User Guide to Bridge Standard Detail Sheets

Section 1 - BRIDGE SUPERSTRUCTURE

PC/PS CONCRETE DECK PANEL DETAILS
(I GIRDER)

XS Sheet Numbers:
xs1-180-2 (xs1-180-2 shall be used in conjunction with xs1-180-3)

Description of Component:
PC/PS Partial-Depth Concrete Deck Panel Details for | Girder

Standard Drawing Features:

The project engineer (PE) is responsible for properly applying this standard drawing to
the bridge and providing a Professional Engineer seal. The engineer should select the
appropriate design from a range of PC/PS Partial-Depth Concrete Deck Panels shown in

Table 1.

The two standard types of precast prestressed (PC/PS) partial-depth concrete deck
panels (PDP) for bridge deck construction are rectangular panels and skewed panels.
Rectangular panels are usually used for bridges with no skew and for inner panels of
skewed bridges. Skewed panels are typically used to accommodate skews at abutments
or bents. Rectangular or skewed end panel details are shown in xs1-180-3.

Panel Design

1.

Table 1 - PC/PS Partial-Depth Deck Panel Design provides a standardized
range of total deck thickness and strand spacing using 3/8-inch diameter Grade
270 prestressing. It also provides a transverse negative moment deck
reinforcement of #5’s at 6 inches o.c., which is conservatively used for all cases
to satisfy AASHTO-CA BDS 08 and Structure Technical Policies (STPs) 9.1 &
9.4 design requirements.

Based on the girder spacing layout of the bridge, the designer must determine
specific values for the Deck Panel Table on the XS sheet, which applies to the
bridge. The deck panel length shall be calculated based on the girder spacing
by using Part Typical Section and deck panel details. The required PDP
thickness, total deck thickness selected from the range provided in Table 1,
and strand spacing need to be specified in the Deck Panel Table on the XS
sheet.

The designer must list the total deck thickness in the Deck Panel Table on the
XS Sheet.

The design values in Table 1 are based on the following assumptions: precast
concrete properties (f ¢ = 4.5 ksi, fz = 6 ksi), prestress strand steel properties
for the 3/8-inch diameter strand (Grade 270, 7-wire, low relaxation), and
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mild reinforcement steel (Grade 60). The designer may increase the assumed
CIP concrete compressive strength (f = 4.0 ksi) and show the required
strength on the “Concrete Strength and Type Limits” detail.

5. The design is also based on stressing the 3/8-inch diameter strands to 70%
(not 75%) of the specified minimum ultimate tensile strength (i.e., 0.70f,) to
prevent panel cracking during de-tensioning. This corresponds to a jacking
force of 16 kips per strand.

6. The designer is responsible for determining if the Project’'s PDP system is
within the Table 1 parameters of this User Guide and the assumptions listed
above. For cases beyond those provided in this User Guide, the designer must
develop a suitable design based on all the requirements.

Deck Panel Table

1. Designers must fill in the required information from this table on the XS Sheet
(Girder Spacing, Panel Depth, Panel Length, Strand Spacing, and Total Deck
Thickness).

Table 1 - PC/PS Partial-Depth Deck Panel Design: | Girder

Girder Spacing PDP Minimum Maximum Maximum | Negative Moment
Thickness Total Deck Total Deck Strand Deck #5 Rebar
(in.) Thickness Thickness Spacing Spacing
(in.) (in.) (in.) (in.)
5'-0" to 8'-9" 3.75 8.0 10.25 6.0 6.0

Plan-Rectangular Panel

1. Panel length “L” is limited to 4’-0" min. and 8'-0"" max.

2. Panel width “W’ is limited to 4'-0"" min. and 12’-0"" max. The shop drawings will
specify the "W" dimension for manufacturing and transportation efficiency.

3. Panel size (L and/or W) not in the specified range above requires a special
design.

4. All panel dimensions and strand spacing are to be provided on the contractor’'s
shop drawings. The designer must review the shop drawings to ensure
compliance with the original design and parameters of this user guide.

Section A-A

1. Panel depth “D” shall be 3.75 inches.

2. The top face of the panel (interface between precast and cast-in-place deck
concrete) shall be textured per the Standard Specifications 51-4.02D(7).

3. PS strands are placed in the center of the panel to avoid camber due to
eccentricity.

Part Typical Section

1. Total deck thickness “T" must be as shown in DECK PANEL TABLE. The
corresponding CIP topping thickness is the difference between the total deck
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and PDP thickness. Provide a minimum of 1-inch clearance between the CIP
deck reinforcement and the PDP.

2. The height-to-width ratio of polystyrene camber strips shall be in accordance
with the Standard Specifications 51-4.02D(7). The edge of the camber strips
shall be located %" min. and 1" max from the edge of the girders.

3. The concrete deck pour is divided into Stage 1 (preliminary deck pour) and
Stage 2 (remaining CIP topping pour) per Standard Specifications 51-4.03G.

Design/General Notes:

The design and details are based on AASHTO LRFD Bridge Design Specifications, 8™
Edition, with CA Amendments. Section 51-4.02D(7) and Section 51-4.03G “Deck Panels”
of Caltrans Standard Specifications provide information on PC/PS deck panel fabrication
and construction. Designers must read these sections of the Standard Specifications.

Additional Drawings Needed to Complete PS&E:

This sheet works together with XS Sheet No. xs1-180-3 and a bridge project “TYPICAL
SECTION” sheet.

Contract Specifications:
Standard Specifications 2023

Restrictions on Use of Standard Drawings:

The PE is responsible for applying the pre-designed Table 1 of this User Guide to the
bridge.

Special Considerations:

Under some circumstances, PDPs are not permitted to be used. See STP 9.1. The PE
must determine if the use of xs1-180-2 and xs1-180-3 is appropriate for the bridge. The
PE shall stamp the xs1-180-2 and xs1-180-3 sheets with a valid California Professional
Engineer License Stamp.

Design Calculations:
Selected design verification calculations are provided in the attached Appendix.
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DESIGN TABLE VERIFICATION FOR PARTIAL-DEPTH
PRECAST/PRESTRESSED CONCRETE DECK PANELS
(PDP) WiTH CIP TOPPING

| Girder, Girder spacing, S = 8.75 ft; 8 in. Deck (PDP = 3.75 in.,
CIP = 4.25 in.); Strand spacing, s =6 in.
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1.0 OVERVIEW

1.1 Introduction

This calculation is a verification calculation (not design calculation) that demonstrates a
Stay-In-Place Precast Prestressed Partial-Depth Concrete Deck Panels (PDPs) with a
cast-in-place (CIP) concrete topping that satisfies the requirements of the AASHTO LRFD
Bridge Design Specifications (8th Edition, 2017 with updates) for the specific parameters
assumed in the Design Table shown in the PDP User Guide for XS Sheets.

The representative bridge used for this calculation is modeled after the 3-lane bridge of
Example 9.10 in the PCI Bridge Design Manual (3rd Edition). The total bridge deck width
is dependent on the girder spacing, and the deck slab for this verification is supported by
four California | Girders. Caltrans Type 842 barriers with deck overhangs are included.
See Figures 1.2.1-1 and 1.2.1-2 for bridge, girder, and PDP sections and plan.

The calculation uses the strip method for flexural analysis. Concrete stresses due to
external loads and prestress effects are calculated using transformed sections. Time-
dependent prestress losses are calculated using the LRFD Approximate Estimate
Method. The scope of the calculation is shown in the Table of Contents and does not
address shear per LRFD Article C4.6.2.1.6.

1.2 PDP System

1.2.1 Deck Design Parameters

The key deck design parameters for this PDP design verification are stated below, based
in part on STP 9.1, which states: "PDPs shall have a thickness of at least 3.75 inches, a
maximum length of 9'-0" [spanning in a transverse direction of the bridge]", and a width
from 4-ft to 12-ft (in a longitudinal direction of the bridge). The deck must have an overall
thickness of at least 8 inches. PDPs shall use a 3/8-inch diameter Grade 270 low-
relaxation prestressing steel strand. The maximum tensile stress in the prestressing steel
at release (Editorial note: i.e., immediately prior to transfer) shall not exceed 70% of the
specified minimum ultimate tensile strength of the prestressing steel. Strands must be
placed at the centroid of the PDP cross section so that the prestressing does not produce
any eccentricity."

Girder Type/Spacing:

e Type = California | Girder

e Top flange width = 19 in.

» Girders spacing, S =8.75 ft

e Overhang = min (0.5S, 6 ft) = 4.375 ft

XS Sheet 1-180-1 to 3 User Guide 3 Eric Matsumoto PhD PE
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Deck thickness:

e Total thickness, hwt = 8 in.

e PDP thickness, h=3.75in.

e CIP topping thickness, ts = 4.25 in.

PDP Length:

e Length=8 ft

e Design Span, | = 8 ft (conservatively taken as total length)
PDP Width:

o Width =8 ft

e Design Width, b = 1.0 ft (for calculation simplicity) Strands:
e Grade 270 low relaxation; 3/8-inch diameter

e Strands spacing, s = 6 in.; Edge Distance = 3 in.

e Number of Strands, N = 16 for 8 ft width

e Zero Eccentricity for Noncomposite PDP section.

PDP Specified Concrete Compressive Strength:

o fi=4.5Kksi
o fc=06.0ksi
e CIP Topping: fcs = 4.0 ksi

__-Concrete Barrier
/" (Type 842)

| Clear ‘ ‘ Length of PDP, L ‘ hyot (deck

| ‘ ‘ | + thickness)

t; (CIP slab thickness)

h (PDP thickness)

Overhang

Lesser of
(0.5*S, 6'-0")

Figure 1.2.1-1. Bridge Typical Section with PDPs
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Legen d Assumed Center of Bearing

Actual Center

D = Demand
C = Capacity

D/C is Demand/Capacity Ratio for Stress or
Strength Checks

OK = Design check satisfied

NG = Design check not satisfied

Figure 1.2.1-3 Assumed Bearing
on Girder (Conservatively
taking as 5 in. from the edge)

PDP Dimensions
Girder spacing, S =8.75 ft
PDP design span length, / = S - top flange width + (5 in. x 2)
I=S-19+10=96in.
PDP width, w =1 ft = 12 in. Use 1 ft unit width for calculations (8 ft total)
PDP depth, h =3.75in.
CIP topping slab depth, ts = 4.25 in.
Total deck thickness, hiwt=h + ts = 8 in.

1.2.2 Deck Design Checks

Total deck thickness, hiot
Minimum required total deck thickness = 8.0 in. [STP 9.4]
hiot = 8.0 in. OK

Maximum and Minimum thickness of PDP
PDP thickness < 55% of total deck depth and not less than 3.75 in.
[LRFD Art. 9.7.4.3.1; STP 9.1]

0.55 hiot = 4.4 in.
h=3.75in.<0.55 hiwtand h > 3.75 in. OK
XS Sheet 1-180-1 to 3 User Guide 6 Eric Matsumoto PhD PE
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1.3 Terminology

The following terminology is used in this calculation:
¢ Noncomposite section - actual PDP section

e Noncomposite nontransformed section - PDP section without the strands
transformed (i.e., gross section)

e Noncomposite transformed section - PDP section with strands transformed to
equivalent PDP concrete

e Composite section - actual PDP section with CIP topping slab and haunch

e Composite nontransformed section - PDP section, with CIP topping slab and
haunch transformed to equivalent PDP concrete (but without strands transformed)

e Composite transformed section - PDP section, with CIP topping slab and
haunch and strands transformed to equivalent PDP concrete

NOTE

The term "composite" with nontransformed or transformed section implicitly includes the
transformation of CIP topping slab and haunch to equivalent PDP concrete

The term "transformed" refers to the transformation of the PDP strands to equivalent
PDP concrete

2.0 MATERIALS

'

The PDP initial (specified) concrete compressive strength, f, of 4.5 ksi, and final
specified compressive strength, ', of 6.0 ksi are based on typical economical values
achieved in practice. The compressive strength for the CIP topping of 4.0 ksi is also a
typical value used in practice. Other material properties used for concrete (weight, Ec,
etc.) and PS steel and rebar are typical industry standard values.

2.1 Cast-in-place (CIP) Concrete Topping

CIP topping slab thickness, ts=4.25 in. = 0.354 ft
Specified concrete compressive strength for topping slab, fcs = 4.0 ksi
CIP concrete unit weight, we = 0.150 kip/ft3

2.2 Precast Deck Panels

Specified concrete compressive strength at transfer, fi = 4.5 ksi
Specified concrete compressive strength at service, fc = 6.0 ksi
PDP unit weight, w. (assumed to be same as CIP) = 0.150 kip/ft3 [LRFD Art. 5.4.2.8]

XS Sheet 1-180-1 to 3 User Guide 7 Eric Matsumoto PhD PE
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For normal-weight concrete, the concrete density modification factor, A, is 1.0 in LRFD
Equations.

2.3 Prestressing Strands

The prestressing (PS) strands use industry standard properties, including Grade 270, low-
relaxation steel. Smaller 3/8-inch diameter strands are suitably used for PDPs. The total
number of strands for the assumed PDP width (8 ft) and strand edge spacing is
determined. Based on this, the area of strands per UNIT foot width is determined and
used throughout the calculations.

Nominal strand diameter for 3/8-inch strand, d, = %in.

Area of one strand, A,=0.085 in.2

Specified tensile strength, f =270 ksi

' Tpu
Yield strength, fpy = 0.9 f,y, = 243 ksi [LRFD Table 5.4.4.1-1]
Jacking stress, f,; = 0.7 fou = 189 ksi [STP 9.1]

NOTE: This limit is intended to reduce splitting stresses at ends of PDP and thus the
likelihood of related cracking.

Stress limits for PS strands

Prior to seating (short-term), fp; short = 0.9 f,y = 218.7 ksi [LRFD Table 5.9.2.2-1]
Immediately prior to transfer, fy; max = 0.75 fpu = 202.5 ksi [LRFD Table 5.9.2.2-1]
Jacking stress, fy; shall be < f; max= 189 ksi < 202.5 ksi OK

[LRFD Table 5.9.2.2-1; STP 9.1]

At service limit state (after all losses), fpe_ max = 0.80 f,y = 194.4 ksi
[LRFD Table 5.9.2.2-1]

Modulus of Elasticity, E, = 28500 ksi [LRFD Art. 5.4.4.2]
Calculate the total # of strands, N, based on assumed
Strand spacing, s =6 in.
PDP width, ws = 8 ft = 96 in.
Edge distance, dedge = 3 in.
(Ws -2. dedge )

N = +1=16
s

Spacing limits for PS strands, CAmax = 0.75 in. Conservative assumption for max coarse
aggregate

XS Sheet 1-180-1 to 3 User Guide 8 Eric Matsumoto PhD PE
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Minimum strand spacing, Smin = max (1.5 in. or do + 1.33 CAmax) = 1.5 in.
[LRFD Art. 5.9.4.1, Table 5.9.4.1-1]
Maximum strand spacing, Smax = min (1.5 hwt. or 18 in.) = 12 in. [LRFD Art. 5.9.4.2]

Smin< S = 6in. < Smax OK

Calculate area of PS strand per ft of PDP width, Aps

N

As:Ast'(
1%

o

).12in. = A = 0.17in.2 Per unit foot of PDP width

8

2.4 Reinforcing Bars

Yield strength for Grade 60 rebar, f, = 60 ksi
Modulus of Elasticity, Es = 29000 Ksi [LRFD Art. 5.4.3.2]

3.0 LOADS, LOAD EFFECTS, AND LOAD COMBINATIONS

3.1 Dead Loads and Moments

The PDPs support their own weight, construction loads, and the weight of the CIP topping
slab "noncompositely". PDPs and the CIP topping slab support superimposed dead and
live loads "compositely”. A unit foot width of PDP and CIP topping are used. Weights are
distributed load along PDP in k/ft, and demands are determined at L/2. Where positive
moment demand for the wearing surface is slightly higher away from L/2 due to continuity,
this larger demand is conservatively combined with L/2 demand in design checks. This is
a very minor effect. Moments at midspan of the PDP due to barrier rails and wearing
surface loads are based on a continuous beam analysis, with the overhang taken as the
lesser of (0.5S, 6 ft).

Weight of PDP:  Wiepp = h we (1 ft) = 0.047 kip/ft

2
Moment of PDP at L/2: M., = Yeor*!

PDP =

—0.375 kip-ft

Weight of CIP topping slab: Weir = ts we (1 ft) = 0.053 Kip/ft

2
Moment of CIP at L/2: M., = % ~0.425 kip-ft

XS Sheet 1-180-1 to 3 User Guide 9 Eric Matsumoto PhD PE
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3.2 Barrier and Wearing Surface Loads and Moments

Moments at midspan of the PDP due to barrier rails and wearing surface loads are based
on a continuous beam analysis, with the overhang taken as the lesser of (0.5S, 6 ft).

Barrier

1-9"
Overhang = min (0.5S, 6 ft) = 4.375 ft 1-g e
WBarrier = 0.656 klp/ft E";"t

M, = 0.574 kip-ft =t
Moment at L/2 due to point load of barrier rail

(imported from structure analysis)

Figure 3-1 Caltrans Barrier Type 842

Wearing Surface

Future wearing surface (3 in. additional concrete), tws = 3 in.
Weight of wearing surface, Wws = tws we (1ft) = 0.0375 Kip/ft

Moment at L/2 due to wearing surface uniform load, Mws = 0.143 Kip-ft (imported from
structural analysis)

3.3 Construction Load and Moment

Construction load, p¢, of 50 psf (applied to PDP and CIP topping)  [LRFD Art. 9.7.4.1]
pe = 0.050 ksf

Weight of construction load, we = pe (1ft) = 0.05 kip/ft
2
Moment of construction load, M W, % =0.4 Kkip-ft

const —

NOTE:
LRFD Article 9.7.4.1 requires:

1) Unfactored stress check with PDP concrete stresses limited to 0.65f: in
compression or modulus of rupture in tension, and steel stress limited to 0.75f,,
and

2) Elastic deflection due to PDP self-weight and CIP topping not to exceed L/180
nor 0.5 in.

In addition, LRFD Article 3.4.2.1 requires construction loads to be added in the Strength
Load Combination | with a load factor not less than 1.5. Wet concrete deck and PDP
should be considered DC loads.

XS Sheet 1-180-1 to 3 User Guide 10 Eric Matsumoto PhD PE
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3.4 Live Load and Moment

LRFD Article 3.6.1.3.3 states that for decks where the primary strips are transverse, and
their span does not exceed 15 ft, the transverse strips are designed for the axle loads of
the design truck (32.0-kip axle) or the design tandem.

Multiple Presence Factor

Single Truck: SFst=1.2 [LRFD Table 3.6.1.1.2-1]
Two Trucks: SFit=1.0 [LRFD Table 3.6.1.1.2-1]
Dynamic Load Allowance: DLA = 33% [LRFD Table 3.6.2.1-1]

LRFD Table A4-1 (Deck Slab Design Maximum Live Load Moments) gives the values of
maximum positive (and negative) bending moments for different deck slab spans (Girder
spacing, S). This table is valid for decks supported on at least three girders and having a
bridge deck width measured between the centerlines of the exterior girders of not less
than 14 ft. Multiple presence factors and the dynamic load allowance are included in the
tabulated values. (Values of negative bending moments provided by this table do not
apply to the deck overhang.)

For the deck under consideration, the maximum positive bending moment, with dynamic
allowance, is taken from AASHTO Table A4-1 (next page) as follows:

For S = 8.75 ft => M.L = 6.14 kip-ft
Positive Live Load Moment per Unit Width for PDP Design

XS Sheet 1-180-1 to 3 User Guide 11 Eric Matsumoto PhD PE
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Table A4-1—Maximum Live Load Moments per Unit Width, kip-ft/ft

Negative Moment
Positive Distance from CL of Girder to Design Section for Negative Moment

5 Moment 0.0 m. 31 6 1n. 9 1. 12 . 18 . 24 1n.

4 ft -0 1. 468 2.68 207 1.74 1.60 1.50 1.34 1.25
4 ft —3 1. 4.66 2.73 2.25 1.95 1.74 1.57 1.33 1.20
4 ft —6 1n. 4.63 3.00 258 219 1.90 1.65 132 1.18
4 ft —91n. 464 338 290 243 207 1.74 1.29 1.20
5 ft —01n. 465 374 320 266 224 1.83 1.26 1.12
5t -3 1m. 467 406 347 2.89 241 1.95 1.28 0.98
5 ft —6 1. 471 436 373 311 2.58 2.07 1.30 0.99
5 ft —9 1. 477 463 397 3131 2.73 2.19 1.32 1.02
6 ft —01n. 4.83 488 4.19 3.50 2.88 231 1.39 1.07
6 ft -3 1. 491 510 439 368 302 242 1.45 1.13
6 ft —6 1. 5.00 531 457 3 84 315 2.53 1.50 1.20
6 ft —91n. 5.10 5.50 474 399 327 2.64 1.58 1.28
7 ft —01n. 521 598 5.17 436 3156 284 1.63 1.37
7 ft -3 1. 532 6.13 531 449 3.68 296 1.65 1.51
7 ft —6 1. 544 6.26 543 4.61 3.78 3.15 1.88 1.72
7 ft -9 1n. 5.56 6.38 5.54 471 3.88 3.30 221 1.94
g ft —0 1. 5.69 6.48 5.65 4.81 3.98 3.43 2.49 2.16
g ft -3 1. 583 6.58 574 490 406 353 274 237
8 ft —6 1n. 599 6.66 582 498 414 361 296 258
- 8 ft —91n. 6.14 6.74 590 506 422 3.67 315 279
9 ft —01n. 629 6.81 597 513 428 371 331 3.00
9 ft -3 1n. 6.44 6.87 6.03 5.19 4.40 3.82 347 3.20
9 fi —6 1. 6.59 7.15 6.31 546 4.66 4.04 3.68 339
9 ft -9 1n. 6.74 7.51 6.65 5.80 4.94 4.21 3.89 3.58
10 fi -0 m. 6.89 785 699 613 5.26 441 4.09 397
10 fi —3 1. 7.03 g8.19 7.32 6.45 5.58 4.71 4.29 3.96
10 fi —6 1n. 717 852 7.64 6.77 5.89 5.02 448 415
10 fi -9 1. 732 883 7.95 7.08 6.20 5.32 4.68 434
11 fi —01n. 746 914 826 738 6.50 562 4 86 452
111t -3 1n. 7.60 944 8.55 7.67 6.79 591 5.04 4.70
111t —6 1. 7.74 972 8.84 1.96 7.07 6.19 522 4.87
11 ft —91n. 7.88 10.01 9.12 8.24 7.36 6.47 5.40 5.05
12 fi —01n. 8.01 10.28 940 8.51 7.63 6.74 5.56 5.21
12 fi -3 1. 8.15 10.55 9.67 8.78 7.90 7.02 575 538
12 fi —6 1. 828 1081 993 904 8.16 728 597 5.54
12 fi —91n. 841 11.06 10.18 930 842 7.54 6.18 5.70
13 fi —01n. 8.54 1131 10.43 9.55 8.67 1.79 6.38 5.86
13 fi -3 1. 8.66 1155 10.67 9 80 8.92 804 6.59 6.01
13 fi —6 1. 8.78 11.79 1091 10.03 9.16 8.28 6.79 6.16
13 fi -9 1n. 890 12.02 11.14 1027 940 8.52 6.99 6.30
14 ft —0 1. 9.02 12.24 11.37 10.50 9.63 8.76 7.18 6.45

Table 3.4-1. Live Load Moment per Unit Width
(AASHTO LRFD Table A4-1)
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3.5 Load Factors and Load Combinations

Total factored load is taken as:

Q=>nyQ [LRFD Eq. 3.4.1-1]
n;= a load modifier relating to ductility, redundancy, and operational importance, taken
as 1.0 here for typical bridges [LRFD Art. 1.3.2]
vi= load factor [LRFD Eq. 3.4.1-1]

Qi = force effects from specified loads

Investigating different limit states given in LRFD Article 3.4.1, the following limit states are
applicable:

Service I: Check compressive stress in prestressed concrete components

Q = 1.00(DC+DW) + 1.00(LL+IM) [LRFD Tables 3.4.1-1]

This load combination is the general combination for services limit state stress checks
and applies to all conditions other than Service llI.

Service lll: Check tensile stresses in prestressed concrete components

Q = 1.00(DC+DW) + 1.00(LL+IM) [LRFD Tables 3.4.1-1 and 3.4.1-4]

This load combination for Service lll stress checks applies only to tension in prestressed
concrete structures to control cracks.

NOTE: Per LRFD Table 3.4.1-4, a load factor of 1.00 (not 0.80) is applied to (LL+IM) for
Service lll because the approximate loss (not refined loss) approach (with transformed
section), is used for long-term losses.

Strength |: Check ultimate strength [LRFD Tables 3.4.1-1 and 3.4.1-2]

Maximum Q = 1.25(DC) + 1.50(DW) + 1.75(LL+IM)
Minimum Q = 0.90(DC) + 0.65(DW) + 1.75(LL+IM)

This load combination is the general load combination for strength limit state design. An
additional strength check is required for construction with PDPs per LRFD 3.4.2.1, as
shown later.

NOTE: For simple-span bridges, the maximum load factors produce maximum effects.
Minimum load factors for dead load (DC) and wearing surface (DW) are used when dead
load and wearing surface stresses are opposite to those of the live load.

Fatigue [LRFD Art. 9.5.3 and 5.5.3.1]
Fatigue need not be investigated for concrete deck slabs in multi-beam bridges.

XS Sheet 1-180-1 to 3 User Guide 13 Eric Matsumoto PhD PE
© 2024 California Department of Transportation. ALL RIGHTS reserved.



PDP Verification: | Girder February 2024

4.0 SECTION PROPERTIES FOR PANEL SYSTEM

4.1 Noncomposite Nontransformed (Gross) PDP Section

NOTE: All calculations are for a unit foot of PDP width, i.e., b =12 in.
b=12in. h=3.75in.
Ag = gross area of PDP cross section Ag=b*h=45in.?
Iy = moment of inertia (about the centroid) of the PDP
_b.h
¢ 12
Sp = section modulus for the extreme bottom fiber of PDP
b.h?

/ =52.73in4

S, -28.13in.3

St = section modulus for the extreme top fiber of PDP

2
s =2 _2843in3
E. = modulus of elasticity, ksi = 120000 K7 (wc)?? (fe)°32 [LRFD Eq. 5.4.2.4-1]
Where:
K1 = correction factor for source of aggregate taken as 1.0 Ki=1

we = unit weight of concrete

For 5 ksi < fc < 15 ksi, we = 0.140 + 0.001f¢ [LRFD Table 3.5.1-1]
However, for precast concrete, simply use w. =0.150 kcf, representative of PDPs:
E.iand E. for PDP

E_ =120000(1.0)(0.150)*°(4.5)°% =4435 ksi

E, =120000(1.0)(0.150)>°(6.0)*%* =4877 ksi

4.2 Composite Nontransformed Section

The composite nontransformed section is the section for which the CIP topping slab is
transformed to PDP concrete, but strands are not transformed.

CIP slab
E,. =120000(1 .O)(0.150)2'°(4.0)°'33 =4266 ksi
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Modular Ratio, n (Converting CIP to PDP Concrete)
E: = 4877 ksi

Modular Ratio to convert CIP slab to PDP concrete, n,,, = IZ"S =0.8748

c

Composite Nontransformed Section Properties for CIP Slab

Transformed width of CIP Slab, bt = ncpp b = 10.497 in. (12 inches CIP to narrower PDP
concrete)

Transformed area of CIP Slab, A; = b; ts = 44.61 in.2
b,. z‘s3

Transformed moment of inertia of CIP Slab, /, = =67.15in.4

Figure 4-1 shows the dimensions of the composite nontransformed section.

| bt kl
— -
[ A
2 Yo [~ —Transformed
CIP Slab
. Y __t @CGC
&
‘ytg
< Yee ~—PDP
Y Y
. b=12" .
(1 ft unit width)

Figure 4-1. Composite Nontransformed Section

Ac = total area of composite nontransformed section
Ac= (b h) + bt ts = 89.61 in.?

ybe = distance from CGC (centroid of composite nontransformed section) to bottom fiber
of composite section (i.e., to bottom of PDP)

) (aes)

ybc:

AC
ytg = distance from CGC to top fiber of PDP (positive value means CGC is within CIP
deck)
Yig = ¥Yoc —h =0.1164 in.
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ytc = distance from CGC to top fiber of composite section (i.e., to top of CIP slab)
Ytc = htot — ybc = 4.134 in.

Ic = moment of inertia of the composite nontransformed section
hY t 2
I, =1,+A, .(ybc —EJ +1,+A .£h+§—ybcj =478.33 in.

Ske = composite nontransformed section modulus for extreme bottom fiber (to bottom of
PDP)

IC
ybc
Stg = composite nontransformed section modulus for top fiber of PDP

S =I—C=411O.8 in.3

tg
tg

S, =123.7in.3

c =

Stc = composite nontransformed section modulus for extreme top fiber (to top of CIP
slab). Modular Ratio, ncjp, transforms section modulus back to CIP concrete so
stress calculated at top of CIP corresponds to stress in CIP concrete (not in
transformed PDP concrete)

S L [’—0}132.3 in.3
ncip ytc

4.3 Noncomposite and Composite Transformed Section Properties

The transformed section refers to the section for which the strands (as well as the CIP
concrete slab) are transformed to PDP concrete. This applies to both the noncomposite
and composite sections.

Eccentricity of Strands, e.

The distance between the center of gravity of the prestressing strands and the bottom
fiber of PDP

h .
=—=1.875Iin.
ybs 2
The distance between the centroid of PDP and the bottom fiber of PDP
h .
=—=1.875in.
Yy 2

Strand eccentricity, ec (constant for straight strands)
€c=Yb—Ybs=01In.

Modular Ratio at Transfer, n;, and at Final Time, ns
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For the single row of prestressing strands in the PDP, the steel area is multiplied by
(n - 1) to transform the strands to PDP concrete, where n is the modular ratio (modulus
of strand/modulus of PDP). Since E. differs at transfer and at the final time, transformed
section properties are calculated for these two stages.

Strands to PDP

E

At Transfer: n, = E—” =6.426
: : E

At Final Time: n; :E—”:5.844

4

ni—1=4.844

Centroid of Composite Section at Final Time

Modulus of Elasticity

PDP Panel E. = 4877 ksi
CIP Topping Ecs = 4266 ksi
PS Strands E, = 28500 ksi
y (from bottom to CG)

PDP Panel Yepp = g =1.8751n.

: (t,) :
CIP Topping Yop =h+ > =5.875in.

h .

PS Strands Yps = r 1.875in.

CIP to PDP

ni—1="5.426

ncip = 0875

Area at Final Time

Appp=b h=45in.?

Acip = Neip b ts = 44.61 in.?

Aps tr= (nf— 1) Aps = 0.823 in.?

Asum = Appp + Acip + Aps_ir = 90.436 in.?
Ay

Ayepp = Appp yrpp = 84.38 in.3

Aycip = Acip ycip = 262.1in.3

Ayps = Aps_tr yps = 1544 in.3
Aysum = Ayppp + Aycip + Ayps = 348 in.3

Ay ,
=—241 =3.8482 in.
ybar A

sum

Overall centroid yp, = 3.8482 in.
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4.3.1 Noncomposite Transformed Section at Transfer

Noncomposite transformed section at transfer refers to PDP with strands transformed.
Area of transformed section at transfer, Ai = Appp + (N — 1) Aps = 45.92 in.?
Moment of inertia of noncomposite transformed section at transfer, I = Ig = 52.73 in.*
Eccentricity of strands for noncomposite transformed section at transfer, e = 0 in.
Distance from the centroid of the transformed section to the bottom fiber of PDP at
transfer,

yoti = yppp = 1.875 in.

Section modulus for extreme bottom fiber of noncomposite transformed section at transfer

I
S,, =1 =28.13in.3

bti
Section modulus for extreme top fiber of noncomposite transformed section at transfer

I,
S, =—"'—=28.13in23

h-y,,

4.3.2 Noncomposite Transformed Section at Final Time

Noncomposite Transformed Section at Final Time

Area of transformed section at final time, As = Appp + Aps_tr = 45.82 in.2
Moment of inertia of the transformed section at final time, /= Ig = 52.73 in.*
Eccentricity of strands for noncomposite transformed section at final time, e« = 0 in.
Distance from the centroid of the noncomposite transformed section to the extreme
bottom fiber of the beam at final time,

Yot = Yeop = 1.875 in.

Section modulus for the extreme bottom fiber of the transformed section at final time

!
S,, =—1=28.13in3

btf
Section modulus for the extreme top fiber of the transformed section at final time

/
S, =—%—=28.13in3
o=

btf
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4.3.3 Composite Transformed Section at Final Time

Moment of inertia, /i, for composite transformed section about overall centroidal axis

3
PDP Panel Loop = b.%+ Angr +(Ver = Voop P =227.9in4
3
CIP Topping I =Ny .b.is—2+AC,P Yop —Vor V =250.4 in.4
PS Strands Ips =0 I + A «(Voar —¥,s)’ =3.206 in.*
Sum l. =1lopp +1op + 1o =481.57 in#

Composite Transformed Section Properties

Area of composite transformed section at final time
Atc = Asum = 90436 in.2
Moment of inertia of the composite transformed section at final time

lic = 481.57 in.#

Eccentricity of strands with respect to CGC of composite transformed section at final time
€ = Yiar —g: 1.973 in.

Distance from CGC of composite transformed section to bottom fiber (of PDP)
Ybtc = Ybar = 3.848 in.

Section modulus for extreme bottom fiber of composite transformed section (in PDP)

S, = —125.14in3

btc
Section modulus for top fiber of PDP

he =-4903in.3

(h=Yuo)

NOTE: Since the CGC of the composite section is slightly above the PDP, this negative
value is maintained to provide the correct stress at the top of the PDP (negative = T) in
Section 6.3.2.2.

Section modulus for extreme top fiber of the transformed composite section (in CIP)

Sttc =

E / .
Sy = —&———=1326in.3
Ecs htot - ybtc
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5.0 PRESTRESS LOSSES

Prestress losses in the strand stress consist of: 1) immediate losses (primarily elastic
shortening at transfer, although elastic gains are considered due to strand extension
under service loads), and 2) long-term losses due to concrete creep, concrete shrinkage,
and steel relaxation.

For simplicity and clarity in demonstrating the calculation of immediate and long-term
losses, the LRFD approach for Approximate Estimate of Time-Dependent Losses (LRFD
5.9.3.3) is used for long-term losses rather than the LRFD refined loss approach. The
closed-form (direct) solution for elastic shortening is used per LRFD Eq. C5.9.3.2.3a-1,
which eliminates iteration. Elastic gains are addressed for purposes of steel stress checks
but are not needed in concrete stress checks because elastic gains (and elastic
shortening) are implicitly accounted for when using transformed section properties.

Total loss in prestressing steel stress:

Afpr = Afpes + AfoLT [LRFD Eq. 5.9.3.1-1]
Where:
Afpr = total loss (ksi)

Afpes = Sum of all losses or gains due to elastic shortening or extension at the time of
application of prestress and/or external loads (ksi)

Af,.r  =long-term losses due to shrinkage and creep of concrete and relaxation of steel
(ksi)

5.1 Elastic Shortening Loss

The sum of losses due to elastic shortening, Afpes, at the time of application of prestress

(ksi) is determined directly using the LRFD Commentary equation, LRFD Eq. C5.9.3.2.3a-

1:
A f o +e?.A)-e M .A

Af s = ps * T - Iy 2’” 5) = Cn i g [LRFD Eq. C5.9.3.2.3a-1]

Arslly+0,7 A+ Aoy o (£)

Where:

Aps = area of prestressing strands (in.?)

Ag = gross area of section (in.?)

E.i = Modulus of elasticity of PDP concrete at transfer (ksi)

E, = Modulus of elasticity of prestressing steel (ksi)

em = average prestressing steel eccentricity at midspan (in.)

fobt = stress in prestressing steel immediately prior to transfer (ksi), taken equal to f;

Iy = moment of inertia of gross concrete section about centroidal axis (w/o reinforcement)

(in.2)
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Mgy = midspan moment due to member self-weight (kip-in.)
Hence,
em=0in.
Mg = Mppp = 0.375 Kip-ft = 4.5 kip-in.
fovt = fpj = 189 ksi
A bl +€,7 A)—e, M, A

Af, g =22 ;
Al +e, .Ag)+Ag.lg.( )

«Q

9

rn‘m

Afpes = 4.479 ksi

Af,
Initial_Loss = —2£2 =2.37%
Fo

5.2 Approximate Estimate of Time-Dependent Losses

PDPs are taken, per LRFD 5.9.3.3, as "standard precast, pretensioned members subject
to normal loading and environmental conditions where:

1) members are made from normal weight concrete;
2) the concrete is either steam- or moist-cured;
3) prestressing is by bars or strands with low relaxation properties; and

4) average exposure conditions and temperatures characterize the site." In this
case, the long-term prestress loss, Af ., due to creep of concrete, shrinkage
of concrete, and relaxation of steel can be estimated using LRFD Eq. 5.9.3.3-
1, as shown below.

10.0f, . A
My = 2By +12.04, 7y + Al [LRFD Eq. 5.9.3.3-1]

g

Long-term prestress loss due to creep of concrete, shrinkage of concrete, and relaxation
of steel (ksi),

In which:
vw=1.7-0.01H [LRFD Eq. 5.9.3.3-2]

5
(1+1;)

Yot = [LRFD Eq. 5.9.3.3-3]

Where:
foi = prestressing steel stress immediately prior to transfer (ksi), taken equal to f,;

Aps = area of prestressing strands (in.?)
Ay = gross area of PDP section (in.?)
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H = average annual ambient relative humidity (percent), assumed as 70%
yn = correction factor for relative humidity of the ambient air

vst = correction factor for specified concrete strength at time of PS transfer to concrete
member

Afpr = an estimate of relaxation loss, taken as 2.4 ksi for low relaxation strand (ksi)

. _100f,.A,
pLT A

9

*Yp -'Yst +12.0-'Yh -'Yst +Apr

fpi = fpj = 189 kS| Aps = 017 in.2 Ag = 45 in.2

H=70 vhw=1.7-0.01H vh =1
5
= —=0.909
YSt (1+f;l)
Afpr = 2.4 ksi
10.07, - A,
four = VY $12.00 7, 07 + A

9

10.0f,, . A,
A

g

o'\{h "YST :6491 kSI

12.0 yn yst = 10.91 Ksi

Ao = 2.4 ksi
10.0f . A
prT =%.yh .’YSt +1200’Yh °’Yst +Apr =198 kSi

g

AfpLT = 19.8 ksi

Af,
Long_term_Loss = f”” =10.48%
J]

5.3 Initial Losses, Strand Stress, and Strand Force at Transfer
Immediately after transfer, only elastic shortening, Af,es, is assumed to have occurred.
The minor relaxation losses from jacking to transfer are ignored.

Per LRFD C5.9.3.2.3a: When calculating concrete stresses using transformed section
properties, the effects of losses and gains due to elastic deformations are implicitly
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accounted for, Afpes should not be included in the prestressing force applied to the
transformed section at transfer. (The PS strand and concrete are treated together as a
composite section equally strained by PS force conceived as a fictitious external load.)
Thus, the prestress force for jacking would be used in the PDP concrete stress analysis
immediately after transfer. However, to determine the effective stress in the strands for
LRFD strand stress checks, Afpes should be deducted from jacking stress to determine
the actual strand stress immediately after transfer for the code check. The following
calculations show relevant values.

1. For Concrete Stress Checks: PS Force just prior to transfer, P,;,_which is assumed to
be equal to the Jacking force, Pjack:

F)jack = fpj Aps =32.13 klp
Prpi = Pjack = 32.13 kip

As stated above, Py; is the force to be used to check concrete stresses immediately after
transfer, since transformed section properties are used in the concrete stress check.

2. For Steel Strand Checks: Effective stress in strands, fo:, immediately after transfer

f,j = 189 ksi Afyi = Afyes =4.479 Ksi

for = foj - Afyi = 184.5 ksi

5.4 Total Losses, Strand Stress, and Strand Force at Service

At service level, the total strand stress loss, Af,7, per LRFD Eq. 5.9.3.3-1, is the sum of
the immediate losses (taken as elastic shortening only) plus the long-term losses (taken
as the Approximate Estimate). However, for concrete stress checks, only long-term
losses are deducted from the jacking stress, not the elastic shortening loss or elastic gain
because of the use of the transformed section, as explained above).

Afpes = 4.479 ksi
AfprT = 19.8 ksi
Afpr = Afpes + AfpLT = 24.28 Ksi

Af
Total Loss=—2L =12.85%
Fo
1. For Concrete Stress Checks: PS Force at Service Level should include time-dependent

losses but not elastic shortening losses (or elastic gains at service) because transformed
section properties are used:

Strand stress at service for concrete stress check, f,e, based on time-dependent losses
only:

foo = (Fy - AfoL7) = 169.2 Ksi
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PS Force at service, Ppe based on time-dependent losses only:
Ppe = fpe Aps = 28.76 kip

2. For Steel Strand Checks: (Actual) effective stress in strands, fpe actuar, at Service Level

At service level, for strand checks, the total loss, Afpr, should be deducted from the jacking
stress. This should include both elastic shortening and elastic gain, as shown below.

Calculate increase in strand stress due to Elastic Gain, Af,ec, at service level (due to deck
weight, superimposed dead load, and live load). Also determine Elastic Gain due to DL.
This example uses a 1.0 factor on Live Load, as explained previously.

e e. | E e. | E ,
Af po = (MC,P.I—”+(Mb +MWS).—f].E—p+1.O.(MLL.I—fJ.E—” =1.97 ksi

tf tc c tc c

e e, | E .
Afoes oL = {MCIP'I_ﬁ-i_(Mb +MWS)-I—t}-E—p =0.206 ksi

tf tc c

Actual effective stress in strands after all losses and all gains
foe_actual = foj - AfpT+ Afpec = 166.7 KSi
Check PS steel stress limit at service limit state
foe_actual = 166.7 ksi
0.8 fpy = 194.4 ksi [LRFD Table 5.9.2.2-1]
foe_actual < 0.8 fpy OK

Actual effective stress in strands after all losses and permanent gains:
fpe_actua/_DLgain = fpj - Apr + AprG_DL= 164.9 ksi

Final Loss Percentage: (Afpr — Afpec pL)/fpj = 12.74 %

6.0 CONCRETE STRESSES IN PDP SYSTEM

6.1 Concrete Stresses in PDP at Transfer

Concrete stress checks are based on transformed section properties. Therefore, PS force
corresponds to jacking force since elastic shortening losses are implicitly accounted for.

Immediately after transfer, PS Force per ft, Ppi = 32.13 kip

6.1.1 Stress Limits for Concrete [LRFD Art. 5.9.2.3]
Compression (C):  fei iimit = 0.65f¢; = 2.925 ksi [LRFD Art. 5.9.2.3.14]
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Tension (T): PDPs have zero strand eccentricity (CGS coincides with PDP CGC). Thus,
tension at the top of the PDP at transfer is not of concern. For completeness,
a tension limit is shown and checked:

Without bonded reinforcement, the tension limit is:

—-0.0948,/f; =-0.2011 ksi
Not to exceed -0.2 ksi in tension [LRFD Tab. 5.9.2.3.1b-1]

A if(—0.0948\/E <-0.20,-0.20,-0.0948.[f ) =—0.2ksi

6.1.2 Stress at Midspan

Because the PDP strand has zero eccentricity, the midspan section is critical and should
be checked.

Bending moment due to weight of the panel, per ft: Mppp = 0.375 kip-ft

Top fiber stress in PDP

P.
f, i:i+%20.86 ksi [C]
- A S

Stress Limit = 2.925 ksi since f; ;>0

f .
DIC=——""_-0.2939 OK
StressLimit

Bottom fiber stress in PDP

P.
| :A_W+M =054 ksi [C]

ti bti

Stress Limit = 2.925 ksi since f, ;>0

f
DIC=—2-"_-0.1845 OK
StressLimit

6.2 Concrete Stresses in PDP at Casting of Topping Slab

Based on the transformed section and approximate estimate of time-dependent losses,
PS force per ft, Ppe = 28.76 Kips.
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6.2.1 Stress Limits for Concrete

LRFD Article 9.7.4.1 requires an unfactored stress check with the PDP concrete stresses
limited to 0.65 f’c (for compression) or the modulus of rupture, 0.24\/70’ (for tension)

For Service | Load Combination:
Compression (C): ¢ jimit = 0.65 fz = 3.9 ksi

Tension (T): f

t_limit

— —0.24ff =-0.588 ki [LRFD Art. 5.4.2.6]

6.2.2 Stresses at Midspan with Noncomposite Loads

Stresses are based on the bending moment due to PDP self weight, CIP topping, and a
construction load of 50 psf, with all (service level) prestress losses.

Top fiber stress in PDP

f — Ppe + (MPDP + MCIP + M

s cast = const) =1.14 ksi [C]
- Ay Sr

Stress Limit = 3.9 ksi since f; cast > 0

f
D/C=—1=%' _0.2922 OK
StressLimit

Bottom fiber stress in PDP
_ Ppe _ (MPDP +MC/P +M

const) =0.116 ksi [C]

f cast —
p-ot Ay Spir
Stress Limit = 3.9 ksi since fb_cast > 0
f
= pbcat _(0.0297 OK
Stress Limit
6.2.3 Elastic Deformation [LRFD Art. 9.7.4.1]

LRFD Article 9.7.4.1 states that for PDP panels spanning less than 10 ft, the elastic
deformation due to the dead load of the PDP plus the CIP topping should not exceed the
panel span divided by 180 or 0.50 inches. The intent is to prevent excessive sagging of
the formwork (PDP) during construction.

: : 5 I?
Elastic Deformation, Defl: Defl = E.(MPDP +Mgp). £

c"g

=0.036 in.
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Deflection Limit: Defl_Limit = % ~0.533 in.

Defl < 0.5 in. and Defl_Limit < ﬁ OK

Defl

Defl_Limit

6.3 Concrete Stresses in PDP at Service Loads

Using transformed section properties and approximate estimate of PS losses, PS Force
per ft

Ppe = 28.76 kip

6.3.1 Stress Limits for Concrete

Compression (C) for Service | Load Combination: [LRFD Tab. 5.9.2.3.2a-1]
Permanent loads (PDP self weight, CIP slab, wearing surface, and barriers): 0.45 f'.

For PDP: fc_limit_DL =0.45f:.=2.7 ksi

For CIP slab: fes_timit pL = 0.45 fcs = 1.8 ki

Permanent and transient loads (all dead and live loads): 0.60 f';

For PDP: fe_iimit Tor = 0.60 fz = 3.6 ksi
For CIP slab: fcs_/imit_TOT = 0.60 fios = 2.4 ksi
Tension (T) for PS and permanent: 0 ksi ("no tension" allowed) [CA Amendments

Tab. 5.9.2.3.2b-1]

Tension (T) for Service lll load combination: —0.19\/f_c' Not to exceed — 0.6 ksi (T)
[LRFD Tab. 5.9.2.3.2b-1]

For PDP:
f iimit s3 = — 0.4654 ksi > — 0.6 ksi OK

6.3.2 Stresses at Midspan Due to Permanent and Transient (Live) Loads
The weight of the PDP and CIP slab act on the noncomposite section, producing midspan
moments:

Mppp = 0.375 kip-ft Mcip = 0.425 kip-ft

At opening to traffic, the wearing surface, barriers, and live loads act on the composite
section:

XS Sheet 1-180-1 to 3 User Guide 27 Eric Matsumoto PhD PE
© 2024 California Department of Transportation. ALL RIGHTS reserved.



PDP Verification: | Girder February 2024

Mus = 0.143 kip-ft My = 6.14 kip-ft M, = 0.574 kip-ft

6.3.2.1 Concrete Stress at Top Fiber of CIP Topping

Permanent Loads Only, Service | (only wearing surface and barrier produce perm stress

in CIP deck)
_(M,s +M,)

ficp o =" " =0.06489 ki [C]

dic

Stress Limit = 0.45 f'.s = 1.8 ksi

_ ft_CIP_DL =0036

D/C = —
Stress Limit

Permanent and Transient Loads, Service | (total loads including live load)

— (Mws + Mb + MLL)

ft_CIP_TOT - S
dtc

~0.621ksi [C]

Stress Limit = 0.60 f'cs = 2.4 ksi

f
D/C = —1=9P-T9T __(.2586
Stress Limit

6.3.2.2 Concrete Stress at Top Fiber of the PDP Panel

Permanent Loads, Service |

f :Ppe +(MPDP+MCIP)+(MWS+Mb)
-PeP-ot Ay Sttf Sttc

Stress Limit = 0.45 f'. = 2.7 ksi

=0.967 ksi  [C]

f
D/C=—_=PPP_DL _ _(.3583
Stress Limit

Permanent and Transient Loads, Service |
Ppe + (Mppp + M) + (M, +M, +M,,)

f - =0.952 ksi [C]
-Fop-ToT Ay Sir Sie
Stress Limit = 0.6 f- = 3.6 ksi since f; ppp 107 >0
f
D/C = =PPP-TOT _ _(.2645
Stress Limit
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6.3.2.3 Concrete Stress at Bottom Fiber of PDP

Permanent Loads, Service lll

f _Ppe _(MPDP+MCIP)_(MWS+Mb)
b_PDP_DL —
T Ay Sbtf Sbtc

=0.2176 ksi  [C]

Check 1: Per LRFD Tab. 5.9.2.3.2a-1 Allowable Compressive Stress (Compression
Governs)

Stress Limit = 0.45 f'. = 2.7 ksi

= M —-0.0806
Stress Limit

Check 2: Per CA Amendment Tab. 5.9.2.3.2b-1 "No Tension"

fo_Pop DL >0 OK

Permanent and Transient Loads, Service Il (LL factor of 1.0)

P (Mepp + Mg ) _ 1.0Ms +M, +M,,) _

f =P
b_PDP_TOT —
Atf Sbtf Sbtc

~0.3712ksi [T

Since fy_ppp 1o < 0

Stress Limit =—0.19,/f, = —0.4654 ksi

:f"—L—T_OT_ =0.7975 NOTE: This is Governing D/C Ratio
Stress Limit

Since this stage often governs the PDP design, a breakdown of stress components is
shown below:

Stress Components:

P, _
P2 = 0.628 ksi
tf

_ (Mppe + Mg ) _

Spi

_(Mws +Mb +I\/,LL)
S

btc

-0.341

=-0.658
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7.0 FLEXURAL STRENGTH CHECKS AT MIDSPAN

7.1 Flexural Strength Check for PDP System

7.1.1 Ultimate Moment for Strength |, Mu

My =1.25 Mpc + 1.5 Mpw + 1.75 My,

DC: Mppp = 0.375 kip-ft Mcip = 0.425 kip-ft Mp= 0.574 kip-ft
DW: Mys = 0.143 kip-ft

LL+IM: My = 6.14 kip-ft

My =1.25 (Mppp+ Mcip+ Mp) + 1.5(Mys) + 1.75 (MpL) = 12.68 kip-ft

7.1.2 Factored Flexural Resistance, M, = ¢ M,

Average stress in prestressing strand, fps, when fpe > 0.5 fou:

c
fps = fpu (1—kd—] [LRFD Eq. 5.6.3.1.1-1]
P
Where:
f
k=2(1.04—f"—yJ= 0.28 [LRFD Eq. 5.6.3.1.1-2]
pu

k = 0.28 for low-relaxation strands in LRFD Table. C5.6.3.1.1-1 also.

dp= distance from extreme compression fiber of composite section to centroid of
prestressing steel
bt

dp=(h+ts)—g=6.125 in.

|
) . i 2 CIP Slab
¢ = distance from extreme compression fiber o
to neutral axis
To compute ¢, assume rectangular section < 1 _eces PDP
behavior and then check if the depth of (SIP Deck Panel)
equivalent compression stress block, a, is less | b= 12"

than or equal to ts (CIP thickness), (1 ft unit width)

per LRFD Art. 5.6.3.2.3.
Figure 7.1.2-1 Section at Ultimate

A AT - AL,

f [LRFD Eq. 5.6.3.1.1-4]
o fBib+ kA,

p
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Where:

a = depth of equivalent rectangular stress block = B1c

b = effective width of compression flange: b=w =12 in.
Aps = area of prestressing steel: Aps=0.17 in.?
As = area of mild steel tension reinforcement: As=0in.2

's = area of compression reinforcement: As=0in.?

fou = specified tensile strength of prestressing steel: fou =270 ksi
fy = yield strength of nonprestressed tension reinforcement: fy, = 60 ksi

'y = yield strength of nonprestressed compression reinforcement: f\y = 60 ksi

s = compressive strength of slab concrete: 'cs = 4 Ksi

ot = stress block factor specified in Article 5.6.2.2, o1 = 0.85 for fes < 10 ksi
B1 = stress factor of compression block: [LRFD Art. 5.6.2.2]
B1 = 0.85 since f'cs = 4 ksi

A f +Af — A
bk STV = 4.248 in.

A fpib+ kA, &

1cs
p

C =

a=p1c=1.061in.

Verify assumption of rectangular section behavior, with stress block within CIP topping
slab

a<ts OK
Verify fpe > 0.5 fo, to use general f,s equation - OK

f fl1-kS|=2 i

ps_oon = fou| 1K= | = 54.6 ksi

p
However, the stress in PS strand due to available development length, lu, (fos 1¢) must also
be checked as shown below, as this may be smaller than f,s per LRFD Eq. 5.6.3.1.1-1.
2
I, = K(fps_,d - gf;e] dp [LRFD Eq. 5.9.4.3.2-1]

which can be solved for f,s 14 as follows:

f / +gf

ps_Id :K_:;b 3 pe
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Where:
K = 1.0 for pretensioned panels with a depth less than 24 in. [LRFD 5.9.4.3.2]
db = nominal strand diameter = 0.375 in.
foe = effective stress in prestressing strands after all losses: fpe = 169.2 ksi

Available development length at midspan of the PDP: Iy = I/2 = 4 ft
Stress in strand according to available development length, /g

foo—de (25 o408 ks
- " Kd, 3°

p
b
fps = m|n (fps_gen, fps_/d) = 2408 kS|

Nominal Flexural Resistance, M,
M = nominal flexural resistance [LRFD Art. 5.6.3.2.1]

a . g
M, = Apsfps(dp _Ej simplified for Aps only [LRFD Eq. 5.6.3.2.2-1]

n

a .
M, =Af, (dp _E) =19.09 kip-ft

Factored Flexural Resistance, M, = ¢M,

Flexural resistance factor,, based on the net tensile strain in the PS steel at nominal
resistance:

€y — &y

o= min[0.75+0.25[mj,1 .oj 0.75<$<1.0 [LRFD Eq. 5.5.4.2-1]

(Note: lower limit of 0.75 will not govern)

Where:

& = net tensile strain in the extreme tension steel at nominal resistance (in./in.)
d,—c

g = 0.003[ £ j =0.011723 [LRFD Art. 5.6.2.1]

c

€y = compression-controlled strain limit in the extreme tension steel (in./in.)

g, =0.002 [LRFD Art. 5.6.2.1]

gy = tension-controlled strain limit in the extreme tension steel (in./in.)

g, =0.005 [LRFD Art. 5.6.2.1]
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o= min[0.75+0.25(mj,1 .oj -1.0 0.75< ¢ < 1.0 [LRFD Eq. 5.5.4.2-1]

&y — &y
Check of < limit for viability of using Flexural Resistance Equations of 5.6.3.1 and

p
5.6.3.2 (vs. Strain Compatibility Equations)

£ ~0.2038 _ 0003 1 46
d, 0.003 + ¢,
< < _ 0003 OK [LRFD Eq. 5.6.2.1-1]
d, (0.003+¢,
Therefore, the factored flexural resistance, M, = ¢M,, [LRFD Art. 5.6.3.2.1-1]

M; = ¢Mp = 19.085 Kip-ft

Check Factored Flexural Resistance, M; = ¢M,> My

M, = 12.68 kip-ft
oMn > M, oK

MU

D/IC= =0.6642

n

NOTE: Calculations were checked for flexure at midspan. It is possible that intermediate
sections between the midspan and the supports may be more critical due to partial
development of the strands. However, because of the low D/C or (M./¢Mp) ratio, other
sections are not checked here.

7.2 Limits of Reinforcement Check

7.2.1 Maximum Reinforcement [LRFD Art. 5.6.2.1]

The check of maximum reinforcement limits was removed from the LRFD Specifications
in 2005. Adequate ductility of the flexural member (PDP) is ensured by evaluating whether
the member can be classified as tension-controlled, as was checked in determining the ¢
factor.
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7.2.2 Minimum Reinforcement [LRFD Art. 5.6.3.3]

At any section, the amount of prestressed and nonprestressed tensile reinforcement must
be adequate to develop a factored flexural resistance, M,, greater than or equal to the
lesser of:

1) The cracking moment based on an elastic stress distribution and the modulus of
rupture, and

2) 1.33 times the factored moment required by the applicable strength load combination.

Check at midspan:

Mcr = YB {(Wfr +y2fcpe )Sbtc _Mdnc [gbtc _1jj [LRFD Eq 5633'1]
btf
Where:
fr = modulus of rupture of concrete [LRFD Art. 5.4.2.6]
f. =0.24,[f =0.588 ksi
feoe = compressive stress in concrete due to effective prestress force only (after

allowance for all prestress losses) at the extreme fiber of section where tensile
stress is caused by externally applied loads
— Ppe Ppeetf

foo =0.628 ksi
A

tf btf

Mane = total unfactored noncomposite dead load moment acting on the noncomposite
section

Moanc = Mppp + Mcip = 0.8 kip-ft

Seic = section modulus for extreme fiber of the transformed composite section where
the tensile stress is caused by externally applied loads:

Shic = 125.1in.3

Sk = section modulus for extreme fiber of the transformed noncomposite section
where the tensile stress is caused by externally applied loads:

Spir = 28.13in.3
Y4 = flexural cracking variability factor

= 1.2 for precast segmental structures
= 1.6 for all other concrete structures v,=1.6

Y2 = prestress variability factor

= 1.1 for bonded tendons
= 1.0 for unbonded tendons v, =1.1

XS Sheet 1-180-1 to 3 User Guide 34 Eric Matsumoto PhD PE
© 2024 California Department of Transportation. ALL RIGHTS reserved.



PDP Verification: | Girder February 2024

Vs = ratio of specified minimum yield strength to ultimate tensile strength of
reinforcement
= 0.67 for A615, Grade 60 reinforcement
= 0.75 for A706, Grade 60 reinforcement

= 1.00 for prestressing steel v, =1.0

S
Mcr = Ys ((Wfr + ’Y2f;:pe )Sbtc - Mdnc [ Sbtc

btf

- 1}] =14.25 kip-ft

At midspan, the factored moment required by Strength 1 load combination is:
M, = 12.68 kip-ft

Thus, 1.33 My = 16.86 kip-ft

Controlling M Mer = min (1.33 My, Mcr) = 14.25 kip-ft

Minimum Reinforcement Check: M, > min (1.33 My, M)
M; = 19.09 kip-ft > min (1.33 My, M) OK

min(1.33M,,M.,)

D/C = =0.7467

r

NOTE: LRFD requires that this criterion be met at every section.

7.3 Flexural Strength Check for PDP Under Construction Loads

Per LRFD Atrticle 3.4.2.1, the PDP (prior to hardening of the CIP topping) is checked for
construction loads in the Strength Load Combination | with a load factor not less than 1.5.
The wet concrete deck and PDP are considered as DC loads.

7.3.1 Ultimate Moment for Strength I, Mu, under Construction Loads

Mu_con =1.25 Mpc + 1.5 Mconst
DC: Mppp = 0.375 Kip-ft Mcip = 0.425 Kip-ft
CONST Mconst = 04 k|p'ft

Mu_con = 125 (MPDP + MCIP) + 15 Mconst = 16 k|p'ft
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7.3.2 Factored Flexural Resistance, M, con = dcon Mn_con [LRFD Art. 5.6.3.2.1-1]
Average stress in prestressing strand, fps, when fye > 0.5 fou:
fo="1, (1—/{%} [LRFD Eq. 5.6.3.1.1-1]
Where:
k=2[1.04—f’°—yJ=0.28 [LRFD Eq. 5.6.3.1.1-2]
pu
k = 0.28 for low-relaxation strands [LRFD Table. C5.6.3.1.1-1]

dp = distance from extreme compression fiber of composite section to the centroid
of prestressing steel

d = g =1.8751in. slab not hardened at this stage

P
¢ = distance from extreme compression fiber to the neutral axis

To compute ¢, assume rectangular section behavior
£
A by + AL, — AL

c= - [LRFD Eq. 5.6.3.1.1-4]
ofipib+ KA, B

p

Where:

a = depth of equivalent rectangular stress block = B1c

b = effective width of compression flange: b=w=12in.
Aps = area of prestressing steel: Aps=0.17 in.?
As = area of mild steel tension reinforcement: As=0in.2
A's = area of compression reinforcement: As=0in.2
fou = specified tensile strength of prestressing steel: fou =270 ksi
f, = yield strength of nonprestressed tension reinforcement: fy, = 60 ksi

f, = yield strength of nonprestressed compression reinforcement: f\y = 60 ksi

f'e = compressive strength of slab concrete: fe =6 ksi

a1 = stress block factor specified in Article 5.6.2.2, a1 = 0.85 for fics <10 ksi
1 = stress factor of compression block: [LRFD Art. 5.6.2.2]
B1 =0.85-0.05 (fc—4.0)=0.75 since ¢ = 6 ksi
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A b, + AL, — AT

C= =0.87 in.
o fBb+ KA, Py
dP
a=p1c=0.653 in.
Verify f,e > 0.5 f,, to use general f,s equation OK
oo =f |1-k—|=234.9 ksi
ps_gen — lpul| ' d_ - . S
P
However, the stress in PS strand due to available development length, /o, (fos 17) must also
be checked as shown below, as this may be smaller than f,s per LRFD Eq. 5.6.3.1.1-1.
2
I, = K(fps_,d - ggeJdb [LRFD Eq. 5.9.4.3.2-1]

which can be solved for f,s s as follows:

/ 2f

fps_ld = K_(ijb + g pe

Where:
K = 1.0 for pretensioned panels with a depth less than 24 in. [LRFD 5.9.4.3.2]
dp = nominal strand diameter

dp =0.375in.
fre = effective stress in prestressing strands after all losses
foe = 169.2 ksi

Available development length at midspan of the PDP: [y = 1/2 = 4 ft
Stress in strand according to available development length, /g

foo—de (2 o408 ks
Pl T K, 3

fps = mln (fps_gen, fps_ld) = 2349 kS|

Nominal Flexural Resistance, M,

M;,_con = nominal flexural resistance [LRFD Art. 5.6.3.2.1]
a o

M, on = Asfos (dp —Ej simplified for Aps only [LRFD Eq. 5.6.3.2.2-1]
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M A f @ -5.15 kip-f
n_con — pslps dp _E =9 Ip- t

Factored Flexural Resistance, M; con = ¢conMn_con [LRFD Art. 5.6.3.2.1-1]

Flexural resistance factor,¢con, based on the net tensile strain in the PS steel at nominal
resistance:

& — &y

boon = max(0.75+0.25( J,1 .OJ 0.75 < ¢con < 1.0 [LRFD Eq. 5.5.4.2-1]

€y — &y

(Note: upper limit of 1.0 will not govern)

Where:

g, = net tensile strain in the extreme tension steel at nominal resistance (in./in.)

d —-c
g = 0.003[ P j =0.003465 [LRFD Art. 5.6.2.1]

c

g, = compression-controlled strain limit in the extreme tension steel (in./in.)

g, = 0.002 [LRFD Art. 5.6.2.1]
g, = tension-controlled strain limit in the extreme tension steel (in./in.)

g, = 0.005 [LRFD Art. 5.6.2.1]

& — &y

Goon = max[0.75 +O.25( J,O.75j =0.87 0.75 < ¢con < 1.0 [LRFD Eq. 5.5.4.2-1]

€y — &gy

Check of di limit for viability of using Flexural Resistance Equations of 5.6.3.1 and
p
5.6.3.2 (vs. Strain Compatibility Equations)

£ _0.464 _ 0003 ) 4
dp 0.003 +¢,
c < ﬂ OK [LRFD Eq. 5.6.2.1-1]
dp 0.003 +¢,
c
d
D/IC=—-=0.773
0.6
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Therefore, the factored flexural resistance, M; con = dconMh_con, [LRFD Art. 5.6.3.2.1-1]
My con = dconMn_con = 4.495 Kip-ft

Check Factored Flexural Resistance, M; con = dconMn_con> My _con

Mu_con =16 k|p-ft

¢COHMI’)_COI’) 2 IVIU_COH OK

M
D/C=—=""—=0.356

conlVln _con

8.0 SUMMARY OF KEY VALUES AND DEMAND/CAPACITY RATIOS

8.1 Prestress Losses and Prestress Force (Jacking, After Transfer,
Service)

Prestress Losses

Af,
Afoes = 4.479 ksi Initial_Loss = %ES =2.37%
bi
Af,
Afoi 7= 19.8 Ksi Long_term_Loss = prr =10.48%
P
. Af,
Afor = Aboes + Afo7 = 24.28 ksi Total_Loss = 2"~ = 12.85%

7]

Strand Stress and Prestress Force for Concrete Stress Check

Jacking
fpj = 189 ksi IDjack = fpj Aps =32.13 ksi

After Transfer

For concrete stress check immediately after the transfer, using transformed section

properties, Ppi = Pjack: Ppi = 32.13 ksi

Service

fpe = (fpj - AprT) = 1692 kS| Ppe = fpe Aps = 2876 k|p
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8.2 PDP Concrete Stress Ratios at Transfer
Stress at Midspan

Top fiber stress in PDP

f
Stress Limit = fei jimit = 2.925 ksi since f; ;> 0 DIC=—1!_ -0.2939
- - Stress Limit
Bottom fiber stress in PDP
f .
Stress Limit = i jimit = 2.925 ksi since fp i > 0 DIC=—2"=" _-0.1845
Stress Limit

8.3 PDP Concrete Stress Ratios at Casting of Slab
Concrete Stresses in PDP at Casting of Topping Slab

Stresses at Midspan with Noncomposite Loads

Stresses are based on the bending moment due to PDP self weight, CIP topping, and a
construction load of 50 psf, with all (service level) prestress losses.

Top fiber stress in PDP

f
Stress Limit = f; jimit = 3.9 ksi since fi cast > 0 D/C=—"=" _-0.2922
Stress Limit

Bottom fiber stress in PDP

f,
Stress Limit = f;_jimit = 3.9 ksi since fp cast > 0 D/IC=—2=2 __ -0.0297
Stress Limit

Elastic Deformation

Defl_limit = % -0.5333 in. pic=— 2" _0.0672

" Defl_limit

8.4 PDP Concrete Stress Ratios at Service Loads
Concrete Stresses in PDP at Service Loads
Stresses at Midspan due to Permanent and Transient (Live) Loads

Concrete Stress at Top Fiber of CIP Topping

Permanent Loads Only, Service | (only wearing surface and barrier produce perm stress
in CIP deck)
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_ ";_CIP_DL :0036

Stress Limit = 0.45 f'.s = 1.8 ksi D/C = —
Stress Limit

Permanent and Transient Loads, Service | (total loads including live load)

f
Stress Limit = 0.60 fcs = 2.4 ksi D/C = _=¢P-TOT _ _(.2586
Stress Limit

Concrete Stress at the Top Fiber of the PDP panel

Permanent Loads, Service |

f
Stress Limit: 0.45 f.= 2.7 ksi >, since f; pop p. > 0 D/C=—F22-X _ _(.3583
Stress Limit

Permanent and Transient Loads, Service |

f
Stress Limit: 0.6 f. = 3.6 ksi since f, pop o > 0 D/C = 1=PPP_TOT _ _(.2645
Stress Limit

Concrete Stress at Bottom Fiber of PDP (Service )

Permanent Loads, Service Il

f
Stress Limit: 0.45 f.= 2.7 ksi, since f»_ppp pL > 0 D/C =—2=PPP-BL  _(.0806
Stress Limit

Permanent and Transient Loads, Service Il

Stress Limit: ~0.19,/f, =—0.465 ksi since fy, ppp_ror< 0

= M -0.7975
Stress Limit

NOTE: This is Governing D/C Ratio

8.5 Flexural Strength Ratios at Ultimate and Under Construction Loads

Flexural Strength Check for PDP System at Midspan
PDP with CIP Deck at Ultimate

Check Factored Flexural Resistance: M, = oM, > My

OMn > M, OK D/C = M, =0.6642
oM

n

Minimum Reinforcement Check: M, > min(1.33M,,M_,):

min(1.33M,,M,, )
M

r

D/C = =0.7467
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PDP under Construction Loads

M
D/C=—=""—=0.356

con'V"'n_con
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