closely examine its procedures for estimating 
deck deflections during placement of the deck concrete, vertical displacements of the 
deck rebar mats relative to the deck, and for achieving the proper cover on the top 
and bottom rebar mats. 

• On the positive side, Columns 5 and 6 of Table 2.2 indicate that the in-place concrete 
was superior (based on strength) to that specified. 

Bridge Deck Cracking. As evident in the typical bridge deck failure chronology given 

earlier, bridge deck cracking is the primary cause of deck deterioration and reduced longevity in 

Alabama. The dominant type of bridge deck cracking is transverse cracking in the top of the deck 

above the top transverse reinforcing steel. This type of cracking is predominately caused by 
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(1) early thermal and drying shrinkage cracking, and 

(2) obstructed settlement of the deck concrete as illustrated in Figures 2.3 and 2.4. 

Later it will be shown that deck thickness does not significantly affect deck thermal and drying 

shrinkage cracking. However, for a given cover requirement on the deck reinforcing steel, thin 

decks will tend to develop obstructed settlement cracks more readily due to the concrete not being 

able to be consolidated as effectively because of the closeness of the two reinforcing steel mats. 

After initial placement, vibration, and finishing, concrete has a tendency to continue to 

consolidate. During this period, the plastic concrete may be locally restrained by reinforcing steel, a 

prior concrete placement, or formwork. This local restraint may result in voids and/or cracks 

adjacent to the restraining element as indicated in Figure 2.3. It should be noted that where the top 

and bottom mat rebar are vertically aligned over the small thickness of a bridge deck, any significant 

obstructed settlements and cracks will create a significant vertical plane of weakness as illustrated in 

Figure 2.4. 

The primary design parameters affecting cracking and creation of planes of weakness during 

obstructed settlement are 

• concrete cover-cracking decreases sharply with increased cover especially in 1" to 2" 
cover range. 

• concrete slump-cracking increases with slump. 

• rebar size-cracking increases with rebar size. 

• rebar splices-rebar splices are equivalent to using a larger diameter rebar and thus 
increase cracking. 

• construction parameters such as insufficient vibration, leaking forms, or highly 
flexible forms increase obstructed settlement cracking. 

Dakhil et al. (12) identified and quantified the primary design parameters affecting settlement 

cracking. Results from their work are shown in Table 2.3 and Figure 2.5. Note that ALDOT's 
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Figure 2.3. Crack Formed due to Obstructed Settlement (Price 1982) (3) 

Figure 2.4. Vertical Plane of Weakness due to Obstructed Settlement 
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Table 2.3 Probability of Subsidence Cracking Predicted by Regression Analysis (12) 
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practice of using 2 in of cover, small diameter rebar, and low slump concrete is very good for 

mitigating deck settlement cracking. However, note in Figure 2.5 the great sensitivity of slabs to 

settlement cracking for concrete cover less than 2 in, e.g., if the cover is 1.5 in. rather than 2.0 in., 

the percentage of slabs cracked will increase from around 18% to 42%. This coupled with the great 

variation in as-built rebar location (due to contractor error and due to overestimating allowances for 

girder deflections when placing the slab) as documented by the UAB study (9), it would probably be 

wise to increase the cover on the top reinforcing steel in decks from 2 in to 2.5 in. Doing this, a 

construction error of -0.5 in. in the concrete cover would still yield a slab with low settlement 

cracking. 

It can be noted that the Penn DOT concluded from a early 1970's study that horizontal 

fracture planes and spalls, transverse cracking, and surface mortar deterioration were the principle 

forms of deck deterioration. Increasing the cover on the top mat from 2 in to 2.5 in should be helpful 

in mitigating horizontal fracture planes and spalling of the deck top. Also, Canadian researchers and 

transportation agencies (11,14) and the Colorado DOT (8) have recently shown that loads on bridge 

decks are transmitted to the supporting girders, primarily via arch action of the slab rather than 

flexural beam action. In this case, increasing the deck thickness would improve the decks arch 

action capabilities (as well as its flexural capabilities) and in tum would result in lower deck stresses 

and greater fatigue life. Also, increasing deck thickness, and in the process increasing the top rebar 

cover from 2 in. to 2.5 in., would provide greater corrosion protection of the top steel as deicing salts 

are used with greater frequency, and it would allow the decks to be ground 0.5 in. during their 

service life to enhance rideability and/or skid resistance. 

Also, 1/6.6 - scale laboratory load tests by Perdikaris (21) found an extensive gridlike 

cracking pattern on the bottom side of their model decks when using a moving wheel-load. Their 
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cracking pattern was similar to that observed on the bottom side of the Birmingham bridge decks. 

Perdikaris also reported that load tests performed by Ockleston in 1956 showed slab collapse loads, 

which were 3-4 times the capacities predicted by "yield-line" theory. The enhanced slab ultimate 

strengths were attributed to "dome" or "arching" action of compressive membrane forces present in 

slabs when the supports are restrained against lateral movement. 

Perdikaris et.al (22) concluded, based on a series of 113 and 116.6 model tests and resulting 

cracking load level and steel strain measurements, that truck wheel loads in the U.S. are not likely to 

affect the serviceability and integrity of reinforced concrete bridge decks. 

The strain induced in a material (when unconstrained) by a change in temperature is, 

(2.1) 

where a = coefficient of thermal expansion 

/). T = change in temperature from datum value, i.e., from temperature of concrete at time of 
setting. 

If the material is unconstrained, the associated thermal stress is zero. 

If the material/member is fully constrained, then the thermal strain is zero, but the associate 

thermal stress assuming elastic behavior is 

(2.2) 

where E = Young's Modulus. 

Figure 2.6 illustrates the effects ofthermal 'loadings' on movements, strains and stresses in a 

bridge component for a uniform and linear varying temperature change. 

An exposed concrete bridge deck is heated or cooled by the following (Radolli & Green): 

1. Convection to or from the surrounding atmosphere, 
2. Radiation from the sun, and 
3. Radiation to or from the sky or surrounding objects, 

as shown in Figure 2.7. 
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Fig. 2.6 Effects of Temperature Distribution and Restraint Conditions on Movements and 
Stresses in Elements of Bridge Deck (16) 
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Maximum intensity of solar radiation occurs in the summer and generally increases with 

increasing proximity to the equator. Available data indicates a maximum intensity of incoming solar 

radiation on a horizontal surface occurs between 11 :00 a.m. and 2:00 p.m. 

Radiant energy from the sun is partially reflected and partially absorbed. Absorbed energy 

heats the bridge deck surface and gives rise to a temperature gradient through the deck. Some of the 

absorbed radiant energy is lost from the surface by convection and reradiation as indicated in Figure 

2.7. Values of solar radiation and ambient air temperature observed in Toronto, Ontario, on May 31, 

1973 are shown in Figure 2.8. Values of average solar radiation for the May to July period are 

similar for the United States and southern Canada, and hence the data shown in Figure 2.8 are 

representative. 

Deck positive thermal gradients (deck top temperatures are larger) are a function of solar 

radiation gain at the deck top surface. AASHTO specifications partition the U.S. into solar radiation 

zones as shown in Fig. 2.9. Design thermal gradients are determined using the solar radiation zones 

indicated in Fig. 2.9 and then using Fig. 2.10. It should be noted that increases in deck temperature 

and positive thermal gradient typically do not cause deck tensile stresses and cracking. They can 

cause increased deck concrete temperature at set-time, and in turn this will increase thermal tensile 

stresses when deck temperatures fall (both ~TAVG and ~Tgradient (negative gradient)). Thus, it is the 

decreases in deck temperature from that at set-time, which cause tensile stresses to form in the 

concrete and create the potential for cracking. This is true of uniform decreases in the deck 

temperature (relative to the support girders), and negative thermal gradients (deck top temperatures 

are lower than underside). 

When working with concrete, drying shrinkage strains and stresses can be determined in the 

manner described above for thermal strains and stresses, where the drying shrinkage strains can be 
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treated as an equivalent temperature change, i.e., 

!1T = _ Gsh 
eq. a (2.3) 

where Esh = drying shrinkage strain. 

Contractions (shrinkages) are considered positive, but would require a decrease in temperature, thus 

the necessity for the negative sign in Equation 2.3. Figure 2.11 shows the behavior of a bridge 

component under drying shrinkage for two materials with different drying shrinkage characteristics. 

In the transverse direction of a bridge deck, in the worst case scenario (for stresses and 

possible decking cracking), for simple thermal 'loadings' such as shown in Figure 2.6, the thermal 

stress would be approximately as shown in Figure 2.6. That is, due to symmetry and the transverse 

diaphragms, thermal stresses would be approximately as indicated in Figure 2.12. Note that the 

thermal stresses shown in Figure 2.12 are independent of the deck thickness and only depend on the 

thermal 'loading', i.e., the!1T distribution (which is primarily independent of the deck thickness), 

and the E and a. of the deck concrete. 

Wolff (34) used stress equations derived by Zuk (37) and a second degree equation for 

temperature and drying shrinkage variation through the depth of deck, and evaluated the thermal and 

shrinkage stresses shown in Table 2.4. These stresses were for the temperature and drying shrinkage 

distributions shown in the table, and for a girder spacing of 8 ft. Obviously Wolff s work indicates 

that deck thermal and drying shrinkage stresses are effectively independent of deck thickness. 

Willson (33) used a more sophisticated temperature distribution and larger temperature 

variations through the depth of a simply supported bridge deck - superstructure system consisting of 

Bulb - T72 girders at a spacing of 6'-8W'. The results of his numerical analyses pertaining to the 

effect of deck thicknesses on longitudinal stresses are shown in Fig. 2.13. For the positive 
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Table 2.4. Effect of Deck Thickness on Deck Thermal and Shrinkage Stresses 
(modified from (342) 

'Loading' Deck Thickness, Max Stress 
d (in) (Jlong' (psi) (Jtrans. (psi) 

1 
LlTT = +5°F 6 686 858 
LlEsh,T = 600x 10-6 

d. 7 671 855 

J- LlTB = -10°F 8 659 852 

LlEsh,B = 0 
9 649 850 
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temperature gradient (temperature at top of deck is higher than that at the bottom) shown in 

Fig. 2.13a, the bottom of the girder stresses remain essentially constant and independent of deck 

thickness. The top of deck longitudinal stresses increase from 690 psi to 784 psi as the deck 

thickness is increased from 6" to 11". This is a 19 psi increase in stress per inch of increase in deck 

thickness which is negligible. For the negative temperature gradient (temperature at top of deck is 

lower than that at the bottom) shown in Fig. 2.13b, the deck thermal stresses increase slightly with 

deck thickness, but the combined thermal plus shrinkage stresses decrease slightly (8 psi per inch of 

deck thickness) with deck thickness. 

Thus for more complex thermal 'loading' and boundary conditions, the analyses are more 

difficult; however the stresses remain primarily independent of the deck thickness. In the 

longitudinal direction, one must bring in the properties and contributions of the longitudinal girders. 

However, again in this case the deck thermal stresses are primarily independent of the deck 

thickness. 

Since drying shrinkage behavior can be analyzed as a thermal behavior under an equivalent 

thermal 'loading' as indicated in Equation 2.3, then deck shrinkage stresses will likewise be 

primarily independent of the deck thickness. However, the drying shrinkage strain, Bsh, in Equation 

2.3 is not a constant, but varies with a number of parameters. 

Mindess and Young (20 ) state "that the size and shape of a concrete specimen will 

determine the rate and amount of drying shrinkage." They report the effects of volume-to-

surface ratio on the drying shrinkage of concrete to be as shown in Fig. 2.14. Note that in case of 

bridge decks, 

S ·t 
Volume - to - Surface - Ratio = area :::::: t 

Sarea 
(2.4) 
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Thus, if a 7" (178 mm) deck thickness is increased to 8" (203 mm), Fig. 2.14 indicates there would 

be a significant reduction in the ultimate drying shrinkage strain. 

Longitudinal cracks are usually caused by truck loadings causing transverse flexure of thin 

decks with wide girder spacing. These decks have a greater flexibility than thicker ones, and the 

flexure cracks occur when the cracking moment capacity of the slab is exceeded. The cracking 

moment capacity can be calculated by, 

(2.5) 

where 18 is the gross moment of inertia of the slab and yt is the distance from the centro dial axis of 

the gross section to the extreme fiber in tension. 

To increase the cracking moment capacity either the concrete tensile strength has to be 

increased or the deck section modulus (Ig/yt) has to be increased. Since the deck section modulus 

varies as the square of the thickness, increasing the deck thickness is an excellent means of 

increasing its cracking moment capacity and mitigating longitudinal deck cracking. 

Krauss and Rogalla (19) report on a recent comprehensive investigation of transverse 

cracking in newly constructed bridge decks, and conclude, based on its literature review, that "decks 

should not be less than 8 to 9 in. thick." 

Typically, transverse deck cracking leads to more transverse cracking, which tends to lead to 

longitudinal cracking. When small regions of the deck top surface become 'boxed-in' by transverse 

and longitudinal cracks, top surface delaminating and spalling occur from the pounding traffic (see 

Fig. 2.2). In turn, the resulting "potholes" cause greater traffic impact loading which lead to further 

delamination and spalling. Thus is the typical top down-deck deterioration process in Alabama. 
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Surface spalling is one of the dominant bridge deck durability. and maintenance problems 

today. Stark (29) used pachometers and studied 7 bridge decks in Michigan to assess the 

relationship of deck cracking, rebar cover, and surface spalling. He summarized the primary 

findings of his study as follows: 

(1) All spalls were associated with reinforcing steel with less than 2" of cover (usually the 
cover was less than 1 WI). Numerous areas with 2" or more of cover were found 
adjacent to the areas with 1 W' or less of cover, and no spalls were found in these areas 
of greater concrete cover. 

(2) Petrographic examinations of concrete cores from other states (Kansas, Missouri and 
California) also revealed that spalls and incipient spalls were associated only with steel 
having less than 2" of cover. 

(3) Spalls occurred only in areas where vertical cracks occurred directly over the top 
reinforcing steel. In areas where only pattern or random cracks, or no cracks, occurred, 
there was a total absence of spalls. 

(4) Where the cover was less than 2", the crack pattern consisted primarily of cracks 
directly above the top steel, but where there was more than 2" of cover, random or 
pattern cracking was most often found. 

Stark's work would indicate that going to a 2 W' cover (to allow for construction tolerances), or to 

place the top longitudinal bars on the top, and thus achieve a 2 Y2" cover on the top transverse bars, 

maybe a wise course of action to mitigate deck spalling and maintenance problems. 

Punching Shear Failure. Csagoly (11) recently reported the results of a laboratory testing 

program to assess the behavior and failure mode of concrete bridge decks. They used reduced scale 

test models and load tested with a concentrated load (to simulate a truck tire loading). They found 

that as the deck deflected, the internal deck arch became shallower and increased the deck concrete 

arching stresses. When the deflection was half of the deck depth, the arch essentially flattened out 

and became compressively unstable under further loading. When the maximum deflection exceeded 

half the deck depth, punching shear failure occurred (see Figs. 2.15 - 2.17). 
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Deck Stress State. Truck traffic/loadings by far cause the greater service load stresses and 

strains in bridge decks and do the greatest damage. At the location of the truck tires, the deck 

deflects in somewhat of a dish shape as indicated in Figure 2.18. Thus, slightly away from the tire, 

the biaxial bending compressive stresses in the top of the deck are actually a less damaging load state 

than would exist for a uniaxial bending as can be seen from the biaxial concrete failure envelope 

shown in Fig. 2.19. Also note in Fig. 2.19, that the biaxial tensile stresses on the bottom of the deck 

are no more damaging than those caused by uniaxial bending. Immediately under the truck wheel 

load, where the stress state is triaxial, the deck stress state is even less damaging as indicated in Fig. 

2.20. 

Deck Fatigue. Barker and Puckett (6) in their book on Design of Highway Bridges have this 

to say about fatigue of concrete flexural members. 

When plain concrete beams or slabs are subjected to repetitive stresses that are less 
than the static strength, accumulated damage due to progressive internal microcracking 
eventually results in a fatigue failure. If the repetitive stress level is decreased, the number 
of cycles to failure N increases. This effect is shown by the S-N curves in Figure 2.21, 
where the ordinate is the ratio of the maximum stress Smax to the static strength and the 
abscissa is the number of cycles to failure N, plotted on a logarithmic scale. For the case of 
plain concrete beams, Smax is the tensile stress calculated at the extreme fiber assuming an 
uncracked section and the static strength is the rupture modulus stress fro 

The curves a and c in Figure 2.21 were obtained from tests in which the stress range 
between a maximum stress and a minimum stress equal to 75% and 15% of the maximum 
stress, respectively. It can be observed that an increase of the stress range results in a 
decreased fatigue strength for a given number of cycles. Curves b and d indicate the 
amount of scatter in the test data. Curve b corresponds to an 80% chance of failure while 
curve d represents a 5% chance of failure. Curves a and c are averages representing 50% 
probability of failure. 

The S-N curves for concrete in Figure 2.21 are nearly linear from 100 cycles to 10 
million cycles and have not flattened out at the higher number of cycles to failure. It 
appears that concrete does not exhibit a limiting value of stress below which the fatigue life 
is infinite. Thus, any statement on the fatigue strength of concrete must be given with 
reference to the number of cycles to failure. ACI Committee 215 (1992) concludes that the 
fatigue strength of concrete for the life of 10 million cycles of load and a probability of 
failure of 50%, regardless of whether the specimen is loaded in compression, tension, or 
flexure, is approximately 55% of the static strength. 
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Fig. 2.18 Bridge Deck Defonnations and Moments From a Truck Tire Loading (16) 

2-28 



0.0 

<12 

-1"2 
Rc 

-!iJ,4 

Ii 
-!!).6 

1~.8 
I 

- 1.0 

-1.2 

-1.4 

----- Envelope of experimental data 
- Concrete failure criterion 

Fig. 2.19 Concrete Biaxial Failure Predictions (23 ) 

Fig. 2.20 Concrete Triaxial Failure Surface (23 ) 

2-29 



Smax 
f r 

1.0,-----------------------------------------

0.8 

0.6 

0 .... 

0.2 

Smin = 0.75 
Smax 

Smln = 0.15 
Smax 

_ P=80%] -- - - -
t~;%-
P=50% (avg.) 
Probability 
of Failure 

o ~----,-----,-----~----~----~----~--~ 
o 10 10" 

Cycles to Failure, N 

Fig.2.71. Fatigue Strength of Plain Concrete Beams (6) 

Table 2.5. Section Modulus Per Unit Width for Slabs 
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Beam on elastic foundation theory indicates slab bending moment values well in excess of 

those necessary to crack the slab concrete. With repeated loading, and with a fatigue strength of 

approximately 55% of the static strength (at lOMe ofloading), even more slab cracking will occur 

due to fatigue. This will cause a poorer distribution ofloading to the girders, and in-turn reduces the 

girder fatigue/service life. It will also cause more movement and working of the existing slab 

cracks, and thus a lengthening and widening of these cracks. This will result in a more rapid 

deterioration of the slab due to mechanical actions of abrasion, greater wheel impact, debris entering 

the wider cracks, etc. It will also allow greater damage due to water and chloride ions entering the 

slab via these cracks. 

Since slab cracking due to bending varies inversely with the section modulus, it thus varies 

inversely with the square of the slab thickness, D. Table 2.5 shows how D2 and a normalized (with 

respect to a 6" slab) D2 vary for slab thickness of6 to 9 inches. Obviously employing thicker slabs 

would reduce slab static load cracking as well as later fatigue load cracking. In-turn, this will 

enhance the service life of the slab. Also, thicker decks would reduce slab rebar stresses and 

enhance their fatigue life. However, such enhancements are not needed, as the writer is not aware of 

any instances of slab rebar fatigue failure. 

Batchelor, et al. (7) reported, based on their study using 1/8 - scale deck slab models, that deck 

slabs of conventional design (AASHTO design) have large reserves of fatigue strength. They 

indicated that an endurance limit of 50% of the ultimate capacity can be expected in such deck slabs, 

and an endurance limit of 40 % can be expected in slabs with less reinforcement, i.e., 0.2% isotropic 

reinforcement, and even in unreinforced slabs. 
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Code Minimum Deck Thickness Requirements. Current AASHTO requirements for the 

minimum thickness of concrete bridge decks is 175 mm (approximately 7 in) superimposed on the 

traditional minimum depth of slab based on the deck span length S to control deflections. The 

traditional minimum depth equation used was 

h . = S+3000 
mm 30 (2.6) 

where S and h are in mm. 

The new requirement limits hmin to 175 mm and thus Equation (2.6) is modified to 

h . = S+3000 
mm 30 (2.7) 

~ 175 mm 
Or alternatively, 

Smax = 30h-3000 (2.8) 

Using Eqn. (2.8) for various deck thicknesses, h, yields the maximum girder spacings, S, and 

maximum S ratio values shown in Table 2.6. These values are also shown plotted in Fig. 2.22. 
h 

The ACI (2) recommends a minimum thickness of 8" for bridge decks. The AASHTO and 

ACI minimum deck thickness requirements are summarized in graphical form in Fig. 2.23. 

Zia, et al. (36) wrote Eqn. (2.8) in mixed English units as 

30 
S =h(-)-l0 max 12 (2.9) 

where S = girder spacing in ft. 

h = deck thickness in in. 
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They used this equation to compute the maximum girder spacing for various deck thicknesses. They 

also computed the maximum girder spacing based on strength criteria for different deck concrete 

strengths. These are shown in Table 2.7, and it can be seen that the deflection criteria, rather than 

the strength criteria, controls the maximum girder spacing. Equation (2.9) is also plotted in Fig. 

2.22. 

ACI 343R-95 (1) indicates that it is generally more economical to use a thicker deck slab with 

a wider girder spacing, and to cantilever the slab beyond the exterior girder 1/3 to 'l'2 of the girder 

spacing. They recommend as a design guideline the effective deck span - deck thickness values 

shown in Table 2.8 for an AASHTO HS20 design loading. 

It should be noted that in the 1995 UAB study of deterioration of bridge decks (D R! 6.5") in 

Birmingham, AL (9), four out of five undamaged decks in that study has SID ratios less than the 12.1 

maximum value shown in Fig. 2.22 (see dotted line), and four out of five of the damaged decks in 

that study had SID ratios greater than the 12.1 maximum value. 

Ramey, et al. (26) point out that uniformity of deck thickness at 8" would allow 

standardization of rebar mat support chairs in attaining proper bottom and top covers, and would 

allow the use of a 2W' topbar cover if desired. It would simplify construction and inspection, and 

should in turn result in enhanced deck quality/durability. Uniformity of deck thickness would also 

allow ALDOT engineers and inspectors to make better estimates of span deflections due to 

placement of the fresh concrete. Even though span lengths will continue to vary, having the same 

concrete uniform DL on the bridges each time will remove one ofthe variables and should result in 

more accurate defections assessments due to concrete DL. This is important in attaining the proper 

deck thickness and cover on the deck top bars during the construction process, and in turn on 

minimizing deck transverse cracking and maximizing deck durability. 
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Table 2.6. AASHTO Max. Girder Spacing and S/h Ratio Values Based on Deflections 

Deck Depth, h Maximum Girder Spacing, Maximum 
(in) S, (ft) (S/h) 

6.0 
7.0 
8.0 
9.0 

5.15 
7.66 
10.16 
12.66 

10.32 
13.13 
15.26 
16.88 

Table 2.7 Max. Girder Spacing for Various Deck Thicknesses and Concrete Strengths (36) 

Maximum Girder Spacing, S (ft) 
Deck 

Thickness 
(in) 

Deck Concrete Strength l 

(psi) 
Eq.2.92 

6 
7 
8 
9 
10 

3,000 

4.87 
8.77 
12.92 
18.06 
21.86 

4,000 

7.04 
12.18 
17.17 
23.08 
28.08 

5,000 

8.32 
14.51 
20.59 
25.88 
31.58 

[Girder spacing based on strength criteria 
2Girder spacing based on deflection criteria (rounded-off) 

Table 2.8 Recommended Guide for Bridge Deck 
Thickness for Various Effective Spans (l) 

Effective span length* Slab thickness, h 

Ft m m. mm 

6 1.8 7Y4 185 
7 2.1 7Y4 195 
8 2.4 8 205 
9 2.7 812 215 
10 3.0 8% 220 
11 3.4 9 230 
12 3.7 912 240 
13 4.0 9% 250 
14 4.3 10 260 
15 4.6 1012 270 
16 4.9 11 280 

*Effective span is the clear distance between webs of T -beams or 
box girders or the top flanges ofI-beams. 
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Deck Thickness Changes of Other Agencies. In 1988 the New Jersey DOT increased their 

bridge deck thickness on all new decks, and increased the minimum deck thickness to 8" (26). They 

have since observed less deck cracking and feel that they now have a very good and durable deck 

design. 

Around 1970, the Texas DOT instituted several bridge deck design changes in an effort to 

mitigate their deck deterioration problem (5). One of their primary changes was to increase deck 

thickness from 6" to typically 7" - 8". In addition to increasing the deck thickness by 1 + inches, they 

also reduced their allowable LL deflection for bridges. The Texas DOT's current philosophy (5) 

seems to be that the stiffer the bridge deck, the greater is its durability. 

A recent study conducted in Japan (26) determined that the primary deterioration mechanism 

for bridge decks in that country was 

(1) development of early penetrating cracks due to shrinkage (drying and thermal) 

(2) infiltration and leakage of rainwater through these cracks 

(3) abrasive actions caused by working the cracks in shear in transmitting wheel loads. 

They concluded that the corrective actions required were: 

(1) eliminate or minimize early penetration shrinkage cracks 

(2) seal cracks to prevent infiltration of water 

(3) use more shrinkage/temperature steel to control crack width, and increase deck thickness 
to increase shear capacity and minimize relative movement across the crack. Japan 
increased their deck thickness from approximately 7" to 9". 

Methods ofIncreasing Live Load Capacity. Six methods for increasing live load capacity 

of highway bridges have been used for many years and can be considered standard methods. These 

were identified in Ref. (18), and are: 
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• Reduce dead load, 

• Develop composite action, 

• Increase transverse stiffness, 

• Improve member strength, 

• Post-tension members, and 

• Develop continuity. 

These same methods would also be effective in reducing LL stresses and thus extending the fatigue 

life of bridge components. For beam and slab bridges, increasing the transverse stiffness improves 

the load distribution to the beams and enables a higher live load to be applied, or a greater number of 

cycles of LL before reaching the fatigue limit. 

Increased transverse stiffness can be obtained by thickening the deck slab. The Michigan 

DOT reported on casting a concrete slab over an existing slab on a concrete T -beam bridge to 

upgrade its capacity. After testing the strengthened bridge, a 32 percent increase in live load was 

permitted. This could be an economical method for relatively short spans, as no special deck forms 

are needed. The Michigan project has spans of 42 ft. or less; however, longer spans would result in 

an increasing dead load penalty (13). 

Although the above methods were identified and are used for existing bridges, they also 

indirectly speak to the effectiveness of employing thicker decks in new designs to improve deck and 

superstructure strength and stiffness, and to reduce LL stresses, strains, and cracking. In tum this 

should enhance the deck and superstructure fatigue life. 
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3. RESULTS OF CIP REINFORCED CONCRETE 
BRIDGE DECK THICKNESS SURVEY 

3.1 General 

In an effort to identify the required design values for deck thickness and related 

parameters for CIP reinforced concrete bridge decks used by other highway agencies in the 

United States, a relatively short survey questionnaire was prepared. The survey questions were 

fairly broad with the plan being that once the broad picture was clear, the PI could contact the 

appropriate states for further details where needed. A copy of the survey questionnaire is shown 

in Appendix A. The questionnaire was sent to the State Bridge Engineer in each of the 50 states, 

Puerto Rico, and the New York State Thruway Authority during the first week of March 1999, 

with a requested return date of April 5, 1999. Forty-four (44) agencies graciously participated in 

the survey for an 85 percent response. Results of the survey are presented in Sections 3.2 and 3.3 

below. 

3.2 Results of State DOT Survey 

A copy of the survey questionnaire is included below to serve to, 

1. make known the questions asked, 

2. summarize some of the survey results, 

3. provide a cross-reference of where the survey results are presented. 
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Survey Questionnaire 
on 

CIP Reinforced Concrete Bridge 
Deck Thickness 

Instructions 

It is recognized that poor construction practices can negate the best of designs and lead to inferior bridge 
decks. However, the focus of this questionnaire is on design parameter criteria to enhance the 
serviceability performance of bridge decks. The questions pertain to required design values for deck 
thickness and related parameters for CIP reinforced concrete bridge decks. The Alabama Department of 
Transportation (ALDOT) has a "Bridge Deck Structured Design Criteria" summary figure depicting most of 
the deck design parameter values for different girder spacing. If your DOT has a similar summary figure 
would you please enclose a copy as part of your response to this questionnaire. 

Questions 

1. If your DOT has a deck structural design summary figure, will you please share it with us via 
attaching it to this questionnaire. If you were able to provide a summary figure, proceed to Question 
4. If not, proceed to the next question. 

N/A hereo 

2. What deck thickness do you typically use for the following girder spacings? 

Girder Spacing 6' 7' 8' 9' 10' } 
---------------------- Se~Table 3.2 

Deck Thickness 

3. What deck top and bottom rebar clearance do you call for? CLIOP = } See Fig 3.4 and 
CLbollom = Table 3.1 

4. Do you use deicing salt on your decks as needed during the winter season? 

5. 

6. 

7. 

DYes 0 No 

Do you design-in an extra 1/2" (or other) to the deck thickness (above the top mat) to allow for 
possible future grinding for rideability? 0 Yes 0 No 

Yes-61% 
'No - 39% 

What strength/grade deck concrete and reinforcing steel do you call for? 
f' = } 
F: = See Fig 3.3 ild Taplc 3. 1 

Do you require, or typically employ, a wearing surface on your bridge decks? 
DYes 0 No Yes- 33% 

No·-67% 

If yes, what wearing surface material and thickness do you typically use? 

S.ee- I~~g. 3.2 a:nlli'if~IUe:3.1 
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8. What LL deflection requirement do you impose for your bridge superstructures? 

See 'rl'able -3.1 

9. It is reported in the literature that many state DOTs enacted deck design changes of increasing 
deck thicknesses (typically from 6" - 6%" to 8" - 8~"), and increasing cover on the top mat steel in 
the 1970s. Did your state make such changes? 

DYes 0 No Yes-71% 
No-29% 

If yes, has there been any significant improvements in performance and/or service life due to 
increasing the deck thickness? 

See Appendix 'A 

10. Have you made any significant changes (other than those in the previous question if applicable) in 
your deck thickness and/or rebar cover requirements in the last 30 or so years? 0 Yes 0 No 

11. 

es - 4~% 
No - 51% 

If yes, what were these changes, and how would you assess the results of the changes? 

See Appendix A 

Do you believe that excessive deck cracking and premature deterioration are related to deck 
thickness? 0 Yes 0 No 

Yes - 58% 
No -42% 

If yes, in what way, and do you have any data or performance information to support your belief? 

See Appendix 1\ 

12. Do you believe that excessive deck cracking and premature deterioration are related to bridge 
superstructure flexibility? 0 Yes 0 No 

Yes - 64% 
NG-36% 

If yes, in what way, and do you have any data or performance information to 
support your belief? 

See Appendi);: A 

13. Do you believe it would be a good idea to use a "standard" (with exceptions allowed) deck thickness 
(of say 8"), and to vary girder spacing and the reinforcing steel as necessary in order to more closely 
"standardize" deck construction (and inspection) practices. and in turn enhance the quality of the as
built decks? 

DGoodldea DBadldea 

Why? 
See Appendix A 

'Good 'Idea - 65% 
Blld Idj:a - 35% 

14. Please list any design actions you would suggest to enhance the serviceability/service life of CIP 
reinforced concrete bridge decks. 

See appendix A 
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Table 3.1 provides a rather comprehensive summary regarding deck top and bottom rebar 

clearance, environmental exposure conditions, strength of concrete and steel used, wearing surfaces, 

live load deflection requirements, changes in design parameter over the last 30 years, and opinions 

on the relationship of deck thickness and superstructure flexibility with deck cracking and premature 

deterioration. Figure 3.1 summarizes the state responses to the eight "yes/no" survey questions (these 

results are also shown on the questionnaire). This figure reflects that for the participating agencies, 

almost all (93 %) use deicing salt on their decks as needed during the winter season. Over half (61 %) 

design-in an extra W' (or other) to the deck thickness (above the top mat) to allow for possible future 

grinding for ride ability and/or skid resistance. One-third (33%) require, or typically employ, a 

wearing surface on their bridge decks. Seventy-one percent stated that they had increased deck 

thickness and cover on the top mat in the 1970s. Half (49%) of the agencies made other significant 

changes in deck thickness and/or rebar cover requirements in the last 30 years. Fifty-eight percent 

believe that excessive deck cracking and premature deterioration are related to deck thickness, and 

sixty-four percent believe that excessive deck cracking and premature deterioration are related to 

bridge superstructure flexibility. Approximately two-out-of-three (65%) believe that it is a good idea 

to use a "standard" (with exceptions allowed) deck thickness and to vary girder spacing and the 

reinforcing steel as necessary in order to more closely "standardize" deck construction and inspection 

practices, and in tum enhance the quality of as-built decks. 

Table 3.2 reflects bridge deck thicknesses of all of the responding states over a range of girder 

spacings of6 - 10 ft. The thicknesses range from a low of7" for Alabama to a high of9 Yl" for New 
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York. As can be seen in Table 3.2, Alabama's typical deck thickness of7" is significantly lowerthan 

the other states. Also as can be seen in that table, 8" is probably the mode of the thicknesses, and 

numerous states employ a constant deck thickness over the range of girder spacings shown. 

Figure 3.2 summarizes the type of wearing surface materials used by the agencies that require 

a wearing surface. Asphalt with membrane was by far the material of choice, with 11 of the 14 states 

(79%) employing a wearing surface using this material in thicknesses ranging from Yl" to 31/e" with 

3" being the mode of thickness employed. PCC integral with the deck, low slump concrete, and latex 

modified concrete overlay, were each reported to be used by 1 state (7% each) to account for the 

remaining 21 % of the agencies using a wearing surface on bridge decks. 

Figure 3.3 shows that most states (42%) employ 4.0 ksi concrete for their bridge decks, as 

does Alabama, and 77% of the states employ 4.0 ksi or higher deck concrete. Figure 3.4 reflects that 

most states (55%) employ a top bar cover of2.5 in. on their decks with 2.0 in. being the second most 

widely used (26%) top cover. Alabama is in this latter group. Nearly 2-in-3 states (64%) use a 

bottom bar cover of 1.0 in., with 1.5 in. being the second most widely used (26%) bottom cover. 

A summary of pertinent comments made by the survey responders to questions on (1) deck 

cracking and premature deterioration being related to deck thickness and/or superstructure flexibility, 

(2) changes made in the last 30 years in deck thickness and/or rebar cover requirements, and (3) other 

design actions recommended to enhance deck service life is given in Appendix A. Also given 

Appendix A is a listing of pertinent comments made in response to the survey question on using a 

"standard" bridge deck thickness. 
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3.3 Southern States Survey Results 

Of greater interest than how ALDOT bridge deck thicknesses, rebar cover, and deck concrete 

strength compares with other states in the U.S., is how they compare with other states in the south 

since the environmental exposure conditions are more similar for these states. Thus, a subset of the 

deck data from the survey for the ten southern states from Texas to the Carolinas was extracted and 

is shown in Table 3.3. The following observations can be made from these data. 

1. Eight of the ten southern states use deicing salts on their bridge decks. Only Florida 
and Alabama do not. 

2. Only Florida and North Carolina of the ten southern states require or employ a 
wearing surface on their bridge decks. 

3. Five (or half) of the states use a top bar cover in excess of2" (around 2 WI), and five 
(or half) use a 2" top bar cover. 

4. Seven of the ten states use a bottom bar cover of 1". Florida used a large value of 2" 
due to many of its bridges being in a splash zone of seawater. 

5. Five states use deck concrete having a compressive strength of 4.0 ksi. Florida used 
a higher value of 4.5 ksi to try to reduce concrete permeability and thus reduce rebar 
corrosion. The remaining four states use deck concrete strengths of 3.0-3.5 ksi. 

6. All of the southern states use thicker decks than Alabama. The additional thickness 
varies from about W' - 1 W'. 

7. For the common girder spacings of6' - 8', the typical thickness (excluding Alabama) 
is 8" while Alabama is 7". Thus on average, Alabama bridge decks are approximately 
1" thinner than those of its sister states in the south. 

3.4 Closure 

Information gleaned from the mail questionnaire survey of all the state DOT's (85% of the 

states responded) in the U.S. that is of greatest interest to this investigation is as follows: 
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1. Alabama has the thinnest bridge decks in the U.S. 

2. The range of deck thicknesses in the U.S. (for typical girder spacings of 6'-9') is 7" 
(Alabama) to 9.5" (New York), with the mode being 8". 

3. Most states (61 %) design-in an extra Yz" (or other) to the deck thickness above the top 
mat to allow for future grinding for improved rideability and/or skid resistance. 

4. Most states (55%) employ a top bar cover of2.5", and 64% employ a bottom bar cover 
of 1". 

5. Most states (67%) do not employ a wearing surface on their bridge decks. 

6. Most states (77%) employ concrete strength in the range of 4.0-4.5 ksi for their bridge 
decks, and 44% of the states use 4.0 ksi concrete. 

7. Most states believe that excessive deck cracking and premature deterioration are related 
to deck thickness (58%), and are related to superstructure flexibility (64%). 

8. Most states (65%) believe that it is a good idea to use a "standard" deck thickness (with 
exceptions allowed) in order to enhance deck quality and durability through greater 
standardization in construction and inspection, and half of the states (50%) are currently 
employing this practice. 

9. Half (5) of the southern states use a deck top bar cover of2", and the other half (5) use a 
cover in excess of2" (around 2 Yz"). 

10. All of the southern states use thicker decks than Alabama, with the additional thickness 
varying from about Yz" - 1 Yz". For the common girder spacings of6' - 8', the typical 
thickness of our sister southern states is 8", while Alabama's is 7". 
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Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on CIP Reinforced 
Concrete Bridge Deck Thickness. 

~ ~ ~ n n 
~ 0 

~ -N .... 0 
~ 0 § S> R g 00 e. Question! Area of Inquiry 

P' 
00 

P' 
0 

Deck top and bottom rebar top =2~" top = 2W' top = 2" top = 2" top=2W' 
clearance bottom = 1" bottom = 1" bottom = 1" bottom = 1" bottom = 1" 

Use deicing salt on decks Yes Yes Yes Yes Yes 

Design-in an extra Yo" (or 
other) to the deck thickness 
(above top mat) Yes Yes Yes Yes -
Strength/grade deck concrete fc = 3.0 ksi 
and reinforcing steel to 3.5 ksi fc = 4.5 ksi fc =4.0 ksi fc = 3.25 ksi fc = 4.5 

Fy = 60 ksi Fy = 60 ksi Fy =60 ksi Fy = 60 ksi Fy = 60 ksi 

Require or employ wearing 
surface Yes No No No Yes 

Wearing surface material and 2 W' to 3" 2" Asphalt over 
thickness used asphalt with waterproofing 

membrane membrane - - -
Live load deflection Ll800 
requirements for bridge LllOOO 
superstructure AASHTO AASHTO AASHTO Ll300 Ll800 

Increased deck thickness and 
cover on the top mat of steel 
in the 1970's Yes Yes No Yes No 

Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years No Yes No No No 

Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness 

No Yes No Yes -
Believe that excessive deck 
cracking and premature 
deterioration related to No Yes Yes Yes 
superstructure flexibility -

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in turn enhance the 
quality of as-built decks Bad Idea Bad Idea Good Idea Bad Idea -
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Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on CIP Reinforced 
Concrete Bridge Deck Thickness 

(j tJ 'Tj 0 -- 0.. 
0 0 0 0 g-S - 0 

~ ::1. cia 0 0.. 
C':> 

~ 
Pl ..... 

Question/Area of Inquiry 
..... Pl ..... 
C':> a 

Deck top and bottom rebar top = 2" top = 2" top = 2" top = 2W' or top=2W' 
clearance bottom = 1" bottom = 1" bottom = 1" 2%" bottom = lW' 

bottom = 1" 

Use deicing salt on decks Yes Yes No Yes Yes 

Design-in an extra W' (or 
other) to the deck thickness 
(above top mat) No No Yes Yes Yes 

Strength/grade deck concrete fc =4 ksi fc =4.5 ksi fc = 4.5 ksi fc = 3.0 ksi or fc =4.0 
and reinforcing steel Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi 3.5 ksi Fy = 60 ksi 

Fy = 60 ksi 

Require or employ wearing 
surface Yes No Yes No No 

Wearing surface material and 2 9
/ 16" bituminous 

thickness used concrete on 
waterproofing - - - -
membrane 

Live load deflection 
requirements for bridge Ll800 
superstructure AASHTO AASHTO AASHTO LllOOO -
Increased deck thickness and 
cover on the top mat of steel 
in the 1970's No No Yes Yes Yes 

Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years No Yes Yes Yes Yes 

Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness 

Yes No No Yes Yes 

Believe that excessive deck 
cracking and premature 
deterioration related to No No Yes 
superstructure flexibility - -

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in turn enhance the 
quality of as-built decks Good Idea Bad Idea Good Idea Good Idea -
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Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on CIP Reinforced 
Concrete Bridge Deck Thickness 

- - ~ t'"'I ~ - 0 - 0 ..... 
~ ~ . S ~ 

s:: ..... ::s v.l ..... ..... ~ 
v.l (') § 

Question! Area of Inquiry ~ Pl 

Deck top and bottom rebar top = 2W' top=2W' top = 2" top = 2" top = 2" 
clearance bottom = 1" bottom = 1" bottom = 1" bottom = 1" bottom = 1" 

Use deicing salt on decks Yes Yes Yes Yes Yes 

Design-in an extra y," (or 
other) to the deck thickness 
(above top mat) No No No Yes No 

Strength/grade deck concrete fc = 3.5 ksi fc = 4.0 ksi fc = 4.0 ksi fc = 3.2 ksi fc = 4.35 
and reinforcing steel Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi 

Require or employ wearing 
surface No Yes No No Yes 

Wearing surface material and 3" bituminous 
thickness used 112" pee with - - -

integral with waterproofmg 
deck membrane 

Live load deflection 
requirements for bridge AASHTO AASHTO AASHTO AASHTO AASHTO 
superstructure 

Increased deck thickness and 
cover on the top mat of steel 
in the 1970's Yes Yes Yes Yes -
Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years Yes No Yes No No 

Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness 

No Yes Yes No Yes 

Believe that excessive deck 
cracking and premature 
deterioration related to No No Yes Yes 
superstructure flexibility -

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in tum enhance the 

Bad Idea 
quality of as-built decks - Good Idea Good Idea Bad Idea 
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Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on ClP Reinforced 
Concrete Bridge Deck Thickness 

~ ~ ~ f ~ 
~ g; ..... ..... 

t":I Vl 
Vl e: Vl ..... - ~ (1) Vl 

§ (JQ Vl Vl 

Question! Area of Inquiry S § 0 ..... 
0.- S- :g 

Vl a ..... 
Vl 

Deck top and bottom rebar top = 2Y:z" top = 2" top = 3" top = 3" top=2W' 
clearance bottom = I" bottom = 1 liz" bottom = 1 liz" bottom = I" bottom = I" 

Use deicing salt on decks Yes Yes Yes Yes Yes 

Design-in an extra Yo" (or 
other) to the deck thickness 
(above top mat) Yes No No No No 

Strength/grade deck concrete fc = 4.5 ksi fc = 4.35 ksi fc = 4.5 ksi fc = 4.0 ksi fc=4.0 
and reinforcing steel Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi 

Require or employ wearing 
surface No Yes No Yes No 

Wearing surface material and 3 1/a" 
thickness used bituminous 2" low slump - - -

concrete over concrete 
waterproofing 
membrane 

Live load deflection 
requirements for bridge Ll800 Ll800 
superstructure AASHTO LllOOO Ll800 LlI200 -

Increased deck thickness and 
cover on the top mat of steel 
in the 1970's Yes No Yes Yes No 

Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years Yes Yes Yes Yes No 

Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness 

Yes Yes No Yes No 

Believe that excessive deck 
cracking and premature 
deterioration related to 
superstructure flexibility 

Yes Yes Yes Yes No 

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in turn enhance the 

Good Idea quality of as-built decks Good Idea Good Idea Good Idea Good Idea 
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Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on CIP Reinforced 
Concrete Bridge Deck Thickness 

~ ~ Z z :r::Z ..... 0 (1) (1) 

~ ~ r.n g cr' -< r.n "1 
~ 0 1}l 

9. Pl r.n ::-;- e: Question/Area of Inquiry Pl Pl 
~ 

Deck top and bottom rebar top = 2314" top=2W' top=2W' top =2W' top = 2W' 
clearance bottom = I" bottom = I" bottom = I" bottom = I" bottom = IW' 

Use deicing salt on decks Yes Yes Yes Yes Yes 

Design-in an extra W' (or 
other) to the deck thickness 
(above top mat) Yes Yes No Yes Yes 

Strength/grade deck concrete fc = 4.0 ksi fc = 4.0 ksi to fc = 4.0 ksi fc = 4.0 ksi fc = 4.0 
and reinforcing steel Fy = 60 ksi 4.5 ksi Fy = 60 ksi to 4.5 ksi Fy = 60 ksi 

Fy = 60 ksi Fy = 60 ksi 

Require or employ wearing 
surface No No No No Yes 

Wearing surface material and barrier 
thickness used membrane plus - - - -

two I" layers of 
asphalt 
pavement 

Live load deflection 
requirements for bridge LlI200 
superstructure LlIOOO LlIOOO AASHTO AASHTO LlI600 

Increased deck thickness and 
cover on the top mat of steel 
in the 1970's Yes Yes No No Yes 

Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years No No No Yes Yes 

Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness 

Yes No No - -
Believe that excessive deck 
cracking and premature 
deterioration related to Yes Yes Yes 
superstructure flexibility - -

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in tum enhance the 

Good Idea quality of as-built decks Good Idea Bad Idea Good Idea Good Idea 

3-12 



Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on CIP Reinforced 
C B . d D k Th' kn oncrete n 1ge ec Ie ess 

Z Z >>-3Z nz tlZ 
0 0 ~a~ ~ 0 ~o 
~ ~ g.~ ~~ ~ ~ o ~ ~ ..... 
0 0 ~. Pl 0 S Question! Area of Inquiry ~. ~ q'< "1 :;.;-
n 
0 

Deck top and bottom rebar top =2W' top = 3" top = 3" top =2W' top=2W' 
clearance bottom = IW' bottom = bottom = IW' bottom = 1 \!.t" bottom = 1" 

IW' 

Use deicing salt on decks Yes Yes Yes Yes Yes 

Design-in an extra y," (or 
other) to the deck thickness 
(above top mat) No Yes Yes No Yes 

Strength/grade deck concrete fc = 4.0 ksi fc = 3.0 ksi fc = 3.0 ksi fc = 3.5 ksi fc = 4.0 
and reinforcing steel Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi 

Require or employ wearing 
surface No No Yes Yes No 

Wearing surface material and 7" decks have !12" asphalt overlay -thickness used waterproofing if required in - -
membrane and design. Rehabs 
2" asphalt use latex modified 
overlay concrete overlay 

Live load deflection 
requirements for bridge Ll800 
superstructure AASHTO AASHTO Ll800 AASHTO LllOOO 

Increased deck thickness and 
cover on the top mat of steel 
in the 1970's No Yes Yes Yes Yes 

Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years No No Yes Yes -
Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness 

Yes No No Yes No 

Believe that excessive deck 
cracking and premature 
deterioration related to 
superstructure flexibility 

Yes Yes Yes Yes No 

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in turn enhance the 

Good Idea quality of as-built decks Bad Idea Good Idea Good Idea Bad Idea 
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Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on ClP Reinforced 
Concrete Bridge Deck Thickness 

0 0 0 ~ ~ 

e: ~ Ci1 
(1) 

~ 0 ~ 0Cl S 
0 [I) 0 0 t:S -...:: 

3 - ~ Question! Area of Inquiry < 
Pl 2. (") 

0 
Pl 

Deck top and bottom rebar top = 2~" top=2W' top = 2W' top=2W' top = 2" 
clearance bottom = lW' bottom = 1" bottom = lW' bottom = 1" bottom = lW' 

Use deicing salt on decks Yes Yes No Yes No 

Design-in an extra \/;," (or 
other) to the deck thickness 
(above top mat) Yes No Yes Yes Yes 

Strength/grade deck concrete fc = 4.5 ksi fc = 4.0 ksi fc = 4.5 ksi fc = 4.5 ksi fc = 4.0 
and reinforcing steel Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi 

Require or employ wearing 
surface No No Yes Yes -

Wearing surface material and 
thickness used 3" asphalt - - - -

Live load deflection 
requirements for bridge Ll800 
superstructure AASHTO LllOOO AASHTO AASHTO AASHTO 

Increased deck thickness and 
cover on the top mat of steel 
in the 1970's No Yes Yes Yes Yes 

Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years Yes Yes No No No 

Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness 

No Yes Yes No Yes 

Believe that excessive deck 
cracking and premature 
deterioration related to No No No Yes No 
superstructure flexibility 

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in turn enhance the 

Good Idea quality of as-built decks Bad Idea Good Idea Bad Idea Good Idea 
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Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on CIP Reinforced 
Concrete Bridge Deck Thickness 

~ r:F.J r:F.J ...., ...., 
0 0 ~ ~ 

0 g. g. ~ 
;.< 

0- ~ 
~ n t:J Vl 

Questionl Area of Inquiry 
>-< Vl 
Vl 8 ~ 

~ - ~ 

8- -..... -g ~ 

Deck top and bottom rebar top = 2" top=2W' top=2W' top=2W' top = 2" 
clearance bottom = 1" bottom = 1" bottom = 1" bottom = 1" bottom = lW' 

Use deicing salt on decks Yes Yes Yes Yes -
Design-in an extra \1," (or 
other) to the deck thickness 
(above top mat) No Yes Yes No No 

Strength/grade deck concrete fc = 4.0 ksi to 5.0 fc = 4.0 ksi fc = 4.5 ksi fc = 3.0 ksi fc = 4.0 
and reinforcing steel ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy =60 ksi 

Fy = 60 ksi 

Require or employ wearing 
surface Yes No No No No 

Wearing surface material and 1 W' binder 
thickness used material and 1 W' 

Class 1-1 bitumen - - - -
Live load deflection 
requirements for bridge Ll800 LlI000 
superstructure LlI100 AASHTO Ll1200 Ll800 AASHTO 

Increased deck thickness and 
cover on the top mat of steel 
in the 1970's Yes Yes Yes Yes No 

Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years Yes No No No Yes 

Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness 

No Yes No Yes Yes 

Believe that excessive deck 
cracking and premature 
deterioration related to Yes Yes No No Yes 
superstructure flexibility 

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in turn enhance the 

Good Idea quality of as-built decks Good Idea Bad Idea Good Idea -
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Table 3.1 Summary of Survey Questionnaire Responses from State DOT's on CIP Reinforced 
Concrete Bridge Deck Thickness 

-< ~ ~ > ..... -0C1 VJ !} (') 0 ..... s e e. 0 
$ll ::s S· Question! Area of Inquiry VJ $ll ..... (IQ ::s 

Deck top and bottom rebar top = 2%" top = 2\12" top = 2\12" top = 2" 
clearance bottom = 1 \12" bottom = 1 \12" bottom = 1" bottom = 1" 

Use deicing salt on decks Yes Yes No No 

Design-in an extra y," (or 
other) to the deck thickness 
(above top mat) Yes Yes Yes No 

Strength/grade deck concrete fc = 4.0 ksi fc = 4.0 ksi fc = 3.75 ksi fc =4.0 
and reinforcing steel Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi Fy = 60 ksi 

Require or employ wearing 
surface No No No No 

Wearing surface material and - - - -thickness used 

Live load deflection 
requirements for bridge Ll800 
superstructure LllOOO Lll500 AASHTO AASHTO 

Increased deck thickness and 
cover on the top mat of steel 
in the 1970's Yes Yes No Yes 

Any other significant changes 
in deck thickness and/or rebar 
cover in last 30 years Yes No Yes Yes 

Believe that excessive deck 
cracking and premature 
deterioration related to deck 
thickness Yes Yes Yes -

Believe that excessive deck 
cracking and premature 
deterioration related to Yes Yes Yes 
superstructure flexibility -

Good idea to use a standard 
deck thickness and vary 
girder spacing and reinforcing 
steel as necessary to 
standardize deck construction 
and in tum enhance the 
quality of as-built decks Good Idea - Bad Idea -
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Table 3.2 Deck Thickness used by States for Different Girder Spacings 
(Thicknesses shown in inches) 

STATE 

Alabama 

Alaska 

Arizona 

Arkansas 

California 

Colorado 

Connecticut! 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Iowa 

Kentucky 

Louisiana2 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi] 

Missouri 

Montana 
.. 

Mlmmum Values 
2 Actually 7-8", but 8" is by far the most common 
3 For prestressed concrete girders 

6ft 

7 

7"h 

8 

7"h 

7Y4 

8 

7% 

8 

8 

7% 

8 

7"h 

8 

8 

8 

7 

8"h 

8 

9 

8% 

7% 

8"h 

7"h 
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GIRDER SPACING 

7ft 8ft 9ft 10ft 

7 7 7Y4 7% 

8 8Y4 8"h 9 

8 8"h 9 9 

7"h 7% 8 8"h 

7% 8 8% 8% 

8 8 8 8Y4 

7% 7% 7% 7% 

8 8 8"h 9 

8 8 8 8 

8 8Y4 8"h 8% 

8 8 8% 8% 

7"h 7"h 7"h 8 

8 8 8 8 

8 8 8 8 

8 8 8 8 

7"h 8Y4 9 9% 

9 9"h 10 I O"h 

8 8% 9"h 10"h 

9 9 9 9 

8% 8% 8% 9 

7% 7% N/A N/A 

8"h 8"h 8"h 8"h 

7% 8 8Y4 8Y4 



Table 3.2 Deck Thickness used by States for Different Girder Spacings 
(Thicknesses shown in inches) 

STATE GIRDER SPACING 

6ft 7ft 8ft 9ft 10ft 

Nebraska 7~ 7~ 7~ 7~ 8 

Nevada 8 8 8 8 8 

New Hampshire 8 8 8 8 (or as required) 

New Mexico 7% 8y.. 8% 9y.. 10 

New York 9~ 9~ 9~ 9~ 9~ 

New York Thruway Authority 9~ 9~ 9~ 9~ 9~ 

North Carolina 8 8 8~ 8% 9 

North Dakota 8 8 8 8 8 

Ohio 8~ 8~ 8~ 8% 9 

Oklahoma 8 8 8 8 8 

Oregon 73;4 7% 7% 73;4 8 

Pennsylvania 7% 7% 7% 8y.. 8% 

Puerto Rico 8 8 8 N/A N/A 

Rhode Island 7~ 7~ 7~ 7~ 7~ 

South Carolina 8 8 8~ 9 9~ 

South Dakota 8 8 8 8y.. 8% 

Tennessee 8 8 8 8~ 8% 

Texas 8 8 8 8 N/A 

Virginia4 7~ 8 8~ 8~ 8~ 

Wisconsin 8 8 8~ 9 9~ 

Wyoming 8 8 8 8 8y.. 

4 For Steel Girders 
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Table 3.3 Summary of South em State Bridge Deck Design Parameter Values 

USE REQUIRE OR 
DEICING EMPLOY 

STATE SALTON WEARING 
DECK SURFACE 

ALABAMA NO NO 

ARKANSAS YES NO 

FLORIDA NO YES 

GEORGIA YES NO 

LOUISIANA! YES NO 

MISSISSIPPI 2 YES NO 

NORTH CAROLINA YES YES 

SOUTH CAROLINA YES NO 

TENNESSEE YES NO 

TEXAS YES NO 

1 Typical Deck Thickness Values Shown. 
2 For Prestressed Concrete Girders 

DECK REBAR DECK 
COVER CONCRETE 

STRENGTH 
TOP BOTT. fc ksi 
(in) (in) 

2 1 4.0 

2 1 4.0 

2 2 4.5 

21f4 or 1 3.0-3.5 
2% 

2 1 3.2 

21f4 1 4.0 

2lh I1f4 3.5 

2lh 1 4.0 

2lh 1 3.0 

2 Ilh 4.0 

3-19 

DECK THICKNESS (in) 
FOR GIRDER SPACING OF 

6' 7' 8' 9' 10' 

7 7 7 71f4 7% 

7lh 7lh 7% 8 8lh 

8 8 8 8 8 

7% 8 81f4 8lh 8% 

8 8 8 8 8 

7% 7% 7% NA NA 

8 8 8lh 8% 9 

8 8 8lh 9 9lh 

8 8 8 8lh 8% 

8 8 8 8 NA 



U,) 

I 
N 
o 

QUESTIONS 

Use deicing salt on decks 

Design-in an extra 1/2" (13rrun) (or other) to the deck 
thickness (above top mat) 

Require or employ wearing surface 

Increased deck thickness and cover on the top mat of steel in 
the 1970's 

Any other significant changes in deck thickness and/or rebar 
cover in the last 30 years 

Believe that excessive deck cracking and premature 
deterioration are related to deck thickness 

Believe that excessive deck cracking and premature 
deterioration are related to superstructure flexibility 

GoodlBad idea to use a standard deck thickness and vary 
girder spacing and reinforcing steel as necessary to 
standardize deck construction and enhance quality. 

RESPONSE 

YES 
NO 

YES 
NO 

YES 
NO 

YES 
NO 

YES 
NO 

YES 
NO 

YES 
NO 

GOOD IDEA 
BAD IDEA 

PERCENT OF RESPONDERS 

Figure 3.1 Summary of State DOT Responses to Primary Questions on Survey Questionnaire 



Type of Wearing 
Material Employed 

Asphalt with Membrane 

PCC Integral with Deck 

Low Slump Concrete 

Latex Modified Concrete Overlay 

Percent of Those Responding "YES" to 
Using a Wearing Surface on Bridge Decks 

10 20 30 40 50 60 70 80 90 100 

(79%) 

(7%) 

(7%) 

(7%) 

Figure 3.2 Summary of Wearing Materials Employed 
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DECK CONCRETE PERCENT OF RESPONDERS* 
STRENGTH, f' c, 

ksi (MPa) 

0 10 20 30 40 50 60 70 80 90 

(20.7) 3.0 

(22.4) 3.25 (9%) 

(24.1) 3.5 

(25.9) 3.75 

(27.6) 4.0 (42%) 

(29.3) 4.25 (9%) 

(31.0) 4.5 (26%) 

*Five States Quoted a Small Range for f' c. Midpoint values were used in those instances 

Figure 3.3 Summary of Deck Concrete Strength (f' c) Used by Responders 
(All use Fy=60 ksi (413.7 MPa) for Rebar) 
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REBAR PERCENT OF RESPONDERS 
COVER 
in. (mm) 

Top Bars 
0 10 20 30 40 50 60 70 80 90 100 

(51) 2.0 (26%) 

(57) 2.25 (5%) 

(64) 2.5 (55%) 

(70) 2.75 (5%) 

(76) 3.0 (10%) 

Bottom Bars 

(25) 1.0 ... (64%) 

(32) 1.25 (7%) 

(38) 1.5 (26%) 

(44) 1.75 (0%) 

(51) 2.0 (2%) 

Figure 3.4 Summary of Deck Top and Bottom Covers 
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4. THEORETICAL CONSIDERATIONS 

4.1 General 

Theoretical considerations of bridge deck and superstructure states ofloading, behavior, and 

performance are considered here in an effort to identify the parameters affected by the deck thickness 

and in what manner. The deck parameters and behaviors are examined using various theoretical 

approaches to help assure that all relevant parameters are identified. In a later chapter, the most 

important of the parameters will be determined and examined via parameter sensitivity study. The 

theoretical considerations discussed below are not presented in any particular order, but rather to 

simply getting all of the participating parameters "out on the table." 

4.2 Behavior of Beam-and-Slab Decks 

A typical steel composite beam-and-slab bridge is shown in Fig. 4.1. Beam-and-slab decks 

are typically categorized into those with the beams at close centers or touching which are referred 

to as "contiguous beam-and-slab" as shown in Figs. 4.2 and 4.3, and those with beams at wide 

centers are referred to as "spaced beam-and-slab" as shown in Figs. 4.1, 4.4, and 4.5 (16). Spaced 

beam-and-slab decks commonly have the beams at about 6 to 12 ft. centers. All, or nearly all, of the 

ALDOT beam-and-slab deck bridges fall into his latter category. Additionally, most oftheir bridges 

are beam-and-slab deck bridges, as are most of the highway bridges in the United States. 

When a load is place above one beam of a spaced beam-and slab deck, the slab does not 

necessarily deflect transversely in a single wave as shown in Fig. 4.3b, but sometimes in a series of 

waves between beams. This is particularly the case if the beams have high torsional stiffnesses, as 

do box beams, when the beams may twist little so that the slab deflects in a series of transverse steps 

as shown in Fig. 4.5. (16). 
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Fig. 4.1 Steel Composite Beam-and-Slab.Bridge at Newburgh, Scotland (16) 

Fig. 4.2 Beam-and-Slab Deck with Contiguous Concrete Beams (16) 
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Fig. 4.3(a). Contiguous Beam-and Slab 
Deck (16) 

4.3(b). Slab of Contiguous or Spaced 
Beam-and-Slab Deck Deflecting in 
Smooth Wave (16) 

Fig.4.4 Spaced Beam-and-Slab Decks with Steel I-beams and Concrete Slab (16) 

Fig. 4.5 Spaced Beam-and-Slab Deck Deflecting in a Series of Steps or Waves (16) 
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It should be noted that nearly all of the 165 and I20/59 system bridges through downtown 

Binningham are of the type shown in Figs. 4.1 and 4.4 and have low torsional stiffnesses. Thus their 

transverse deflections under truck wheel loads would be similar to Fig. 4.3b except at locations of 

transverse diaphragms where deflectibns would be more like Fig. 4.5. 

A bridge slab deck behaves much like a flat plate which is structurally continuous for the 

transfer of moments and torsions in all directions within the plane ofthe plate. When a concentrated 

load is placed on part of a slab, the slab deflects locally in a "dish" causing a two-dimensional system 

of moments and torsions which transfer and share the load to neighboring parts of the deck which 

are less severely loaded, as shown in Fig. 4.6. 

As indicated in Fig. 4.6, moments in the transverse and longitudinal directions associated 

with the 'dish' deflections and curvatures, would tend to cause tensile stresses on the bottom ofthe 

deck and could cause tension cracking of the type observed on the bottom side of the Binningham 

bridge decks (see Fig. 4.7). This crack pattern can also be seen in Figs. 4.8 and 4.9 from laboratory 

experimental model slab testing .. 

To gain a quantitative insight as to the possibility of truck wheel loads causing structural 

cracking on the underside ofthe deck as shown in Fig. 4.7, one can assume the deck as behaving as 

a unit width beam spanning in the transverse direction and supported on discreet elastic foundation 

elements (the girders) as shown in Fig. 4.10. 

Assuming a simple span of 70 ft with the P load at the centerline, 

K ::: 48EI ::: 48(29, OOoJ'/in 2) (9040 in 4) 

G L 3 703 x 1728 in 3 

KG ::: 21.23K/in 
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Fig. 4.6 Load Distribution in Bridge Slab Deck by Bending and Torsion in Two Directions (16) 

Fig. 4.7 Close-up of Underside ofl-65 Bridge at Midspan with Hairline Cracks Highlighted (24) 
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Fig. 4.8 Underside of Slab Bridge Deck (Ref. Unknown) 

I 

Fig. 4.9 Underside of Slab-Girder Bridge Deck (Ref. Unknown) 
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Fig. 4.10. Modeling of Deck as a Beam on an Elastic Foundation 

Sect. A-A 

Fig. 4.11 Differential Deflections of Beams in Shear-Key Deck Resisted by Flexure and Torsion 
of Beams 
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Smearing the Ko over the 8 foot spacing of the girders (as per beam on elastic foundation theory) 

yields, 

KG 
k = = 

S 

where E = Ec = 57,000 \,,4000 = 3,605 Irsi 

12(8)3 
IBEAM = = 512 in4 

12 

4 

p = 

p = 0.01316/in 

Checking spacing of the discreet springs yields, 

1t 
96 in ::: S v.s. - = 

4P 
1t 

= 60 in 
4 x 0.01316Iin 

Therefore, spacing of discreet springs (girders) is somewhat excessive for accurate 

modeling, however one can still proceed to get a reasonable approximation of deck moments 

under the P-Ioad. 

Checking treating the deck beam as an infinite length beam yields, 

LTRANSVERSE = L VS 31t = 180in = 15ft 
4P 

Therefore it can be treated as an infinite beam. 
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Working with just one concentrated load, i.e., one wheel load, yields 

16K 

= 4 x 0.01316Iin (1.0) 

= 304in
-
K 

= 
304in - K 

12(8)2 in 3 

6 

= 2.37 ksi 

Obviously this stress level would crack the concrete on the underside (longitudinal crack). 

In the longitudinal direction, a unit width strip ofthe deck can also be modeled as abeam 

on an elastic foundation similar to the prefabricated shear-key beam elements shown in Fig. 4.11. 

Maximum moments under the P-Ioad would be of the same order of magnitude as those in the 

transverse direction, as would the maximum bending stresses. Again, this stress level would crack 

the underside of the deck, except in the transverse direction. Thus, moments in the transverse and 

longitudinal directions under a truck wheel load will result in deck structural cracking on the 

underside in the manner displayed in the photo of Fig. 4.7. 

The principal function of the slab in beam-and-slab bridges is to provide the roadway 

surface and to transmit the applied loads to the beams/girders. In turn, the girders transmit the load 

to the abutment and/or intermediate bents, which take the loads to the foundation. The load path 

described above is illustrated in Fig. 4.12(b) by the squiggly lines. The load causes the beam-and-

slab system to displace as shown in Fig. 4.12( c). If linear behavior is assumed, the load to each 

girder is proportional to its displacement. As expected, the girder near the location of the load 

application carries more load than those away from the applied load. Equilibrium requires that the 

4-9 



I I I I 
I I I I 

I I I I 
I I I I 

I I I I 
I I I I 

I I I I 
I I I I 
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a. Schematic 

b.lDad Path 

c.Detlectlons 

p 

[l I J] 
C=~~-=~~=~==I==J=~ 
~ Heavily loaded girder, d. Flexible Slab 

p. Poor distrlbution of load 

~ t ~ 
~----------------- ~ 
-I--I--~-~--I--I-

LGlrders are more uniformly loaded e. SIlI'I Slab 

Fig. 4. 12 Beam-and-Slab Bridge (6) 
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summation of the load carried by all the girders equals the total applied load. The load carried by 

each girder is a function of the relative stiffness of the components that comprise the beam-and-slab 

system. The two principal components are the slab and the girders. 

The effect of relative stiffness is illustrated by considering the two beam systems shown 

if Figures 4.12(d) and 4.l2(e). The system shown in Figure 4.12(d) has a slab that is relatively 

flexible compared to the girder. Note the largest deflection is in the girder under the load and the 

other girder deflections are relatively small. Now consider the system shown in Figure 4.12( e) where 

the slab is stiffer than the previous case. Note the load (deflection) is distributed to the girders more 

evenly, therefore the maximum load to the most severely loaded girder is less than shown in Figure 

4.12(d). 

From observing the deflections in Figures 4.12 c, d, e, obviously the transverse bending 

stiffness of the slab is important in distributing an applied load. Not so obvious is that the torsional 

stiffness of the slab (since it must twist in the longitudinal direction to accommodate the "local" 

transverse deflections shown in Fig. 4.12) is also important. Both the bending and torsional stiffness 

of the slab vary as the cube of the slab depth. Thus, the relative bending and torsional stiffnesses of 

slabs of depth 6 to 9 inches would be as indicated in Table 4.1. Obviously, increasing the slab 

thickness a small value greatly enhances its bending and torsional stiffnesses. Note in Table 4.1 that 

increasing the deck thickness from 7" to 8" would increase both the deck bending and torsional 

stiffnesses by 50%. The more uniform distribution ofload to the girders provided by the stiffer slab 

would reduce peak live load stresses in the girders, and in-turn enhance their fatigue/service life. 
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Table 4.1 Relative Bending and Torsional Stiffnesses 
for Slabs 6 to 9 Inches Thick 

D (in) 

6 

7 

8 

9 

216 

343 

512 

729 

1.00 

1.59 

2.37 

3.38 

4.3 Influence Lines for Beam-and-Slab Load Distribution Coefficients 

Hambly (16) presents charts for the determination of influence lines for various points 

across the cross-section of simply supported right decks of slab, beam-and-slab and cellular 

construction. The charts are designed to help the bridge engineer make initial choices of type of 

superstructure and of deck dimensions via allowing rapid determinations of load distribution and 

deflection characteristics, and maximum design moments. Since we are only interested in beam-and-

slab bridges, only the charts and parameters applicable to this bridge type will be discussed. Figures 

4. 13a,b,c, are Hambly's charts after modification to show only the portions applicable to beam-and-

slab bridges. 

The first step in the analysis of any deck with these charts is to notionally subdivide the 

deck unto a number of parallel "beams" as shown in Fig. 4.14. The physical characteristics of the 

deck for beam-and-slab systems can then be summarized by two nondimensional parameters which 

relate the various stiffnesses of the structure. The parameters are as follows. 

j, the flexural stiffness ratio. This relates the transverse flexural stiffness of the slabs 
between 'beams' to the longitudinal flexural stiffness of the 'beams', ie, 

[ = transverse flexural stiffness o[ slab between beams 
longitudinal flexural stiffness o[ beam 
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Fig.4.13a. Influence Lines for Edge Beam (modified from Ref. 16) 
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Fig. 4.14 Deck Cross-Section Divided into 'Beams' (16) 
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r, the rotational stiffness ratio. This relates the torsional stiffness of the slab and beams to 
the transverse flexural stiffness of the slab, ie., 

r = torsional stiffness of slab and beams 
traverse flexural stiffness of slab 

For beam-and-slab decks the nondimensional parameters are 

where 

L = span 
I = 'beam' spacing 

i L4 
f = 0.12 - x-

13 I 

G I C r= 5 - x-x-
E i L2 

i = transverse moment of inertia of slab per unit length 
I = moment of inertia of 'beam' 
C = torsion constant of 'beam' + 1 x (transverse torsion constant of slab 

per unit length). 

(4.2) 

(4.3) 

(4.4) 

lfthe slab has depth d and v = 0.2 so that GIE = 0.42, Equations (4.3) and (4.4) reduce to, 

f = 
d 3 L 4 

(4.5) 0.01 - x-
13 I 

1 C 
(4.6) r = 25 -x-

d 3 L2 

Paraphrasing from Hambly, Chart A in Figures 4.13a, b, c enables the user to derive the peak 

value of the influence line for a particular 'beam' from the nondimensional parameters f and r. 

Chart C is used to derive the rest of the influence line through the peak value. The influence value 

J at any point across an influence line for a ' beam' is the fraction of the total moment on the deck, 

due to a load above the point, that is carried by the ' beam'. Alternatively it can be thought of as the 

moment (or deflection) in the 'beam' expressed as a fraction of the total moment (or deflection) that 

the 'beam' would experience ifit carried the load by itself without load distribution to the rest of the 
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deck. The Charts C have been called 'influence lines' as it is generally more convenient to use them 

as such. More strictly they are distributions of moment or deflection for the first harmonic of a line 

load on the relevant 'beam'. As long as the 'beams' are not very close together (so that distribution 

of harmonics higher than the first is not significant), the reciprocal theorem can be applied with little 

error to moments in the' beams' in addition to deflections as is strictly correct. Consequently, Charts 

C can be used either as distributions of moment and deflection for a load on a particular 'beam' or 

as influence lines. 

Charts C only give the values of each influence line at the 'beam' positions. The shape of 

the line between 'beams' depends on the rotational stiffness parameter r. Ifr is small as it is for the 

decks of Fig. 4.15 (a) and (b), the deck cross-section distorts in a smooth curve. In contrast, ifr is 

large, as for the decks of Fig. 4.15 (c) and (d), the distortion and influence line are 'stepped'. 

Application Example - Spaced Box Beam-and-Slab. Figure 4.16 shows a beam-and-slab 

deck constructed of prestressed box beams supporting a reinforced concrete slab. The deck is 

supporting an abnormal heavy vehicle of four axles, each of four wheels, located at midspan between 

the edge beam and the next beam to the edge. The reinforced concrete has a modular ratio m = 0.8 

relative to the prestressed concrete. 

For analysis, the deck is divided into four identical 'beams' at I = 3.2 m spacing. For 

each 'beam' 

1= 0.30 m4 

C = 0.26 + 3.2 [ 0.8 : 0.2') = 0.26m' 
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(a) 

Fig. 4.15 Cross-Section of Various Decks: (a) and (b) Distorting in Smooth Curve 
(c) and (d) Distorting in Series of Steps (16) 
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Fig. 4.16 Influence Lines for Beam-and-Slab Deck: (a) Elevation; (b) Cross-Section; 
(c) Influence Lines for 'Beams' (16) 
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With L = 25.0 we obtain from Equations (4.5) and (4.6) 

f = 0.01 x 0.8 x 0.23 x 25
4 

= 2.5 
3.23 0.30 

r = 25 x __ 3_.2_ x _0_.2_6 = 5.2 
0.8 x 0.23 252 

Using the charts of Figures 4.13a, b, c, we find that for the above values of f and r 

J1 = 0.55 for edge 'beam' influence line 

for 'beam' next to edge influence line 

1 = 0.37 for internal 'beam' influence line. 

Also using Charts C of Figures 4.13a, b, c, we obtain influence lines for edge and next to 

edge (and internal 'beams' not here relevant) 

~ 

J 0.55 0.25 0.11 0.05 ~ = 0.96 
~ 

J 0.25 0.39 0.19 0.09 ~ = 0.92 
~ 

(J 0.080.150.370.17 ... ) 

The sums of the influence values above are close to unity because the load distribution 

characteristics of the deck are not very good, and the deck is nearly wide enough for the moments 

in 'beams' 1 and 2 to be little influenced by loads or additional beams on the far side. On factoring 

up the J values above to give sums of unity we obtain 

~ 

J 0.58 0.26 0.11 0.05 L = 1.0 
~ 

J 0.27 0.42 0.21 0.10 L = 1.0 

These influence lines are plotted in Fig. 4.16 ( c) together with the mirror image lines appropriate to 

'beams' 3 and 4. 
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F or the abnonnal heavy vehicle loading, the midspan moment per longitudinal line of wheel 

IS 

M = 0.1125(7.65 + 9.45) = 1.924 MNm 

Since the lines of wheels coincide with values on influence lines for 'beams' 1,2,3, and 4 of 

'beam'l 0.57 0.49 0.35 0.27 

'beam' 2 0.28 0.31 0.38 0.42 

'beam' 3 0.11 0.13 0.17 0.20 

'beam' 4 0.05 0.07 0.09 0.11 

the total moments in the 'beams' are 

MI = 1.924(0.57 + 0.49 + 0.35 + 0.27) = 3.23 MNm 

M2 = 1.924(0.28 + 0.31 + 0.38 + 0.42) = 2.67 MNm 

M3 = 1.924(0.11 + 0.13 + 0.17 + 0.20) = 1.17 MNm 

M4 = 1.924(0.05 + 0.07 + 0.09 + 0.11) = 0.62 MNm. 

In summary, from Charts A and C in Figures 4.13a, b, c for beam-and-slab systems, along 

with the associated definitions and equations of the chart parameters j and r, the following 

observations are made. 

1. From Charts C, the smaller the J value of the beam/girder where the load is applied 
the better the load distribution characteristics of the deck. 

2. A more unifonn distribution of loading to the girders would reduce the girder 
maximum bending moments and stresses. In-turn, this would lead to greater girder 
fatigue/service life. Also a more unifonn distribution ofloading would reduce girder 
deflections and relative deflections, which should reduce deck bending moments and 
stresses, and in-tum reduce deck structural and fatigue cracking and enhance the 
deck's fatigue/service life. 

3. For a given j, the larger the rotational stiffness ratio parameter, r, the smaller the J 
value at the location of the load, and the better the load distribution characteristics 
of the deck. 
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4. For a given r, the larger the flexural stiffness ratio parameter, f, the smaller the J 
value at the location of the load, and the better the load distribution characteristics 
of the deck. 

5. The larger the stiffness ratio parameters f and r, the smaller the J value at the location 
of the load, and the better the load distribution characteristics of the deck. 

6. From the definition of the f parameter associated with Charts A and C, ie., 

f = transverse flexural stiffness of slabs between beams 
longitudinal flexural stiffness of the beams 

and from (5) above, increasing deck thickness (other parameters held constant) would 
result in a far greater increase in transverse flexural stiffness than longitudinal 
flexural stiffness. Thus the f parameter would be increased and the thicker deck 
would exhibit better load distribution characteristics. 

7. From the definition of the r parameter associated with Charts A and C, ie., 

r = torsional stiffness of slab beams 
transverse flexural stiffness of slab 

and from (5) above, increasing deck thickness (other parameters held constant) would 
result in identical increases in torsional and flexural stiffnesses of the slab. However, 
since torsional stiffness of the slab is only a part of the numerator of r, the r ratio 
would decrease and yield a larger J value and poorer load distribution characteristics 
(this is assuming that f remains constant). 

8. Since increasing the deck thickness (while holding other parameters constant) would 
result in an increase in the f ratio and a decrease in the r ratio, it is not clear if the 
thicker deck would result in a better or poorer load distribution. This needs 
to be explored in more detail in a quantitative manner. 

9. For all parameters other than the girder spacing, Q, held constant, from Equation (4.5) 
for f, ie., 

d 3 L4 f = 0.01 - x
Q3 I 

we can see that f decreases inversely with the cube of Q. Also, from Equation (4.6) 
for r, ie., 
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we can see that r increases directly with Q. Since the rate of decrease of f w.r.t. ~ is 
far greater than the rate of increase of r w.r.t ~, better load distribution should be 
attained with smaller girder spacings. Similarly, from inspection of the two equations 
above for f and r, better load distributions should be attained with longer span (L) 
bridges. Bridge span lengths are dictated by more important parameters than girder 
load distributions; however, such distributions are valid considerations in finalizing 
the girder spacing. 

10. Comparing W steel girders and prestressed AASHTO girders as the supporting 
girders (with other parameters held constant) would yield a smaller value of the f 
ratio for the stiffer concrete girders. This would imply a poorer load distribution for 
the concrete girders. However, the concrete girders, with their greater torsional 
stiffness, would yield a larger value of the r ratio. This would imply a better load 
distribution for the concrete girders. Thus, which parameter, f or r, would dominate 
is not clear. 

4.4 Stresses in Bridge Decks Due to Wheel Loads 

In 1930 Westergaard (31) published the results of his analytical analyses of bridge deck 

stresses under concentrated wheel loads. He assumed the deck behaved as a homogeneous elastic 

slab supported on nondeflecting girders along the center lines of the girders as shown in Figures 4.17 

and 4.18. Westergaard assumed the deck was either simply supported at its longitudinal edges by 

the girders, or was fixed at these edges. Westergaard looked at the following point load 

combinations. 

(1) The effect of the load P I alone when placed at the center ( v = 0). 

(2) The combined effect at the point of application ofP I produced by the two loads 
P I and P 2 which are separated by the definite distance a, the distance v being 
chosen so as to produce the greatest possible effect. 

(3) The combined effect at the point of application ofP I produced by the two loads 
PI and p), the definite distance b apart, when v = o. 

(4) The combined effect at the point of application ofP I produced by the four loads 
PI' P 2' p), and P 4' which are at the comers of a rectangle with dimensions a and 
b in the directions of x and y, the distance v being chosen so as to produce the 
greatest possible effect. 
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Figure 4.17 Slab Supporting Wheel Loads (31) 
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Figure 4.18 Forces and Couples Acting on Element of Slab (31) 
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We will only look at Westergaard's first load case, i.e., with PI acting alone and centered (v = 0) 

between the girders. In detennining the stresses directly under the P I load, it will be necessary to 

take into consideration the fact that this load is distributed over a small area. Westergaard assumed 

the load to be unifonnly distributed over a small circle of diameter C as indicated in Figure 4.17. 

Westergaard's thin plate analysis provides bending moments Mx and My and twisting 

moments Mxy and Myx (see Figure 4.18) per unit of width of the plate. To detennine stresses at the 

locations of the moments, he simply divides the moment per unit width by the plate section modulus 

per unit width, i.e., by h 2 , where h is the deck thickness. Thus, 
6 

a -= 
6Mx - -x 
h 2 

a = 
6My 

y 
h 2 

't'xy 
6Mxy 

h 2 

(4.7) 

F or the case of one wheel load at the center, Westergaard's plate theory Mx and My equations 

reduce to (the 0 subscript indicates values are at v = 0), 

Me = ~[(1 + IJ) log 4S + 1) 
x 4n enC 

1 

(4.8a) 

(1 - IJ)P 
Mey = Mex -

4n 
(4.8b) 
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where, ~ = Poisson's ratio 
C, = An equivalent diameter of the circle over the area of which the load P is considered 

to be uniformly distributed. 
h = slab thickness 

When C < 3.45 h, C, is taken as, 

(4.9) 

Using this expression for C1 and taking Poisson's ratio, ~ = 0.15, Equations (4.7) and (4.8) reduce 

to 

Or, 

MOx : 0.21072 +9'.~ - 109'.( ~ 0.4 ~: + 1 - 0.675) + 0.1815] (4.1 Oa) 

MOY = Mox - 0.0676 P (4.l0b) 

(4.lla) 

M M 
~ = ~ - 0.0676 

P P 
(4.1lb) 

M 
Table 4.2 and Figure 4.19 show values of the coefficient ~ computed from Equation 

p 

(4. 11 a). The coefficients stated are pure numbers. If, for example, one reads in Figure 4.19, 

0.3, the significance is: Max = 0.3P, or, with P = 10,00 pounds, Max = OJ x 10,000 pounds Mox = 
p 

0:: 3,000 pounds = 3,000 in .. Ibs. = 3,000 ft. Ibs. (the unit of bending moment per unit ofwidth 
m. ft. 

being inch-pounds per inch or foot-pounds per foot or simply pounds). Ifunits of the metric system 

were used, the coefficients in Figure 4.19 would remain unchanged. 
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Table 4.2 
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Values of the coefficient Mo/P of the maximum bending moment per unit of 
width, produced at the center of the slab in the direction of the span by a central 
load P distributed uniformly over the area of a small circle with diameter C. The 
edges are assumed to be simply supported. The values were computed from 
Equation 5a for different relative values of the span, S, the thickness. h, and the 
diameter C. Poisson's ratio, J.l = 0.15 (31). \ 
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M M 
Since the difference between ~ and ~ is constant, the curves in Figure 4.19 also 

p p 
M 

represent values of ~ as indicated on the third scale from the right. 
p 

Example Case 1. 

Assume: 
a) A tire print of ~ 
b) S = 96" 
c) h = 8" 
d) P = 16,000 lb 
e) f' c = 4000 psi 

Therefore, 

= 100 in 2 

C1 = 11.28" 

Using Equation (4.9), 

TRAVEL 
DIRECTIDN 

t ! 
Ullin 8 1/3' 

~ 12' ~ 
A .. 100 IN! 

11.28" = 2 (V0.4C 2 + 82 - 0.675(8») 

C = 12" 

.. C = 12 = 0.125 ... C = 0.125S 
S 96 

s 96 = - = 12 ... S = 12h 
h 8 

Using linear interpolation, from Table 4.2 (or from FigA.19), 

M 
~ = 0.2985 

P 
Mox = 0.2985P 
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From Equation ( 4.11 b), 

Mo 
-y = 0.2985 - 0.0676 = 0.2309 

P 
Moy = 0.2309 P 

:. Mox = 0.2985 (16,000 /bs) = 4,776 in. /bs./in. 

6Mox = 6 x 4,776 = 448 psi 
h 2 (8)2in 2 

0.2309 (16,000 /bs.) = 3,694 in. /bs./in. 

a = 6MOY = 6 x 3,694 = 346 psi 
Oy h 2 (8)2in 2 

U sing the ACI recommended value of tensile strength of concrete as 

f; = fr = 7.5Fc 
= 7.5V4000 = 474 psi 

Therefore, the deck will not crack (on the underside) under the wheel load. 

Example Case 2. 

Assume: 
a) 
b) 
c) 
d) 
e) 

Tire print is same as Case 1 
S = 96" 
h = 5.61" (average deck thickness in UAB Study) 
P = 16,000 lb 
f' c = 3,000 psi 

Again C1 = 11.28" 

Using Equation (4.9), 

11.28" = 2 (V0.4C2 + 5.612 - 0.675(5.61») 

C= 12" 
C 
S 

12 = 0.125 ... C = 0.125S 
96 

4-28 



S 96 - = - =17.11 ... S = 17.11h 
h 5.61 

From Figure 4.19, 

Mox = 0.298 
P 

Mox = 0.298P = 0.298 (16,000 /bs) = 4,768 in. /bs./in. 

MOy = 
P 

6 x 4,768 
= = 909 psi 

0.298 - 0.0676 = 0.2304 

MOY = 0.2304 P = 0.2304 (16,000) = 3,686 in. /bs./in. 

a = 6 x 3,686 = 703 psi 
Oy (5.61)2 in 2 

f; = fr = 7.5V3,000 = 411psi 

Therefore, the deck will crack on the underside under the wheel load in both the x and y directions. 

This is consistent with what we are observing on the underside of the Birmingham interstate bridge 

decks. 

Note, in comparing Example Cases 1 and 2 results for C, we see that Equation (4.9) is not 

very sensitive to the deck thickness, h. Example Case 1 used an h = 8" and Example Case 2 used 

an h = 5.61 ", and they both produced a C value of 12" or the same C value. Thus, this coupled with 
S 

M 
an inspection of Figure 4.19 which shows very small changes in slab moment ( ~ ) over a large 

P 

range of S values (10 < S < 20) for a given value of C (except for C = 0 which is not a 
h h S S 

realistic value), indicates that the deck bending moment due to wheel loadings would be almost 

independent of the deck thickness. Then from Equation (4.7), we see that the bending stresses vary 

inversely with the square of the deck thickness just as with simple I-way slab action theory. 
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Thus the propensity for deck cracking on the underside from wheel loads are inversely 

proportional to the square of the deck thickness. The propensity for cracking relative to the often 

used (in the past) deck thickness of6W' are indicated in Table 4.3. It can be noted in Table 4.3 that 

increasing the deck thickness to 7" significantly decreased the propensity for cracking under wheel 

loads; however, if the thickness were increased to 8", it would result in a dramatic decrease in 

propensity for cracking under wheel loads. 

It can be noted that in addition to causing structural deck cracking, truck wheel loads are also 

the source of deck fatigue damage and deterioration. Since concrete does not have an endurance 

limit like steel, each truck wheel load application does some fatigue damage which is proportional 

to the stress level. Since deck stresses due to wheel loads vary inversely as the square of the deck 

thickness, then the relative propensities for cracking shown in Table 4.3 are probably, to some scale, 

the relative propensities for fatigue damage from truck wheel loadings. 

Thus, thicker decks greatly reduce tensile cracking under truck wheel loadings and also 

greatly reduce deck fatigue damage under these same loadings. Both of these reductions should 

translate into improved durability and service life for the deck. 

Table 4.3. Propensity for Deck Cracking from Wheel Loads Relative to 
Deck Thicknesses of 6W' and 6" 

Deck Thickness (h) 1/h2 Relative Propensity for Cracking 
(in) (in·2) (lIh 2)/(lIhi.25) (lIh 2'1Jlh;',) 

6 0.02778 1.085 1.00 
6'i'4 0.02560 1.000 -
7 0.02041 0.797 0.73 
8 0.01563 0.610 0.56 
9 0.01235 0.482 0.44 
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4.5 Deck Punching Shear 

An uncracked bridge deck resists traffic load primarily by one-way (transverse) flexure, 

with in-plane forces being fairly insignificant. However, after the deck is significantly cracked, it 

resists traffic loads primarily through arching action, similar to a flat dome. Arching action is 

defined by a zone of compression radiating out from the point of load and a surrounding zone of 

circumferential tension (hoop stresses) in equilibrium with the radiating compressive forces as 

illustrated in Figure 4.20. These compressive membrane forces increase the flexural capacity of 

a bridge deck (15). 

The AASHTO and ACI punching shear capacity equations for the punching shear 

capacity associated with a rectangular footprint in nonprestressed slabs and for slabs prestressed 

in one direction only are identical, and can be expressed as (15): 

where: 

Vc = punching shear capacity, lbs. 

b l = short side of concentrated load or reaction area, in. 

b2 = long sides of concentrated load or reaction area, in. 

a = average effective depth of section, in. 

r. = ultimate tensile capacity of concrete, psi 

b2 
Pc = b 

1 

f' c = specified compressive strength of concrete, psi 
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RADIAL 
COMPRESSION 

RADIAL 
COMPRESSION 

POINT 
LOAD 

a.) Single Point Load 

HOOP 
--TENSION 

MULTIPLE. CLOSEt Y SPACED LOADS 

TENSION-TIE REQUIRED 
FOR ARCHING ACTION 

b.) Multiple Closely Spaced Loads 

Figure 4.20 Arching Action in Concrete Slab Due to Point and Multiple Loads (15) 
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B 

SECTION A-A 

NOTE: 1 in. = 25.4 mm. 
1 kip = 4.45 leN 
1 ksi = 6.89 MPa 

Figure 4.21 General Punching Shear Model Showing Assumed Failure Planes and Forces Acting 
in Equilibrium (15). 
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In their work (15), Graddy, et al. used the general punching shear model shown in Fig. 4.21. 

Working with this model and equilibrium offorce requirements yields the following punching shear 

capacity equation 

where: 

2d d 

( 
- J -~ =2 bl +b2 +-- --It 

tanB tanB 

e = 38° as shown in Fig. 4.21 

~ = that given by Eqn. 4.13 

(4.14) 

It should be noted that Eqn. 4.14 reduces to the AASHTO and ACI equation when e is set to 45°. 

4.6 Approximate LL Deflections,Girder Spacings and LID Ratios 

Maximum bridge deck LL deflections can be modeled and assessed using one of the three 

modeling/formulations shown in Table 4.4. For a bridge deck on multi girders (3 or more girders), 

the edge deck span is the most flexible and can be conservatively modeled for LL deflection 

evaluation as shown in Case 2 in Table 4.4. Rounding offwe will assume, 

Also, we will assume 

Therefore, 

f1iiAX = 0.0100 PL 3 
EI 

LL L 
llMAJ( ALLOWED = 

1000 

0.0100 PL 3 ~ ~ 
EI 1000 
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Table 4.4 Bridge Deck Modelling and Formulas for LL Deflection Assessment 

Case BC and Loading Modelling Maximum Deflection 

1 ~? LI-z. f1
MAX 

= 
PL 3 

= 0.02083 PL 3 
1\ " 48 El El 

2 f LA 
~ f1

MAX 
= 0.009317 P L 3 

1\ El 

3 ~ 
),,'P L/1.. 

~ f1MAX = 
PL 3 

= 0.00521 PL 3 
--

192 El El 

Table 4.5. Maximum L and LID for Various Bridge Deck Thickness Based on LL Deflection 
Limitations 

Deck Thickness (D) 
(in) 

6.5 
7.0 
7.5 
8.0 
8.5 
9.0 

Maximum Girder Spacing (L) 
(in) 

78.7 
87.9 
97.5 
107.4 
117.6 
128.2 
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12.10 
12.56 
13.00 
13.43 
13.84 
14.24 



Working with a I-foot width of deck yields, 

Or, 

0.0100 PL 2 ~ ~ _L_ 
12"0 3 1000 

E---
12 

0.0100 OL
2 ~ _1_ 

E 0 3 1000 

0.0100 PL L 
E 0 2 0 

L E0 2 
-~--

o 10PL 

1 
~--

1000 

(4.15d) 

Let us now examine ~ and (LlD)MAX values for various deck thicknesses (D) and for 

P = 16k (truck design wheel load) 

E = 57,000y'4000 = 3,605 klin2 

ForD = 8" 

0.0100x16xL 2 

3,605 x 512 

1 
< --
- 1000 

L 2 ~ .001 x 3605 x 512 
.010 x 16 

L2 ~ 11,536 

L ~ 107.4" (8.95') 

(~)MAX = 10;.4 = 13.43 

Repeating these computations for D = 6.5 to 9.0 inches, yields the ~ and (l=.)MAX 
o 
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values shown in Table 4.5 and plotted in Figure 4.22. Note that the AASHTO requirement 

regarding Lmax given in Chapter 2 is shown superimposed on Fig. 4.22. 

4.7 Transverse Vibrations of PlateslDecks 

Figure 4.23 shows a plate with a uniform thickness h that is assumed to be small in 

comparison with its other dimensions. Take the x-y plane as the middle plane of the plate and 

assume that deflections in the z direction are small in comparison with the thickness h. 

In the case of a rectangular plate (see Figure 4.23a) with simply supported edges, Timoshenko 

(29) proceeds to take the deflection of the plate during vibration as the double series 

00 00 

v = '"' '"' t sin m1tX sin mty 
i..J i..J mn a b 

m =1 n=l 
(4.16) 

which are the normal functions for the case under consideration. It is easy to see that each term 

of this series satisfies the conditions at the edges, which require that 

v = BZvlBx2 = 0 at x = 0 and x = a; and v = B2Y/By2 = 0 at y = 0 and y = b. 

The inertial force for a typical element of the plate is - phv dx dy, where ph is the mass 

per unit area. The differential equation of motion for free vibrations in principal coordinates is 

Ph;~ + 1[4 Din - + - = 0 (
m2 n2)2 

't'mn 't'mn a 2 b2 
(4.17) 

The solution of this equation is 

<f>mn = C1 cos pt + C2 sin pt (4.18) 
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(a) 
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(b) 

Fig. 4.23. Thin Plate (29) 

where p is the circular frequency of vibration (in radians per second), and is given by 

where D = Eh3/[12(1 - v2
)] is the flexural rigidity of the plate. 

In the case of a square plate, we obtain for the lowest mode of vibration, 

Or, in terms of cyclic frequency, 

f, = PI = .". ~ D (cps or hertz) 
1 21t a 2 ph 

For other boundary conditions, for square plates, the frequencies of the various modes of 

vibration can be determined by 

in which a is a constant depending on the mode. 
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(4.20) 
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From Equations (4.20-4.22) we see that the natural frequencies of vibration vary inversely 

with the square of the plate span, a. Thus, as girder spacings increase, say from 6 feet to 9 feet, the 

normalized deck fundamental natural frequency and period of vibration would decrease and increase 

respectively as shown in Figure 4.24. In general, the lower deck natural frequencies for the larger 

girder spacings are not good as they move the deck fundamental frequency closer to those of the 

suspension systems of large tractor trucks using the bridge. 

Substituting the expression for D into Equation (4.21), i.e., 

= E (4.23) 

we see that the natural frequencies of vibration of a plate or deck vary directly with the deck 

thickness, h. This is shown graphically in Figure 4.25. The increase in deck fundamental frequency 

with thickness in general is good if one is looking to increase deck thickness as this will move the 

deck frequency further away from those of the suspension systems of large trucks. 

Rather than behaving as a flat plate with idealized support conditions as indicated above, a 

deck-girder bridge superstructure probably behaves more like a deck-girder floor system. Rogers 

(27) considered the vibration characteristics of a simple floor system, and his modelling and results 

are presented below. 

Consider a floor system consisting of a single girder simply supported at its ends by a rigid 

wall and supporting along its length a series of parallel transverse floor beams. For convenience all 

members are assumed to be of uniform properties throughout their lengths. Figure 4.26 illustrates 

the pertinent dimensions of the system. 

The properties of the girder are characterized by the subscript 0, whereas the properties of the 

floor beams are denoted without subscripts except to indicate which of a group is under consideration. 

4-40 



1.2 ,---- - - - - -----------r 2.5 

1 

0.8 

0.4 

0.2 

. ' 

, . 

, , 

" 

. 
,.' 

'-'-Tff 6' , 1 1 

2 

1.5 

0.5 

O+-----r----.-------.--- --.----+ O 
5 6 7 8 9 10 

Deck Support Girder Spacing (tt) 
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Modelling of Deck 
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When the structure is subjected to a free vibration all points move with the same frequency 

of oscillation. Let the frequency of the nth mode of free vibrations be Pn' and let the deflection of 

the girder at the point of support for the floor beam be given by 

(4.24) 

--j-l-. -
. 

J Lo 

- -j+ 1-

Fig. 4.26. Simple Beam-Girder Floor System (27) 
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The end of the floor beam which is supported by the girder undergoes the same displacement, yo. 

The motion of the floor beam is governed by the basic equation 

(4.25) 

and during the free vibration in the nth mode the structure will have the deflection at any point given 

by 

y(x, t) = Xn sin pi (4.26) 

where end conditions on Xn are given by 

(4.27) 

If all of the floor beams have the same design and if the beam spacing e (see Fig.4 26) is not too 

large, we may wish to approximate the load brought to the girder from the floor beams by a 

distributed load rather than a series of concentrated loads. 

After some work, Rogers determines the frequency (circular) equation for the free vibrations 

of the floor system to be 

where n designates the particular mode, and 

2 
Po = 

4-43 

(4.28) 

(4.29) 

(4.30) 



An alternate fonn of Equation (4.28), which is convenient in finding the roots AnL, is 

4 _ 4 4[ mL 4) (Er/o») ( mL) [cot Aj. - coth AnL] (A L) - n 1t -- -- + -
n ,4 EI m e (A L) - 3 mQ'"'o 0 n 

(4.31) 

Assume that the floor system shown in Figure 4.26 is composed of steel beams and steel 

girders with dimensions of 

L 1 10 Eo 
I = 10; E = 1· L = 4· , , 

e 
e = 5 ft. (4.32) 

and that the floor beams weigh 50 ppf and the girder weighs 160 ppf. The dead weight of the 

concrete slab which rests on the floor beams plus the distributed live load is assumed to be 310 

psf. This load is assumed to be carried directly by the floor beams. 

The weight carried by the floor beams per foot of length is given by 

310e + 50 = 1600 ppf (4.33) 

The weight carried by the girders per foot of length is 160 ppf. The ratio of the masses is, therefore, 

m = 1600/g = 10 
mo 160/g 

(4.34) 

where g is the gravitational constant. 

The frequency equation (Eqn. (4.31» for this floor system becomes 

(A L)4 = 15.586n 4 + 40 n n 
cot A L - coth A L] 

n ()..j.)-3 
(4.35) 
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For the fundamental mode of vibration, n = 1, and for this case the value A.IL = 0.866. From 

Equation (4.30), 

PI = 0.75 VEI/mL 4 (4.36) 

or, 

(4.37) 

The period for the fundamental mode is 

(4.38) 

or, 

(4.39) 

For the case of a concrete-girder bridge deck/superstructure system, the transverse floor 

beams of the above floor system could be 1- foot widths of the concrete deck. As can be seen in 

Equation (4.36) the system natural frequency of vibration varies directly with the deck thickness, 

h, as was the case for the thin plate modelling of the deck discussed earlier. 

It can be noted that Itani (17) indicates that first mode frequencies and periods of 

vibration for simple span steel girder highway bridges are typically around 1 hz and 1 sec 

respectively, while for concrete girder bridges they are typically around 3-4 hz and 0.33 - 0.25 

sec. Thus, typical steel girder superstructure bridges have fundamental natural frequencies (:::: 1 

hz) which are quite close to those of the suspension systems oflarge tractor trucks (:::: 0.5 - 1.0 

hz). This is consistent with the writer's observations from standing on the decks of different 

bridges as large tractor trucks pass by. 

4-45 



4.8 Deck Design 

Slabs in slab-girder bridges can be designed by three methods, i.e., 

• the analytical strip method, 

• the empirical method, and 

• the yield-line method. 

The three methods yield different deck slab designs which are generally similar but 

different. Each method is briefly discussed below. 

Analytical Strip Method. A deck slab may be considered as a one-way slab because its 

aspect ratio (panel length/panel width) is large (greater than 1.5). Therefore, assuming the deck 

load is carried to the support girders by one-way action, a primary question is "what is the 

appropriate width of the I-way strip, i.e., strip width (SW)?" Figure 4.27 graphically illustrates 

the deck behavior assumed in the strip design method. It should be noted in Figure 1 that for 

decks, the local load effects are usually significantly greater than the global effects, and thus the 

deck can be analyzed and design assuming the girders provide nonsettling supports as indicated 

in Fig. 4.27c. 

It can be noted that in deck design by the strip method, local effects dominate and truck 

wheel loads would be the critical loadings for shear, moment, and deflections. In this case, the 1-

way deck slab has 

v~;x which is approximately independent of girder spacing (s) 

M~;x which varies linearly with s. 

~~L8X which varies as the cube of s and inversely as the cube of the deck 

S3 
thickness t, i.e., ~max = f(-). 

t 3 
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Fig. 4.27. Strip Method Assumed Behavior (6) 
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Therefore, at service load levels, 
LL 

Mmax Y = f(~) 
t 2 

and at ultimate load, 

F or a safe design, 

or, 

or, 

Mult ~ factored Mmax applied (or f(t) ~ f(5)) 

Mult 
-------~ 1 
factored Mmax applied 

t f(-) ~ 1 
5 

Thus, for a bridge deck, for a given deck thickness, t, making the girder spacing, s, smaller is 

better, or for a given girder spacing, s, making the deck thickness, t, larger is better. 

Yield-Line Method. In the yield-line method, the slab is assumed to behave inelastically 

and exhibit adequate ductility to sustain the applied load until the slab reaches a collapse 

mechanism. Because reinforcement requirements of the AASHTO provide underreinforced or 

ductile deck systems, the yield-line approach is realistic. However, this method only provides 

information on ultimate load capacity, and the behavior of the deck under service loads must be 

assessed in some other manner. 

The fundamentals and the primary assumptions of the yield-line theory are as follows (9): 

• In the mechanism, the bending moment per unit length along all yield lines is constant 
and equal to the moment capacity of the section. 

• The slab parts (area between yield lines) rotate as rigid bodies along the supported 
edges. 
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• The elastic defonnations are considered small relative to the defonnation occurring in 
the yield lines. 

• The yield lines on the sides of two adjacent slab parts pass through the point of 
intersection of their axes of rotation. 

Consider now a bridge deck which is subjected to concentrate truck wheel loads, P, and a 

unifonnly distributed load, q. Assumed yield line patterns for a portion of the deck are as shown 

in Figure 4.28. In this figure, the girder spacing is S, the cantilever overhang is H, and G is the 

wheel spacing (gage), usually 6 ft , or the spacing between the wheels of adjacent trucks, usually 

4 ft. 

Using an energy approach where external work done by the loads is equal internal energy 

stored in the system yields for the load position A (see Fig. 4.28), 

m' + m = J:.... + qr
2 

2TT 6 
(4.40) 

Ifwe assume the positive and negative moment capacities (m and m' respectively) are equal, and 

neglect the unifonn load, Equation (4.40) reduces to 

, P m = m =-
41T 

(4.41) 

For the case of two wheel loads positioned at points C in Figure 4.28, conservation of 

energy yields, 

P + qr (TTr + G) (' ) G ( ' ) = TT m + m + - mQ + mQ 
2 3 r 

(4.42) 

For the case ofloads at point D in Fig. 4.28, the only difference between the analysis of 
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Fig. 4.28 Portion of Deck Slab Showing Load Positions (6) 
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this position and that of point C is that the moment capacity associated with the straight lines is 

now the capacity of the transverse reinforcement. This Eqn. (4.42) becomes 

P + qr(TTr + G) = TT(m' + m) + G (mt' + mt) 2 3 r 
(4.43) 

Note that as G goes to zero, Eqs. 4.42 and 4.43 reduce to Eq. (4.40) as expected. 

Empirical Method. Recent research has shown that the primary structural action of 

concrete decks is not flexure, but internal arching. The arching creates an internal compressive 

dome, and only a minimum amount of isotropic reinforcement is required for local flexural 

resistance and global arching effects. With the empirical design approach there is no need for 

any analysis. When the design conditions listed in (1) below are met, and the dome, and the 

predetermined minimum reinforcement in all four layers listed in (2) below is specified, that 

completes the design. The empirical method is applied to the interior deck spans of the 

traditionally designed (strip method) deck shown in Fig. 4.29. The design steps and process are 

shown below and the resulting design is shown in Fig. 4.30 (6). 

1. Design Conditions. Design depth excludes the loss due to wear, h = 190 mm. 
The following conditions must be satisfied: 

• Supporting component are made of steel and/or concrete, YES 
• The deck is fully CIP and water cured, YES 
• 6.0 < Se/ h = 2090/190 = 11.0 < 18.0, OK 
• Core depth = 205 - 60 - 25 = 120 mm > 100 mm, OK 
• Effective length = 2090 mm < 4100 mm, OK 
• Minimum slab depth = 175 mm < 190 mm, OK 
• Overhang 990 mm > 5h = 5 x 190 = 950 mm, OK 
• fc' = 30 Mpa> 28 Mpa, OK 
• Deck must be made composite with girder, YES 

2. Reinforcement Requirements. 

• 
• 

Four layers of isotropic reinforcement, ~ ~ 400 Mpa 
Outer layers placed in direction of effective length . 
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I. 

190 structural + 15 allowance for wear 

No. 15 @ 225mm 

No. 15 @ 225mm 

I 
205mm 
I 

~----~¢~~--~--~ 
2 '6mm 

No. 10 @ 450mm 

No. 10 @ 175mm 

25mm Clr. 

2440mm 

Fig. 4.29 Traditionally Designed Interior Deck Spans (6) 

No. 10 @ 250mm 

No. 15 @ 350mm 

2440mm 

2.DSmm 

, I. 

No. 10 @ 250mm 

25mm Clr. 

2440mm 

Fig. 4.30 Empirically Designed Interior Deck Spans (6) 
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• Bottom layers: min ~ = 0.570 mm2/mm, No. 15 @ 350 mm 
• Top layers: min ~ = 0.380 mm2/mm, No. 10 @ 250mm 
• Max spacing = 450 mm 
• Straight bars only, hooks allowed, not truss bars. 
• Only lap splices, no welded or mechanical splices permitted. 
• Overhang designed for 

- Wheel loads using equivalent strip method if barrier discontinuous. 
- Equivalent line loads if barrier continuous. 
-Collision loads using yield line failure mechanism. 

Note in Fig. 4.30 that the empirically designed slab has an isotropic mat in the top of the 

slab and an isotropic mat in the bottom. Also, the total reinforcing steel required in the empirical 

design is significantly less for the empirically designed slab (approximately 74% of that of the 

strip method design). 

It should be noted that neither the traditional method nor the empirical method for the 

design of deck slabs includes the design of the deck overhang. The design loads for the deck 

overhang are applied to a free-body diagram of a cantilever that is independent of the deck spans. 

The resulting overhang design can then be incorporated into either the traditional or empirical 

design by anchoring the overhang reinforcement into the first deck span. 

4.9 Plastic Collapse Analysis of PlateslDecks 

Plastic collapse analysis or yield-line theory provides a way to estimate the load-carrying 

capacity of reinforced concrete slabs and ductile metal plates. Assume that on some cross section 

of an isotropic and ductile plate, all material through the plate thickness has yielded, with O"y the 

normal stress of greatest magnitude, as shown in Fig. 4.31. The associated "fully plastic" 

bending moment per unit length, Mfp' can be calculated as indicated in Fig. 4.31. 

Let us now consider a square plate simply supported on all four edges and loaded by 

uniform lateral pressure q as shown in Fig. 4.32 When q reaches its plastic collapse value qc' 
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Fig.4.31 (a) Stress distribution through the plate thickness that provides fully plastic bending 
moment mfp ' (b) Plate element in xy coordinates. (c) Principal element and principal 
bending moments. 
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Fig. 4.32 Simply Supported Square Plate 
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Fig. 4.33 Fixed Boundary Square Plate 
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then bands of yielded material called "yield lines" appear along diagonals of the plate. Due to 

symmetry, no shear stress is present along a diagonal. Hence ~y = 0 along diagonals, and 

moment vectors parallel and normal to diagonals are principal moments M\ and M2. Therefore 

the moment vector parallel to a diagonal is M\ = Mfp. 

An upper bound on collapse load qe can be obtained from a virtual work argument, using 

the assumed collapse mechanism shown in Fig. 4.32. Elastic deformation accumulated prior to 

collapse is not shown. Center deflection We' is regarded as a virtual displacement that occurs after 

Mfp has developed along yield lines. Thus each of four triangular portions of the plate rotates as 

a rigid body about its edge support, through the small angle 8 = we 1(a/2). Force resultant 

F = qea2 14 on a triangular portion acts at its centroid, which has displacement We 13, and so does 

work F(we 13). Work absorbed by plastic moment Mfp is most easily calculated by projecting 

moment resultants on axes of rotation. For a single triangular portion, the projected moment is 

Mfpa, which is associated with rotation 8. For equilibrium, net virtual work must vanish. Thus 

summing over all four triangular portions, we obtain the upper bound solution for collapse 

pressure qe. 

(4.44a) 

hence 

(4.44b) 

If the square plate of Fig. 4.32 had been loaded with a P load at its center rather than the uniform 
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load, then energy considerations would yield 

(4.45a) 

or, 

(4.45b) 

If all of the edges of the plate are clamped as shown in Fig. 4.33, application of energy 

principles yields the following upper bound solutions, 

48M,p 
q = --

c 2 a 
(4.46) 

(4.47) 

For the case of a circular plate with a uniform load which is simply supported as shown 

in Fig. 4.34, energy principles yield 

6Mfp 
q = -

c 2 a 

Or, if it is loaded with a central concentrated P load, then 

(4.48) 

(4.49) 

If the circular plate has clamped boundaries and a uniform load as shown in Fig. 4.35, 

then 

(4.50) 



q 

ffffff 
I 

~ I ~ r 

I 

~ - -- tl ---> - - - ------ ,--
- ~ --

a. collapse mechansim b. bending moments on typical 
sector of plate 

Fig. 4.34 Simply Supported Circular Plate 

q 

~ fjJJ tLLl f l~ 
~a+r 

Fig. 4.35. Clamped Circular Plate. 
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If the uniform load is replaced with a central P load, then 

(4.51) 

In the analyses and results above, we have assumed that the material is isotropic. This 

assumption is approximately true for a concrete slab it is "isotropically reinforced," since the 

plastic condition is associated with yielding of the reinforcement bars. Even when not 

isotropically reinforced, we typically still treat it as an isotropic material. Note in the results 

above, i.e., Eqns. (4.44b), (4.46), (4.48), and (4.50), that for uniformly loaded plates 

(4.52a) 

or, 

( 

( .2(1 ) q =f - -Y 
c 2 

8 
(4.52b) 

for materials with Mfp stress distributions as shown in Fig. 4.31. 

For concrete slabs, 

( 

(1 . t) 
qc = f :2 (4.53) 
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and thus the load capacity varies directly with the slab thickness, t, and inversely with the square 

of the span length parameter, a. Thus closer girder spacings and thicker decks would give greater 

ultimate load capacities for slabs under uniform load. 

However, for plates under concentrated central loads, Eqns. (4.45b), (4.47), (4.49), and 

(4.51) reflect that the flexural load capacity is independent of the plate span length and only a 

function of Mfp' where, 

(4.54) 

for homogenious and isotropic materials, and 

(4.55) 

for concrete slabs. Thus for concrete slabs, thicker decks would provide greater ultimate P load 

capacities if the same reinforcing steel force, Aly, is used. 

If one assumes the edge conditions of a bridge deck slab are somewhere between being 

simply supported and clamped, and further assumes the concentrated yield line load, Pc, to be 

half-way between those for simply supported and clamped conditions, then, 

(4.56a) 

a 
Pc ;;; 12 A f (d - ~) 

s y 2 (4.56b) 

If the same reinforcing steel force, A, fy, is used, 

Pc;;; linear function of d 

Thus, increasing the deck thickness from say 7" to 8", would result in increasing the effective 
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slab thickness d from 5.75" to 6.75" and thus increase Pc by 19% as reflected in Table 4.6. 

For bridge decks, concentrated truck wheel loads would be the governing design load, 

and in addition to concerns about deck flexural capacities, "punching shear" with its associated 

large transverse shear stresses under the wheel loads is a significant failure concern. 

T bl 46 A R I f Y' ld L' C II L d fi V . a e .. • pproxlITIate e a lve Ie - me o apse oa s or arlOus 

Deck Thickness Effective Depth Moment Arm 
(d - a) (in) T (in) d (in) 

2 

6 4.75 4.25 
7 5.75 5.25 
8 6.75 6.25 
9 7.75 7.25 

* Assuming the same steel force, As fy, is employed for all. 
uSee Eqn. (4.56b) 

4.10 Construction Tolerances and Errors 

P /P 7"·· 
c c 

0.81 
1.00 
1.19 
1.38 

D kTh' kn ec IC esses 

P /p6"** 
c c 

1.00 
1.24 
1.47 
1.71 

* 

The AASHTO requirements point out that construction tolerances become a concern for 

thin decks. This illustrated in Table 4.7 where it can be seen that construction errors of -1 in. on 

deck thickness and +0.5 in. on top bar cover would result in significant reductions in cracking 

moment capacities, ultimate moment capacities, and live load deflections. Also note in Table 4.7 

that these errors are of greater significance for the thinner decks. Whereas the -1" error on deck 

thickness and +0.5" error on top bar cover are out of range of acceptance for construction 

tolerance (which would probably be around ± W'), the errors are smaller than were found by 

VAB researchers on many bridge decks in Birmingham (9). 

Let us examine the effect of construction tolerances and errors on the ultimate moment 
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Table 4.7 Effi fC E OnDeckM C dDefl - - ------

Specified As-Built As-Built Specified Deck As-Built As-Built Specified As-Built Deck As-Built 

Deck Stiffness, Deck Deck Deck! D=7" Deck Deck! Deck D=7" Deck! 

Strength, D=6" D=5" Specified Cover = 2" D=6" Specifie D=8" Cover=2W' Specified 

Deflection Parameters Cover = 2" Cover=2W' Deck Cover=2W' d Cover = 2" Deck 
Deck 

S = 12D2 = 2D2 72 in) 50 in3 0.69 98 in) 72 in3 0.73 128 in) 98 in3 0.77 
6 

MeR = f,. * s = f,.·(2D 2) 72 in3'fr 50 in3'fr 0.69 98 in3'fr 72 in3'f r 0.73 128 in3'fr 98 in3'fr 0.77 

I = 12D
3 

=D3 216in4 125 in4 0.58 343 in4 216 in4 0.63 512 in4 343 in4 0.67 
.f>. 

12 
• 0\ ...... 

kD kD kD kD 
1.73 

kD kD 
1.59 

kD kD 
1.49 ~ =-

LL I D 3 216 in4 125 in4 343 in4 216 in4 512 in4 343 in4 

d= D - cover 4in 2.5 in 0.63 5in 3.5 in 0.70 6in 4.5 in 0.75 

a 
M = <pAI.(d - -) 

"II Y 2 

a a a 
0.63 5k - E.k a 0.70 

a 4.5k - E. k 0.75 Mull = k" (D - cover - "2) 4k" -- k" 2.5k" - - k" 3.5 k,,- - k" 6k" - "2 k" 
2 2 u 2" 2 u 2 u 

----



capacity of decks. We will assume as a base of comparison a 6" thick deck with #5 bars at 6" 

o.c. in the transverse direction with 2" of cover as shown below. 

As Specified: .wJ~~~roJ~~. _-.------2 ,3125 II AsFy=T 
3,6875/1 L 

0. C=O,85o.(12)f' 

r 
MOMENT ARM 

C=T 

a = 2A #5 Fy = 2 x 0.307 x 60 = 0.90" 
.85 x 12 x fc .85 x 12 x 4 

Moment Arm = 3.6895 - 0.90 = 3.236" 
2 

Assume a ± Y4" tolerance on the rebar cover and the deck thickness, and a ± Y4" construction error 

(or out-of-spec) on these same parameters. Thus the worst case situation regarding reduction in 

moment arm and ultimate moment capacity would be as shown below. 

As Built: 2#+1/4+1/4=2 1/2/1 

c = T 

a = 0.90" 
#5@6'Q,c, 

Moment Arm = 2.6875" - 0.90 = 2.236" 
2 

2,8125 11 

2,6875 11 

Comparing the As-Built with the As-Specified moment arms reveals a 1.0", or 

~ x 100 = 31% 
3.236 
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reduction in moment arm and ultimate moment capacity due to the above assumed construction 

tolerances and errors for a 6" deck thickness. 

If the deck thickness had been 7",8", or 9", and the other parameters remain as shown 

above, then the reductions in moment capacity due to these same construction tolerances and 

errors would be as shown in Table 4.8. Note in this table the reduced effect of construction 

tolerances and errors on Mull as deck thickness increases. This alone would be a good reason for 

requiring thicker decks. 

Table 4.8. Effect of Construction Tolerances and Errors on Mull for 
Different Deck Thicknesses 

Deck Thickness (in) Moment Ann (in) % Reduction 

Specified As-Built Specified As-Built Moment Arm and Mull 

6 5.5 3.236 2.236 31% 

7 6.5 4.236 3.236 24% 

8 7.5 5.236 4.236 19% 

9 8.5 6.236 5.236 16% 
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5. PARAMETER SENSITIVITY TO DECK THICKNESS 

5.1 General 

The main parameters effecting and/or effected by bridge deck thickness have been 

discussed in Chapters 2 and 4. The purpose of this chapter is to summarize these parameters and 

to examine them more closely and quantitatively. More specifically we want to examine the 

effect of deck thickness on, 

• Deck Weight and Transverse Cross-Section Properties 

• Deck/Girder Longitudinal Properties (dependents on girder type/size) 

• Deck Thermal and Drying Shrinkage Stresses and Cracking Propensity 

• Deck Cracking, Deflection, and Vibration Characteristics 

• Deck Flexural, Punching Shear, and Strength Characteristics 

• Deck Influence Lines for Girder and-Slab Load Distribution Coefficients 

• Deck Fatigue / Service Life 

• DecklBridge Costs 

The effects will primarily be evaluated from theoretical viewpoints rather than that of design 

codes. Simplified code equations are used for convenience and economy of time in the design 

process, and hopefully these equations are accurate and/or slightly conservative. However this is 

not always the case and actual bridge/deck behaviors and stresses determine the actual damage 

and deterioration done by loadings, and these are best predicted by theoretical considerations. 

5.2 Deck Weight and Transverse Cross-Section Properties 

Equations used in calculating the deck unit weight (q), uncracked section modulus (S), 

uncracked moment of inertia (Ig), cracked moment of inertia (Icr), and torsional stiffness (J) are 
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given below. These equations were used to compute the parameters indicated for deck 

thicknesses of 6", 7", 8", 9" and the results are shown in Table 5.1. Also shown in Table 5.1 

are the parameter values normalized to those for the 6"deck thickness. Fig. 5.1 shows plots of 

the normalized parameters to better illustrate the trends and for convenience of comparison. 

d" 
Deck Unit Weight: q = - . 150lb / ft = 12.5 . d" 

12 

bd 3 12" d 3 

Uncracked Moment of Inertia: Ig = --= ---
12 12 

I 
Section Modulus: S =---.!.. 

C 

bd 3 (l)d 3 

Torsional Stiffness: J = --=--
3 3 

Cracked Moment of Inertia: Ier = --+ aD2 + --+ aD2 x----.E£!!... 
(

bd
3 

) (bd
3 

) E 
12 12 E 

con steel steel 

Note in the above equations that deck unit weight increases as the first power of d, 

psf 

· 4 m 

· 3 m 

· 4 m 

. 4 
m 

whereas the section modulus (and thus reductions in service load transverse stresses) increases 

with d2
, the moment of inertia (thus reductions in the service load transverse deflections), and the 

torsional stiffness increases with d3
. Note in Fig. 5.1 the significant increases in the deck section 

modulus and stiffness parameters with increasing deck thickness while, there is only a small 

increase (compared to the other parameters) in deck unit weight. 

Since the ALDOT is considering an increase in minimum deck thickness from 7" to 8", 

Table 5.2 gives the values of the parameters for 7" and 8" deck thickness when normalize w.r.t. 

the 7" deck thickness. Again, note the significant increases in section modulus and stiffness 

when increasing the deck thickness from 7" to 8". 
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Table 5.1 Deck Cross Section Parameters and Parameters Normalized w.r.t. 6" Deck 
Thickness 

D IG S ICR J q IdIG6
" S/S6

' ICR/lcR6' J/J6
' 

(in4) (in3) (in4) (in4) (pst) 

6" 216 72 85 72 75 1 1 1 1 
7" 343 98 113 114 88 1.6 1.4 1.3 1.6 
8" 512 128 142 171 100 2.4 1.8 1.7 2.4 
9" 729 162 170 243 113 3.4 2.3 2.0 3.4 

3.7 .-----------------------------, 
Ig - Uncracked section moment of inertia 

1/1 : Icr - Cracked section moment of inertia .s "::2 3.2 J - Torsional stiffness 
~ =.r,"'1. S - Section modulus 
~ ~ 2.7 - q -deck unit weight 
0. : ~ 

~"'cn 
(.) en 22 ~: ~ . ... 
-g~ 
N (!J = -~ 17 ca : . 

E~ 
~ 3: 1.2 

IG/IG6
" & 

J/f' 

Icr/lcr 

0.7 +-----~----~-----~----~-----~ 

5 6 7 8 

Deck Thickness (D) 

Figure 5.1 Deck Cross Section Properties 

9 

Table 5.2 Deck Cross Section Parameters Normalized w.r.t. 7" Deck Thickness 
D IdIG7

' S/S7' ICR/leRT J/J' q/q7' 

7" 1 1 1 1 1 
8" 1.49 1.31 1.25 1.49 1.14 

5.3 Deck/Girder Longitudinal Properties 

10 

q/q6 

1 
1.2 
1.3 
1.5 

For deck longitudinal properties three different girder types were selected to show the 

effect of deck thickness for different girders. The girders selected were AASHTO Type II with a 

span of 45 ft, AASHTO Type VI with a span of 125 ft, and W36x170 with a span of 70 ft. In 

each case a girder spacing of 8 ft and a beff of 96" was used. Equations used in calculating the 

deck/girder unit weight (q), uncracked moment of inertia (Ig), uncracked section modulus (S), 
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maximum deck longitudinal stress (0'), deck-superstructure fundamental frequency (f) 

and period (T) and maximum live load deflection (LlLL) are given below. These equations were 

used to compute the parameters indicated for deck thicknesses of 6", 7", 8", 9" and the results 

are shown in Tables 5.3, 5.5, and 5.7. Also shown in Tables 5.3, 5.5, and 5.7 are the parameter 

values normalized to those for the 6"deck thickness. Figs. 5.2, 5.3, and 5.4 show plots of the 

normalized parameters to better illustrate the trends and for convenience of comparison. 

. ., bejjd 
DecklGzrder Unlt Wezght: q = -- ·150 + qgirde/, = 100· d + qgi/'de/' 

12 

Uncracked Moment of Inertia: Ig = (b1~3 + aD21 + (I + aD2 )/:irder 
L,"), 

I, 
Section modulus: St =-~ 

y/ 

PL3 

Live load deflection: LiLL = 0.001-
EI 

Where P = 16000 lbs 

M 
Deck Stress: 0' =-

S 

PL 
Using M = - where L = span length 

4 

M = 2160000 lb-in (AASHTO Type II) 

M = 6000000 lb-in (AASHTO Type VI) 

M = 3360000 lb-in (W36x170 Steel Girder) 

f __ ~ElmA4 Frequency: 

Period: T = J.
f 
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Note in Figs. 5.2, 5.3, and 5.4 the significant increases (for every girder type) in the deck 

section modulus, uncracked moment of interia, and fundamental frequency while there was a 

significant decrease in live load deflection, maximum longitudinal deck stress, and period. Note 

also in Figs. 5.2, 5.3, and 5.4 a significant increase in deck/girder unit weight for the given beff . 

Also note that the AASHTO Type II girder had the largest increases in section modulus, 

uncracked moment of interia, and largest decreases in live load deflection and maximum 

longitudinal deck stress as deck thickness increases. While the W36x170 steel girder had the 

largest increases in deck/girder unit weight, frequency and largest decreases in period with 

increasing deck thickness. 

Again, since the ALDOT is considering an increase in minimum deck thickness from 7' ' 

to 8", Tables 5.4, 5.6, and 5.8 gives the values of the parameters for 7" and 8" deck thickness 

when normalize W.r.t. the 7" thickness. Again, note the significant increases in section modulus, 

uncracked moment of interia, frequency, and deck/girder unit weight, and decreases in maximum 

longitudinal stress, period, and live load deflections when increasing the deck thickness from 7" 

to 8". 

Table 5.3 Longitudinal Deck/Girder Parameters and Parameters Normalized w.r.t. 6" 
De kTh" k ~ AASHTOT IIB"d G" d C IC ness or ype n ge Ir ers 

D 6" 7" 8" 9" 
q(psf} 984 1084 1184 1284 
I,,(iu") 173452 187180 200681 214179 
S(iu-' ) 14398 15742 16944 18024 
a(psi) 150.021 137.213 127.479 119.840 
f(Hz) 10.421 12.246 14.097 15.973 
T(sec) 0.096 0.082 0.071 0.063 
L'>(lO 3in} 4.032 3.728 3.488 3.264 
q/q"" 1 1.102 1.203 1.305 
1,,11,:" 1 1.079 1.157 1.235 
SIS·" 1 1.093 1.177 1.252 
ala"" 1 0.915 0.850 0.799 
f/f6" 1 1.175 1.353 1.533 
TIT" " 1 0.851 0.739 0.653 
Ll/L'> " .. 1 0.926 0.864 0.810 
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1.7 ,---------------------
a - Max Deck Stress 

1.5 - IG - Uncracked Moment Interia 
S - Section Modulus 
q - Weight Per Foot 

f/f6
" 

q/q6" 

S/s6
" 

~LL - Live Load ::ef:le:c~ti~o;n;:~::::~;::;::~p;;;:;:::=~ 
f - Frequency 
T - Period 

6" 
IG/IG 

0.9 

0.7 -

--___ - ~ ~LL/:.LL 

~ala 
----~TIT6" 

6" 

0 . 5 +-----~----,--------~--------~---~ 

5 6 7 8 9 10 

DECK THICKNESS (in) 

Figure 5.2 Longitudinal Deck/Girder Parameters-AASHTO Type II Bridge Girders 

Table 5.4 Longitudinal Deck/Girder Parameters Normalized w.r.t. 7"DeckThickness for 
AASHTOT li B ° l G" d y pe n(Lge Ir ers 

D q/q7" IGIIG7 s/s7' a/a7
" flf" TIT /)J~7" 

7" 1 1 1 1 1 1 1 
8" 1.092 1.072 1.0763 0.922 1.151 0.869 0.936 

Table 5.5 Longitudinal Deck/Girder Parameters and Parameters Normalized w.r.t. 6" 
D k Th' k £ AASHTO T VI B "1 G" d ec IC ness or ype l"l(lge Ir ers 

D 6" 7" 8" 9" 
q(psf) 1730 1830 1930 2030 
I,,(in' ) 1296234 1371139 1443318 1513353 
SOnJ) 45921 49575 53065 56395 
o(psi) 130.659 12l.029 113.068 106.392 
f(Hz) 9.778 11.493 13.200 14.924 
T(sec) 0.102 0.087 0.076 0.067 
/l(lO 3in) 11.552 10.928 10.384 9.904 
q/q"" 1 l.058 1.116 1.173 
Ic;lI,,·" 1 l.056 1.114 1.168 
SIS "~'· 1 1.080 1.156 l.228 
0/0"" 1 0.93 0.87 0.81 
f/f6 " 1 1.175 1.350 1.526 
TIT"·· 1 0.851 .741 0.655 
LlI/l"" 1 0.95 0.90 0.86 
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1.5 - a - Max Deck Stress 
IG - Uncracked Moment Interia 

1 3 _ S - Section Modulus 
. q - Weight Per Foot 

C!.ll - Live LoaIUd~D:e~fl~e;ct~io~;::::::::::::::::::::::::a:::-_ _ -~~ 
1.1 - f - Frequency~. 

T - Period 
0.9 

0.7 . 

---~)I(:---__ -:~..... I1LL/I1LL 6" 

' ala6
" 

T/T6
" 

0.5 +---------~--------~--------~------~~------~ 

5 6 7 8 9 10 

DECK THICKNESS (in) 

Figure 5.3 Longitudinal Deck/Girder Parameters-AASHTO Type VI Bridge Girders 

Table 5.6 Longitudinal Deck/Girder Parameters Normalized w.r.t. 7" Deck Thickness for 
AASHTO T VI B'd G· d 'ype n Ige lr ers 

D q/q1' IGIIG7 S/S7 a/a7
" flf" T/T7' 111117" 

7" 1 1 1 1 1 1 1 
8" 1.055 1.053 1.070 0.934 1.149 0.871 0.950 

Table 5.7 Longitudinal Deck/Girder Parameters and Parameters Normalized w.r.t. 6" 
Deck Thickness for W36x170 Girders 

D 6" 7" 8" 9" 
q(psf) 770 870 970 1070 
I,,(in4

) 223233 238916 254264 269524 
S(in") 17317 18821 20161 21361 
a(psi) 194.029 178.524 166.658 157.296 
f(Hz) 30.972 36.570 42.245 47.970 
T(sec) 0.032 0.027 0.024 0.021 
il(lO 'in) 11.784 1l.011 10.346 9.76 
q/q"" 1 1.130 1.260 1.390 
1,:/1,,"" 1 1.070 1.139 1.207 
s/s"'" 1 1.087 1.164 1.234 
a/a"" 1 0.920 0.859 0.810 
f/f6" 1 1.18 1.364 1.607 
T/T·" 1 0.847 0.733 0.622 
Nil"" 1 0.934 0.878 0.828 
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CLl - -CLl' E "'0- , co ..... <D 
... C" I::: co,- ...... c.. <D _-

~~"lo(,) en :::: 
CLl , - _ -
C <Dc:J "'....J 

't:I - ....J 
CLl :g .:::! 
N - ....J ._, ....J 

iti <Db <l 
E "6 ... o z 

1.7 ~-----------------------------------------------------------~ 
f/f6

" 
(J - Max Deck Stress 

1.5 IG - Uncracked Moment Interia 
S - Section Modulus 

1.3 .. q - Weight Per Foot 
~LL - Live Load Deflectio 

1.1 f - Frequency ...... 
6

;;;;:=a 
T - Period 

0.9 

OJ 

q/q6" 

TIT 6" 

0.5 +-------,------,-------------,--------.------\ 

5 6 7 8 9 10 

DECK THICKNESS (in) 

Figure 5..4 Longitudinal Deck/Girder Parameters-W36x170 Bridge Girders 

Table 5.8 Longitudinal Deck/Girder Parameters Normalized w.r.t. 7"Deck Thickness for 
W36 170 B . d G' d X J1lge lr ers 

D q/q7 IGIIG' SIS' (J/(J6" f/f" T/TT M~7" 

7" 1 1 1 1 1 1 1 
8" 1.115 1.064 1.071 0.934 1.155 0.866 0.940 

5..4 Deck Thermal and Drying Shrinkage Stresses and Cracking Propensity 

Assuming full restraint and a linear temperature variation with depth, deck thermal 

stresses in the transverse direction will be as shown in Fig. 5.5 and thus are independent of deck 

thickness. For nonlinear temperature distributions, more complex stress distributions will be 

developed, but they too will be essentially independent of deck thickness. 
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Figure 5.5 Deck Thermal Loading and Stresses 
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In the longitudinal directions the properties and contributions of the longitudinal girder 

must be brought in; but as shown in Chapter 2, the thermal stresses in the longitudinal direction 

are also essentially independent of the deck thickness. 

Drying shrinkage stresses can be determined in the same manner as thermal stresses by 

converting drying shrinkage strain (which is known or estimated) to an equivalent temperature 

change, i.e., 

I1T = _ Esh 
eq a 

Thus, the equations and observations made above for thermal stresses are equally applicable for 

drying shrinkage stresses. Since deck thermal and drying shrinkage stresses are essentially 

independent of deck thickness, so to will be the thermal and drying shrinkage cracking 

characteristics. These are all reflected in Fig. 5.6. 
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~ u,,c 
.~ o.liJ 
,.. 0 
~~""l: 
1! :.::: c..'" 
~.~ 0 
~ t = .. 
~ ~ (D_ 

E ~ c.. 
~ ,.. 0 
-=~~ 
E-c -= c.. 
~ U 0 
a:l ~: ~ 
~ ~"'1ii 
"C = b 
~'c ~ ... -= '" -; rJ':l b 
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,.. t5' 
~ 6-

2 ,----------------------------------------------------, 

at - Thermal Stress 

ash - Shrinkage Stress 
CPt - Thermal Cracking Propensity 
CPsh - Shrinkage Cracking Propensity 

~6" 6" 6" 6" 
a/at ,ash/ash ,CP/CPt ,CP sh/CP sh 

(Trans. & Long.) 

O +-----------~------------~------------~----------~ 

5 6 7 8 9 

Deck Thickness (in) 

Figure 5.6 Normalized Deck Thermal and Drying Shrinkage Characteristics 

5.5 Deck Cracking, Deflection, and Vibration Characteristics 

Equations used in calculating the cracking propensity (CP), crack width (CW), live load 

deflection (~Ld, fundamental natural frequency (f) and period (T) are given below. These 

equations were used to compute the parameters indicated for deck thicknesses of 6" ,7", 8", 9" 

and the results are shown in Table 5.9. Also shown in Table 5.9 are the parameter values 

normalized to those for the 6"deck thickness. Fig. 5.7 shows plots of the normalized parameters 

to better illustrate the trends and for convenience of comparison. 

Cracking Propensity: CP = ~ 
d 

. M(l') d 
Crack wldth: CW = --.-

El 2 

Live load deflection: LlLL = 0.001 PL
3 

El 

where P = 16000 lb 
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F f -_nd requency: 
a2 12(1-v 2 )p 

E 

Period: T = ~ 
f 

Where V = 0.2, a = 8ft, P = 4.6584slug / ft 3 

Hz 

sec 

Note in the above equations that cracking propensity and crack width decrease with the 

inverse of d2
, whereas the live load deflection decreases with the inverse of d3

, and the frequency 

increases as the first power of d. Note in Fig. 5.7 the significant decreases in the deck cracking 

parameters, deflection, and period of vibration, and the increase in deck frequency with increase 

in deck thickness 

Again, since the ALDOT is considering an increase in minimum deck thickness from 7' ' 

to 8", Table 5.10 gives the values of the parameters for 7" and 8" deck thickness when 

normalize W.r.t. the 7" deck thickness. Again, note the significant decreases in the deck 

cracking parameters, deflection, and period and the increase in the deck frequency when 

increasing the deck thickness from 7" to 8". 

Table 5.9 Deck Cracking, Deflection, and Vibration Characteristics Normalized w.r.t. 6" 
Deck Thickness 

D CP CW LlLL F T CP/CPb
' CW/CWo' Aul LlLL 6" fIr' T/T6

" 

(in02
) (in) (in) (Hz) (sec) 

6" 0.028 3.9E-06 0.462 0.530 1.89 1 1 1 1 1 
7" 0.020 2.8E-06 0.015 0.619 1.62 .73 0.735 0.630 1.167 0.857 
8" 0.016 2.2E-06 0.010 0.707 1.41 .56 0.563 0.422 1.333 0.750 
9" 0.012 1.7E-06 0.007 0.795 1.26 .44 0.444 0.296 1.500 0.667 
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1.6 T----------------------------------------------------. 
CP - Cracking propensity 

CD CW - Crack width 
II) ~ 1.4 - "'LL - Live load deflection 

Q; CD ft f - frequency 
U; :t:: 1.2 - T - period 
E -ft 

ca CD..J 
... ..J 

:. ~ 1 -

~4 
~ '3:ft 0.8 
"C 0 
~ ~ 0.6 
:: 0 ca ft 

E CD 
... Oil. 0.4 
o ........ 
Z Il. 

o 0.2 

CW/CW6" & 
---........ -CP/CP6" 

o+---------.----------.---------.---------.--------~ 

5 6 7 8 9 10 
Deck Thickness (in) 

Figure 5.7 Deck Cracking, Deflection, and Vibration Characteristics 

Table 5.10 Deck Cracking, Deflection, and Vibration Characteristics Normalized w.r.t. 7" 
Deck Thickness 

D CP/CP' CW/CW' /),U/I1LLT' FIF' TIT' 
7" 1 1 1 1 1 
8" 0.8 0.7656 0.66992 1.143 0.889 

5.6 Deck Flexural, Punching Shear, and Strength Characteristics 

Equations used in calculating the deck stress (0'), cracking moment (Mer), ultimate 

moment capacity (Mult), yield line failure load (Pyl.), arch action force in deck (Fareh), and 

punching shear force capacity (Fps) are given below. These equations were used to compute the 

parameters indicated for deck thicknesses of 6", 7", 8", 9" and the results are shown in Table 

5 .11. Also shown in Table 5 .11 are the parameter values normalized to those for the 6" deck 

thickness. Fig. 5.8 shows plots of the normalized parameters to better illustrate the trends and 

for convenience of comparison. 
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M 
Deck Stress: cr =-

S 

where M = 3840001b-in 

Cracking Moment: Mer = I; . S 

Ultimate Moment: Mutt = Iy' (d _ a) 
2 

Yield Line Failure Load: PyJ. ~ 12A,f,( d - i ) 

Arching Action Force: F=h ~ P Jl + [ % Y 
2 D-2) 

where P = 16000 lb 

Punching Shear: Fps = Iv . Ashear 

psi 

k-It 

k-ft 

k 

k 

k 

Note in the above equations that cracking moment increases with d2
, the ultimate moment 

and the yield line failure load increases With( d - ~ ), while the arching action force decreases 

(which is good) as the first power of (D-2), and the maximum deck stress decreases with the 

inverse of d2
. Note in Fig. 5.8 the significant increases in the cracking moment (by 225%), 

punching shear (by 185%), ultimate moment and yield line failure load by (171 %), while there 

was a decrease in the deck arching action force (by 171 %) and maximum deck stress (by 227%) 

when increasing the deck thickness from 6" to 9". 

Again, since the ALDOT is considering an increases in minimum deck thickness from 7" 

to 8", Table 5.12 gives the values of the parameters for 7" and 8" deck thicknesses when 

normalize w .r.t. the 7" thickness. Again, note the significant increases in cracking moment, 

punching shear, ultimate moment and yield line failure load by, while there was a decrease in the 
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deck arching action force and maximum deck stress when increasing the deck thickness from 7" 

to 8". 

T bl 5 11 D k So a e . ec 'en~i thP t arame ers an dP t N arame ers Ii d orma ze w.r. ec lC e t 6" D k Th' kn ss 
D a 

(psi) 

6" 5333 
7" 3918 
8" 3000 
9" 2370 

Mer Mult Pyl' F arch F ps a/a6
" Mea/ Multi P yl.! FarctJ Fps/ 

(ft-k) (ft·k) (k) (k) (k) Mea 
(,' M 6" 6" Farch6" 6" 

ult P yl' F ps 

2.84 21.3 612 97.6 96 1 1 1 1 1 1 
3.87 26.3 756 76.8 121 0.75 1.36 1.24 1.23 0.80 1.26 
5.06 31.3 900 64.0 149 0.56 1.78 1.47 1.47 0.67 1.55 
6.40 36.3 1044 56.0 178 0.44 2.25 1.71 1.71 .58 1.85 

2.5 T-------------------------------------------------~ 
a - Max Deck Stress 
Mer - Cracking Moment 
Mull - Ultimate Moment 
Pyl. - Yield Line Failure Load 
Fareh - Arching Action 
Fps - Punching Shear 

~ 

~ 6" 
",MUll/MUll 

Pyl/Pyl. 
6" 

6" 
,.--____ ~~~ arch/Fareh 

a/a6
" 

o +----------.---------.---------,,---------~--------~ 
5 6 7 8 9 10 

DECK THICKNESS (in) 

Figure 5.8 Deck Strength Parameters 

Table 5.12 Deck Strength Parameters Normalized w.r.t. 7" Deck Thickness 
D a/a7

" MCRlMcR7" MULTlMuL~7" PYL.! PYL•
7 F ARCH/ F ARCH

7" FpsIFPST 

7" 1 1 1 1 1 1 
8" 0.77 1.31 1.19 1.19 0.84 1.23 

5.7 Influence Lines for Girder-and-Slab Load Distribution Coefficients 

For influence lines for girder-and-slab load distribution coefficients, three different girder 

types were selected to show the effect of deck thickness on load distribution for different girders. 
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The girders selected were again, AASHTO Type II with a span of 45 ft, AASHTO Type VI with 

a span of 125 ft, and W36x170 with a span of 70 ft. In each case a girder spacing of 8 ft and a beff 

of 96" was used. For each of these girders influence line were constructed for loads placed 

immediately above the edge girder, immediately above the girder next to edge girder and 

immediately above the centerline girder. The values for the influence lines were taken from the 

charts shown in Fig. 4.13(a, b, c). These charts are read by obtaining nondimensional 

parameters, which relate the various stiffnesses of the structure. The first is f, the flexural 

stiffness ratio that is equal to: f = 0.01 d
3

3 

x L4 
1 I 

Thus, it can be seen that f increases with d3
• The second is r, the rotational stiffness ratio that is 

equal to : 
1 C 

r = 25-x-
d 3 L2 

where C = ] girder + (1 X ],.lab) 

L = span length 

1 = girder spacing 

So, it can be seen that r decreases with ~. With these two parameter a value of J can be taken 
d 

from the charts shown in Fig. 4.17 (a, b,c). For all of the cases it can be seen that the maximum 

value of J decreased with an increase in deck thickness. This means better load and moment 

distribution across the deck and support girders. The largest reduction of 145% in J occurs with 

the W36 x 170 steel girder which is more flexible than the AASHTO girders. 
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5.8. Deck Fatigue/Service Life 

As indicated in Chapter 2, ACI Committee 215 concludes that the fatigue strength of 

concrete for the life of 10 million cycles of load and a probability of failure of 50% regardless of 

whether the specimen is loaded in compression, tension, or flexure, is approximately 55% of the 

static strength. Using this conclusion, an S-N curve for plain concrete would be approximately as 

shown in Fig. 5.18. Since deck cracking due to bending varies inversely with the section 

modulus, it thus varies inversely with the square of the deck thickness D. Table 5.13 shows how 

D2 and a normalized D2 vary for deck thickness of 6 to 9 inches. Using the values in Table 5.12, 

if a LL condition on a 7" deck produced a Smax/fr ratio of 0.8 (fr=modulus of rupture), then for a 

8" thick deck, the Smaxffr ratio would be 0.76xO.8=0.61 (see last column of Table 5.13). As can 

be seen by the dotted lines in Fig. 5.18, the cycles to failure would be increased enormously 

(almost 1000 times greater) by such a change. Obviously additional deck cracking and crack 
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propagation due to concrete fatigue will be greatly reduced by an increase in deck thickness. 

Due to the flatness of S-N curves, at the low stress levels, small decreases in stress can result in 

enormous increases in fatigue/service life. This is reflected in Fig 5.19 by the steep slope of the 

fatigue life ratio curve, i.e., the N1N6
" curve. Fig 5.19 also shows the deck 

(aLU'Fatigue")/( aLL 6"f'Fatigue") variation with deck thickness. In this figure, "fatigue" is shown in 

quotations because the fatigue life depends on the mean stress level (aDd as well as the 

alternating stress (aLd. 
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Figure 5.18 Approximate S-N Curve for Concrete 
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7" 49 1.36 0.0204 0.73 1.00 
8" 64 1.78 0.0156 0.56 0.76 
9" 81 2.25 0.0123 0.44 0.60 
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5.9 DecklBridge Costs 

:" ,~ N/N6" (Fatigue Life of Concrete) 

6 7 8 9 10 

DECK THICKNESS (in) 

To estimate the sensitivity of deck/bridge cost to deck thickness, we must look beyond 

just theoretical considerations to what bridge design and construction engineers have to say and 

to logic and common sense. Construction contractors tell us (see Chapter 7) that increasing deck 

thickness by 1" (from 7" to 8' ') would increase the deck cost by approximately $0.20/ft2 or 

$1. 80/yd2
. Bridge design engineers indicate that rarely would aI" increase in deck thickness 

translate into a modified (heavier) design for the bridge support girders, bents, abutments and 

foundation elements. If this were the case, an increase in deck thickness by 1" would translate 

into an increase in deck/bridge initial cost of 2%-3%. A 3% increase in initial cost is shown in 

Fig.5.20 as a 1.03 value on the normalized scale. 

Based on the thicker deck providing reduced stresses and superior performance in all 

categories examined in this chapter, it is reasonable to assume that an increase in deck thickness 

from 7" to 8" would increase the deck service life a minimum of 10% and quite possibly as 

much as 50%. If one assumes a current service life for a 7" deck of 50 years, this would 
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translate into increases in deck service life to between 50 x 1.10 =55 years and 50 x 1.50 = 75 

years. Fig. 5.20 shows this assumed range of increase in service life of 10% to 50%, or 1.1 to 1.5 

on the normalized (w.r.t. 7" thick deck) scale (top shaded sector). The reciprocal of these 

increases in normalized service life values plus the increase in initial cost provide a first order 

estimate of the normalized life cycle cost of the increase in deck thickness. That is, for 10% (5 

years) and 50% (25 years) increases in service life, the associated normalized life cycle cost 

would be, 

1 
Normalized Life Cycle Cost = - + 0.03 

1.1 

= 0.91 + 0.03 = 0.94 

1 
Normalized Life Cycle Cost = -+ 0.03 = 0.70 

1.5 

= 0.67 + 0.03 = 0.70 

These values are shown plotted in Fig. 5.20 as a first order estimate of the range of normalized 

(w.r.t. 7" thick deck) life cycle cost (the lower darker shaded sector). 

If one considers the reduced stresses, deflections, cracking, and improved fatigue life if 

the deck thickness is increased from 7" to 8", it follows that the thicker deck should perform 

better and require less repairs and maintenance work throughout its life. Also, the high cost of 

deck repairs, maintenance, and replacement under high volume and concurrent traffic conditions 

places a premium on placing decks which have a long service life and require less maintenance 

work. These facts would result in the estimated life cycle cost range shown shaded in Fig. 5.20 

shifting even more in favor of using the thicker deck as indicated in Fig. 5.20 by the dotted line 

bound and lighter shaded lower sector. 
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6. EFFECTS OF INCREASING BRIDGE DECK THICKNESS 

6.1 General 

Prior to 1997, the deck thickness of a typical highway bridge in Alabama was around 

6Yz". In 1997 the minimum thickness was increased to 7", and this is the typical thickness now 

used. However, most states in the U.S. have typical deck thicknesses of around 8". If Alabama 

were to increase its typical bridge deck thickness from 7" to 8", what would be the primary 

effects? This is a question of interest and importance to the ALDOT. 

Early discussions with bridge design engineers and analytical analyses indicate that 

thicker decks should perform better and the additional deck cost should be minimal. However, 

the additional girder cost to support a thicker and heavier deck may not be minimal, and thus 

consideration of the effect of deck thickness on the support girder design is of primary interest. 

The effects of increasing bridge deck thickness in Alabama from 7" to 8" are discussed in the 

following sections. 

6.2 Effect on Support Girders 

Typical deck-girder bridge cross-sections are shown in Fig. 6.1. As can be seen in that 

figure the deck thickness "outboard" of the edge girders is thicker than it is between the interior 

girders because of the cantilever gravity loading of the guard rail and the extreme event loading 

of a vehicle hitting the guard rail. Thus, the edge girder is already designed for a thickened deck 

loading acting over approximately one-half its tributary area. Thus, if the entire deck is 

thickened, the additional deck DL going to the edge girder will be quite small and if the edge 

girder controls the sizing of the bridge support girders, then the same girders can be used for the 

entire thickened deck. 

6-1 



990mm 0.6 m 1.8 m 0.65 m 
X= 

380mm 300mm 310mm 

P/2 P/2 

....... 

~I 
' / I ]l 1(// 

I 510 + 190 = 700mm 

E E 
E E 

ll') 0 
o m 
N ~ 

"" 

175 175 
mm mm 

350mm R 2.44 m 

a. Partial T -Girder Sections b. Partial Bulb-Tee Sections 

14180mm E 
E 

r.380mm 13420mm Roadway 380mm -;\ ~ 

Af
l ;;mm ~ 205mm Slab (190mm Struct.) I ~ _ J;.W.s. = Slope • ~ 

5@2440 = 12 200mm 

L~Omm 990mm~ 
c. Prestressed Concrete Girder Sections 

13 420mm Roadway 

990mm 990mm 

I I Cl ) .1 I .. 
5@2440mm = 12 200mm ~ ._ 

I 

d. Steel Girder Section Detail A 

Fig. 6.1 Typical Bridge Cross-Sections 

6-2 



Additionally, most new bridges are now designed using prestressed concrete girders, and 

many of these use Bulb-Tee sections. Because of their wide flanges, these girders only have a 

clearance between the edges of the flanges of about one-half the center-to-center spacing of the 

girders as indicated in Fig. 6.1 b. Thus increasing the deck thickness from say 7" to 8" by adding 

an inch on the underside, i.e., by reducing the haunch thickness, should add negligible additional 

load to these bridges, and should have negligible effect on the design of the support girders. This 

is examined more closely in Section 6.6. 

6.3 Increasing Deck Thickness-Example Case 

Let us examine the effects of increasing the deck thickness from 7" to 8" on a typical new 

deck-girder bridge such as the one shown in Fig. 6.2. The bridge is a 100 ft simple span carrying 

3 traffic lanes and having a total width of 46'-6". Assume that the original design calls for a 7" 

deck supported by bulb-tee prestressed girders at 8 ft on center as indicated in Figs. 6.2 and 6.3. 

Assume that the bridge abutment is supported on a 2 ft thick continuous (transverse to the bridge 

centerline) spread footing, and that the additional 1" deck thickness can be added to the bottom 

of the deck as indicated in Fig. 6.3 The primary effects of such an increase in deck thickness are 

presented and discussed below for the bridge, 

• deck 

• support girders 

• bearings 

• abutments/foundations 

Deck. An increase in deck thickness of 1" as indicated in Fig. 6.3 would result in an 

increase in total deck weight of 

[( 4' x 11~ x 100') (150 Ib,tft3)j (5 panels) = 25,000 Ib 
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This total additional deck DL would translate to a 

• llw~~e girders = 25 Ib;ft 

• llR~~e girders = 1 ,250 Ib 

• llWi~~riOr girders = 50 Ib;ft 

OL 
• llRinterior girders = 2500 Ib 

• II Costoeck = 4' X £ X 100' X 5 X (60) $;ft3 = $370 
12 27 

It would also translate into a deck with 

• greater stiffness and less deflection 

• greater cracking moment resistance 

• greater ultimate moment capacity 

• greater punching shear resistance 

• greater fatigue life 

Girders. Since the bridge edge girders normally control the sizing of the support girders, 

and since increasing the deck thickness from 7" to 8" will only increase the load on the edge 

girders by 25 lb/ft, the edge girder sizing should not be affected by the additional 1" of deck 

thickness. The interior girders will have their design DL increased by 50 lb/ft which is still rather 

small, and additionally they typically do not control the girder sizing. Thus the bridge support 

girder design/sizing should not be affected by the additional 1" of deck thickness. 

Bearings. Interior girder bearings loads will be increased by 2500 lb and exterior girder 

bearing loads by 1250 lb. Both ofthese increases should be insignificant in comparison with the 

total design girder bearing loads. In tum the same bearings could be used with the thicker deck, 

and thus the additional bearing cost would be zero. 
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AbutmentslFoundations. The additional dead load going to each abutment due to the 1" 

increase in deck thickness would be as shown in Fig. 6.4. 

1250 LB 

2500 

Fig. 6.4. Abutment/Foundation ~-Dead Load 

Assuming a 2 ft thick spread footing under the abutment, and an allowable soil pressure of 2000 

psf, the additional area required for the spread footing to support the additional ~~butment would 

be 

" 1\ 6.R Abutment 
LM"IFtg = 

2000 psf 
12,500 Ib = 6.25 ft2 

2000 Ib,Jft2 

6.width = 6.25 ft2 = 0.142/ = 1.70" ~ Use 2" 
44/ 

6.COSTABUT. FTG. = ( :2) / X 2/ X 44/ X ( ~~) $,Jft3 = $32.50 

6.COSTABUT. FTG. TOTAL = 32.50 x 2 = $65 
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In summary, the additional costs of increasing the deck thickness of the bulb-tee girder 

bridge shown in Figs. 6.2 and 6.3 from 7" to 8" are shown in Table 6.1. Obviously this small 

additional cost is negligible, and if it will result in any improvement in bridge performance, 

particularily in service life, then it would be a change well worth making. Since increasing the 

deck thickness should significantly improve the deck performance, as indicated earlier, this 

change should be made. 

Table 6.1 Additional Cost of 1 "Increase in Deck Thickness of Example Bridge 

Bridge Component 

Guard Rail 
Deck 
Girders 
Bearings 
Abutments/F oundations 
Drains, Scuppers, Joints, Lighting, 

Paint Striping, Etc. 
TOTAL 

* I1Unit Cost = $435 = $0.09/s.'. 
46.5' x 100' 

6.4 Effects on Other Bridge Components 

/). Cost 
$ 

o 
$370 

o 
o 

$65 
o 

$435* 

Discussions with ALDOT bridge engineers regarding the effects of increasing the 

thickness of ALDOT's bridge decks from a typical value of7" to 8" provided the following 

information and insights. 

• When using AASHTO, bulb-tee, and steel girders (which covers almost all of their 
bridges), the thickness of the deck immediately above the girders is typically 9" - 10" 
for a 7" thick deck (at mid point between girders). 

• The additional thickness above the girders, i.e., the deck haunches, is needed to allow 
the tops of the girder shear studs (typically 4" long) to fall below the deck top rebar 
mat (to avoid interference), and to provide proper top bar cover. It also provides extra 
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vertical clearance for variances in girder camber, which is changing with time for 
prestressed girders due to shrinkage and creep, and fabrication and construction 
imperfections. The depth of the haunches varies along the length of the girder and 
this is achieved by adjusting the height of the light weight metal angles attached to the 
edges of the girder top flange which are used to support the deck SIP metal forms. 

• In order to reduce the additional deck dead load resulting from increasing the deck 
thickness from 7" to 8", the additional 1 " could be added to the bottom of the deck as 
indicated in Fig. 6.5. In the case of bridges with bulb-tee girders, this would result in 
increasing the deck DL by only about one-half of that of the 1" being added to the top 
of the deck. As indicated above and in Fig. 6.6, the critical deck thickness is that 
immediately above the center line of the girders. 

• Minimum, maximum, and norm values for ALDOT deck extensions beyond the 
exterior girder are as indicated in Fig. 6.6. Because the overhang norm is 3' - 4W' and 
because they desire to use the same size girder for interior and exterior girders, 
ALDOT seeks to use a girder spacing of approximately 7 ft where feasible. This 
results in the effective composite beam width being approximately the same for both 
interior and exterior girders. This yields approximately the same design for these 
girders and thus allows the same girder to be efficiently used for both interior and 
exterior girders. 

• If, based on number of traffic lanes required, shoulder widths, and Jersey side 
barriers, a bridge horizontal section dimensions were as shown below, then potential 
candidate girder spacings would be as indicated below. ALDOT bridge engineers 
would select the 8 girders at 7'-3W' spacing as the preliminary design for the reasons 
cited above. Depending on the bridge span geometry, underneath clearances and 
vertical elevations, they may need to adjust the number/spacing of the girders up or 
down once they go into the detailed design phase. 

JLL, _ __ 58' _ _ -;L, 

1 1 

f~ f1 3'-6' 51' --+t 3'-6' 

6-9 

Girder Spacings: 

51' 
= 8'-6" (7 girders) 

6 
51' = 7'-3'li" (8 girders) 
7 

51' 
= 6'-4'li" (9 girders) 

8 



1 1/2" 

(MIN> 

.! ,' o. 

'-
~~.' . 

Deck li 
~----L----_ 

J 
Fig. 6.5 Deck and Bulb-Tee Girder Section 

1'- 4 1/2" 

_i __ i_ 

<NORM) 

THESE DIMENSlDNS ARE 
TYPICAL NDT CRITICAL 

INTERIOR 
GIRDER 3'-4 1I2"J~ ~:r~[]R 

3'- 10 112" 
..1'------1 <MAX) 

NOT TO SCALE 

L"'HEN THIS IS USED, EXTERIOR GIRDER 
TYPICALLY CONTROLS THE GIRDER DESIGN 

"'HEN THIS (DR SMALLER) IS USED, INTERIDR 
GIRDER TYPICAU. Y CONTROLS TI£ GIRlIER DESIGN 

L-_- THIS IS THE CRITICAL DECK 
THICKNESS DIMENSION 

Fig. 6.6 ALDOT Typical Deck-Girder Layout and Geometries 

6-10 



• In deciding the bridge girder spacing and deck thickness, the ALDOT makes no 
attempt to achieve a particular deck SID ratio, but rather they select a deck 
thickness that satisfies the AASHTO requirements of 

and 

Dmin ~ 175 mm (~7") 

S + 3000 
Dmin ~ 30 

(to control deck deflections 
between girders) 

Note that if an 8" thick deck is employed, the first expression will be satisfied, and 
the second expression yields, 

Smax = 30 (8" x 25.4 mmlin) - 3000 

= 6096 - 3000 = 3096 mm 

= 10'-2" 

At the present time, the ALDOT never uses girder spacings in excess of 10 feet, and 
thus an 8" deck thickness would suffice for all bridge girder spacings currently 
employed by the ALDOT. 

• The ALDOT uses the same girder all across the width of their bridges. Some 
books/articles in the literature indicate that the edge girders normally control the 
sizing of the girders (but only slightly) due to the extreme loading condition of a truck 
hitting the bridge guard rail. However, ALDOT bridge engineers indicate that the 
edge girders have a reduced LL acting on them and a reduced distribution factor (see 
Table 6.2), and that the interior girders typically control the girder sizing for typical 
deck overhangs (beyond the exterior girder). For maximum deck overhang, the 
exterior girders typically control the girder sizing as indicated in Fig. 6.6. 

• If the deck ofa typical concrete deck-girder bridge were increased from 7" to 8", the 
primary effects of this change on the major bridge components would be as indicated 
in Table 6.3. 

• As noted in bold print in Table 6.3, by far the two largest and most significant impacts 
of increasing the bridge deck thickness from 7" to 8" are, 

(1 ) significantly enhance strength, stiffness, and 
durability ofthe deck itself at almost no additional 
cost of the deck. 
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Table 6.2 AASHTO Wheel Load Distributions in Longitudinal Girders for Bridges with Concrete 
Decks (modified from Ref. 31) 

BRIDGE TRAFFIC LANES 

TYPE OF GIRDERS NOTES 
ONE TWO OR MORE 

INTERIOR GIRDERS! 

S If S exceeds to S If S exceeds 14 Assume the flooring between stringer 

Steel I-Beam Stringers and -- ft, see note this -- ft, see note this acts as a simple beam with the load on 

7.0 5.5 each stringer being the wheel load 
Prestressed Concrete Girders row. row. 

reaction. 

S IfS exceeds S IfS exceeds Assume the flooring between stringers 

Concrete T -Beams -- 6 ft, see note -- 10 ft, see acts as a simple beam with the load on 

6.5 this row. 6.0 note this row. 
each stringer being the wheel load 
reaction. 

S IfS exceeds S IfS exceeds Assume the flooring between stringers 

Timber Stringers -- 6 ft, see note -- 10 ft, see acts as a simple beam with the load on 

6.0 this row. 5.0 note this row. 
each stringer being the wheel load 
reaction. 

S IfS exceeds S IfS exceeds Assume the flooring between stringers 

Concrete Box Girders -- 12 ft, see - - 16 ft, see acts as a simple beam ... as above. Omit 

8.0 7.0 sidewalk I ive load for interior and 
note this row. note this row. exterior girders designed with this 

criteria. 

R = NWINumber of Box Girders 
Find live load bending moment for each girder using: (O.S<R<l.S) 

Steel Box Girders 
FRACTION OF WHEEL LOAD = 0.1 + I.7R + 0.8SINW NW = WCI12 reduced to the nearest 

whole number 
WC = Curb to curb or barrier to barrier 
width (feet) 

Find interior girder live load bending moment using: NL = Number of Design Traffic Lanes 
FRACTION OF WHEEL LOAD = (2NLINB) + k(SIL) NB = Number of Beams (4 ,; NB ,; 10) 

Prestressed Concrete Spread Box 
For exterior girder assume flooring between stringers to act S = Beam Spacing (6.57 ,; S ,; 11.00) 
as a simple beam ... as above, but not less than 2NLINB. (feet) 

Beams L = Span Length (feet); W = Curb to 
Curb Width (feet) 

k = O.07W - NL(O.1 ONL - 0.26) -
0.20NB - 0.12 

EXTERIOR GIRDERS2 

DF S 
(S~ 6/) For S ~ 6', the DF is the same = --

5.5 as for Interior Girders. For S> 
Bridges with 4 or More Girders or 6', the DF is less than that for 

S Interior Girders. 
DF = (6 1 ~ S ~ 14/) 

4.0 + 0.25S 

IS = Average Strmger Spacmg 10 feet. 
2S = Distance between Exterior and Adjacent Interior Girder in feet. 
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Table 6.3 Primary Effects oflncreasing the Deck Thickness from 7" to 8" on Bridge 
Components 

Bridge 
Component 

Deck 

Girders 

Bearings 

Abutments/ 
Bents 

Foundations 

Change in Design 
ConditionslRequirements 

• Increase in deck D L = 12 psf 
• If add to bottom of deck for bulb

tee girders, the 12 psf increase 
would just be applied to about one
half of the deck width or surface 
area. 

• SIP metal forms support the deck 
DL and need to be checked for 
adequacy. 

• Allows the use of 2 Yz" top cover if 
so desired. 

• Additional deck DL from about 48 
lb/ft for bulb-tee girders to 84 lb/ft 
for steel WF girders for an 8' girder 
spacmg. 

• Larger deck-girder composite 
section which would provide 
additional strength and stiffness for 
LLs. 

Probable Change in 
Component Sizing 

• Small increase in transverse 
rebar spacing (due to increased 
effective depth, d) 

• Use same SIP metal forms as 
now using 

• Increase top bar cover to 2 Yz" 
(recommended). 

• The small additional deck DL 
may require using a slightly 
shorter girder span, an extra line 
of girders, or an increased girder 
size if the girder size for a 7" 
deck is already at it's limiting 
length. This will rarely be the 
case. 

• In most cases it will not effect 
girder sizing at all, but in rare 
cases it could require changes as 
indicated above. 

• The effect on the girder sizing 
and design is by far the largest 
and most significant effect that 
increasing the deck thickness 
will have (other than enhancing 
the deck itself). 

Slightly heavier design dead load per None 
bearing 

Slightly heavier design dead load None 

Slightly heavier design dead load None - to slightly wider footing 
(~ 2" wider) 
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(2) potential for an increase in the girder cost via the 
possible need to add a line of girders, use 
somewhat larger girders, or reduce the girder span 
length. Obviously this potential negative impact 
needs to be looked into more closely, and this is 
examined by a Girder Cost Example in the 
following section. 

• Approximate maximum span and unit costs of prestressed concrete girders currently 
(November 1999) used by the ALDOT for deck-girder bridges are shown in Table 6.4. 
It should be noted that ALDOT does not currently use AASHTO Type IV girders, but 
employs the BT -54 instead. Also, as indicated in the first footnote in Table 6.4, the 
current total unit cost for prestressed girder-deck bridges in Alabama is approximately 
$35 - $40/sf. This appears to be one of the lowest bridge unit costs in the country. 

Table 6.4 Approximate Maximum Span and Unit Cost of Prestressed 
Concrete Girders for Deck-Girder Bridges in Alabama.) 

Approx. Approx. 
Girder Type Max Span2 Unit Cost 

AASHTO Type I 45' $55/ft. 

AASHTO Type II 62' $65/ft. 

AASHTO Type III 85' $80/ft. 

BT- 54 105' $95/ft. 

BT - 63 120' $110/ft. 

BT-72 140' $ 135/ft. 

) Approximate total bridge unit cost for prestressed girder-deck 
bridges in Alabama is $35-$40/ft.2. 

2These approximate maximum spans are based on relatively 
small girder spacings. 

6.5 Girder Cost Example 

A girder cost example is provided below to gain a better perspective on the possible 

impact of increasing the bridge deck thickness by 1" on girder and overall bridge costs. 
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EXAMPLE: 

Problem Statement: Assume the deck-girder section shown 
below is the final design for a 75' simple span bridge of 
composite design in Alabama. Determine the costs 
associated with this design, and the maximum probable 
increase in cost if the deck thickness is increased to 8". 

1'-4 1/2"+-+----40' R[]ADW'AY------;I'-+1'-4 1/2" 
12' 12' 

LANE LANE 

3'-10 1/2"..,.....---.f--+_ 5 @ 7'-0" = 35'-0" - ---..'---+3'-10 1/2" 
TYPE III GIRDERS 

kth Max Overhang Being Used, The 
Exterior Girders Probably Control 
The Girder Sizing 

Partial Cost Analysis: 
rMid-Range Value 

Total Bridge Cost = 42.75' X 75' x $37.50/ft2 

= $120,230 

Girder Cost = 6 X 75' x $80/ft 
= $36,000 

Thus the girder cost is 29.9% of the total cost of the bridge. 

Increase Deck Thickness: 

Assume now that the deck thickness above is increased by 1" 
to 8". Further assume a worst case scenerio where the 
resulting increase in DL requires using a 7th girder as shown 
below. rl .~ '-VA' h 

.. ::t: 6 @ 6'-0" = 36'-0" ::t: l 
3'-4 112" >( 1: TYPE III GIRDERS 1: 1 3'- 4 1/2" 

Lwith This Overhang, The Interior Girders 
Probably Control The Girder Sizing. 
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F or this case, 

/). Cost = 75' x $80/ft = $6000 

or a 5% increase in initial bridge cost. However, the extra girder 
would result in girders being at 6' on center, and should result in a 
stiffer and stronger superstructure with a greater fatigue life relative 
to the 6 girder and 7'-0" spacing design. This in tum should 
result in lower maintenance cost, greater service life, and lower 
life-cycle cost. 

In the example above, it was assumed that the small additional DL moment resulting 

from the 1" increase in deck thickness would be sufficient to require an extra girder. As seen 

above, even in this case, the effect of the deck thickness increase was not really significant if 

one considers the life-cycle cost of the bridge. In discussions with ALDOT bridge design 

engineers, it is rare when a bridge girder design is on the "bubble" of its limiting capacity where 

a 1" addition in deck thickness would require going to a shorter span, closer girder spacing, or a 

larger girder. Thus, for the typical case, an increase in deck thickness of 1 " would not affect the 

bridge girder design. 

6.6 Results of Girder Design Examples 

Results of the deck thickness survey, as well as discussions with ALDOT's bridge 

design engineers, indicated that the potential requirement for increased support girder load 

capacity and cost is the primary concern of increasing deck thickness. To assess the effect of 

increasing the deck thickness by 1" on the support girder design for deck - girder bridges, five 

example girder designs were examined. All 5 designs were for simple span bridges with one 

each being 

• Rolled steel girder, noncomposite, short span - Example BI 

• Rolled steel girder, composite, short span - Example B2 

• Rolled steel girder, composite, intermediate span - Example - B3 
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• AASHTO Type III PCI girder, composite, intermediate span - Example B4 

• Rolled steel girder, noncomposite, long span - Example BS 

All except Example S were taken from the literature (6,31), and each example is given in 

Appendix B. 

In each case, the design examples were modified via increasing the deck thickness by 1" 

and re-evaluating the design parameter values and girder sizing. The resulting girder maximum 

design moments were increased by 1.S7 - 3.14% depending on the particular example/bridge, 

and the resulting girder sizing was the same in all S examples. That is, the 1" increase in bridge 

deck thickness did not require heavier girders in any of the examples. The primary results of the 

five design examples are summarized in Table 6.S. 

The design examples examined are believed to be typical, and thus increasing the deck 

thickness by 1" should not typically affect the girder sizing. There will of course be instances 

where a 1" thicker deck will require a somewhat larger girder section, closer girder spacing, or 

shorter girder span length as indicated in the previous subsection. However, these instances will 

be the exception rather than the rule. For these exception cases, whereas the initial costs of the 

bridges will be increased, it is not clear that the life-cycle-costs of the bridges will be increased, 

and the authors believe that the life-cycle-cost of these exceptional cases will also be decreased. 
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Table 6.5 Summary of Effects of Increasing Deck Thickness by 1" on Girder Design Moments, 
Shears, and Member Sizings for Five Design Examples 

Example/Bridge Description Mrnax Vrnax Girder Comments 
Selected 

Example 1. Noncomposite, SS, Steel 
Girder Bridge. LRFD Specs. 1405 kNm 613 kN W760 x 134 See App. B 
Deck t = 205 mm (81/16") (factored) (factored) (W30 x 90) Girder Mmax increased by 
Span Length = 10.5m (34.5') 1.57%, V max and R.nax 
Girder Spacing = 2.44 m (S.O') increased by 1.63%, and no 

change in girder size for a 1" 
Example la. Same bridge as increase in deck thickness. 
Ex. 1, but with 1427 kNm 623 kN W760 x 134 
Deck t = 230 mm (91/ 16") (factored) (factored) (W30 x 90) 

Example 2. Composite, SS, Steel Girder 
Bridge. LRFD Specs. 
Deck t = 205 mm (SI/16") 1334 kNm 625kN W610 x 101 with See App. B 
Span Length = 10.5 m (34.5') (factored) (factored) 10 mm x 200 mm Girder Mmax increased by 
Girder Spacing = 2.44 m (S.O') C.P. I.S7%, V max and R.nax 

increased by 1.2S%, and no 
Example 2a. Same bridge as 1359kNm 633 kN W610 x 101with change in girder size for a I" 
Ex. 2, but with (factored) (factored) 10 mm x 200 mm increase in deck thickness 
Deck t = 230 mm (91/16") C.P. 

Example 3. Composite, SS, Steel Girder 
Bridge. WSD Specs. 
Deck t = S" S28 1k 

- W33 x 130 See App. B 
Span Length = 45' (unfactored) Girder Mmax increased by 
Girder Spacing = S' 3.14%, and no change in 

girder size for a I" increase 
Example 3a. Same bridge as in deck thickness 
Ex. 3, but with S541k W33 x 130 -
Deck t= 9" (unfactored) 

Example 4. Composite, SS, Type III 
AASHTO-PCI Girder Bridge. WSD 
Specs. 1795 1k 

- Type III 
Deckt=7" (unfactored) Girder Girder Mmax increased by 
Span Length = 70' 3.06%, and no change in 
Girder Spacing = 7' - 3" girder size for a I" increase 

in deck thickness 
Example 4a. Same bridge as lS50 'k 

- Type III 
Ex. 4, but with ( unfactored) Girder 
Deck t= 8" 

Example 5. Noncomposite, SS, Steel 
Girder Bridge. LRFD Specs. See App. B 
Deck t= 205 mm (SI/16") 8332 kNm 1131 kN WII00 x 499 Girder Mmax increased by 
Span Length = 30.5 m (100') (factored) (factored) (W44 x 335) 2.28%, and V max and R.nax 
Girder Spacing = 2.44 m (8.0') increased by 2.30%, and no 

change in girder size for a I" 
Example Sa. Same bridge as 8522 kNm 1157 kN WI100 x 499 increase in deck thickness 
Ex.5, but with (factored) (factored) (W44 x 335) 
Deck t = 230 mm (91/)6") 
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7. CONSTRUCTION AND COST CONSIDERATIONS - CONTRACTOR 
PERSPECTIVE 

7.1 General 

In late August and early September 1999, the project PI met with 3 Alabama 

bridge contractors to discuss and identify the primary effects of increasing deck 

thickness on the construction and cost of decks and other bridge components. Also, 

the relative merits/demerits of ALDOT employing a standard deck thickness of 8" were 

discussed from construction and cost view points. A standard deck thickness, e.g. 8", 

should allow standardization of rebar mat support chairs in attaining proper bottom and 

top covers. It should simplify construction and owner inspection, and should result in 

enhanced deck quality/durability. 

Prior to meeting with the bridge contractors, discussions via phone with some 

contractors and with ALDOT bridge construction personnel, typical bridge deck 

construction tasks and cost items were identified and these are listed below. 

1. SIP metal forms (material) 
2. Placing SIP metal forms between girders 
3. Forming deck overhang beyond edge girders 

*4. Deck rebar (material) 
*5. Placing deck rebar 
6. Guard rail rebar (material) 
7. Placing guard rail rebar 
8. Expansion/contraction joint assemblies (material) 
9. Placing expansion contraction joints 

10. Setting concrete screed rails and screed unit in place and 
making dry-runs 

*11. Deck concrete (material) 
*12. Placing, compacting, and screeding deck concrete 
13. Final finishing of deck concrete 
14. Apply and maintain curing system (7 days) on deck concrete 
15. Finish placing guard rail rebar 
16. Form guard rail 

7-1 



17. Guard rail concrete (material) 
18. Place guard rail concrete 
19. Strip guard rail forms 
20. Strip deck forms under edge overhangs 
21. Rub/touch-up guard rail and deck overhangs to remove 

blemishes 
22. Groove deck top surface 

It should be noted that only the items marked with an asterick (*) in the above 

listing would be impacted by changing the deck thickness. If ALDOT were to adopt an 

8" "standard" deck thickness, the rebar quantities (Items 4 and 5) would decrease 

relative to currently used values, and the concrete quantities (Items 11 and 12) would 

increase relative to currently used values. The net effect on the cost of the deck would 

probably be about nil (see example in Appendix C). However, the 8" deck would be 

heavier (approximately 0-12 psf heavier depending on location on the deck) than those 

currently used and thus could require somewhat heavier girders, bents, abutments and 

foundations. It is estimated that this nominal increase in deck weight would not 

significantly alter the sizing and weight of the girders, bents and foundation elements. 

This is discussed and verified by design examples in Chapter 6 and Appendix B. 

7.2 Contractor Meeting Results 

The bridge contractors and persons met with were: 

Mr. Keith Mims, President 
Alabama Bridge Builders, Inc. 
Highway 79 North 
P.O. Box 1000 
Pinson, AL 35126 

Mr. Tim Mcinnis, Vice President 
Mcinnis Corporation 
1120 Parker Street 
P.O. Box 9423 
Montgomery, AL 36108-0423 
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Mr. Charles Davis, Jr., Chief Engineer 
Scott Bridge Company, Inc. 
614 Second Avenue 
P.O. Box 2000 
Opelika, AL 36803 

Results of the meetings are summarized below. 

7.2.1 Alabama Bridge Builders, Inc. The PI met with Mr. Keith (Tack) Mims, at his 

office in Pinson, AL on August 23, 1999 to discuss the effects of increasing the 

thickness of bridge decks from construction and cost points of view. During the course 

of our discussions, Mr. Mims expressed his opinions and recommendations on bridge 

construction issues other than those pertaining to the deck, and these were encouraged 

by the PI. Listed below are the primary observations and comments by Mr. Mims. 

• Going to thicker decks is needed and is a good idea 

• Going to 2%" top cover will help assure getting a minimum of 2". He 
feels that ALDOT and others overestimate the deck DL deflection 
and this results in a top cover less than the current specified value of 
2". The 2%" cover would also allow for the possibility of future 
grinding of the deck for rideability. 

• Contractors are having difficulty getting 4 ksi concrete with ALDOTs 
current mixture and specifications. 

• They have difficulty staying in the 4% - 6% specs on air content. 
They may be in specs when a truck leaves batch plant, but out of 
spec when it gets to job site, or in specs at beginning of unloading a 
truck, and out of specs for the last yd3 in the truck. They indicate that 
they particularly have trouble when additional AE is added at the job 
site. When this is done, air content is then usually too high and the 
concrete is understrength. They indicate difference in air content 
testing results between testing fresh concrete as opposed to 
hardened concrete. They also question the repeatability of just the 
basic fresh concrete air content test. 

• Alabama Bridge Builders would strongly prefer that the ALDOT 
dictate the concrete mixture to use. They are not experts on mixture 
design, and when given a lot of latitude in this area they view that 
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they end up being the middle-man between the concrete 
producers/suppliers and the ALDOT engineers. They are 
uncomfortable in this middle-man role. However, they feel that the 
mixture design dictated by ALDOT should be for 5000 psi concrete if 
they need/require 4000 psi concrete for their decks. They make the 
point that when decks have to be torn out and replaced due to the 
concrete being understrength, then future bids will include an 
adjustment for this and the cost will be passed along to ALDOT and 
the tax payers. It would be cheaper to use a little more expensive 
concrete and avoid having to tear out new decks. 

• They view that almost any and all standardization would help 
construction quality and reduce cost. They recommend 
standardization of 

- concrete mixture design 
- prestress girder stranding 
- deck thickness 
- deck rebar 
- girder spacing 

• The only additional deck cost estimated with going to thicker bridge 
decks would be the cost of the additional concrete. He indicated that 
the additional cost to place the additional concrete would be 
negligible, and could range from 0 - $10/yd3

• He also pointed out 
that most new bridges are utilizing bulb-T girders with 9" - 10" deck 
thickness above the girders, and due to their large flange width, 
increasing the deck thickness from say 7" to 8" would only result in 
approximately a 1/2" average thickness increase over the entire 
deck. Thus, the additional weight/load and cost from such an 
increase should be almost negligible. 

• It would be very helpful to the contractor to use a high slump 
concrete (via use of superplasticizers) in placing bridge decks. He 
viewed that the use of superplasticizers was absolutely essential for 
placing web walls (diaphragms) and abutment end walls. He viewed 
that you couldn't get 3Y2" - 4" slump concrete in these forms. 

• He indicated that the primary factor affecting their decision to place 
deck concrete by crane-and-bucket or by pumping was if a crane 
was already available at the site. If a crane was available then they 
would typically chose to place by crane-and bucket, using a 2 yd3 

bucket. He indicated that they could unload a concrete truck (6 - 10 
yd3

) in 15 - 18 minutes via crane-and-bucket placement, and that this 
was their targeted time allowance. The negative of placement by 
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pumping is the cost of hiring a pumper truck. 

• They see a lot of merit in ALDOT requiring bridge deck placements 
during the summer months to be conducted at say 7:00 p.m. - 11 :00 
p.m. at night (temperature goes down, humidity goes up, and wind 
goes down - all of these are good when placing concrete). This 
would allow them more time to properly place, consolidate, and finish 
the concrete, and to set-up their curing system. They would prefer 
such a placement requirement and believe that it would result in a 
better finished product. However, they recognize that it will cost a 
little more (night lighting, maybe higher unit cost of concrete, etc), 
and thus they view that ALDOT should look at this and make a 
decision regarding night placement of bridge decks in the summer 
months, and require it of all contractors if they so decide. 

• Alabama Bridge Builders, helped place a Poly-Carb epoxy based 
overlay on 2 bridges on 1-20 near Pell City, AL about 6 - 7 years ago 
to improve the skid resistance of those bridges. These overlays 
have and are performing great and are not showing any signs of 
distress or deterioration. The bridges are 3-span continuous 
reinforced concrete haunched T-beam design that was widely used 
in the late 1960's. Mr. Mims believes that such overlays are the 
answer to the current interstate bridge deck problems in Birmingham. 
He would like to place some of these overlays on the Birmingham 
bridges on a test basis, and would like to develop special bridge deck 
overlaying capabilities and expertise. Having experienced bridge 
contractors with such specialty expertise would be good for ALDOT 
and Alabama. 

7.2.2 Scott Bridge Company, Inc. The PI met with Mr. Chuck Davis, Chief Engineer 

of Scott Bridge Company, at his office in Opelika, AL on August 31, 1999 to discuss the 

effects of increasing the thickness of bridge decks from construction and cost points of 

view. Other topics pertaining to bridge deck construction and cost and enhancing 

durability and service life were also discussed. Listed below are the primary 

observations and comments by Mr. Davis. 

• Going to thicker decks in a good idea and should provide an improvement 
in deck service life. 

• Additional deck cost would be the cost of the additional concrete at 
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$60/yd3
• For a 1" increase in deck thickness this would translate into an 

additional cost of approximately $1.70 per square yard of deck. 

• An additional deck thickness of 1" would weigh an additional 12 psf and 
this mayor may not require heavier and more expensive support girders 
and substructures. 

• Standardization in bridge geometry, details, materials, etc. would in 
general be very helpful in improving construction quality and in reducing 
construction time and cost. 

• Standardization in girder spacing, and in turn bridge diaphragms, would 
probably be the most helpful to the contractor. 

• Scott Bridge has not experienced any problems getting 4000 psi concrete 
with ALDOT's mixture design, nor staying in the 4% - 6% specs on air 
content. 

• Scott Bridge strongly prefers allowing the contractor the freedom to 
develop his own concrete mixture. Mr. Davis indicated that some ready
mix plants do not have good mixture designs to draw from, but that most 
do. He recommended that ALDOT include a mixture design in the specs, 
but that they allow an alternative mixture to be used (with their approval). 
He indicated ALDOT may want to require the contractor to provide a trial 
batch (maybe a % truck load) of any alternate mixture delivered to the job 
site for testing as part of the approval process. 

• Use of superplasticizers in deck concrete would be very helpful in 
improving construction quality and in reducing construction time and cost. 
He indicated that superplasticizers are supposed to have a zero slump 
loss during the first hour, and a reasonable rate of slump loss after that. 
He indicated that the MSDOT required the use of superplasticizer in 
Scott's most recent job for them. They added the superplasticizer at the 
job site and it worked beautifully. 

• Scott Bridge is comfortable placing bridge decks by pumping or by crane
and-bucket. The biggest negatives for pumping are additional cost for 
pump truck, and possible pump truck/line breakdown. When they place 
by crane-and-bucket, they typically use a 5 yd3 bucket and fill it with about 
4 yd3 per placement thus emptying an 8 yd3 concrete truck in two loads. 
They feel that placing a deck fairly quickly is important to the quality of the 
deck. Mr. David indicated that the GADOT requires minimum rates of 
concrete placement on their bridges. These rates are shown in Table 7.1, 
and translate into placing all of the concrete in a maximum period of time 
of approximately 1 %-3 hours depending on the size of the deck 
placement. 
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TABLE 7.1 GADOT CONCRETE PLACEMENT RATE REQUIREMENTS 

500.06 PRODUCTION AND PLACEMENT CAPACITY REQUIREMENTS: 

A. GENERAL: Production and placement capacity shall be sufficient to assure 
continuous mixing, placing, and finishing of the concrete in each unit of pour during 
daylight hours. However, the Contractor may be permitted to place concrete at night 
if adequate lighting facilities are used and prior approval of the proposed operations 
and facilities is received. It shall be the responsibility of the Contractor to assure the 
Engineer that an adequate supply of concrete will be furnished and placed to meet 
the requirements specified below in Sub-Section 500.06.B. Should the Contractor 
fail to complete a pour for any reason, the Engineer will require the Contractor to 
form an approved construction joint or to remove the partial pour or to take other 
remedial measures directed by the Engineer. This shall be done at the Contractor's 
expense unless the fault lies solely with the Department. 

B. MINIMUM RATE OF PLACEMENT: The Contractor shall have enough 
supervision, manpower, equipment, tools, and materials to assure the proper 
production, placement, and finish of concrete in each unit of pour in accordance with 
the minimum requirements for rate of placement specified below. Should the 
Contractor fail to properly produce, place, and subsequently finish concrete in 
accordance with these minimum requirements, the Engineer may reject the pour, 
and will not allow further placement operations of a similar nature and size until 
corrective measures have been taken which assure the Engineer that minimum 
placement requirements can be met. 

1. BRIDGE SUBSTRUCTURE: 

Pour Size, 
In Cubic Yards 

0-25 
26-50 
51-75 

76-100 
101 and over 

Minimum Rate of Placement, 
In Cubic Yards Per Hour. 

10 
15 
20 
25 
30, or as designated on 

the Plans or in the 
Special Provisions. 

Column placement need not conform to the above rates, but shall 
meet the requirements of Sub-Section 500.06.B.3.b. 

2. BRIDGE SUPERSTRUCTURE 

Pour Size, 
In Cubic yards 

0-25 
26-50 
51-75 

Minimum Rate of Placement, 
In Cubic Yards Per Hour. 

15 
20 
26 

76 and over 30 or as designated on 
the Plans or in the 
SpeCial Provisions. 

Handrail, parapet, curb, and barrier pours need not conform to the above 
rates. but they shall be poured at a rate satisfactory to the Engineer. 
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• Scott Bridge does not like night work and recommends against it except for 
emergencies. They view that the biggest single problem with night work is 
safety. They also feel, primarily because of safety, that the time required to 
do a task at night is about double that during daylight hours. 

• To help achieve as-designed deck thicknesses and top bar covers, the Texas 
DOT "shoots" elevations of the edge girders and/or screed rails as the deck 
concrete is placed to monitor deflections, and then makes adjustments as 
necessary. The GADOT annually grades each contractor in achieving the 
proper ~ thickness and rebar cover. Scott Bridge receives a letter each 
year grading them in these two areas. This motivates the contractors to do a 
good and proper job in this area. 

• Mr. Davis feels that more attention to deck curing would be most helpful in 
minimizing deck cracking. He feels that currently in Alabama there is 
probably a wide range in the attention to and quality of deck curing among 
bridge construction contractors. (Perhaps grading the contractors on quality 
of curing might be a good idea). 

7.2.3 Mcinnis Corporation. The PI met with Mr. Tim Mcinnis, Vice President of 

Mcinnis Corporation, at his office in Montgomery, AL on September 2, 1999 to discuss 

the effects of increasing the thickness of bridge decks and other issues related to 

enhancing the durability and service life of bridge decks. Mr. Mcinnis' primary 

observations and comments are listed below. 

• There would be very little increase in deck cost associated with an increase in 
deck thickness of 1". The only additional cost would be that of the additional 
concrete at approximately $60/yd3

. 

• Any standardization in bridge/deck dimensions, detailing, materials, etc. 
would be very helpful in improving construction quality and in reducing 
construction costs. This will be even more so in the future as construction 
company experienced people retire and are replaced by people 
inexperienced in construction. Using standard component details and 
procedures will help them achieve a quality product. (It should be noted, that 
this is similar to the reason that engineers and project managers are pushing 
for the use of Super-P or self-leveling concrete in Japan, i.e., their 
inexperienced concrete placing work force can place self-leveling concrete 
without honeycombing, etc.). 

• Standardization of girder clear spacing would probably be of greatest value to 
the construction contractor. It would allow use of one SIP metal form size 
and allow greater reuse of diaphragm forms or components. 
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• They do have difficulty getting 4000 psi concrete with ALDOT's deck concrete 
mixture when they are not using one of the larger and more experienced 
ready-mix concrete producers. 

• They typically do not have difficulty staying in the 4% - 6% specs on air 
content. 

• When they are working in large municipal areas with experienced and 
sophisticated ready-mix concrete producers, they would prefer that ALDOT 
allow them the freedom to use a mixture of their choice (subject to ALDOT's 
approval). They feel that in these ready-mix producers know best what they 
can and can not produce in concrete, and giving them more freedom would 
be good for the contractor and for ALDOT. 

• When they are working in rural areas and can only get concrete from a small 
ready-mix plant with limited experience, then they would look to use an 
ALDOT standard mixture, but one that provides excessive strength, e.g., that 
should provide 5000 psi concrete if 4000 psi is what is called for. They feel 
that it is foolish and poor management to risk having to tear out bridge decks 
because they are trying to use the cheapest concrete to do the job. 

• They believe that it is very helpful to use superplasticizers in bridge deck 
concrete. They believe that the owner gets a product with less 
honeycombing, that is better consolidated, and is finished better (easier to 
finish). However, in hot weather, the rate of slump loss can be a problem, 
and an experienced concrete producer may be needed in this case. 

• They strongly prefer to place bridge deck by pumping. It is much quicker and 
less "wear and tear" on the workers and thus probably results in a better 
concrete deck job. The cost of renting a pump truck makes the placing cost 
somewhat higher, but Mcinnis views that it is well worth the additional cost. 
When Mcinnis places decks by crane-and-bucket, they typically do it with a 2 
yd3 bucket. 

• They believe that a, if not "the," big contributor to early bridge deck cracking 
in recent times is poor quality raw materials. They believe that ALDOT specs 
regarding concrete raw materials should be looked at closely and that good 
policing of these specs need to be implemented. For example they believe 
that dirty/dusty coarse aggregate is often used by batching plants along with 
cements that are out of specs, and that these lead to inferior concrete with 
high incidences of cracking. 

• They believe that errors in achieving proper deck thickness and rebar cover 
are primarily the result of errors in estimating the girder dead load deflections. 
These are typically overestimated and typically results in thinner decks with 
less top bar cover than specified. 
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7.3 Closure 

Based on detailed discussions with three Alabama bridge construction 

contractors, the primary conclusions regarding the effects of increasing bridge deck 

thickness from construction and cost perspectives are as follows: 

• A 1" increase in deck thickness would translate into an additional deck cost of 
approximately $0.20/ft2 or $1.70/yd2 of deck. 

• A 1" increase in deck thickness would translate into an additional deck DL of 
12 psf. The contractors view this as having a negligible effect on the bridge 
support girders and substructures sizes, construction requirements, and 
costs. 

• Thicker decks would allow contractors more tolerance in achieving proper 
vertical locations of all deck rebar, and this would reduce deck cost. 

• Acknowledging that they are not engineers, the contractors felt that thinner 
decks and more flexible superstructures did seem to deflect excessively, and 
that bridges with thinner decks seemed to experience a greater rate of deck 
deterioration. 

• A reasonably rapid rate of concrete placement (~ 20 yd3/hour) is important in 
achieving a quality bridge deck placement in the summer months. 

• Use of superplasticizers in the deck concrete would be very helpful in 
improving construction quality and in reducing construction time and cost. 

• Any and all standardization pertaining to bridge decks (e.g., deck concrete, 
thickness, girder spacing, rebar sizes and spacing, etc.) would be helpful to 
construction contractors and result in reduced cost and improved product 
quality. Standardization of the clear spacing between support girders would 
probably be of greatest help. 

• Errors in achieving proper deck thickness and top bar cover are primarily 
caused by overestimating bridge DL deflections. 

From a design perspective, bridge edge girders normally control the sizing of the 

support girders, and deck overhangs would not necessarily need to be thickened 

(because they are already thickened) if the deck thickness is increased by 1". Thus, 
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the edge girders would experience very little additional DL and their sizing would 

probably be uneffected by a 1" increase in deck thickness. If this is the case, the other 

support girders would not be effected. The 1" decks would provide stiffer decks and 

superstructure systems, and should provide stronger and more durable systems as 

well. 
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8. CONCLUSIONS AND RECOMMENDATIONS 

8.1 Conclusions 

The results of performing a parameter sensitivity study, talking with ALDOT bridge 

design engineers and bridge contractors, and a survey of other state DOTs all point to increasing 

bridge deck thickness to a minimum of 8 in. These results are discussed below. 

From the parameter sensitivity study several important facts and relationships became 

evident. All of the parameters investigated, with the exception of two (deck unit weight and 

initial cost), support increasing Alabama's bridge deck thicknesses to 8". Increasing the deck 

thickness from 7" to 8" will have the following positive effects. The bridge deck will have an 

increase in uncracked moment of inertia (by a factor of 1.49), section modulus (1.31), torsional 

stiffness (1.49), cracked moment of inertia (1.25), fundamental natural frequency (1.14), 

cracking moment capacity (1.31), ultimate moment capacity (1.19), yield line failure load (1.19), 

and punching shear force capacity (1.23). The bridge deck will have a decrease in cracking 

propensity (0.80), crack width (0.77), live load deflection (0.67) , fundamental period of vibration 

(0.89) maximum deck stress (0.77), and arching action membrane force (0.84). Other positive 

effects will be in the deck/girder system. There will be increases (depending on girder type) in 

uncracked moment of inertia (1.05-1.07), section modulus (1.07-1.08), and fundamental natural 

frequency (1 .15-1 .16). There will be decreases (depending on girder type) in maximum deck 

stress (0.92-0.94), live load deflection (0.94-0.95) and fundamental period of vibration (0.87). 

Increasing deck thickness will also help distribute the load laterally to more girders. 

The only negative effects of increasing deck thickness from 7" to 8" will be increases in 

deck unit weight 0 .14) and cost. The 1" increase will cause the deck unit weight to increase 6-

12 psf depending on whether the concrete is added to the top or underside of the deck. This will 
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increase the cost of the bridge deck around $0.20ft2
, and would translate into an increase in 

deck/bridge initial cost of around 2%-3%. However, increasing the deck thickness from 7" to 8" 

would also increase the deck service life (10-50%) which would reduce the life cycle cost of the 

deck/bridge. 

As stated in Chapter 6 bridge design engineers and analytical analyses indicate that 

thicker decks should perform better and the additional deck cost should be minimal. Support 

girders would not be affected except on rare occasions. No change in bearings or abutments or 

bents would be required and only a possible slight change in the foundation. All of these 

negligible effects can be seen in Chapter 6. 

Several important facts and opinions were obtained from discussions with bridge 

contractors as indicated below. 

• AI" increase in deck thickness would translate into an additional deck cost of 

approximately $0.20/ft2 or $1.70/yd2
. 

• AI" increase in deck thickness would translate into an additional deck DL of 12 psf. 

The contractors view this as having a negligible effect on the bridge support girders 

and substructure sizes, construction requirements, and costs. 

• Thicker decks would allow contractors more tolerance in achieving proper vertical 

locations of all deck rebar, and this would reduce deck cost. 

• Any and all standardization pertaining to bridge decks (e.g., deck concrete, thickness, 

girder spacing, rebar sizes and spacing, etc.) would be helpful to construction 

contractors and result in reduced cost and improved product quality. 

• Errors in achieving proper deck thickness and top bar cover are primarily caused by 

overestimating bridge DL deflections. 
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Several important facts and opinions were obtained from the mail survey questionnaire as 

indicated below. The survey reflects a justification for Alabama to increase its bridges deck 

thickness, and top bar cover, and to standardized its bridge deck thickness. 

• The survey data shows that Alabama has the thinnest bridge decks in the nation. 

• The range of deck thicknesses in the U.S. (for typical girder spacings of 6' -9') is 7" 

(Alabama) to 9.5" (New York), with the mode being 8". 

• Most states (55%) employ a top bar cover of2.5", and (64%) employ a bottom bar 

cover of 1". 

• Most states believe that excessive deck cracking and premature deterioration are 

related to deck thickness (58%), and are related to superstructure flexibility (64%). 

• Most states (65%) believe that it is a good idea to use a "standard" deck thickness 

(with exceptions allowed) in order to enhance deck quality and durability through 

greater standardization in construction and inspection, and half of the states (50%) 

are currently employing this practice. 

• Half (5) of the southern states use a deck top bar cover of 2", and the other half (5) 

use a cover in excess of 2" (around 2.5") 

• All of the southern states use thicker decks than Alabama, with the additional 

thickness varying from about 1/2"-1 1/2". 

8.2 Recommendations 

From the information developed and collected in this study, the following 

recommendation can be made concerning bridge deck thickness in Alabama. Bridge deck 

thickness should be increased from a minimum of 7" to a minimum of 8". This will increase the 

durability and longevity of the bridge deck and in turn lower the life cycle cost of the 
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deck/bridge. The deck thickness of 8"should become the standard and used throughout the state 

except for unique circumstances. This will improve construction quality and lower construction 

cost by simplifying the process. Also the deck top bar cover should be increase from 2" to 2 1/2" 

to allow for construction errors and errors in overestimating the deck DL deflection. This will 

help insure a minimum cover of 2". All of these changes will help improve the quality of bridge 

decks in Alabama with minimal increase in initial cost and an anticipated reduction in life cycle 

cost. 
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Appendix A 

Mail Survey Questionnaire on Bridge Deck Thickness 

A 1. Questionnaire Transmittal Letter 

A2. Survey Questionnaire 

A3. Summary of Survey Questionnaire Comments 



A1. QuestionnaireTrA~burn University 

Department of Civil Engineering 
Harbert Engineering Center 

Mr. Steve Bradford 
Chief Bridge Engineer 
Alaska DOT 
3132 Channel Drive 
Juneau, AK 99811 

Dear Mr. Bradford: 

Auburn University, Alabama 36849-5337 

College of Engineering 

March 4, 1999 

Telephone: (334) 844-4320 
Fax: (334) 8L14-6290 

I have prepared the enclosed questionnaire in hopes of learning of your requirements and 
experiences regarding "Bridge Deck Thickness Requirements and Cost/Benefits of Using Thicker 
Decks." 

The Alabama DOT employs some of the thinnest bridge decks in the country with thicknesses 
ranging from 61/4" to 7 3/4" up until about a year ago. They have since increased the minimum 
thickness to 7" and now employ a range of7" to 7 3/4". Many of their decks in highly-trafficked areas 
are exhibiting significant deck cracking which is leading to surface spalling and a need for major deck 
rehabilitation or replacement. Most feel that the thin decks on fairly flexible support girders are the 
primary cause of the poor service life. Thus, we are working with the Alabama DOT in looking into the 
cost/benefits (primarily in enhanced service life) of employing thicker decks. This is the impetus for this 
questionnaire. 

Your assistance via completing the enclosed questionnaire would be most helpful to us in 
investigating this issue. The questionnaire is short and focuses on CIP reinforced concrete bridge deck 
thicknesses and means to improve deck service life. We hope to assemble and analyze the survey data in 
April, and therefore, receipt of your response by AprilS, 1999 will be appreciated. 

Please contact me at the number on this letterhead or on the last page of the questionnaire if you 
have any questions. Thank you in advance for your help. 

Sincerely, 

G. E. Ramey 
Professor of Civil Engineering 

GERljb 

Enclosure 
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A2. Survey Questionnaire 
Survey Questionnaire 

on 
CIP Reinforced Concrete Bridge 

Deck Thickness 

Instructions 

It is recognized that poor construction practices can negate the best of designs and 
lead to inferior bridge decks. However, the focus of this questionnaire is on design 
parameter criteria to enhance the serviceability performance of bridge decks. The 
questions pertain to required design values for deck thickness and related parameters 
for CIP reinforced concrete bridge decks. The Alabama Department of Transportation 
(ALDOT) has a "Bridge Deck Structured Design Criteria" summary figure (see attached 
Fig. 1) depicting most of the deck design parameter values for different girder spacing. 
If your DOT has a similar summary figure would you please enclose a copy as part of 
your response to this questionnaire. 

Questions 

1. If your DOT has a deck structural design summary figure similar to the attached 
Fig. 1, will you please share it with us via attaching it to this questionnaire. If you 
were able to provide a summary figure, proceed to Question 4. If not, proceed to 
the next question. 

2. What deck thickness do you typically use for the following girder spacings? 

Girder Spacing 6' 7' 8' 9' 10' 

Deck Thickness 

3. What deck top and bottom rebar clearance do you call for? CLtop = 
Clbottom = 

4. Do you use deicing salt on your decks as needed during the winter season? 
DYes D No 

5. Do you design-in an extra 1/2" (or other) to the deck thickness (above the top mat) 
to allow for possible future grinding for rideability? DYes D No 

6. What strength/grade deck concrete and reinforcing steel do you call for? 
f' = c 
F = y 
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7. Do you require, or typically employ, a wearing surface on your bridge decks? 
DYes D No 

If yes, what wearing surface material and thickness do you typically use? 

8. What LL deflection requirement do you impose for your bridge superstructures? 

9. It is reported in the literature that many state DOTs enacted deck design changes 
of increasing deck thicknesses (typically from 6" - 6%" to 8" - 8%"), and increasing 
cover on the top mat steel in the 1970s. Did your state make such changes? 

DYes D No 

If yes, has there been any significant improvements in performance and/or service 
life due to increasing the deck thickness? 

10. Have you made any significant changes (other than those in the previous question 
if applicable) in your deck thickness and/or rebar cover requirements in the last 30 
or so years? DYes D No 

If yes, what were these changes, and how would you assess the results of the 
changes? 

11. Do you believe that excessive deck cracking and premature deterioration are 
related to deck thickness? DYes D No 

If yes, in what way, and do you have any data or performance information to 
support your belief? 

12. Do you believe that excessive deck cracking and premature deterioration are 
related to bridge superstructure flexibility? DYes D No 

If yes, in what way, and do you have any data or performance information to 
support your belief? 
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13. Do you believe it would be a good idea to use a "standard" (with exceptions 
allowed) deck thickness (of say 8"), and to vary girder spacing and the reinforcing 
steel as necessary in order to more closely "standardize" deck construction (and 
Inspection) practices. and in turn enhance the quality of the as-built decks? 

o Good Idea 0 Bad Idea 

Why? 

14. Please list any design actions you would suggest to enhance the 
serviceability/service life of CIP reinforced concrete bridge decks. 

15. Contact person in the event that additional questions arise. 

Name: ------------------------------------------------------------
o rg a n izatio n : ________________________________________________ _ 

Address: ----------------------------------------------------------

Phone: 

E-Mail: 

Thank you for taking the time to share your expertise and experience with usl 
Please return this questionnaire (along with your Deck Structural Design Criteria figure 
if you have one) in the self-addressed and stamped envelope provided. In the event 
that the envelope is lost, please return to: 

Dr. G. Ed Ramey 
Department of Civil Engineering 
Harbert Engineering Center 
Auburn University, AL 36849 
Telephone: (334) 844-6292 

Fax: (334) 844-6290 
E-Mail: geramey@eng.auburn.edu 
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A.3 Summary of Survey Questionnaire Comments 

Survey Comments on Deck Cracking and Design Changes: 

Listed below is a summary of pertinent comments made by the survey 

responders to questions on (1) deck cracking and premature deterioration being related 

to deck thickness and/or superstructure flexibility, (2) changes made in the last 30 years 

in deck thickness and/or rebar cover requirements, and (3) other design actions 

recommended to enhance deck service life. The comments were extracted directly 

from the questionnaire responses, and thus there are some repeats. The repeats were 

included as they give additional insight and weight to the comments. Two exceptions to 

this were the comments "to use a high performance concrete (to reduce permeability 

and chloride ion penetration)", and "to use epoxy coated rebar for corrosion protection." 

These comments were made numerous times, but were not repeated below because 

ALDOT's deck problem is not primarily a rebar corrosion problem. The comments are 

not listed in any order of significance or applicability to Alabama, but rather simply as 

they were extracted from the survey responses. 

• Premature cracking results from bad cures. 

• Inadequate cover results in delaminations and spalling. 

• Good cover (2Y2 to 3") and designing to AASHTO leads to relatively 
thick decks that give good service life. 

• We changed concrete strength from 3000 to 4500 psi, top bar cover 
from 2 to 2Y2", kept deck thickness as before, limit concrete stress to 
1400 psi and rebar stress to 20 ksi, and decks are performing better 
than those built earlier. 

• Reduce the allowable LL deflection as the span length increases. 
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• Bridge decks constructed in the 1930's and 1940's do not have as 
much cracking as those recently constructed. The older bridges were 
constructed with thicker decks. 

• Most deck deterioration is caused by intrusions of deicing chlorides. 
Thin decks develop cracks from excessive flexibility and may have 
insufficient top rebar cover which facilitate chloride penetration to the 
rebar. 

• Will attain sound decks if they are properly cured. Decks should be 
wet cured. 

• Curing is the No. 1 way to get a good strong crack free deck. Also use 
8" thick decks with 2" cover on steel top and bottom. 

• Thicker decks seem to perform better. Concrete cover is also very 
important. 

• Thinner decks (5%-6") allow more chloride penetration and result in 
more corrosion and deterioration. 

• Use close spacing on bar supports and tie all steel. Also curing and 
the method used for deck grooving have a significant influence on 
durability. 

• Improved concrete mixture and cover requirements may be more 
important than thickness. 

• Prior to 1970's, most bridge girders were structural steel and decks 
were thin. This system was quite flexible and the decks deteriorated 
rather rapidly. After the 1970's, most girders were concrete with 
thicker decks and are stiffer and performing very well. 

• Recommend increasing deck thickness and using a water and burlap 
cure only. 

• Steel stringer bridges, which are generally more flexible, have greater 
deck deterioration problems, as do bridges with high volumes of truck 
traffic. 

• Switching to load factor design allowed a more flexible superstructure, 
and we saw more transverse cracking at this time. 

• We believe thin decks have greater cracking problems. 

• Decks less than 7" thick appear to be too thin. 
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• We do not use thin decks because of their great sensitivity to design 
capacity. General construction tolerance (% to %" variation in plan 
location) can have a significant effect on deck capacity if thin decks 
are used. 

• We're replacing decks built in the late 60's and early 70's that have 
thin decks. It appears that we're having to replace more of the thinner 
decks than thicker decks that were built in the same time period. 

• Thin decks are more prone to have inadequate rebar cover which 
leads to premature deterioration. Also, limit deck overhangs to 4 ft. 

• Thinner decks (0 < 8") typically have cracked more in our past 
designs. Most have been serviceable but are not as aesthetically 
pleasing to the public and cause more maintenance problems. 

• Stress improved curing practices and proper top bar cover (we use 
2%"). 

• Use a high performance low permeability concrete, and a good water 
cure immediately after concrete has been placed. 

• Use epoxy coated rebars. 

• Increase rebar cover. 

• The majority of our deck replacements and structural overlays have 
been for our 6-6%" thick decks. 

• We have noticed more deck cracking as our superstructures have 
generally become more flexible. 

• Indicate locations of deck rebar splices rather than allowing the 
contractor to chose the locations. 

• I do not believe the deck thickness is that critical. 

• Amount of cover and the concrete mixture design seem to be the most 
significant factors to enhance the service life of concrete bridge decks. 

• Use 8" as a minimum deck thickness, and improve curing and 
construction practices. 

• Most transverse cracking is due to poor deck curing practices. We 
recommend a minimum deck thickness of 8" with a 2%" cover on the 
top bars. 

A-8 



• We had a significant deck cracking problem with our thin deck (6Y2") 
on steel stringer bridges in the 1960's. 

• The present generation of bridge designers is relying on computers to 
meet the absolute minimum requirements of the design specifications. 
Distortional fatigue cracking of steel beams is occurring at an alarming 
rate. Optimized (terribly flexible) superstructures, wide beam spacing, 
and lack of experienced designers appear to be the culprits. 

• Increase top cover from 2 to 2Y2" for corrosion protection, and increase 
the deck thickness to that required for HS25 loading. 

Survey Comments on Using a Standard Deck Thickness 

Listed below are pertinent comments made in response to the survey question 

on using a "standard" bridge deck thickness. Recall that in Table 3.1 and Figure 3.1, 

most of the responders (58%) favored using a "standard" deck thickness to enhance 

the quality of the as-built deck, while 30% had an unfavorable view of such an action, 

and 12% were either neutral on the action or did not respond to this question. Also 

recall in Table 3.2 the large number of states, i.e., approximately 22, that appear to use 

a "standard" or "minimum/standard" deck thickness. The comments below have been 

separated into those favorable to using a "standard" deck thickness and those opposed. 

Favorable Comments: 

• It may be good to "standardize" the deck thickness to eliminate other 
construction related problems. 

• Use 8" deck thickness as a minimum. This will probably work on most 
bridges, but go to thicker decks for wide girder spacing. 

• Prevents designers from skimping on deck thickness. An 8" thickness 
is about the minimum to assure adequate cover and minimum spacing 
between top and bottom mats. 

• This has been our practice for the most part with relatively good 
success. 
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• This is basically what we do; however, we have several standard deck 
thicknesses based on beam spacing. 

• This is what we do and we are satisfied with the results. 

• We do this to some extent in our design charts. 

• By standardizing deck construction, the variabilities and errors that can 
arise are seemingly reduced, particularly with the labor force that 
constructs them. 

• Eliminates a variable in slab design, allows us to use standard panel 
design, and bid history for decks may be more consistent. 

• Leads to consistency with the contractors. 

• The less variation in the field, the better the construction will be, which 
should enhance quality. 

• Improve quality through standardization. 

• Simplifies construction and construction details. Easy to vary rebar 
and rebar spacing. Consistent unit cost per square foot for all decks. 

• We feel the benefits of having an 8" deck (having the room for two 
layers of rebar with 2%" top bar cover) out-weigh any savings we 
would get from using a thinner deck. 

• We have already implemented this. Using "LRFD" Empirical Deck 
Design has also standardized the reinforcing. Repetition in 
construction should increase quality. 

• We try to standardize our design, but I do not think you can go to only 
one deck thickness. 

• This seems to be what our state is doing with 7%" thick decks. 
Standardization where feasible is always a good idea. 

• Our practice is to use a minimum deck thickness of 8" with 2%" top bar 
cover. Reinforcement and/or thickness beyond the minimum are used 
to accommodate wider girder spacings. 

• We have standardized our bridge deck thickness at 8" and 
standardized our deck steel spacing as well. Repetition makes things 
cheaper and is conducive to less errors during constructions. 
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• We have a minimum deck thickness of 8", and increase this thickness 
for wider girder spacings. 

Unfavorable Comments: 

• Some decks would be overdesigned and others might be 
underdesigned. There would not be an increase in stiffness of the 
deck as the spacing increased. Greater girder spacing would produce 
increased concrete stresses and more flexibility. 

• Unnecessary-using a 2% to 3" top steel cover and designing to 
AASHTO will give good performance and still allow flexibility in design. 

• Deck thickness should be optimized - girders are quite expensive. 

• It would be good to have only a minimum deck thickness. 

• A good standardization would be the beam spacing. Span of 
falsework is more critical than 1" or 2" in deck thickness. 

• A poor system would be a 8" thick deck with a lot of rebar due to a 
wide beam spacing. 

• Our job is to "engineer" the best solution, not just default to a 
conservative albeit safe design. 

• Material usage not economized. Sometimes you can use thinner 
decks, and sometimes you may need thicker decks. 

• We use a minimum deck thickness of 8%" and still experience 
cracking. There seems to be variables other than deck thickness and 
structure flexibility which cause cracking problems, e.g., concrete 
mixture design and curing. 

• Not economical, better that deck thickness is proportional to beam 
spacing with a standardized minimum thickness. 

• Use 8" as a minimum deck thickness. 

• Girder spacing should not be controlled by the deck, but by the overall 
economy of the combined section or by site constraints. 
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B. DECK SUPPORT GIRDER DESIGN EXAMPLES 

EXAMPLE B1- Noncomposite Rolled Steel Girder Bridge 

Problem Statement. Design the simple span noncomposite rolled steel girder bridge of Figure 
B.1 with 10.5-mm span for a HL-93 live load. Roadway width is 13 420-mm curb to curb. 
Allow for a future wearing surface of 75-mm thick bituminous overlay. Usef'c =30 MPa and 
M270 Gr345 steel. Design in compliance with AASHTO (1994) LRFD Bridge Specifications. 
This example was extracted from Ref. O. 

W1ngwa/l 7 
L-

.c 
o 
0.0 
~o 

~ 
-< 

I 

~ Brg ;:t ?k.S i Brg 
19-560mm 

"' vH.W. 

Normal 

FIrm Exlstlng 
strata Ground 

2. ~~L rd.-.eJ J.il"~~ 
Abut Abut 
#1 r 

'\ Barrier H2 
I 

----l 

I I 

t---- <144-·-L- ----+ 
I -- 13fl20mm <l I I Roadway Bridge I 

T 
b. 17L..JoJ \II E:UI 

4-4' 
wtngwa/l Y 

t I 

99Q'["1J> " 
?- 3. 

1 ~mm Roadway 

I ~:O" I 40 
5@2~mm = 12)?OOmm 

I 
.~ 

990mm 

Fig. B.1 Noncomposite rolled steel girder bridge design example O. 
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For a uniformly distributed load, w, 

w(10.5i = 

8 
13.78w 

VEN.D = V = wL = w(lO.5) = 5.25w 
MAX 2 2 

DEAD LOAD ANALYSIS: 

Assume a girder weight of 1.5 kN/m. 

1. Interior Girders 

DC Deck Slab (2400)(10-9)(9.81)(205)(2440) = 11.78 kN/m 

Girder = 1.5 kN/m 

wDe = 13.28 kN/m 

DW 75-mm bituminous paving = (2250)(9.81)(10-9)(75)(2440) 

WDW = 4.04 kN/m 

2. Exterior Girders. Using deck design results for reaction on exterior girder, 

DC Deck Slab 

Overhang 

Barrier 

Girder 

4.60kN/m 

6.75 kN/m 

6.74kN/m 

1.5 kN/m 

Woe = 19.59 kN/m 

DW 75-mm bituminous paving 

W
DW 

= (2250)(lO-9)(9.81)(75)(6lO+ 2440) 
2 

= 3.03 kN/m 
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LIVE LOAD MOMENT ANALYSIS: 

See Fig. B.2 below 

MU.}M = mg [ (MT""" or MTa""am) ( 1 + - + M 1M) 1 100 Lane 

1 Distribution 
Factor 

M
Truck 

= 145(2.625) + (145 + 35)(0.475) = 466 kN m 

M", -' = 110(2.625 + 2.025) = 512 kN m +- governs ,anuom 

M = 9.3(10.5i = 128 kN m 
Lane 8 

Truck 

I 0.95 m 

~~----~----~~8b 

:z: :z: 
~ ~ 
C> C> 

~.I1. 
Tandem 

4.05 m~ 
9.3 kN/m Lane 

:JJJ II " ! " I I ! ! I I I I I "~ 
% 1 

Fig. B.2 Truck, tandem, and lane load placement for maximum moment at Location 105(). 
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Therefore, 

Interior Girders 

MLL;IM = 0.748[512(1.33) + 128] = 605 kN m 

Exterior Girders 

MU+IM = 0.762[512(1.33) + 128] = 616 kN m 

Shear does not control ( which is typical) and is not shown. 

Unfactored maximum moments and shears for interior and exterior girders are shown in 

Table B.l below. 

TABLE B.1. Unfactored Maximum Moments and Shears 

Moment (kN m) 
Girder Load Type w(kNlm) MlO5 

DC 13.28 183 
Interior DW 4.04 56 

LL+IM N/A 605 

DC 19.59 270 
Exterior DW 3.03 42 

LL+IM N/A 616 

GIRDER SECTION REQUIRED: 

Strength I limit State 

a. Interior girder 

Factored shear and moment 

U = ,,[1.25DC + 1.50DW + 1.75(LL + 1M)] 

Vu = 0.95[1.25(70) +1.50(21) + 1.75(301)] = 613 kN 

Mu = 0.95[1.25(183) + 1.50(56) + 1.75(605)] = 1302 kN m 
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Shear (kN) 
VIOO 

70 
21 

301 

103 
16 

278 



b. Exterior girder 

Factored shear and moment 

Vu = 0.95[1.25(103) + 1.50(16) + 1.75(278)] = 607 kN 

Mu = 0.95[1.25(270) + 1.50(42) + 1.75(616)] = 1405 kN m +- controls 

Note that the exterior girder controls the girder size/design for this example. 

Required Plastic Section Modulus, Z 

Assuming compression flange is fully braced and section is compact, 

1405 X 10
6 

= 4.072 X 106 mm 3 

345 

Try W760 x 134, Z = 4.63 X 106 mm3
, S = 4000 X 103 mm3

, I = 1500 X 106 mm\ 

Wg = (134)(9.81)(10.3
) 

= 1.31 kN/m +- Less than the assumed value of 1.5, 
but close. Therefore, O.K. 

Note, W760 x 134 -+ W30 x 90 

Shear capacity checks out for this girder section, as do service load requirements. 
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EXAMPLE Bla - Design Example Bl Modified for a l" Thicker Deck 

Problem Statement. Let us now examine the effect of increasing the deck thickness 1" on the 

girder design for the bridge of Example B 1. Example B 1 is repeated below with a 1" thicker deck 

to make this assessment. 

Assume the deck thickness is increased from 205 mm to 230mm 

Therefore, 

INTERIOR 

WDe = 13.21 Deck 

-.l..S. Girder (Assumed) 

14.78 kN/m 

EXTERIOR 

WDe = 5.16 Deck 

7.57 Overhang 

6.74 Barrier 

-.l..S. Girder (Assumed) 

20.97 kN/m 

Therefore, the dead loads, moments, and shears in the Table B 1 would be altered as 

indicated in Table B.2. 
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TABLE B.2 Unfactored Maximum Moments and Shears for Thickened (230mm) Deck 

Moment (kN m) Shear (kN) 
Girder Load Type w(kNlm) M\05 VI 00 

dl4
.
78 204 ~8 

Interior DC p. 8 Jrl 
DW 4.04 56 21 

LL+IM N /A 605 301 

20.97 289 110 

Exterior DC IJ2f ~ ¢ 
DW 3.03 16 

LL+IM N/A 616 278 

Therefore, the new Strength I Limit State design values for the girders are as follows. 

Interior Girder: 

Vu = 0.95 [1.25 (78) + 1.50 (21) + 1.75 (301)] 

= 623 kN 

Mu = 0.95 [1.25 (204) + 1.50 (56) + 1.75 (605)] 

= 1328 kNm 

Exterior Girder: 

Vu = 0.95 [1.25 (110) + 1.50 (16) + 1.75 (278)] 

= 616 kN 

Mu = 0.95 [1.25 (289) + 1.50 (42) + 1.75 (616)] 

= 1427 kNm +- Controls 

Therefore, 

Z Mil 1427x10
6 

= 4.137x106mm3 
REQD ~ F = 345 

y 
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Thus, again use a 

as before. 

Note that increasing deck thickness by 1 ", caused the controlling girder ultimate moment 

(factored moment) to increase from 

10---+ 1427 kNm 

This is only a 1.57% increase in design moment, and as can be seen above, does not affect 

the final girder sizing/design. 

It should be noted that Service Load State requirements should be checked as well. In 

this regard, live load deflections, which are the only deflections checked, are decreased by 

increasing the deck thickness. Thus this will check-out as satisfactory. Girder fatigue 

stress conditions will be slightly worsened due to a slightly increased (assuming no 

unintentional composite action behavior) mean stress level due to the dead load of the 

additional 1" of deck thickness. The fatigue stress range due to LL will remain 

unchanged. Since the original girder design was no where near fatigue controlling the 

design, this was not rechecked for the case of increasing the deck thickness. 

This example assumes noncomposite behavior and thus no stiffening or strengthening of 

the system accrues from increasing the deck thickness (only the negative effect of 

increasing the DL). If the bridge is designed for composite behavior, then increasing the 
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deck thickness would indeed stiffen and strengthen the superstructure and should result in 

the same girder design (as the one with the thinner deck), or possibly a smaller/lighter 

girder design. 

Also, this example employs rolled steel sections for the bridge girders. If prestressed 

concrete girders were used, they would be substantially heavier. Thus the increased dead 

load moment from increasing the deck thickness would be the same as in the example 

above; however, percentage wise, the increase in DL moment would be substantially 

smaller than in this example. Also, the increase in total Mu (percentage wise) would be 

smaller than in this example. Thus, an increase in total Mu of perhaps 1 % would probably 

be a reasonable estimate for increasing the deck thickness by 1", if prestressed girders are 

used as the superstructure support elements. In turn, this should translate into being able 

to use the same prestressed girders as in the thinner deck design. 

Last, it should be noted that noted that this example case is for a fairly short bridge (::::35'). 

F or longer bridges the effect of increasing the deck thickness may have a greater effect. 

The t:. wDL 
DECK will remain constant independent of bridge span, but the t:.. wDL 

girder will 

increase with increasing span length, and the DL moments vary as the square of the span 

length. An example utilizing a longer span (31.5 m or 100 ft) is checked, in Example B5. 
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EXAMPLE B2 - Composite Rolled Steel Beam Bridge 

Problem Statement. Design the simple span composite rolled steel beam bridge of Figure B.3 
with 10.5-m span for a HL-93 live load. Roadway width is 13 420 mm curb to curb. Allow for a 
future wearing surface of 75-mm thick bituminous overlay. Use/c = 30 Mpa and M270 Gr250 
steel. Design in compliance with AASHTO (1994) Bridge Specifications. Note that this is the 
same bridge as in Example B 1 except for being composite and using Gr250 steel. This example 
was extracted from Ref.O 
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Fig. B.3 Composite rolled steel beam bridge design example 0 
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Calculate Force Effects from Dead and Live Loads 

D1 = dead load of structural components and their attachments, acting on the 
noncomposite section 

D2 = future wearing surface 

D3 = barriers that have a cross-sectional area of 197 312 nun2 

A 50-mm x 300-mm average concrete haunch at each girder is used to account for camber 

and unshored construction. 

Assume a girder weight of 1.5 kN/m. 

From Example B1, for a uniformly distributed load, w, 

MI05 = 13.78w 

V100 = 5.25w 

1. Interior Girders 

D1 Deck slab (2400)(10-9)(9.81)(205)(2440) = 11.78 kN/m 

Girder 1.5 kN/m 

Haunch (2400)(10-9)(300)(50) 0.35 kN/m 

WD! = 13.63 kN/m 

D2 75 nun bituminous paving 

W
l
D2 = (2250)(9.81)(10-9)(75)(2440) = 4.04 kNlm 

D3 Barriers, one-sixth share 

J 
W D3 

= 2(197 312)(2400)(9.81) 

6(109) 
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2. Exterior Girders 

D1 Deck slab (2400)(10.9)(9.81 ) 
x [(230)(990) + (205)(1220)] = 11.25 kN/m 

Girder 1.5 kN/m 

Haunch 0.35 kN/m 

WDI = 13.10 kN/m 

D2 75-mm bituminous paving 

wg2 = (2250)(9.81)(10-9)(75)(1220 + 990 - 380) = 3.03kNlm 

D3 Barriers, one-sixth share 

Table B.3 summarized the unfactored moments and shears at critical sections for interior 

and exterior girders. The values for LL + 1M are the same as those in Example B 1. 

TABLE B.3 Interior and Exterior Girder Unfactored Moments and Shears 

Moment (kN m) Shear (kN) 
Girder Load Type w(kNlm) MJ05 VIOO 

D1 13.63 188 72 
Interior D2 4.04 56 21 

D3 1.55 21 8 
LL+IM N/A 605 301 

Dl 13.10 181 69 
Exterior D2 3.03 42 16 

D3 1.55 21 8 
LL+IM N/A 616 278 
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Design Required Sections 

1. Strength Limit State 
a. Interior beam - factored shear and moment 

u = 11[1.25Dl + 1.50D2 + 1.25D3 + 1.75(LL + 1M)] 

Vu = 0.95[1.25(72) + 1.50(21) + 1.25(8) + 1.75(301)] = 625 kN 

Mu = 0.95[1.25(188) + 1.50(56) + 1.25(21) 

+ 1.75(605)] = 1334kNm --Controls 

b. Exterior beam - factored shear and moment 

Vu = 0.95[1.25(69) + 1.50(16) + 1.25(8) + 1.75(278)] = 576 kN 

Mu = 0.95[1.25(181) + 1.50(42) + 1.25(21) + 1.75(616)] = 1324 kNm 

2. Consider Loading and Concrete Placement Sequence 

Case 1 

Case 2 

Case 3 

Weight of girder and slab (D!). Supported by steel girder alone. 

Superimposed dead load (FWS, curbs, and railings) (D2 and D3). 
Supported by long-term composite section. 

Live load plus impact (LL + 1M). Supported by short-term composite 
section. 

3. Determine Effective Flange Width 

For interior girders the effective flange width is the least of 
a. One-quarter of the average span length 

b. Twelve times the average thickness of the slab, plus the greater of the 
web thickness or one-half of the width of the top flange of the girder 

c. Average spacing of adjacent girders 
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Assume the girder top flange is 200 mm wide 

hi = min 

(0.25)(10 500) = 2625 mm 

(12)(190) + 200 = 2380 mm 
2 

2440 mm 

Therefore, hi = 2380 mm 

For exterior girders the effective flange width is one-half the effective flange width of the 

adjacent interior girder, plus the least of 

a. One-eighth of the effective span length 

b. Six times the average thickness of the slab, plus the greater of one-half 
of the web thickness or one-quarter of the width of the top flange of the 
girder. 

c. The width of the overhang 

(0.125)(10 500) = 1313 mm 

(6)(190) + 200 = 
4 

1190 mm 

990 m~'----- Assume 15 mm of205 mm is 
sacrificial for future grinding 

Therefore, he hi + 990 _ 2380 + 990 = 2180 mm 
2 2 

4. Modular Ratio 

For Ie = 30 MPa, n = 8 
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5. Cover Plates 
F or economy, the lightest and shallowest beam with the largest cover 

plate possible gives the best design. The length of the cover plate, 

Lcp' must satisfy 

where ds = depth of the steel section (mm) 

6. Trial Section Properties 
a. Steel section at midspan 

Try W610 x 101 with 10 mm x 200-mm cover plate 

Properties ofW61O x 101 are taken from AISC (1992). The steel section is shown in 

Fig. B.4 and calculations for the steel section properties are summarized in Table B.4. 

W610 x 101 

1 
342.6 mm 

603 mm 

270.4 mm 

L~::.-.~~ 
10 mmJ 1. 200 mm .1 

Fig. B.4 Steel section at midspan. 
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TABLE B.4 Steel Section Properties 

Component 

Beam 

Cover Plate 

L: 

A y Ay y - y A(y - y)2 

12900 603 = 301.5 
3.889 x 106 -41.4 21.8 x 106 

2 

2000 603 + 5 = 608 1.216 x 106 265.4 140.9 x 106 

14900 5.105 x 106 162.7 x 106 

- LAy 
y=- = 5.105 X 10

6 
= 342.6 mm = -342.6 mm 

14900 ' Yt LA 

Yb = 613 - 342.6 = 270.4 mm 

S = 
Ix 926.7 X 106 

= -2.705 X 106 mm 3 t -342.6 Yt 

Sb 
Ix 926.7 X 106 

= 3.427 X 106 mm 3 

Yb 270.4 

10 

764 X 106 

17x1rY 

764 X 106 

(Note: positive y is downward from centroid of section.) 

b. Composite section, n = 8, at midspan. Figure B.5 shows the composite section 
with a haunch of25 mm, a net slab thickness (without 15 mm sacrificial wearing 
surface) of 190 mm, and an effective width of2380 mm. The composite section 
properties calculations are summarized in Table B.5 

1 
( 190 mm 

j I 

Fig. B.5 Composite section at midspan. 
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TABLE B.5 Short-Term Composite Section Properties, n = 8, hi = 2,380 

Component A y Ay y-y 

Concrete 56525 -6.783 x 106 -96.5 
(b i x tin) 

Steel 14900 342.6 5.105 x 106 366.1 

~ 71425 -1.678 x 106 

*b j is used because interior girders control the moment design. 

- LAy 
y=-

LA 

-1.678 X 106 
= -23.5 mm, Yt = 23.5 mm 

71425 
Yb = 613 + 23.5 = 636.5 mm 

s = 3620 X 10
6 

= 154.0 X 106 mm 3 

t 23.5 

3620 X 10
6 

= 5.69 X 106 mm 3 

636.5 

A(y - y? 
526x 106 

1997 x 106 

2523 X 106 

10 

170 x 106 

927 X 106 

1097 X 106 

c. Composite section, 3n = 24, at midspan. The composite section properties calculations, 
reduced for the effect of the creep in the concrete slab, are summarized in Table B.6. 

TABLE B.6 Long-Term Composite Section Properties, 3n = 24. 

Component A Y Ay y-y A(y - y)2 10 

Concrete * 18842 -120 -2.261 x 106 -204.3 786 x 106 56.7x 106 

hi x t/3n) 

Steel 14900 342.6 5.105 x 106 258.3 994 x 106 926. 7x 106 

£ 33742 2.844 x 106 1780x106 983.4 X 106 

fbi is used because interior girders control the moment design. 
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- L4y 
y = -

L4 
2.844 x 10

6 
= 84.3 mm = -84.3 mm 

33742 ' YI 

Yb = 613 - 84.3 = 528.7 mm 

S = 2763.4 X 10
6 

-32.78 X 106 mm 3 

1 -84.3 

Sb = 2763.4 X 10
6 

= 5.227 X 106 mm 3 

528.7 

7. Stresses. Stresses in top and bottom of girder for strength limit state are given in Tables B.7 
and B.8. Yielding has occurred in the bottom flange. The implications of this are discussed 
in subsection 8 below. 

TABLE B.7 Compressive Stresses in Top of Steel Beam due to Factored Loading 
(Interior Girder) 

Load MDI MD2 MD3 

Dl 235 

D2 84 

D3 26 

LL+IM 

Total 

MLL+1M St Steel 

-2.705 x 106 

1059 
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St Composite Stress 
(MPa) 

-86.9 

-32.78 x 106 -2.6 

-32.78 x 106 -0.8 

154.0 x 106 6.9 

-83.4 

TJ = 0.95 -79.2 



TABLE B.8 Tensile Stresses in Bottom of Steel Beam due to Factored Loading 
(Interior Girder) 

Load MDJ MD2 MD3 

Dl 235 

D2 84 

D3 26 

MLL+JM Sb Steel 

3.427 x 106 

Sb Composite Stress 
(MPa) 

68.6 

5.227 x 106 16.1 

5.227 X 106 5.0 

LL+IM 1059 5.69 X 106 186.1 

Total 

11 0.95 

275.8 

262.0 

8. Others 

Because the bottom flange elastic stress (262 MB) for the factored loads/moments exceed 
the yield stress (250 MPa), the section must satisfy certain requirements, which upon 
checking it does. The section was checked for member proportions, fatigue, 
compactness, and plastic moment capacity and all of the requirements for flexure were 
satisfied. Shear, construction, deflection and other service load conditions were also 
checked and were satisfactory for the girder section. 

The design of the composite, simple span, rolled steel beam bridge is summarized in 
Figure B.6. 

W610 x 101 

10 mm x 200 mm C.P. 

Fig. B.6 Design sketch of composite rolled steel girder. 
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EXAMPLE B2a - Design Example B2 Modified for a 1" Thicker Deck 

Problem Statement. Determine the effect of increasing the deck thickness 1" on the girder 
design for the bridge of Example B2. Example B2 is repeated below with a 1" thicker deck to 
make this assessment, i.e., assume the deck thickness in Example B2 is increased from 205 mm 
to 230mm. 

Calculate Force Effects from Dead and Live Loads 

As in Example B2, 

M IOS = 13.78w 

VIOO = 5.25w 

Dead load and unfactored design moments and shears are shown below for Example B2 
corrected for the 1" increase in deck thickness and deck DL. 

1. Interior Girders 
230 

D1 Deck slab (2400)(10-9)(9 .81 )(~5)(2440) = 

Girder = 

Haunch (2400)(10-9)(9.81 )(300)(50) = 

WD! = 

D2 75 mm bituminous paving 

W~2 = (2250)(9.81)(10-9)(75)(2440) = 4.04 kNlm 

D3 Barriers, one-sixth share 

I 
W D3 = 

2(197 312)(2400)(9.81) = 

6(109) 
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1.55 kNlm 

13.21 
1/78 kN/m 

1.5 kN/m 

0.3~ kNLm 

13~ kN/m 
15.06 



2. Exterior Girders 

D1 Deck Slab (2400)(10-9)(9.81 ) 12.62 
X [(~)(990) + (~)(1220)] ¢5 kN/m 

255 230 
Girder 1.5 kN/m 

Haunch = 0.35 kN/m 

E w DJ 13.~k:N/m 
14.47 

D2 75-mm bituminous paving 

w~ = (2250)(9.81)(10-9)(75)(1220 + 990 - 380) = 3.03 kNlm 

D3 Barriers, one-sixth share 

wE D3 = 1.55 kN/m 

Table B.9 summarizes the unfactored moments and shears at critical sections for interior 
and exterior girders. The values for D2, D3, and LL + 1M are the same as those in 
Example B2. 

TABLE B.9 Interior and Exterior Girder Unfactored Moments and Shears 

Moment (kN m) Shear (kN) 
Girder Load Type w(kNlm) M 105 VIOO 

15.06 208 79 
Dl ~3 ~ ~ Interior D2 4.04 56 
D3 1.55 21 8 
LL+IM N/A 605 301 

14.47 199 ;I Dl 00 ~ 
Exterior D2 3.03 42 16 

D3 1.55 21 8 
LL+IM N/A 616 278 
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Design Required Sections 
1. Strength Limit State 

a. Interior beam - factored shear and moment 

U = T\[1.25Dl + 1.50D2 + 1.25D3 + 1.75(LL + JM)] 

,~9 633 
Vu = 0.95[1.25V2) + 1.50(21) + 1.25(8) + 1.75(301)] = ¢ kN 

208 ,Jf59 
Mu = 0.95[1.25(~) + 1.50(56) + 1.25(21) + 1.75(605)] = lJ'j4 kNm 

b. Exterior beam - factored shear and moment 

76 585 

Vu = 0.95[1.25~) + 1.50(16) + 1.25(8) + 1.75(278)] = 76 kN 

199 1347 
Mu = 0.95[1.25(~) + 1.50(42) 1.25(21) + 1.75(616)] = 1)2'4 kNm 

2. Consider Loading and Concrete Placement Sequence 

Case 1 Weight of girder and slab (D 1). Supported by steel girder alone. 

Case 2 Superimposed dead load (FWS, curbs, and railings) (D2 and D3). Supported by long
term composite section. 

Case 3 Love load plus impact (LL+IM). Supported by short-term composite section. 

3. Determine Effective Flange Width 
For interior girders the effective flange width is the least of 

a. One-quarter of the average span length 
b. Twelve times the average thickness of the slab, plus the greater of the web 

thickness or one half the width of the top flange of the girder 
c. Average spacing of adjacent girders 

Assume the girder top flange is 200 mm wide 

2440 
Therefore hi = ~O mm 
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(0.25)(10 500) = 2625 mm 

_ ~5 200 2680 
(12)(}90) + - = ~O mm 

\ 2 
-- Assume 15 mm 

2440 mm of230 mm is 
sacrificial for 
future grinding 



For exterior girders the effective flange width is one-half the effective flange width of the 
adjacent interior girder, plus the least of 

a. One-eighth of the effective span length 
b. Six times the average thickness of the slab, plus the greater of one-half 

of the web thickness or one-quarter of the width of the top flange of the 
girder 

c. The width of the overhang 

be - b j 
+ min 

2 

(0.125)(10500) = 1313 mm 
215 1340 

(6)(J/0) + 2~0 = 1}9'0 mm 

990 mm 

Therefore 

2440 2210 

be = ~j + 990 = ~80 + 990 = ~O mm 

4. Modular Ratio 

For Ie = 30 MPa, n 8 

5. Cover Plates 
For economy, the lightest and shallowest beam with the largest cover plate possible 
gives the best design. The length of the cover plate, Lcp' must satisfy 

Lep ~ 2ds + 900 

where ds = depth of the steel section (mm) 

6. Trial Section Properties 
a. Steel section at midspan 

Try W610 X 101 with 10 mm X 200-mm cover plate 

Note, this is the same steel section used in Example B2. See Fig BA and Table 
BA (in Example B2) for the trial steel section properties. 

b. Composite interior section, n = 8, at midspan. Figure B.7 shows the composite 
section with a haunch of25 mm, a net slab thickness (without 15 mm sacrificial 
wearing surface) of 205 mm, and an effective width of 2440 mm. The composite 
section properties calculations are summarized in Table B.1 O. 
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ioEf-f.,c---- 2..4-40 mm -----" I 
I 

Fig. B.7 Composite section at midspan. 

TABLE B.10 Short-Term Composite Section Properties, n = 8, hi = 2440 mm 

Component A y Ay 

Concrete* 65575 -25 215 -132.5 -8.689 x 106 

(b x tin) 2 

Steel 14900 342.6 5.105 x 106 

l: 80475 -3.584 x 106 

Obi is used because interior girders control the moment design. 

Ix = (2741 x 106
) + (1180 X 106

) = 3921 X 106 mm 4 

- }2Ay 
y = --- = ---------

}2A 
-3.584 X 106 

= -44.5 mm, Yt = 44.5 mm 
80475 

Yb = 613 + 44.5 = 657.5 mm 

Sf :;;; 3921 X 10
6 

= 88.1 X 106 mm 3 

44.5 

S = 3921 X 10
6 

= 5.96 X 106 mm 3 

b 657.5 

(Note: positive y is downward from centroid of section.) 

y-y A(y - j/? 

-88.0 508 x 106 

387.1 2233 x 106 

2741 X 106 

10 

253 X 106 

926.7 X 106 

1180 X 106 

c. Composite section, 3n = 24, at midspan. The composite section properties 
calculations, reduced for the effect of creep in the concrete slab, are summarized in Table B.11. 
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TABLE B.ll Long-Term Composite Section Properties, 3n = 24. 

Component 
A y Ay Y - Y A(y - jl? 10 

Concrete * 21 858 -132.5 -2.896 x 106 -192.6 811 x 106 84.2 x 10 
(b x t/3n) 

Steel 14900 342.6 5.105 x 106 282.5 1189 x 106 927 X 106 

L 36758 2.209 x 106 2000 X 106 1011.2 X 106 

Obi is used because interior girders control the moment design. 

Ix = (2000 x 106) + (1011.2 x 106) = 3011.2 X 106 mm 4 

jl = ~ 2.2~~7~8106 = 60.1 mm, Yt = -60.1 mm 

Yb = 613 - 60.1 = 552.9 mm 

S = 3011.2 x 10
6 

= -50.10 x 106 mm 3 

I -60.1 

S = 3011.2 X 10
6 

= 5.446 X 106 mm 3 

b 552.9 

7. Stresses. Stresses in top and bottom of girder for strength limit state are given in 
Tables B.12 and B.13. Yielding has occurred in the bottom flange. The implications of 
this are discussed in subsection 8 below. 

TABLE B.12 Compressive Stresses in Top of Steel Beam due to Factored Loading 
(Interior Girder) 

Load MD1 MD2 MD3 MLL+1M 

D1 260 

D2 84 

D3 26 

LL+IM 1059 

Total 

SI Steel 

-2.705 x 106 
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SI Composite Stress 
(MPa) 

-96.1 

-50.10 x 106 -1.7 

-50.1 0 x 106 -0.5 

88.1 x 106 12.0 

-86.3 

11 = 0.95 -82.0 



TABLE B.13 Tensile Stresses in Bottom of Steel Beam due to Factored Loading (Interior 
Girder) 

Load MDt MD2 MD3 MLL+1M 

Dl 260 

D2 84 

D3 26 

LL+IM 1059 

Total 

Sb Steel 

3.427 x 106 

Sb Composite 

5.446 X 106 

5.446 X 106 

5.96 X 106 

" = 0.95 

Stress 
(MPa) 

75.9 

15.4 

4.8 

177.7 

273.8 

260.1 

8. Other 
As in Example B2, all the requirements for flexure are satisfied in this design (see 
subsection 8 in Example B2). Increasing the deck thickness 25 mm (1") from 205 mm 
to 230 mm did not affect the girder design for the bridge. Thus the final design would 
be the same as that shown in Fig. B.6 except that the deck thickness would be 230 mm. 
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Example B3 - Design of a Composite Steel-Concrete Interior Girder 

Problem Statement: Design an interior girder for the bridge shown below. Use working stress 
design (WSD). This example was extracted from Ref. ( ). 

45'-0" 

r- 8" REINFORCED 
CONCRETE SLAB 

r 8" REINFORCED 
CONCRETE SLAB 

22 ' 

, C!l 

I~ , cc 
ILfJ , co 
I C,:7I 
I 

1/4" PER FT. 
J 

~b ~. Ib 
3'-3 1." I 8'-0" 8'-0" 4'-0" ~~. ___ 4,.~*~.-__________ ~~ ___________ ~~ _____ ~ 

, 

GIVEN: 
• Bridge cross-section as shown above: 
• Span length of 45 ft centerline to centerline of bearings. 
• Average haunch depth of 2 in. 
• Unshored construction. 
• Account for 25 psf future wearing surface. 
• Span is simply supported. 
• Overpass is a major highway with ADTT of 3,000. 
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STEP 1: Compute the Effective Flange Width 

The effective flange width is defined as: 

MINIMUM OF 
1/4 x Span Length = (0.25)(45.00) 
Center-to-Center Between Girders 
12 x Min. Slab Thickness = (12)(8)(1 ft/12 in) 

= 11.25 ft 
= 8.00 ft 

8.00 ft 

STEP 2: Compute the Dead Load on Girders 
The dead load is composed of the following items: 

DLslab 

DLhaunch 

Distee' 

(betr)(slab thickness)(Wconc) 
= (8.0 ft)(8.0 in)(1 ft 112 in)(0.150 klft3

) = 0.800 klft 

= 
(haunch width)(haunch thickness )(W cone) 
(1.0 ft)(2.0 in)(1 ft 112 in)(0.150 Klft3

) 0.025 klft 

= (assumed girder weight) + (misc. steel) 
= (0.150 klft) + (5%)(0.150 klft)(1/100) 0.1~7 kif! 

'II"DL = 0.982 klft 

1

0lIl 

£" 25 PSF FUTURE WEARING SURFACE ~ I 
------------------ --- -----'~ 

8'-0" 

ASSUME 5% OF 
STRINGER WEIGHT 

- ASSUME 150 LB/FT 

FOR MISC. STEEL --'== 
W 

STEP 3: Compute the Superimposed Dead Load on Girder. 

Account for future wearing surface: 

= (width of roadway)(juture wearing surface) 
SDLws 

number of girders 

(44 ft)(0.025 klft2) 

6 girders 
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Wp 
SDLp = 2 Parapets . = 2 . 

No. Stringers 

Calculate weight of parapet by first 
computing the area of its cross section: 
AI = (7in)(21) 147.00 in2 

A2= 112(2.25 in)(21 in) 23.62 in2 

A3 = (9.25 in)(l0 in) 92.50 in2 

A4 = 112(6 in)(10 in) 30.00 in2 

As = (15.25 in)(3 in) 45.75 in 2 
Ap 338.87 in2 

Wp = (338.87 in2)(1 fe/144 in2)(0.150 klfe) 
= 0.35 klft 

There are two parapets on the bridge which 
are distributed over all six stringers: 

0.35 klft = 0.117 klft 
6 Stringers 

SDL = SDLws + SDLp = 0.183 klft + 0.117 klft 
III.SDL 0.300 klft 

STEP 4: Compute the Transformed Width of Slab 
For fc' = 4500 psi, use: n = 8 
For live loads and dead loads acting on the girder only (k = 1): 

b = beff = 8.0 ft = 1.0 ft 'lI"b = 12 in 
Ir1 k . n (1 )(8) Ir1 

For superimposed dead loads (k = 3): 

b = beff = 8.0 ft = 0.33 ft 
Ir3 k . n (3)(8) 

III.b = 4 in 
Ir3 

Note, k is a modulus of elasticity reduction factor due to creep, i.e., Eeffective for long duration 
loads is Ec I k. 

STEP 5: Compute Dead & Superimposed Dead Load Moments: 

WOl = 0.982 klft 

Dead Load Moment: 

M = wL 2 = (0.982 klft)(45.00 fti 
DL 8 8 

Superimposed Dead Load Moment: 

8 

(0.300 klft)(45.00 fti 
8 

45'-0" 

'II*M = 75.94 ft-k SDL 
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STEP 6: Compute Live Load Distribution and Impact Factors: 

The wheel load distribution factor for, 

• Concrete Floor 
• Two or More Traffic Lanes 
• On Steel I-Beam Stringers 

IS, 

DF = ~ = 8.0 fl 1.45 III. Use DF = 1.45 
5.5 5.5 

The impact factor is, 

50 
1= - --

50 
= ---- = 0.29 III-Use I = 1.29 

L + 125 45 fl + 125 

STEP 7: Compute Live Load Plus Impact Moment: 

F or maximum LL moment, the HS20-44 truck is located as shown below: 

tt SPAN 10( 

I 22'-6" I I =?h 22'-6" , 
I" . ' .. 1 ·1 
I (p 1_ t " 14'-0" I 2,...4" , 

§g , (TYP.) I 11 '-8" '2 
-J¥-- )~ I~ I e.!) 

a:: I '.. i ., 10: i:'5 ' I , <t: 
~ ~ 4K 16K i I !§~ ~ J..A.MIrX ~~ 
~ I © ' I~ 

® 
~ _______ __ ~~~ _________ ~RB 

!1rst, solve for the reactions by summing moments about Point A: 
(fI: MA = 0: 

(4 k· 6.167 ft) + (l6k' 20.167 ft) + (l6k' 34.167 ft) - (RB ' 45 ft) = 0 

R = 894 fl . k = 19.867k so, RA = 36 k - 19.867 k = 16.133 k 
B 45 ft 
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Now, compute the maximum live load moment: 

MLL == MMAX = (RA . 20. 167ft) ~ (4k' 14ft) = 269.35 ft· k 

RA 14-_----=2:.::.0:..:,..16::..:..7...:;ft::...... --+I 

STEP 8: Choose a Preliminary Section: 

Apply the impact and wheel load 
distribution factors: 

MLL+l = MLL • DF . I 
MLL+l = (269.35 ft . k)(1.45)(1.29) 

II-MLL+! = 503.83 ft~k 

Required steel section (with the compression flange (Le., top flange) adequately braced by the 
concrete slab: 

S = MDL = (248.57 ft'k)(12 in/ft) = 149.14 in3 
S Fb 20 klin 2 

Required composite section modulus: 

MDL + MSDL + MLL+I 
SIr = --- -----

Fb 

(248.57 + 75.94 + 503.83) ft . k (12 in/ft) = 497.00 in 3 

20 klin 2 

Area of transformed concrete slab: 

Actr = blrl • t = (12 in)(8 in) = 96 in2 

Distance to centroid of slab from top of steel stringer: 

y = i + Haunch Depth = 8 in + 2 in = 6 in 
2 2 2 

Enter into the AISC Composite Beam Selection Table with: 

SIr == 497 in3
, Actr = 100 in2 (round up for table), and Y2 = 6 in 

We will choose as our preliminary section: 
II_W 33 x 130 

Since, for this section and Y 2 = 6 in: 
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STEP 9: Compute Moments of Inertia: 

a. Moment of inertia resisting dead load only. Use steel section only: 
From AISC Manual of Steel Construction m.IDL = 6710 in4 and 
for a W 33 x 130 stringer: y'DL = 16.545 in 

b. Moment of inertia resisting live load plus impact: 

NA --- ---

ELEMENT A (in2) Y (in) 

W 33x130 
SLAB (k=l) 

TOTALS 

38.3 
96.0 

134.3 

16.545 
39.090 

The area and moment of interia of the 
transformed slab are computed using k= 1. 
See Step 4, for computation of the 
transformed width btrJ . 

ACtrl = btr1t = (12 in)(8 in) = 96 in2 

I = bh 3 (12 in)(8 in) 3 = 512 in 4 
Ir1 12 12 

633.673 
3752.640 

10484.128 
146690.698 

6710.00 
512.00 

4386.313 157174.826 7222.00 

Iz = ~Io + ~ Ay2 = 7222.0 in4 + 157174.826 in4 = 164396.826 

y' = ~ AY = 4386.313 in 3 = 32.66 in 
lli 134.3 in 2 

ILL+! = Iz - (~ A)(y')2 = 164396.826 in4 
- (134.3 in2)(32.66 in)2 

c. Moment of inertia resisting superimposed dead loads (k = 3): 

ACIr3 = blr/ = (4in)(8in) = 32 in 2 I (4 in)(8 in)3 = 170.67 in4 
1r3 = 12 

ELEMENT A (in2
) Y (in) 

W 33x130 38.3 
SLAB (k=3) 32.0 

TOTALS 70.3 

16.545 
39.090 

633.673 
1250.880 

1884.553 
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10484.128 
4886.899 

6710.00 
170.67 

59381.027 6880.67 



Iz = ~Io + ~ A y2 = 6880.67 in4 + 59381.027 in4 = 66261.697 in4 

y' = ~y = 1884.553 in
3 = 26.807 in 

~ 70.3 in 2 

IlIrHSDL = 15742 in4 and Y'SDL = 26.807 in 

STEP 10: Compute and Check Stresses: 
a. Stress at bottom fiber of steel section: 

1; MDLC (248.57 ft . k)(12 in/ft)(16.545 in) = 7.355 ksi 
DL = 1DL 6710 in4 

1; MLL+~ = (503.83 ft . K)(12 in/ft)(32.66 in) = 9.340 ksi 
LL+! = ILL +1 21142 in4 

fSDL 
(75.94 ft . k)(12 in/ft)(26.807 in) = 1.552 ksi 

15742 in4 

fbo' = 7.355 ksi + 9.340 ksi + 1.552 ksi = 18.25 ksi < 20 ksi O.K. 

b. Stress at top fiber of steel section: 

1; = MDLC = (248.57 ft . k)(12 in/ft)(33.09 - 16.545)in 

DL 1DL 6710 in4 

= 7.355 ksi 

MLL+~ (503.83 ft . k)(12 in/ft)(33.09 - 32.66)in 
hL+l = 1LL+! = 21142 in4 

= 0.123 ksi 

MSDLC _ (75.94 ft . k)(12 in/ft)(33.09 - 26.807)in 
fSDL =--

IsDL 15742 in4 
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EXAMPLE B3a: Design Example B3 Modified for a 1" Thicker Deck. 

Problem Statement: Same problem statement as Example B3, but with a deck thickness of9" 
rather 8". 

Given: Same as Example B3 except that the deck thickness is 9" rather than 8". 

STEP 1: Compute the Effective Flange Width 

The effective flange width is defined as: 

MINIMUM OF 
1/4 x Span Length = (0.25)(45.00) 
Center-to-Center Between Girders 
12 x Min. Slab Thickness = (12)(&Jn) (1 ftl12 in) 

9 in 

STEP 2: Compute the Dead Load on Girders 
The dead load is composed of the following items: 

DLs1ab = (belf) (slab thickness) (wconc) 

11.25 ft 
8.00 ft 

8.00 ft~ 9.00 ft. 

= (8.0 ft) (8/J in) (1 ft 1 12 in) (0.150 klft3
) - 0.800 kif! » 0.900 klft. 

9.0 
DLhaunch = (haunch width) (haunch thickness) (wconc) 

= (1.0 ft) (2.0 in) (1 ft 1 12 in) (0.150 klft3
) = 0.025 klft 

DLsteel = (assumed stringer weight + (misc. steel) 
= (0.150 klft) + (5%) (0.150 klft) (11100) = 0.157 klft 

II_DL -8.982 klft ~ 1.082 klft 

STEP 3: Compute the Superimposed Dead Load on Stringer 
(No Change) 

STEP 4: Compute the Transformed Width of Slab 
(No Change) 
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STEP 5: Compute Dead & Superimposed Dead Load Moments: 

WDL = 1.082 klft 
kif! 

45'-0' 

Dead Load Moment: 

WL2 
M ==-

DL 8 

1.082 
== (O.~ k/ fl)(45.00 fti 

8 

Superimposed Dead Load Moment: 

8 
= (0.300 k/ fl)(45. 00 ft)2 

8 

'II"MDL = 2048.S7 ft k) 273.88 ft-k 

STEP 6: Compute Live Load Distribution and Impact Factors: 
(No Change) 

STEP 7: Compute Live Load Plus Impact Moment: 
(No Change) 

STEP 8: Choose a Preliminary Section: 

Required steel section with the compression flange (i.e., top flange) adequately braced by the 
concrete slab: 

MDL S =
S F 

b 

273.88 
(24~7 ft . k)(12 in/ft) = 

20 k/in 2 

Required composite section modulus: 

(MDL + MSDL + MLL +1) 
S,r = --------

Fb 
273.88 

149.14 in 3 .. 164.33 in 3 

(24~7 + 75.94 + 503.83}ft . k(12 in/ft) = 497.00 i",3., 512.19 in3 
20 k/in2 
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Area of transformed concrete slab: 
9 

A =b ·t=(12in)~in)=96in2 108in 2 
clr Ir) ~ 0\ 

Distance to centroid of slab from top of steel girder: 

9 
t 
2 

+ Haunch Depth ~ in + 2 = 6 in 6.5 in 
2 

Enter into the AISC Composite Beam Selection Table with: 

Sir = 497 in 3, Aclr = 100 in 2 (round up for table), and Y2 = 6 in 

We will choose as our preliminary section: 

Since, for this section and Y2 = 6 in 
108 

II .... W 33 x 130 

SIr = 633 in3 > 497 in\ Ac'r = 100 in2 
z max Actr = 106 in2

, and 
Ss = 406 in3 > 149 in3 164 in3 

STEP 9: Compute Moments oflnertia: 

a. Moment of inertia resisting dead load only. Use steel section only: 
From AISC Manual of Steel Construction III-IOL = 6710 in4 and 

Y'OL = 16.545 in 
as before -+ No change 

For the composite steel girder/concrete deck section, the increase in deck thickness to 9" 
substantially changes the composite section properties. The new properties are shown below 
(rather than showing the old properties corrected). 

b. Moment of inertia resisting live load plus impact: 

The area and moment of inertia of the transformed 
slab are computed using k = 1. See Step 4, for 
computation of the transformed width btrt. 

Aclr) = blr/ = (12 in)(9 in) = 108 in 2 

fir) = bh
3 

= (12 in)(9 in)3 = 729 in4 
12 
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ELEMENT A (in2
) Y (in) AY (in3

) Ay2 (in4) 10 (in4) 

W 33x130 38.3 16.545 633.673 10484.1281 6710.00 
SLAB (k=l) 108 39.59 4275 .77 169,275.75 729.00 

TOTALS 146.3 4909.39 179759.88 7439.00 

I z = ~10 + ~y2 = 7429.00 in4 + 179,759.88 in4 = 187,198.88 in4 

Y
' __ ~Y __ 4909.39 in 3 

- - - - = 33.56 in 
~ 146.3 in 2 

1I"'1LL +1 = 22,425 in4 and Y'LL+I = 33.56 in 

c. Moment of inertia resisting superimposed dead loads (k = 3): 

A b (4 ' )(9 .) 36' 2 1 (4 in)(9 in)3 = 243 l'n 4 
etd = trl = In In = In tr3 = 12 

ELEMENT A (in2
) Y (in) 

W 33 x 130 38.3 
SLAB (k=3) 36.0 

TOTALS 74.3 

16.545 633.673 
39.59 1425.24 

2058.91 

10484.128 6710.00 
56425.25 243.0 

66,909.38 6953.0 

1z = ~10 + ~y2 = 6953.00 in4 + 66,909.38 in4 = 73,862.38 in4 

Y' = ~ Ay
2 

= 2058.91 in
3 

= 27.71 in 
~ A 74.3 in 2 

1 = 1z - (EA)(y,2) = 73,862.38 in4 - (74.3 in 2X27.71 in? 

1I"'1SDL = 16,812 in4 and Y'SDL = 27.71 in 
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STEP 10: Compute and Check Stresses: 

Because of the changes in section properties, all stresses were changed. Thus, as in Step 9, the 
new stresses are shown below rather than the old stresses with changes. 

a. Stress at bottom fiber of steel section: 

J; = MDLC = (273.88 ft'k)(l2 in/ft)(l6.545 in) = 8.104 ksi 
DL IDL 6710 in4 

(503.83 ft'k)(12 in/ft)(33.56 in) = 9.048 ksi 

22,425 in4 

j. = MSDLc = (75.94 ft'k)(12 in/ft)(27.71 in) = 1.502 ski 
SDL I 16812 . 4 SDL , In 

I
bOI 

= 8.104 ksi + 9.048 ksi + 1.502 ksi = 18.65 < 20 ksi O.K. 

b. Stress at top fiber of steel section: 

(273.88 ft·k)(l2 in/ft)(33.09 - 16.545) in = 8.104 ksi 

6710 in4 

(503.83 ft'k)(l2 in/ft)(33.09 - 33.56) in = 

22,425 in4 
- 0.127 ksi 

= (75.94 ft'k)(12 in/ft)(33.09 - 27.71) in = 0.292 ksi 

16,812 in4 

i;op = 8.104 ksi - 0.127 ksi + 0.292 ksi = 8.27 ksi < 20 ksi O.K. 

c. Stress at top fiber of concrete: fc = irL+! + fSDL < Fe 

MLL+~ = (503.83 ft'k)(12 in/ft)(44.09 - 33.56) in 
irL+! = (.) 

k'wILL+! (l )(8)\22,425 in 4 

(75.94 ft·k)(l2 in/ft)(44.09 - 27.71) in 

(3)(8)(16,812 in4) 
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fc = 0.355 ksi + 0.037 ksi = 0.392 < 1.8 ksi O.K. 

As can be seen in the stress check in Step 10, the girder design for moment (which is the 

controlling parameter in sizing the girder) is not significantly affected by the 1" increase in deck 

thickness. For convenience in comparing, the total and LL+I stresses for the 8" and 9" composite 

decks are summarized in Table 6.14. As can be seen in that table, the total stresses in the steel 

girder are slightly increased while those in the deck are slightly decreased. The small increase in 

steel girder stresses are due to the small increase in the deck DL. It can be noted in Table 6.14 

that the LL +I stresses are slightly reduced in both the steel girder and the concrete deck. This 

should translate into an increase in fatigue life of these components; and even thought the 

decrease is small (3 - 6%), because of the flatness of the S-N curves at small cyclic stress levels, 

this increase could be significant. Also it can be noted in Table B.14 that the short duration 

composite moment of inertia is increased from 21,142 in4 to 22, 425 in4 when going to the 9" 

deck. Thus the LL deflections for the 9" deck will be 0.94 of those of the 8" deck, i.e., there will 

be a 6% reduction in LL deflections. 

Table B.14 ummary of Examples 3 and 3a Stresses for 8" and 9" Composite Decks 

Loading Parameter 8" Deck 9" Deck 

/short term 
compos. 21,142 in4 22,425 in4

• 

fbot. steel 9.34 ksi (T) 9.05 ksi (T) 
LL+I ftop steel 0.123 ksi (C) 0.127 ksi (T)** 

f top conc. 0.373 ksi (C) 0.355 ksi (C) 

fbot. steel 18.25 ksi (T) 18.65 ksi (T) 
Total ftop steel 7.84 ksi (C) 8.27 ksi (C) 

ftopconc. 0.412 ksi (C) 0.392 ksi (C) 

*18" 1 19" = 21,142/22,425 = 0.94 
** Note that the total stress at this point does not go into tension due to the DL stress. 
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EXAMPLE B4 - Design of a Composite Prestressed Concrete Interior Girder 

Problem Statement. Design the interior girder for the 70ft. simple span bridge shown below 
using a standard AASHTO PCI girder. Use working stress design (WSD). This example was 
extracted from Ref. (). 

1'-9" 32'-0" 1'-9" 

1 ~ 16'-0" 
~( .. 16'-0" :1 r I 7'· , 

~ t 
~,.. ~ 

TI TI t R TI 
3'-3" 4 @ 7'-3" = 29'-0" 3'-3" 

GIVEN: 
• Simply supported span. 
• Design span length = 70ft. 
• Type III AASHTO-PCI girders. 
• HS20-44 live loading. 
• Barrier area = 2.61 ft2. 

STEP 1: Determine Impact and Distribution Factors 
The impact factor is: 

50 J=--- 50 
= ----- = 0.26 

L + 125 70 ft + 125 

• Steel: fs' = 270,000 psi. 
• Concrete: fc' = 5,000 psi. 
• 2.50 in wearing course. 
• Deck & girder made 

of the same strength concrete. 

III"'Use I = 1.26 

The distribution factor calculated for a bridge with: 

is, 

• Concrete Floor 
• Two or More Traffic Lanes 
• On Prestressed Concrete Girders 

S DF::::-
5.5 

7.25 ft. = 

5.5 
1.32 

m.Use DF = 1.32 
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STEP 2: Calculate Moment of Inertia of Composite Section 

r 
7'-3" = 87" 

1'-4"=16" 
,... .' 'I 

AASHTO PCI 
TYPE III GIRDER Co 

"<:t" 

C.G. GIRDER a II 
+ 

~ 0') 

r.- , 
L{') M I"- M 

cD t-... 
ASSUMED N 

II c::> 
Q.) C.G. PS FORCE N 

+ 

~r I ... 1'-10"=22" ~I 

ELEMENT A (in2
) Y (in) AY (in3

) Ay2 (in4) 10 (in4) 

SLAB 609.0 49.50 30145.5 1492202.250 2486.75 

GIRDER 560.0 40.27 11351.2 230088.824 1257876.75 

TOTALS 1169.0 41496.7 1722291.074 127876.75 

I z == r./O+rAy2 = 127876.75 + 1722291.074 = 1850167.824 in4 

Y' -_ rAY __ 41496.7 in 3 
---- = 35.498 in 

rA 1169 in 2 

1 = Iz-(rA)(r.r}2 = 1850167.8-(1169)(35.5/ = 377,367 in 2 
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STEP 3: Calculate Dead Load on Prestressed Girder 
The dead load is composed of the following items: 

DLslab = (b eff)(s!ab thickness)(w cone) 

= (7.25 ft)(7 in)(1 ftl12 in)(0.150 klft3) = 0.634 klft 

DLhaunch = (haunch width)(haunch thickness)(w con) 

= (1.33 ft)(1 in)(l ftll2 in)(0.150 klft) = 0.017 klft 

DLgirder = (girder area)(wcon) 

= 0.583 klft 

DLbarrier = (2 barriers)(barrier area)(wcon) I 5 Girders 

= (2)(2.61 ft2)(0.0150 klft3) I 5 = 0.157 klft 

DLwearing = (w.c. thick.)(pave. width)(wpave) I 5 Girders 

= (2.5 in)(l/12)(32 ft)(0.150) klft3) I 5 ~ 0.200 k/ft 

STEP 4: Compute Dead Load Moments 

Dead Load Moments: 

wL 2 (0.643 +0.017)(70 ft)2 
Ms/ab ::; -8- = 8 

WL2 
Mgirder ::; -8-

= (0.538 klft)(70 ftf 
8 

M '" WL2 = (0.157 klft)(70 ft)2 
barrier 8 8 

wL 2 (0.200 klft)(70 ft)2 
MWearing - --

8 8 

III. DL = 1.591 klft 

III.M = 399 ft-k slab 

III.M. = 357 ft-k girder 

III.M . = 96 ft-k barrier 

III.M . = 123 ft-k wearmg 
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STEP 5: Calculate Live Load Plus Impact Moment 
For Maximum moment the HS20-44 truck is located as shown below: 

, 
e.!:) 1 
z: ' 
0:: 1 
L'i5' 
co 1 , 
C=TI I , 

I· 

G 
RA ~ 

@ 

35'-0" 
~ SPAN 
I 35'-0" 

-.',. 
14'-0" I (TYP.) 

I 2'-4" 
-'1 ~~ I 11'-8" 

',. -.1 I 
16K , 

16K 
4K~ I 

©~ 
, 
I r 

I 

1 
I 

70' -0" 

, 
"I , 

Ie.!:) 
'z: 
10:: ,« 
I~ , 
IC=TI 
I 

®; h. 

RB 

First, solve for the reactions by summing moments about Point A: 

(4k' 18.67 ft) + (16 k· 3267 ft) + (16 k· 46.67 ft) - (RB . 70 ft) == 0 

R == 1344 ft . k ft = 19.20 k 
B 70 

SO, RA = 36 k - 19.20 k = 16.80 k 

Now, compute the maximum live load moment: 

MLL := MMAX == (RA . 32.67 ft) - (4 k· 14 ft) == 492.80 ft· k 

16K 

© 
14.0 ft. 

RA 14-_---'3=2.:..::..6.::..:67--'.ft=--. _--1>1 
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Apply the impact and wheel load 
distribution factors: 

MLL+! = MLL ' DF· I 

MLL+! == (492.80 ft-k) (1.32) (1.26) 



STEP 6: Calculate Stresses at Top Fiber of Girder 

Recapping from Step 2, the centroid distances and moments of inertia for the composite and 
noncomposite sections are: 

NONCOMPOSITE 
Type III Girder 

1= 125,390 in4 

Yt = (45-20.27) in = 24.73 in 
Yb = 20.27 in 

COMPOSITE 
7" Slab & Type III Girder 

1= 377,367 in4 

Yt = (45-35.50) in = 9.50 
Yb = 35.50 in 

Stresses at the top fiber of the girder are calculated using the flexure equation (f= Mc / I): 

Behavior Element Equation Top Fiber 

Slab 
(399 ft . k)(12 in / ft)(24.73 in) 

= 0.944 ksi 
125,390 in4 

Noncomposite 

Type III Girder (357 ft . k)(12 in / ft)(24.73 in) 
= 0.845 ksi 

125,390 in4 

LL+I (820 ft . k)(12 in / ft)(9.50 in) = 0.248 ksi 
377,367 in4 

Barrier (96 ft . k)(12 in / ft)(9.50 in) = 0.029 ksi Composite 377,367 in4 

Wear. Course 
(123 ft . k)(12 in / ft)(9.50 in) 

= 0.037 ksi 
377,367 in4 

TOTAL ~oP = 2.103 ksi 
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STEP 7: Calculate Stresses at Bottom Fiber of Girder 

Recapping from Step 2, the centroid distances and moments of inertia for the composite and 
noncomposite sections are: 

NONCOMPOSITE 
Type III Girder 

I = 125,390 in4 

Yt = (45-20.27) in = 24.73 in 
Yb = 20.27 in 

COMPOSITE 
7" Slab & Type III Girder 

I = 377,367 in4 

Yt = (45-35.50) in = 9.50 
Yb = 35.50 in 

Stresses at the bottom fiber of the girder are calculated using the flexure equation (f= Mc / I) 

Behavior Element Equation Bottom Fiber 

Slab 
(399 ft . k)(12 in / ft)(20.27 in) = 0.774 ksi 

125,390 in 4 

Noncomposite 

Type III Girder 
(357 ft . k)(12 in / ft)(20.27 in) = 0.692 ksi 

125,390 in4 

LL+I 
(820 ft . k)(12 in / ft)(35.50 in) = 0.926 ksi 

377,367 in4 

Barrier 
(96 ft . k)(12 in / ft)(35.50 in) = 0.108 ksi Composite 377,367 in4 

Wear Course 
(123 ft . k)(12 in / ft)(35.50 in) = 0.139 ksi 

377,367 in4 

TOTAL fbot = 2.639 ksi 
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STEP 8: Calculate Stress at Top of Concrete Deck 

Composite 7" slab and Type III Girder 

I = 377,367 in4 

Ytd = 9.5" + 1" + 7" = 17.5" 

Composite Action Longitudinal Stresses: 

LL+1: 

Barrier: 

820k X 12"// X 17.5" 

377,367 in4 

96k x 12 "I' x 17.5" 

377,367 in4 

Wear Course: 
123k x 12"// X 17.5" 

377,367 in4 

Total 

= 0.456 ksi 

= 0.053 

= 0.068 ksi 

= 0.577 ksi O.K. 

STEP 9: Determine Girder Prestressing Forces, Stresses, Shears, Ultimate Flexural Capacity, 
etc. 

Other parameters were checked and finalized. These are not shown here, as they are not 
significantly affected by a 1" increase in deck thickness. 

This example design is repeated below with the deck thickness increased by 1 ", ie. from 7" to 8" 
to assess the effect of this deck design change on the support girders. 
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EXAMPLE B4a - Design Example B4 Modified for a 1" Thicker Deck 

PROBLEM STATEMENT: Same problem statement as Example B4, but with a deck thickness 
of 8" rather than 7". 

GIVEN: Same as Example B4 except that the deck thickness is 8", rather than 7". 

STEP 1: Determine Impact and Distribution Factors 
(No change) 

STEP 2: Calculate Moment of Inertia of Composite Section 

7'-3' = 87' 

C.G. SECTION 

AASHTO PCI ~ 
TYPE III GIRDER-~ ~ ~ 

-r---- --++ C.G . GIRDER~ ~ 
~ ~ ~ 
u::i 

II ASSUMED 
Cl)--L-..>C"-,,.G:.:..:. P,-"S,-,-F=OR=C=-E -/-_ + 

~ 1'-10"=22" ~I 

ELEMENT Y (in) 

'I 

SLAB 

GIRDER 

696.0 

560.0 

50.00 

20.27 

34,800.0 

11351.2 

1,740,000.0 3712.0 

230,088.824 125,390.00 

TOTALS 1256.0 46,151.2 1,970,088.82 129,102.0 

Iz ::: r.1o+LAy2 = 129,102 + 1,970,088.82 = 2,099,190.82 in4 

y' _ LAY = 46,151.2 in
3 

= 36.75 in 
LA 1256 in 2 
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1= Iz - (LA)(Ly')2 = 2,099,190.82 - (1256)(36.75)2 = 403,365 in4 

STEP 3: Calculate Dead Load on Prestressed Girder 

The dead load is composed of the following items: 

(befT) (slab thickness) (wconc) 
8 

(7.25 ft) (~) (1 ftI12 in) (0.150 klft3
) 

DLhaunch = (haunch width) (haunch thickness) (wconc) 
= (1.33 ft) (1 in) (1 ftI12 in) (0.150 klft3

) 

DLgirder = (girder area) (w conc) 
= (560 in2) (1 ft2/144 in2) (0.150 klft3

) 

Dlbarrier = (2 barriers) (barrier area) (wconc) I 5 Girders 
= (2) (2.61 ft2) (0.150 klft3

) / 5 

Dlwearing = (w.c. thick.)(pave. width)(wpave) / 5 Girders 
= (2.5 in)(1112)(32 ft)(0.150 klft3

) / 5 
II"DL 

STEP 4: Compute Dead Load Moments 

Dead Load Moments: 
0.725 

0.634 kfft> 0.725 klft 

= 0.017 klft 

= 0.583 klft 

= 0.157 klft 

= 0.200 klft 
= 4.591 kif! ~ 1.682 klft 

wL 2 = (0.6\4 + 0.017)(70 ftf M
s1ab 

- -- ~-4.---~---=::~ 
8 8 

III"M 399 ft k) 454 ft-k slab 

M := wL 2 = (0.583 k/ft)(70 ftf 
girder 8 8 

~ wL 2 _ (0.157 k/ft)(70 ft)2 M - -- - -'------------''---'--'-------':........:..... 
barrier 8 8 

WL2 
M . -=--= 

wearmg 8 
(0.200 klff)(70) ftf 

8 

II-.M 
girder 

III"M barrier 

III"M . wearmg 

STEP 5: Calculate Live Load Plus Impact Moment 

(No Change) 

STEP 6: Calculate Stresses at Top Fiber of Girder 
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= 357 ft-k 

96 ft-k 

= 123 ft-k 

= 975 ft k) 1030 ft-k 



Recapping from Step 2, the centroid distances and moments of inertia for the composite and 
noncomposite sections are: 

NONCOMPOSITE 
Type III Girder 

1= 125,390 in4 

Yt = (45-20.27) in = 24.73 in 
Yb = 20.27 in 

COMPOSITE 
7" Slab & Type III Girder 

I = 403,365 in4 

Yt = (45-36.75) in = 8.25 
Yb = 36.75 in 

Stresses at the top fiber ofthe girder are calculated using the flexure equation (f= Mc/I): 

Behavior Element Equation Top Fiber 

Slab 
(454 ft . k)(12 in / ft)(24.73 in) = 1.074 ksi 

Noncomposite 125,390 in4 

Type III Girder 
(357 ft . k)(12 in / ft)(24.73 in) = 0.845 ksi 

125,390 in4 

LL+I 
(820 ft . k)(12 in / ft)(8.25 in) = 0.201 ksi 

403,365 in4 

Composite Barrier 
(96 ft . k)(12 in / ft)8.25 in) = 0.024 ksi 

403,365 in4 

Wear. Course 
(123 ft . k)(12 in / ft)(8.25 in) 

= 0.030 ksi 
403,365 in4 

TOTAL ~oP = 2.174 ksi 

STEP 7: Calculate Stresses at Bottom Fiber of Girder 

Recapping from Step 2, the centroid distances and moments of inertia for the composite and 
noncomposite sections are: 
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NONCOMPOSITE 
Type III Girder 

I = 125,390 in4 

Yt = (45-20.27) in = 24.73 in 
Yb = 20.27 in 

COMPOSITE 
7" Slab & Type III Girder 

I = 403,365 in4 

Yt = (45-36.75) in = 8.25 
Yb = 36.75 in 

Stresses at the bottom fiber of the girder are calculated using the flexure equation (f= Mc/I): 

Behavior Element Equation 

Slab 
(454 ft . k)(12 in / ft)(20.27 in) 

125,390 in4 

Noncomposite 

Type III Girder 
(357 ft . k)(12 in / ft)(20.27 in) 

125,390 in4 

LL+I 
(820 ft . k)(12 in / ft)(36.75 in) 

403,365 in4 

Barrier 
(96 ft . k)(12 in / ft)(36.75 in) 

Composite 403,365 in4 

Wear Course 
(123 ft . k)(12 in / ft)(36.75 in) 

403,365 in4 

TOTAL 

STEP 8: Calculate stress at top of concrete deck: 
(in longitudinal direction) 

Composite 8" slab and Type II Girder: 

1= 403,365 in4 

Ytd = 8.25" + 1" + 8" = 17.25" 

Composite Action Stresses: 
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Bottom Fiber 

= 0.881 ksi 

= 0.692 ksi 

= 0.897 ksi 

= 0.105 ksi 

= 0.134 ksi 

~oP = 2.709 ksi 



LL+l: 

Barrier: 

820'k X 12"/' X 17.25" 

403,365 in4 

96'k x 12'/' X 17.25" 

403,365 in4 

Wear Course: 
123'k X 12"/' X 17.25" 

403,365 in4 

= 0.421 ksi 

= 0.049ksi 

= 0.063 ksi 

Total = 0.533 ksi O.K. 

Note, in the transverse direction, the concrete stresses for the 8" slab will be approximately, 

(7
2

) = 49 = 0.765 
(82) 64 

of those of the 7" slab. This is significant reduction, and will result in less longitudinal cracking, 

smaller crack widths, and greater fatigue life. 

STEP 9: Determine Girder Prestressing Forces, Stresses, Shears, Ultimate Flexural Capacity, 
etc. 

(No Significant Change) 

As in the composite steel girder design of Example B.3, this example employing a 

composite prestressed girder design is not significantly affected by the 1" increase in deck 

thickness. This can be seen in the stress summaries shown for comparative convenience in Table 

B.15. The same Type III AASHTO girders would be used for either the 7" or 8" thick deck. The 

same observations and comments made at the end of Example B4 are applicable for Example 

B4a. 
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Table B.15 Summary of Examples B4 and B4a Stresses for 7" and 8" Composite Decks 

Loading Parameter 7" Deck 8" Deck 

/short term 
compos. 377,367 in4 403,365 in4* 

Deck + Girder DL ~op of girder 1. 789 ksi (C) 1.919 ksi (C) 
(Noncomposite) fbot of girder 1.466 ksi (T) 1.573 ksi (T) 

~op of girder 0.248 ksi (C) 0.201 ksi (C) 
LL+I fbot of girder 0.926 ksi (T) 0.897 ksi (T) 

~opofdeck 0.456 ksi (C) 0.421 ksi (C) 

~op of girder 2.103 ksi (C) 2.174 ksi (C) 
Total fbot of girder 2.639 ksi (T) 2.709 ksi (T) 

~opofdeck 0.577 ksi (C) 0.533 ksi (C) 
*17"/18,, = 377,367 /403,365 = 0.94 
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EXAMPLE B5 - Noncomposite Rolled Steel Girder Bridge 
Problem Statement. Design the simple span noncomposite rolled steel girder bridge of Figure 
B.8 with 30.5-mm span for a HL-93 live load. Roadway width is 13 420-mm curb to curb. 
Allow for a future wearing surface of 75-mm thick bituminous overlay. Usef~ =30 MPa and 
M270 Gr345 steel. Design in compliance with AASHTO (1994) LRFD Bridge Specifications. 

J: 
U 
aLl 
~ a 

~ 
« 

ct Brg 

,-

FIrm 
Siroia 

Abul 
/t 

30 500MM 

vH.W. 

Normal 

Existing 
Ground 

2 . ~e¢kL rd-evM1o,l..\ 

\ Barrier 

----- ---.---
,;144-' L 

13flOmm ct 
Roadway Bridge 

b. 17 t.k.J VI0.LI 

4-A. ' 
1 }4{omm Roadway 

I 

ct Brg 

Abut 
HZ 

I 
1 I ' .' I ' 

0-0 40 
~ 5@2yHfmm = 12.l6omm I 

--' r\~· 9-9-Q-~-~-_-3-" --C~.~LJ-~--7-·-- -7.~~~n-p.-0-----9-9-Om---m 

Fig. B.8 Noncomposite rolled steel girder bridge design example O· 
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For a uniformly distributed load, w, 

wL w(30. 5) 
V END = V MAX = -= = 15.25w 

2 2 

WL2 w(30.5/ 
Mcen=Mmax=-8-= 8 = 116.28w 

DEAD LOAD ANALYSIS : 

Assume a girder weight of 5 kN/m. 

1. Interior Girders 

DC Deck Slab (2400)(10-9)(9.81)(205)(2440) = 11.78 kN/m 

Girder = 5.0 kN/m 

Woe = 16.78 kN/m 

DW 75-mm bituminous paving = (2250)(9.81)(10-9)(75)(2440) 

Wow = 4.04 kN/m 

2. Exterior Girders. Using deck design results for reaction on exterior girder, 

DC Deck Slab 

Overhang 

Barrier 

Girder 

DW 75-mm bituminous paving 

4.60 kN/m 

6.75 kN/m 

6.74 kN/m 

5.0 kN/m 

Woe = 23.09 kN/m 

WDC = (2250)(10-9)(9.81)(75)(610+ 2440 ) 
2 

=3.03kN/m 
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LIVE LOAD MOMENT ANALYSIS: 

See Fig. B.9. 

lDistribution 

Factor 

M Truck = 170 .25 (11 .678 ) + (25 .25 )( 4.3) = 2077 kN m ~ governs 

MTandom = 110(14.65) = 1611.5 kN m 

M Lane = 9.3(30.5) 2 = 1081.41 kN m 
8 

1---11.68 - f· W, ·1 
4. M • 

11 
.14.65 M~ 1-1.2 M • 

9.3 kN/M 

TRUCK 

TANDEM 

LANE 

Fig. B.9 Truck, tandem, and lane load placement for maximum moment at midspan. 
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Therefore, 

Interior Girders 

M LL+IM = 0.748[2007(1.33) + 1081.41] = 2875 kN m 

Exterior Girders 

M LL+IM = 0.762[2077(1.33) + 1081.41] = 2929 kN m 

Shear does not control ( which is typical) and is not shown. 

Unfactored maximum moments and shears for interior and exterior girders are shown in 

Table B.16 below. 

TABLE B.16 Unfactored Maximum Moments and Shears 

Moment (kN m) Shear (kN) 
Girder Load Type W(kNlm) M105 VlOO 

DC 16.78 1952 256 
Interior DW 4.04 469 62 

LL+IM N/A 2875 401 

DC 23.09 2685 352 
Exterior DW 3.03 352 46 

LL+IM N/A 2929 407 
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GIRDER SECTION REQUIRED: 

Strength I limit State 

a. Interior girder 

Factored shear and moment 

U = 1l[1.25DC + 1.50DW + 1.75(LL + 1M)] 

V ll = 0.95[1.25(256) +1.50(62) + 1.75(401)] 

= 1059 kN 

Mll = 0.95[1.25(1952) + 1.50(469) + 1.75(2875)] 

= 7766 kN m 

b. Exterior girder 

Factored shear and moment 

Vll = 0.95[1.25(352) + 1.50(46) + 1.75(407)] 

= 1160 kN 

Mll = 0.95[1.25(2685) + 1.50(352) + 1.75(2929)] 

= 8560 kN m f-- controls 

Note that the exterior girder controls the girder size/design for this example. 

Required Plastic Section Modulus, Z 

<l>fMn ~ Mu, <l>f = 1.0, Mn = Mp = Z Fy 

ZFy ~Mu 

Assuming compression flange is fully braced and section is compact, 
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, dZ>Mu_8560x106 -24812 106 3 r eq _ - - - . X mm 
Fy 345 

Try WIIOO x 499, Z = 26.60 X 106 mm3
, S = 23100 X 103 mm3

, 1= 12900 X 106 mm4
, 

Wg = (499)(9.81)(10-3
) 

= 4.9 kN/m f- Less than the assumed value of 
5 but close. Therefore, O.K. 

Note, W1100 x 499 --7 W44 x 335 

Shear capacity checks out for this girder section, as do service load requirements. 
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EXAMPLE Sa - Design Example 1 Modified for a I" Thicker Deck 

Problem Statement. Let us now examine the effect of increasing the deck thickness 1" on the 

girder design for the bridge of Example B5. Example B5 is repeated below with a 1" thicker deck 

to make this assessment. 

Assume the deck thickness is increased from 205 mm to 230mm 

Therefore, 

INTERIOR 

Woe = 13.21 Deck 

__ 5 Girder (Assumed) 

18.21 kN/m 

EXTERIOR 

Woe = 5.16 Deck 

7.57 Overhang 

6.74 Barrier 

5.0 Girder (Assumed) 

24.47 kN/m 

Therefore, the dead loads, moments, and shears in the Table B.16 would be altered as 

indicated in Table B.17. 

TABLE B.] 7 Unfactored Maximum Moments and Shears for Thickened (230mm) Deck 

Girder 

Interior 

Exterior 

Load Type 

DC 
DW 
LL+IM 

DC 
DW 
LL+IM 

W(kNlm) 

18.21 
16.78 
4.04 
N/A 

24.47 
23.09 
3.03 
N/A 
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Moment (kN m) Shear (kN) 
ML05 VLOO 

2118 278 
1952 256 
469 62 
2875 401 

2845 373 
2685 352 
352 46 
2929 407 



Therefore, the new Strength I Limit State design values for the girders are as follows. 

Interior Girder: 
278 

V ll = 0.95 [1.25 (256) + 1.50 (62) + 1.75 (401)] 

= 1085kN 
2118 

Mll = 0.95 [1.25 (1952) + 1.50 (459) + 1.75 (2875)] 

= 7963kNm 

Exterior Girder: 
373 

V ll = 0.95 [1.25 (352) + 1.50 (46) + 1.75 ( 407)] 

= 1185 kN 
2845 

Mll = 0.95 [1.25 (2685) + 1.50 (352) + 1.75 (2929)] 

= 8750 kNm f- controls 

> Mil _ 8750x10
6 

_ 2536 106 3 
ZREQD--- -. x mm 

Fy 345 

Again, 

W1100x499 (Z = 26.60x106 mm3
) 

Thus, use WIIOO x 499 or W44 x 335 as before. 

Note that increasing deck thickness by I", caused the controlling girder ultimate moment 

(factored moment) to increase from 

Mll = 8560kNm to---7 8750 kNm 

This is only a 2.22 increase in design moment, and as can be seen above, does not affect 

the final girder sizing/design. 
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Appendix C 

Example Illustrating Additional 
Cost of Deck Concrete can be Captured 

in Reduced Deck Rebar Cost 



From ALDOT's Structures Design and Detail manual, 

For S = 8' 
D=7" 

Transverse Steel o:€> #5 @ 5" O.c. o:€> As = 0.74 in 2/ft (top & bottom) 

")-- ")--12" 
/ t 

C = 0.85fcab 
/ 

I 

o.~s .~:.~~ 
I TRUCK TIREI 

T = At;, = 0.74in 2 x 60klin 2 = 44.4k 

4 ksi 

C = 0.85/'ca (12") = T = 44.4 k 

a = 1.088" 

arm = 7.0" - 1.0" - 0.3125" - 0.544" = 5.14" 

I 

I I f S=8'i 

~ 
GIRDER 

PLAN VIEW 

If increase deck thickness to 8" ... W DL Deck increases slightly but assume the resulting 
increasein MOL is negligible relative to MLL+I 
as indicated below. 

P Truck Tire = 16
k 

X 1.3 IF. ... 
20.8k 

PL 
MLL+! = 4 

20.8
k 

X 8' = 41.61k 

4 

jt 
41.61k 

= 6.7 'k/ft 
0.78 X 8' 

= 

(~ X 1 X 150)82 

WL 2 12 
= 0.7'k/ft 

7.4 'k/jt 

- -- = -------
8 8 

(_1 X 1 X 150) 82 

12 
/1 MDL = -------

8 
= O.1'k/ft 

7.4 'k/jt 

0.1 X 100 
7.4 

C-1 

1.4% Increase of M tr• ns which 
is negligible. In new 
construction with SIP metal forms, 
the forms carry the deck weight, and thus 
MOL and AMoL are both zero. 



Therefore, 

Recall 

armfor8"DECK = arm7"DECK + 1.0" = 6.14" 

7" Mjactored design 
A = s f X 5 14" y • 

8" ~actored design 
As = 

J;, X 6.14" 

} Mfactored design Approx. the same, therefore, 
8" 

As 5.14" 
7" 6.14" 

As 

= 0.837 

8" 7" 
As = 0.847 X As 

r 2 
As 0.837 x 0.74 = 0.62 in 1ft 

Therefore, 

M/~8 = -0.12 in 21ft for both top & bottom transverse bars 

A A Total Trans 2 A A 0 24 . 2It+.· d" 
LUi S = LUi S = -. m J t III transverse uectlOn 

Note in longitudinal direction will use same distribution and temperature steel, therefore, 

M Longit. = 0 
s 

M Total = M Tran. + M Longit. = -0.24 + 0 = -0.24 in 2/1 
s s s J' 

For 38' wide x 100' long bridge, 

~wSteel = _ 0.24 in
21ft x 38' x 100' x 490# -3103# 

T 144 ft3 

~CostSteel = -3103# x $0.50 = -$1552 
# 

C t 1 150# # 
~WT oncre e = (_) x 38 x 100 x -- = 47,500 

~Cost Concrete 

Therefore, 

12 ft3 
\. -I 

V 

317 ft3 

= 317ft3 

27
ft3 

yd3 

$70 x --
yd3 

$821 

.6.CostTotal =-$1552+$821 =-$731 ora$731 Savings 
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