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An Experimental and Analytical sStudy of Timber Bridges
Comprised of Longitudinal Stringers,
Transverse Decking, and Diaphragms

1.0 Introduction

Modern timber bridges are a cost-effective bridge type
for rural bridge replacements. The benefits of timber
bridges are primarily derived from the use of native timber
species and other local resources, such as local construction
crews, sawmills, and preservative treatment plants. The most
common type of timber bridge is constructed entirely of glue-
laminated 1lumber which only partially utilizes 1local
resources. Although glue-laminated bridges can be
constructed by town crews, the laminating and fabrication are

usually performed at a non-local facility using non-native
species.

More recently, stress-laminated timber bridges have been
developed that eliminate the need for glue-laminating and,
therefore, allow for the use of native species. In this type
of bridge, conventional sawn lumber is stressed together by
steel rods to form a monolithic timber bridge deck. To date,
only longitudinal stress-laminated timber bridges have been
seriously developed and an AASHTO design guide was recently
issued [1]. For this type of bridge, the superstructure
consists of a single layer of stressed timbers and,
therefore, the span obtainable for this design is limited by
available lumber size. For example, assuming a 12 inch deck
thickness, the approximate maximum span for an HS 20-44
loading is 26 feet [2]. An additional consideration with

stress-laminated timber bridges is the loss of prestress due
to wood creep. '

In this study, the primary objective was to put forth a
new type of timber bridge design that can better utilize
native timber species and other local resources but was not
limited to short spans. The design considered consists of
glue-laminated timber stringers with steel diaphragms
supporting a transverse timber deck as shown in Figure 1.
This is a common design for glue-laminated timber bridges;
however, in this study, the glue-laminated deck is replaced
with either a bolted or stressed timber deck made from a
native species. Eastern Hemlock is an abundant and

inexpensive native species that was chosen as the deck
material.

1.1 Scope

In this study, the structural behavior of timber bridges
consisting of glue-laminated timber stringers with steel
diaphragms supporting a transverse timber deck is

1
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Figure 1. Timber Bridge with Longitudinal Stringers,
Transverse Decking, and Diaphragms
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investigated. Field testing of a prototype bridge to be
built in Canton, CT was originally planned. However, due to
numerous delays in construction of the bridge, it was not
possible to perform these tests within the scheduled duration
of this project. A laboratory testing program was conducted

as a substitute for field tests to provide the necessary data
on the structural response.

Laboratory tests on bolted and stressed timber deck
panels were performed. A small scale model of the bridge was
also constructed and tested. A finite element model of the
bridge was used to perform the structural analysis. Analyses
were performed on the laboratory model and on a typical full-
scale bridge (two lane with sixty foot span). The adequacy
of current design specifications applicable to this bridge
was evaluated. Results from the lab tests and finite element

analyses were used to better understand the structural
behavior.

Without the construction of an actual bridge, several
important considerations for bridge design and construction
could not be addressed and, therefore, fall outside the scope
of this project. These considerations include corrosion
protection, construction procedures, deck to stringer
connection, adhesion and cracking of the wearing surface, and
actual cost information. If the opportunity to construct the
proposed bridge arises in the future, these important
considerations would need to be addressed.

2.0 Timber Bridge Deck Study

Laboratory tests were conducted on three different
timber panels to determine which design gives the best
structural response and which is the most feasible to use as
the bridge deck. One way bending tests were performed on
laminated beam panels. The panels were simply supported and
loaded by a concentrated force at the center as shown in
Figure 2. The difference in the panels is the means of
connecting the timber laminates. The first panel was bolted
together using three mild steel dowels (Figure 2), the second
panel was stressed together using two Dywidag tensioning
rods, and the third panel was stressed together using two

prestressing cables. All three panels were made of Eastern
Hemlock.

The bridge deck panels transmit wheel loads to the
stringers in both the transverse and longitudinal directions
of the bridge (see Figure 1). The panel forces in the
bridge's transverse and longitudinal directions will be
referred to as the primary and secondary deck forces,
respectively. In the laboratory tests, the ability of the
different panel designs to carry secondary deck forces is

3



Load Applied by Testing Machine

Steel) Distributicn
Channels

Steet Beam Used to

Timber Deck Specimen Distribute the Load

AMMDIIN

48

Platen of Testing Machine

Supports for the
Deck Specimen
(Steet
wiceflanges)

Steel Load Frame, Made of
JM4X 13 Steel | Beams

END VIEW OF DECK SPECIMEN

STEEL DOWELS @

STEEL
DISTRIBUTION 110 OEPTH OF
CHANEL R T Ty AT
o
g
8
£
b4
(2]
4
3
£ sar
z
8
z
-
2
o~
e e G e T e
| .
! 29° el |
Figure 2. Test Configuration for Timber Panels



tested. It is assumed that the response of the three designs
to primary forces is the same.

2.1 Test Results

For a simply supported beam with a concentrated force at
midspan, the midspan deflection is given by
pPL3

" 48 ET

where P is the force magnitude, L is the span, and EI is the
flexural stiffness of the bean. Two theoretical 1load-
deflection (LD) curves are presented to assist 1in the
evaluation of the test results. The first theoretical LD
curve uses the flexural stiffness of three steel dowels and
is used in comparison with the first panel (bolted). The
second theoretical LD curve corresponds to a solid timber
beam using the perpendicular modulus of elasticity for
eastern hemlock to compute the flexural stiffness. The two
theoretical LD curves are shown in Figure 3. A third LD
curve which accounts for combined bending of the wood and
steel is also shown, but this response is not significantly
different than the second LD curve.

The LD curve for the bolted or dowelled panel is shown
in Figure 4a along with the theoretical response for the
steel dowels. The stiffness of the dowelled panel is only
slightly higher than the stiffness of the steel dowels which
means that the timber does not contribute significantly to
the stiffness. Figure 4b shows the bending moment carried by
the steel dowels at midspan which was determined from strain
gauge data. This curve shows that the dowels carry less than
half of the total moment for most of the test.

The LD curves for the two stressed panels for different
values of prestress force are shown in Figures 5a and 5b for
the Dywidag rods and prestressing cables, respectively. The
theoretical LD curve for the solid timber beam is shown for
comparison. The response of the two stressed panels is
similar. As the stressing force is increased, the stiffness
of the panels increases but does not reach the theoretical
response of the wood. As the load is increased, the LD
curves become nonlinear. This is due to crushing of the wood
in the region associated with compressive bending stresses.
The combined compressive stresses due to prestress force and

bending eventually exceed the crushing strength of the wood
as the load is increased.

According to the new design guide for stressed decks
[1], one criteria for determining the magnitude of the
tensioning force is that there is no net tension in the deck

5
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panel under the combined compression and bending stresses
since the laminated panel can not support tension. The load
at which interlaminate tension begins was calculated for the

panels tested, but no significant change in the LD curves was
found to occur at these loads.

The stiffness of the three panels normalized by the
theoretical stiffness for a solid wood section is shown in
Figure 6 as a function of stressing force. The curves for
the panels using the Dywidag rods and prestressing cable are
fairly similar. For the stressed panels with realistic
tensioning force and for the dowelled panel, the panel

stiffnesses are only about 20% of the theoretical solid wood
stiffness.

2.2 Feasibility of Deck Construction

In addition to measuring the load-deflection response of
the three panels, the feasibility of each panel design for an
actual bridge deck was evaluated. The bridge deck considered
is 60 feet long and 27.5 feet wide and was designed according
to AASHTO requirements (see Appendix).

~ The first consideration is the amount of steel required
and number of holes to be drilled through the timber
laminates. According to the design, the dowelled deck
requires one dowel every 11 inches across the width. This
translates into 10,824 pounds of steel and 10,800 holes. For
the stressed decks, a stressing rod or cable is used every 66
inches across the width. This results in 1,084 pounds of
Dywidag rod or 799 pounds of prestressing cable and 2,160
holes. The dowelled deck requires about 10 times as much
steel and 5 times as many holes as the stressed decks. It is
expected that a dowelled deck would cost significantly more
than either of the stressed decks.

The details of connecting a bolted or dowelled deck have
not been fully established. Bolted deck panels could easily
be assembled, but these would have to be further connected in
the field to form the bridge deck. For the stressed decks,
the Dywidag rods or prestressing cable would run continuously
along the length of the bridge. Loss of tensioning force due
to creep is a concern. Access to the ends of the tensioning
rods or cables would be necessary to allow for retensioning.

The prestressing cables appear to have several
advantages over the Dywidag rods. First, the cables have a
higher strength and, therefore, a lower stiffness than the
rods. It has been shown that 1lower stiffness in the
tensioning components results in lower losses of tensioning
force due to creep [3]. The stiffness of the cables is about
half of the stiffness of the rods [4]. Second, the cables

9
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are more flexible which simplifies construction. Finally,
prestressing cables are more available than Dywidag rods and
are less expensive. Damage to the cables by the anchor
chucks and difficulty in restressing the cables are the
primary disadvantages [2].

3.0 Bridge Model Tests

Laboratory tests on a 1/12 scale model of the proposed
bridge were performed to evaluate the structural response of
a timber bridge with timber stringers, steel diaphragms, and
a timber deck. The test results are compared to the
predictions from a finite element model which is described in
Chapter 4. The model and testing configuration are shown in
Figure 7. The model was simply supported and loaded with a
concentrated force at the center. The deflection of the
model across the midspan was measured. The model consisted
of 1"x4" douglas fur stringers, 3/4" thick pine deck, and
diaphragms made from 1/2"x1/2"x1/8" steel angles.

The primary purpose of the tests was to see how the
diaphragms affect the structural response. The effect of
diaphragms is not included in the AASHTO design code for
timber bridges. The response of the model with and without
diaphragms, and with stiffened diaphragms was measured.

3.1 Test Results

A test was first performed at several load levels to
establish the linearity of the structural response. Figure
8 shows the load versus center deflection for the bridge
model with diaphragms, which confirms that the response was
linear. The bridge model was then tested without diaphragms.
The deflection across the midspan for this test is shown in
Figure 9 along with predictions from the finite element model
with and without diaphragms. The test was repeated several
times. The similarity of the curves shows the
reproducibility of the tests. The agreement of the 1lab
results with the finite element model without diaphragms is
good. Comparing the two finite element predictions, it is

seen that the diaphragms should significantly stiffen the
bridge in the transverse direction.

The model was next tested with the diaphragms but
without the deck. It should be noted that there was no
significant difference between the finite element results
with and without the deck when the model has diaphragms.
This means that the diaphragms contribute much more to the
transverse stiffness than the deck. The results of the lab
test are shown in Figure 10. It can be seen that the test
results do not agree with the finite element model with
diaphragms. It is only a coincidence that the lab data

11
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appears to agree with the finite element model without
diaphragms.

The reason for the large discrepancy between the
predicted and measured response of the model with diaphragms
was attributed to flexibility in the connections between the
diaphragms and the stringers. The connections consisted of
steel angle clips and through bolts as shown in Figure 11. A
steel plate was welded between adjacent diaphragms, as shown
in Figure 11, in an attempt to stiffen the diaphragm
connections. The lab results for the model with welded and
unwelded diaphragms is shown in Figure 12. A dramatic
increase in transverse stiffness was achieved by welding the
diaphragm connections. The response of the welded system is
much closer to the finite element model which assumes
infinitely rigid connections.

4.0 Analysis of Timber Bridge Behavior

A finite element model of the proposed timber bridge was
developed to better understand the structural behavior of the
bridge. The model was used to predict bridge deflection and
deck and stringer forces which were compared to those given

by existing design codes. An important consideration in
developing the model was whether the bridge deck acts
compositely with the stringers. For the 1longitudinal

direction, the contribution to composite behavior from the
deck is small because its small thickness and the low modulus
of elasticity of the deck in this direction. For the
transverse direction, a separate model was constructed to
evaluate the importance of composite behavior. It was found
that the difference in maximum deflection for composite and
noncomposite behavior was less than 8% for both the
longitudinal and transverse directions. Since the means of
connecting the deck to the stringers in actual construction
does not insure composite behavior, and since the importance
of composite behavior is small, the effect of composite

behavior was neglected in developing the finite element
model.

A two-dimensional finite element model was developed to
represent the three-dimensional bridge as shown in Figure 13.
To achieve this, a one-dimensional "diaphragm element" was
derived to represent the actual two-dimensional diaphragms
[4]. In order to test the validity of the diaphragm element
and to assess the significance of composite behavior, several
finite element analyses were performed on the bridge cross-
section as shown in Figure 14. The two-dimensional models in
Figures 14a and 14b are the actual bridge cross-section for
composite and noncomposite behavior, respectively. The
models are supported on springs with stiffness equal to the
stiffness of the stringers at midspan. A concentrated force

15
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is applied at the center. The model shown in Figure 1l4c uses
one-dimensional diaphragm elements to represent the actual
diaphragms. The response of the three models is shown in
Figure 15. It can be seen that the model using diaphragm
elements is identical to the two-dimensional noncomposite
model, and that the difference between the composite and
noncomposite behavior is small.

4.1 Analysis of Deck Forces

In order to design the timber bridge deck, the primary
and secondary forces in the deck, corresponding to the
transverse and longitudinal bridge directions respectively,
must be evaluated. AASHTO design specifications for deck
forces in a glue-laminated timber deck are available which
are based on research performed at the Forest Products
Laboratory (FPL) [5,6,7]. These design specifications can be
applied to other types of transverse decking as proposed here
and, therefore, the adequacy of these design specifications
in predicting deck forces was evaluated.

The deck forces given by the FPL work are based on a
simplified geometry of the actual bridge. = Namely, FPL
considers deck forces due to a wheel load on a simply
supported orthotropic plate of infinite length. The simple
supports represent two adjacent stringers and, therefore,
they do not account for continuity of the deck. Also, FPL
assumes that the plate is "thin", which implies that the span
to thickness ratio of the deck is greater than 20:1. For the
proposed bridge deck and for other reasonable deck designs,
the bridge deck is considered "thick", having a span to
thickness ratio of only 6:1. As noted by Taylor [8], the use
of thick plate theory for the bridge deck is more
appropriate. In this study, the results of the finite
"element analysis are compared to FPL results to evaluate the
adequacy of the assumed simplified geometry and thin plate
assumption in predicting the deck forces.

The deflection across midspan due to a 16 kip wheel load
at the center of the bridge as predicted by FPL and the
finite element (FE) model is shown in Figure 16. The FPL
result is larger than the thin plate FE result since deck
continuity is neglected. The thick plate FE result is
significantly greater than the thin plate FE result because
thick plate theory allows for shear deformation which
increases the flexibility of the plate. It is only
coincidental that the FPL result and thick plate FE result
agree relatively closely.

The primary moment and shear for the deck are shown in
Figure 17. The FPL result for primary moment agrees well
with the thin plate FE results. However, the primary
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shear is much larger than the thin plate FE prediction. The
difference between the thin and thick plate FE results for
primary moment and shear is small. The secondary moment and
shear for the deck are shown in Figure 18. For both
quantities, the FPL result is significantly higher than both
FE results. The difference between thin and thick plate FE
results for secondary forces is also significant.

For the above calculations, the modulus of elasticity of
the wood perpendicular to grain was used for the bridge deck
in the 1longitudinal bridge direction. As was noted in
Chapter 2, this stiffness is not achieved when the deck is
laminated as proposed here. The FE calculations were
evaluated again using 20% of this stiffness. This value was
considered a reasonable average from the results obtained in
the various laboratory tests. Figure 19 shows the midspan
deflection for full and 20% stiffness. As expected, the
local deformation between the stringers increases quite
dramatically; however, the global deflections are fairly
close. Figures 20 and 21 show the primary and secondary
forces in the deck, respectively. The reduction in deck
stiffness increases the primary forces and decreases the
secondary forces by a significant amount.

4.2 Analysis of Stringer Forces

The finite element model was also used to analyze moment
and shear in the stringers due to a HS 20-44 truck load. The
results of the analysis are compared to the AASHTO design
method. The effect of diaphragms on the structural behavior
of the bridge is also considered. It was seen in Chapter 3
that the diaphragms have a strong effect on the transverse
stiffness of the bridge. The effect of diaphragms on the

structural behavior of the bridge is not included in current
design specifications.

The truck loads were applied to the FE model to produce
the maximum stringer moment and shears according to AASHTO
specifications. For maximum moment, the distance from the
resultant truck loading to the bridge centerline shall equal
the distance from middle axle to centerline as shown in
Figure 22. For maximum shear, the position of the last wheel
load from the support is the lesser of three times the
stringer depth or one quarter of the bridge span. The
placement of the truck loads on the FE model to produce
maximum stringer moments is shown in Figure 22.

The moment and shear diagrams from the FE model for the
stringer directly under the wheel load with two trucks on the
bridge are shown in Figure 23 along with the AASHTO values.
It is seen that the AASHTO values agree well with the maximum
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values from the FE model without diaphragms. As expected,
the stringer moment and shear decrease for the model with

diaphragms. This is due to better transverse load
distribution when diaphragms are included.

The improved transverse distribution of load caused by
the diaphragms can be illustrated by applying a single wheel
load (16 kips) at one edge of the bridge at midspan. The
transverse deflection given by the FE model for the bridge
with and without diaphragms is shown in Figure 24, which
clearly demonstrates this effect. More importantly, the
diaphragms give better transverse distribution of the deck
and stringer forces. Figure 25 shows the improved transverse
distribution of the primary deck moment caused by the
diaphragms. Figure 26 shows the moment and shear diagrams
for the stringer on the side of the bridge opposite of the

wheel load. Without diaphragms, this stringer carries very
little load.

From the FE model, it was also possible to find the
forces in the diaphragm members. For all cases tested, it
was found that the maximum stress in the diaphragm members (2
ksi) was significantly less than the allowable stress for
steel. For the type of timber bridge considered, it appears
that the diaphragms do not have to be designed from a
strength viewpoint, but rather they should be designed to
provide a desired transverse stiffness for the bridge.
Additional results from this study can be found in reference

[4].
5.0 Conclusions

From laboratory tests performed on several laminated timber
deck specimens, the following conclusions are drawn:

1. The stiffness of a dowelled or bolted deck is only
slightly greater than the stiffness of the dowels.

2. The stiffness of the stressed decks increases as the
tensioning force is increased.

3. For the stressed decks, the value at which interlaminate

tension begins was found to have no practical
significance.

4. For the dowelled and stressed decks, the stiffness is
significantly below the stiffness of a solid wood
section with the same dimensions. An average stiffness
of 20% of the wood stiffness was considered more
realistic for laminated timber decks.

5. The stressed decks require much less steel and many
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fewer holes to be drilled than the dowelled deck, and
therefore are expected to be more economical. The

stressed decks are also expected to be easy to
construct.

The stressed deck using prestressing cable performed
similarly to the stressed deck using Dywidag rods. It
is expected that the loss of prestress due to creep will
be significantly less for the cables. It is also
expected that the cables will be more economical and
easier to use for construction.

From laboratory tests performed on a small scale model of the
bridge, the following conclusions are drawn:

1.

2.

The diaphragms significantly increase the transverse
stiffness of the bridge. To achieve this increase in
stiffness, the diaphragm connections must be rigid.

The agreement between laboratory tests and the finite
element predictions was good.

From an analytical study performed on a proposed full scale
bridge, the following conclusions are drawn:

1.

The difference between composite and noncomposite

behavior in both the 1longitudinal and transverse
directions is small. :

A two-dimensional finite element model can be used to
model the noncomposite behavior of a three-dimensional
bridge by using an appropriate "diaphragm element".

The FPL results for deck forces do not agree well with
the finite element model results.

The difference in the secondary deck forces using thin
and thick plate theories is significant.

Reducing the 1longitudinal deck stiffness to a more
realistic value significantly affects the deck forces.

AASHTO values for maximum stringer moment and shear
agreed well with the finite element model without
diaphragms. The presence of diaphragms results in
better transverse load distribution, and significantly
reduces the maximum moment.

The maximum stress in the diaphragm members was found to
be much 1less than the allowable stress for steel.

Design of diaphragms should be based on obtaining a
desired transverse bridge stiffness.
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Appendix A: Timber Bridge Design

Bridge Configuration: span L=60 ft, width W=27 ft 6 in

Loading Criteria: HS 20-44 live load, 3 in asphalt surface

Materials: glued laminated stringers (SYP or DF, 24F-V3,V4)
laminated eastern hemlock deck '

Interior Stringer Design

Assume: 6 stringers at 5 ft 6 in o.c.
12-1/4 in x 45 in stringers (DF)
or 10-1/2 in.x 49-1/2 in stringers (SYP)
6-3/4 in thick deck
weight of timber = 50 pcf (AASHTO 3.3.6)
weight of asphalt concrete=150 pcf (AASHTO 3.3.6)

Dead Load per Stringer:

deck = (6.75) (50) (5.5)/12 = 154.7 plf

asphalt = (3) (150) (5.5)/12 = 206.3 plf

stringers = (12.25) (45) (50) /144 = 191.4 plf. (DF)
= (10.5) (49.5) (50) /144=180.5 plf (SY¥YP)

total dead load = 552.4 plf '

Bending:

dead load moment = (.552)(60)2/8 = 248.6 kip-ft
live load moment, truck load controls :
HS20-44, from AASHTO Appendix A

M;;/lane = 806.5 kip-ft

DF = s/5.0 = 5.5/5.0 = 1.1

M;; = (806.5)(1.1)/2 = 443.6 kip-ft

total moment = 692.2 kip-ft

Section Properties:

stringers: stringers:

12-1/4 in x 45 in 10-1/2 in x 49-1/2 in
size factor = .863 size factor = .854
section modulus = 4134 in3 section modulus = 4288 in3
actual bending stress = actual bending stress =

(692.2) (12000) /4134=2009 psi (692.2) (12000)/4288=1937 psi
design value in bending (Cy=1.0, dry condition)

Fp,'=(2400) (.863) (1.0)
Fpy'=(2400) (.854) (1.0)

2071 > 2009
2050 > 1937
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Shear:
total dead load = 552.4 plf

Vpr, @ depth of stringer from support = (.552) (60/2 - 45/12)
= 14.5 Kkip

maximum reaction = 30.4 kip per wheel line
(AASHTO Appendix A)

Vi = (.5)[(.6)(30.4)+(1.1)(30.4)] = 25.8 kip

total shear = 40.3 kip

for SYP A=519.8 in2, and for DF A=551.2 in?
actual shear stress = (1.5) (40.3)(1000)/(519.8) = 116 psi

design value for shear (Cy=1.0) SYP F,, '=200 psi > 116
(AASHTO Table 13.2.2A)

DF F,,'= 165 psi > 116

Overload Provisions: does not apply for HS 20-44 load
(AASHTO 3.5.1)

Deflection: (Cy=1.0)

from Ritter Table 16-8,
deflection coefficient = 2.45 x 101! 1b in3

for SYP: E
for DF: E

106126 in*
93023 in%

==
© ®
E -
’—I
o
o]
0
"
-
H
nn

live load deflection
(2.45 x 1011)/[(1.8 x 10%)(93023)] = 1.46 in < L/360

Camber for Dead Load:

dead load deflection
[(5) (552.4/12) (60 x 12)%]/[(384) (1800) (93023)] = .96 in

for creep (Ritter) use (1.5)(.96) = 1.5 in
Area for Bearing:
Rp;, at support = (.552) (60/2) = 16.6 Kips

maximum reaction = 30.4 kip per wheel line
(AASHTO Appendix A)

Rpp = (1.1)(30.4) = 33.4
total reaction = 50 kip
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assume wet use for bearing (Cy=.667)
design value for bearing = (.450) (.667) = .300 ksi

area for bearing = (50)/(.300) = 167 in?
bearing length:

for SYP (167)/(10.5)
for DF (167)/(12.25)

16 in,
14 in

Doweled Deck Design

Basic design equations: (AASHTO 3.25.1.3)
using t=6.75 in

s clear span + half stringer width
53.75 + (10.5/2) = 59 in (controls)
clear span + deck thickness = 60.5 in

S

primary moment

M, = (16)[.5} log(59) - .51] = 6.3 kip in/in
Fj, = 1450 psi (AITC, #2 Hemlock)

assume dry C,=1.0, and Cz=(12/6.75)/° = 1.07

t = (6 M /F)/? = [(6) (6300)/(1.07) (1450)1%/2 = 4.94 in

primary shear

R, = .034 P = .034 (16) = .544 kip/in

F, = 85 psi

F, = 2 x 85 = 170 psi for no splits in timber
(AASHTO Table 13.2.1A, footnote h)

(3 R, / 2 F,) = (3)(544)/(2)(85) = 9.6 in
(3) (544)/(2) (170) = 4.8 in

ot ot

use t = 5 in

deck deflection (FPL report, Figure 17)
a/s=.333, b/a=.75, P=16 kip, E = 1100 ksi
(#2, Eastern Hemlock)

deflection = .18 in (.18 in = s/360)

dowel design

s=59 in

Ry, = P (s-20)/(2 s) = 5288 1b

Mp, = P [s (s-30)1/[20 (s-10)] = 27935 1b in

try 1.5 in diameter dowels
Ry, = 2770 1b, M, = 8990 1b in

n = (1000/1000)[(5288/2770)+(27935/8990)] = 5.02
use 5 dowels per bay
dowel stress = 1/n (Cy Rpy + Cy MTy) = 20162 psi < 36000 psi
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Stressed Deck Design

For primary moment and shear, use deck thickness t=5 in
(same as dowelled deck).

Design prestress system using same secondary moment and
shear.

required prestress

Assume secondary moment and shear are uniform across bay
Vp = (5288)/(66) = 80.1 1b/in,

My = (27935)/(66) = 423.3 1b in/in,

u=.45

opening due to bending: p = 6 M;/t? = 101.6 psi

(AASHTO 13-20) (controls)

slipping due to shear: p = (1.5 Vg)/(u t) = 53.4 psi
(AASHTO 13-23)

initial prestress P; = 2.5 (101.6) = 254 psi < 550 psi
(comp. per. to grain)

area of prestress rod

fs; = 0.8 (150) = 120 ksi for initial,

and f, = 0.7 (150) =105 ksi after 1osses

use s = 66 in (rod spacing)

(does not meet AASHTO specification)

A=p; st/ £, =.7 in?, use 1 in diameter rods (2=.78 in?)
(AASHTO 13-26)

A > .0016 s t = .53 in? (does not meet AASHTO 13-27)

area of prestress cable

f, = 0.8 (270) = 216 ksi for initial,

and £, = 0.7 (270) =189 ksi after losses
use s = 66 in (rod spacing)

(does not meet AASHTO fe01fication)
A=p; st/ f,= .39 in (AASHTO 13-26)
A < .0016 s t = .53 in? (AASHTO 13-27)
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