Precamber Design Example

PGSuper Training

Richard Brice, PE
WSDOT Bridge and Structures Office






Precamber Girder Example — PGSuper Training (4/22/2019)

Revisions
10/18/2018 — Initial version

04/2019 — Updated for precamber deflection equations



Precamber Girder Example — PGSuper Training (4/22/2019)

Table of Contents

1

2

LUl [U ot o] o PO RS PR TRR 1
IR R 1 To T @0 01V 4T ) o SRS 1
2T Lo T DTS o1 o] o S ST 1
2.1 STt CONUITIONS. ...ttt bbb ekt h e ek bt ek e bt ek e e b e ek e e b e e e Rt e Rt e ekt e R et ekt e bt b e nr et erenr e 1
N £ (0T [0 |1 OSSOSO TP 1
b B =14 To (0T I Y (01U | OSSOSO 2
DESIGN PreElIMINAIIES .. .. eitiiteiti ettt ettt bbbtttk b et b e b€ SR b e Rt e st e b e e bt e bt e b e e b e e Rt em b e ebeeb e e b e ebeebeeneenbennenbe st e 4
3.1 CONSIIUCEION SEOUBNCE. ... .etiteitieteeiteteeeete et s teste bt e e st et e sbesbesbe s ke e Rt eh e e Rt em b e eeeebeebeeb e e b e e Rt eh e e e et e ke ebesbeebeabeeneenteneenbenbe e 4
KT €1 [ o [=] gl I s o |1 o FO OSSOSO TP 5
TR B 1< Tod 1 o = 0] 1= TSP 5
331 L EeTot LNV gl T IR To |1 SO 5
3.3.2 (000 00 01T (el CT 10 [T g (T o T=T 4 =T S 6
333 First Moment of Area 0f deCk SIaD, ..o s 7
3.34 SECLION PrOPEItY SUMIMAIY ...iivviueesieeiiesiestestesteeseeseeseseessessesaeasessasseessenseseessessesseaseesssnsesesssessessessesseessessensessessenses 7
B {11 1ox 10 LN g 1 £ 1SS 8
34.1 Girder Construction (CaStING YaIQ)........uiiiieiieieeiee ettt bttt eesb et sb e be e ene e e e e e e sbeneas 8
3.4.2 S =Tot (=0 I €T [ (o [T ST TS TSP ST P TS PPPTSO RPN 9
3.4.3 ANAIYSIS RESUITS SUMMAIY ......cvivieiiiiteietesie ettt b bkt sb ekt ab e ekt r e ekt eb e et e ane e ebenne e 12
344 LMt STALE RESPONSES ... vttt etttk etk ettt bbbtk s h ekt eh etk e b e ekt eb et ekt e b e ebeeb e e ebean e ebenne e 13
345 Live Load DiStriBULION FACIOIS ........ciiiieiiiteieciesie sttt sn et are e 13
L 0SSES ANA EFFECLIVE PIESIIESS .. e.vveisiiieriiiretiiestiie ettt n e 16
4.1 L0SSES DETOrE PreStreSS TIaNSTEN ... ..c. ittt 16
4.2 L0sses immediate after trANSTEN ... .o 16
N o 15373 = U] o SRS 17
4.4 Losses between prestress transfer and deck PIaCEMENL............cccviiviiiiiiiie i 19
4.5  Losses between deck placement and fiNal ...........ccooviieieiiie i 20
4.6 EISHIC GAINS ...eveeiieteit ettt bbbtk btk bt R R R AR ek R e R e R e Rt Rt R e r et b b e erenne e 22
4.7 EffECtiVe PreStreSS SUMIMAIY .....cciviiiiietiiteiiete sttt ettt sb ettt sr etk h etk s btk e bt ekt e bt ekt sb e e e bt nb et et e abe e b e nne e 23
SEIESSES ..ttt E R R R R R e E R R R e R R e bR R bbb r s 23
B.L NG SEIESSES ...ttt ettt bbbt b e h b bR R R R R R AR R R Rt R Rt E e r et R e r et b 23
511 Stress dUe t0 SIAD SHIINKAGE .....coueiieiie et e e bbbt st e et e e e e sbe st b 23
51.2 SEIVICE T .t b bbb bbb bbb R bRt b et R et r e 23
513 SEIVICE | ettt 24
514 =L o [0 SRS 24
5.2 INILIAL SEESSES ....vriieeiteie ettt R R Rt 24
ST B AN 1 =1 g I 1= o] QO 1) 1o USSP 24



9

Precamber Girder Example — PGSuper Training (4/22/2019)

5.4  After Superimposed Dead Loads (Permanent LOads ONIY)........cccoiiiiioiiniiniieieeeseee et 25
TR T 1 14 oo OO RURUSOUPTPTRPR 25
55.1 ChECK GIFUEE SEADTIILY ......eeeieeiieee ettt b b bbbt bt et e e b s b e nbesb e et e e beeneennenbenbenae s 25
55.2 CRECK GIFGEE SEIESSES .....vevreieieteiesi ettt R e Rt r e r et 31
S TE ST - LU | T PSS 32
5.6.1 (O80T Tod o [T o T Y- o T 1LY 32
5.6.2 CRECK GIFGEE SEIESSES .....vevreieieteie ettt R ettt e r et n e r s 41
Lo (U =T o - To] | 2SS 42
6.2 CheCk SPHLLING RESISLANCE .....veiveiieieeieiiiese s et ste e e et et e e st st snaesa e s e e eestesteaseeseeseenee e e eeseesbeateaseeneeseenseneenrenrs 46
6.3 Check Confinement Zone REINFOICEMENL..........cuiiiiiiei it 46
Y gL L O Vo - T | OSSOSO TSR UR PP 46
7.1 Locate Critical SECION TOr SNEAT .........ciiiiiitiieiit ettt ekt bbb et nr et be e 46
7.2 Check URImMate SNEAr CaPACILY .........cueiiirieiieitietiiii ettt sttt ettt ee e sb e b bt e e b e b e sbesbe et e be e st e e ebenbesbestas 48
7.2.1 Compute NOMINAl SNEAr RESISTANCE ........oiviitiiiiitiiieie ettt b bbb et sbe st se et e eeenbenbenae s 48
7.2.2 Check Requirement for Transverse ReINFOrCEMENT ..........oii i e 50
7.2.3 Check Minimum Transverse REINFOTCEMENT ...........ccvoiiiiriiiiiere s 50
7.2.4 Check Maximum Spacing of Transverse ReINfOrCEMENT.........ccovveieiiiieie i nne 50
7.3 Check Longitudinal Reinforcement fOr SNEAK ............coeiiieiiii it sre e 51
7.4 Check HOrizontal INterfaCe SNEAT ...........cciriiiiieie et 51
74.1 (O80T Tod N o g T LT o 7= Tod | S S 51
7.4.2 Check Minimum REINFOICEMENLT.........ccviviriirieiir e 52
CheCk HAUNCN DIMENSION .....uiitiiitiite ittt ekt b et b bkt h e b bbb bt et b et b et b e st b e n e n e 53
8.1 SIAD AN FIIIEL ...t bbbttt b bR bbbt E Rt R et b e r et et 53
8.2 PIOTIHIE EFTECT. ...ttt bbbt E e h et bbbt bRt b bR Rt bbbt 54
8.21 WEITICAI CUINVE ...ttt ettt b bbbt b bt b e h R £ e b e b et e b e b bt e bt e bRt e b b e bt b b et et bt b n e 54
8.2.2 HOFIZONTAI CUNVE......ceieciite ettt e bbbt bbb bbbt bbbt e st b bbbt n et b e 55
8.2.3 PPOFIIE EFFECL. ... et 55
8.3 Girder Orientation EFFECT ..o s 55
8.4 EXCESS CAMDET ......cciiiiieiietiiesi ettt et s e R R R R Rt 56
8.4.1 Compute Creep COBTTICIENTS ... .cuicieiie sttt e e tesrestesneeteereeneeseeneenrenreas 57
8.4.2 COMPULE DEFIECLIONS .....veieieceee et et s b e st e s seese e e et e seeseestesneeteeneeneeseeeentenrnas 58
TR O 3=t L= o 01T t=To N o 0T Tod o S 59
8.6  Compute Lower Bound CambDEr @t 40 TaYS ........eiuireiieieiieiie ittt sttt se e bbbt be e e e be b sbe e 59
8.6.1 CreeP COBTFICIENTS ...ttt bttt e e b e bt bt b e bt e bt et e n b e neeebeebesb e et e eseaneensenbenbenae s 59
8.6.2 COMPULE DEFIECLIONS ...ttt b b a e b bt b et e e b e e b e beebe et e e seene e e e nbenbenae s 59
8.7 ChecCk Or POSSIDIE GIFUEE SBY .. ... eiuieiieiiie ittt b e bbbt e b e b e st sb e st e beene e e et e b sbeneas 59
Bearing SEat EIBVALIONS ..ottt bbb e bt e e b e bt bt bt bt e bt e s e e b e b eh e bt s bt ebe et et e e ereneas 60



Precamber Girder Example — PGSuper Training (4/22/2019)

10 (0T Lo [ R [ o OSSO RS ST 60
O AV 1 o Y - T [OOSR PSP 60
L0101 IMIOMBNE .otttk e bbb R bt b e b b e R R bR e e e E e R Rt bt 60
L0.1.2 SN ..ttt E R R Rt R e r et r e enas 61
10.1.3  Bending Stress — Service T HMIt STAE .......viveieieie et e e e sre e 61
10.2  OPErating RALING ... ccviiiieeieeieiese st st se et e st sre e e se e e e e e eesresbeesees e e e eneeseeaeesbeaReeseeseeneeneeseenbesneaneaneeneeneeneenrn 62
L0.2.1  IMIOMENE ..tttk r e e R R e Rt e R e R e e E e e R e e Rt R e e R e Rt Rt R e Rt r e n e n e r e nenre e 62
10.2.2  SNBA ...ttt R R R R Rt r et r e nis 62
O T I T T | 1 U 3PS 62
F0.3.1  IMIOMIBNE .otttk e b E SRR e e R e e b e b e R R bR et e e r e R Rttt n s 63
L0.3.2  SNBAN .ottt b et h R R Rtk R AR R e AR £k R e R e AR e R e R e R e R etk R e Rt r e b ar e 63
10.3.3  Bending Stress — Service T HMIt STALE ........oiuiieiiiiie it s 64
L0.4  PeIMIT LOAUS ... ettt bbb bbbt bR e R Rt E bbb bbb bbb r et r e 64
11 SOTEWAIE ...tttk h bbbt bt R e AR E e h et E e E e R bR AR R Rt SRR Rt AR AR E R Rt R bRt e R Rt R r et E s 65
12 S (=] =] 1o S TSSO TSR P PP T TSP TSP UTSPR PO 65
13 A 0] 1= 1T 5T PSS 1
13.1  Girder CENTEr OF MASS .. ..viviireeriieriireire ettt Error! Bookmark not defined.
T [ 110 100 1 o Error! Bookmark not defined.
1321 ENA MOMENES ...ttt Error! Bookmark not defined.
13.2.2  Precamber effECE ..o Error! Bookmark not defined.
13.2.3 Tl oo Error! Bookmark not defined.

13.3  HArPEA SN ... ..ottt e bbbt bt nee e e e Error! Bookmark not defined.
13.3.1  ENG MOMENT ....oiiiitiiitiiee ettt eb e enenne e Error! Bookmark not defined.
13.3.2  Precamber eFfECT ......civii i Error! Bookmark not defined.
13033 TOMAL. ..ot Error! Bookmark not defined.



Precamber Girder Example — PGSuper Training (4/22/2019)

List of Figures

Figure 2-1: Bridge Section at Station 102+60.0 ........c.ccviiiiieiisiesieeereese e se e eree e e e ee st e e e ese e e eseeseesaeseesresresneeneesaeneeneesrens 2
1o U =R © [ o L= g DT330S o] USSR 2
1o OIS - o 0 - V| SRR 3
Figure 3-1 ASSUMEd CONSLIUCTION SEOUENCE ... .c.veiteiuieiieieite ittt ettt ettt b b te bt e e e e e eesbesbesbe et e e seeaeeseesbesbesbeebeabeaneeeebenbesaea 4
Figure 3-2 Girder LENGN GEOMELIY .........oiuiiiieii ittt ettt h bt b et e e b e eb e s be bt eb e e Rt em b e e e sbenbeebeebe e bt eneenebenbesaen 5
Figure 3-3 EffeCtive FIANGE WIATN ...ttt bbbttt b e b b et e st e ne e e nbe b e 5
Figure 3-4 Centroid of Non-composte and COMPOSIE SECTION ........eiiiiiiiiiii ettt ettt snesae 7
FIGUIE 3-5: SIaD HAUNCK ...ttt bbbtk et et e b e bt e bt b e e b e e Rt e m b e b e ebeeb e e bt eb e e seeneenenaenee e 10
Figure 3-6: HLO3 LiVe LOAA IMOUEI ...ttt bbb etk bbbt et e e b sb e e b e bt et e e st e ne e e nbe b e 12
o e Ry T B L] v 11 O OO OO TTSO PSP 14
Figure 5-1: EQUIlIbrium of HANGING GIFAET ....cveiueceieice ettt sttt re s e e tesaentesneenaeneeneeseenee e nns 25
Figure 5-2: Girder Self-Weight Deflection during LiTting......ccccueivieeioiiiiie i sre st 26
1o U TR T A @ 3 1511 B - Tod (o] S 27
Figure 5-4: EQUILIDrUM dUFING HAULING ...c.voiviieie ettt ase s e et et naena e e e e st saentesneenaeneenseeenee e nns 32
Figure 5-5: Prestress induced Deflection based on Storage DatUM .........cccccceiviieiecrerinesie e e seese st 33
Figure 6-1: Discretized Girder Section for Strain Compatibility ANAIYSIS.......ccciiiiiiiiiii e 44
Figure 7-1: Graphical method to Determine Critical SECtiON LOCALION ..........coiiiiiiiiiieiiiie e 47
FIGUIe 8-1: SIah + FIIET EFFECT. ..ot bttt e bbbt bbbt et e b e be b e e b e e be et e e e e e e eenbe b e 53
Figure 8-2: General Method for Profile EFfECT .........oe oo 54
Figure 8-3: VErtiCal CUINVE EFFECE ...ttt bt bbbttt e nbeeb e b e b e et e e e ene e eenbe b e 54
Figure 8-4: HOrizontal CUIVE EFFECT......ciiiiiiiie it s e e e e eese e s te s neeteereene e eenee e e 55
Figure 8-5: TOP FIANEE EFTECL .....ecui ettt s et e e st e st e s teeseese e s e e ee st e s eesseeteaneeneeseenae e nes 56
1o U =TS RGO T o T=T = 1 (T S 56
1o U IR R R O T 0T DT Vo | o oSSR 57






Precamber Girder Example — PGSuper Training (4/22/2019)

1 Introduction
The purpose of this document is to illustrate how the PGSuper computer program performs its computations. PGSuper is a
computer program for the design, analysis, and load rating of precast, prestressed concrete girder bridges.

A design evaluation followed by a load rating analysis illustrates the engineering computations performed by PGSuper.
PGSuper uses a state-of-the-art iterative design algorithm and other iterative computational procedures. Only the final
iterative steps are of interest. To avoid lengthy iterations in this document, trial variables are “guessed” based on the final
iterations produced by the software.

PGSuper uses 16 decimals of precision. There will be minor differences between these “hand” calculations and numbers
reported by PGSuper. When noted, these calculations adopt numeric values reported by PGSuper.

1.1 Sign Convention
This document and PGSuper use the following sign convention.

Item Value
Compression <0
Tension >0
Upward Deflection >0
Downward Deflection <0
Top Section Modulus <0
Bottom Section Modulus >0

Strand Eccentricity above Centroid <0

Strand Eccentricity below Centroid >0

2 Bridge Description

2.1 Site Conditions
Normal Exposure

Average Ambient Relative Humidity: 75%

2.2 Roadway
Alignment
PI Station Back Tangent Delta Radius
N 90 E
Profile

PVI Station PVI Elevation  Gradein (g4) Grade out (g,) Length
102+64 31.15 9% -9% 201 ft

Superelevations

Left Right

ft ft
0025 —0025
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2.3 Bridge Layout

This bridge has a very steep crest vertical curve. The girders are precambered to eliminate much of the slab haunch build-up
dead load.

Back of Pavement Seat, Abutment 1, 102+00
Back of Pavement Seat, Abutment 2, 103+20

Abutments are Normal to the alignment

Figure 2-1: Bridge Section at Station 102+60.0
Girders
6 WF50G @ 6°-9” A =776.531in? | 49.000in. |

Iy = 282559.4 in*
Iy =71558.9 in*
Yi=25.849 in
Yp=24.151in
St=10931.2 in® ; 6.125in.
Sp = 11699.6 in®
Perimeter = 241.284 in

50.000in

Wy = 49.0in
Wyt = 38.375in
tweb = 6125 II"I

38.375in.
f’ci = 6.1 ksi | |
fe=7.2ksi Figure 2-2: Girder Dimensions

e = 155 Ib/ft®
vc = 165 Ib/ft® (including rebar)

Precamber = 15”

Pick Points 3.75ft

Bunk Points 4.167ft

Haul Configuration: HT40-72
Harping points at 0.4L from the end of the girder.



Interior Diaphragms

Rectangular — Between girders only.

H=315in

T=8.00in

Slab

Gross Depth=7.51in

Overhang = 3’-1.5”

Slab Offset (“A” Dimension) = 8.75”
Fillet = %"

Sacrificial Depth = %"

f’c = 4 ksi

e = 150 Ib/ft3

e = 155 Ib/ft3 (including rebar)
Future Wearing Surface, 0.035 k/ft?

Strands
0.6” Diameter fou = 270.0 ksi
Grade 270 foy = 243.0 ksi

Low Relaxation Eps = 28500 ksi

aps = 0.217 in?/per strand
Straight Strands = 30
Harped Strands = 13

Traffic Barrier
42” Single Slope
Design weight = 0.690 kip/ft/barrier

Load is distributed to 3 exterior girders

Load Modifiers

Ductility
No = 1.0

Redundancy
nr = 1.0

Owerhang Edge Depth

Importance
n= 1.0

Precamber Girder Example — PGSuper Training (4/22/2019)

Located at 0.33Lsand 0.67Ls.

Sacrificial Depth

Slab Offset
("A" Dimension) | Overlay Depth
CL Bridge

——‘ LFillet or
i ! Alignment
i

Gross Depth

Cwerhang
Taper

e Fdge Dﬁset—ﬁ|

Figure 2-3: Slab Detail
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Criteria

Design in accordance with the AASHTO LRFD Bridge Design Specification, Eighth Edition, 2017
and the WSDOT Bridge Design Manual

Load Rate in accordance with AASHTO, The Manual for Bridge Evaluation, Second Edition, 2011
with 2015 interim revisions and the WSDOT Bridge Design Manual

WSDOT policy is to design using gross section properties (BDM 5.6.2.1) using
refined estimate of prestress losses (BDM 5.4.1.C). PGSuper supports stress
analysis with transformed section properties, the LRFD approximate method for
estimating prestress losses, and a non-linear time-step analysis.

3 Design Preliminaries
Evaluate the first interior girder (Girder B).

3.1 Construction Sequence

Figure 3-1 shows the assumed construction sequence. PGSuper models the various construction stages with Construction
Events.

I T il

Event 1 — Construct Girders and Erect Piers

|

I

Event 2 — Erect Girders

! | | | | J ’ | | | | !
Event 3 — Remove Temporary Strands
and Cast Diaphragms

I

Event 4 — Cast Deck

0 ] J I ] 0
Event 5 — Construct Traffic Barriers
Event 6 & 7— Open to Traffic

Figure 3-1 Assumed Construction Sequence
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3.2 Girder Length

For a typical stub abutment with a Type A connection, the centerline of bearing is located 2’-8.5” from, and measured normal
to, the back of pavement seat. The distance from the centerline bearing to the end of the girder is 1’-8.5” measured normal to
the CL Bearing, which is parallel to the back of pavement seat.

Figure 3-2 Girder Length Geometry
The bearing-to-bearing span length is Ly = 120ft — 2(2.7083ft) = 114.58ft.
The overall girder length is L, = 114.58ft + 2(1.7083ft) = 118.00ft.

3.3 Section Properties
Compute the composite section properties. The basic girder section properties are in the bridge description.

3.3.1 Effective Flange Width
The effective flange width of a composite concrete deck slab is the tributary width of the member (LRFD 4.6.2.6.1).

s

Figure 3-3 Effective Flange Width



Precamber Girder Example — PGSuper Training (4/22/2019)

3.3.2 Composite Girder Properties

Transform the slab to equivalent girder material and use the parallel axis theorem to compute the composite girder properties.
At mid-span the bottom of the slab is above the top of the girder by the fillet amount (% *). If the actual camber exceeds the
predicted camber, the 34" fillet can be easily lost. Assume the bottom of the slab is directly on top of the girder. This provides
the least stiff section where the maximum demand occurs. For simplicity, use this section model at all locations (BDM
5.6.2.B.1).

PGSuper has options to include the haunch depth in the section properties calculations. Each section
can use the minimum haunch depth (fillet dimension) or the actual haunch depth. Using the actual
haunch depth means there is a different set of section properties at every cross section. Using more

precise section properties may be desirable for load rating.

Modulus of elasticity of slab concrete
E. = 120,000K,w2f,;*** = (120,000)(1.0)(0.150)2(4.0)°33 = 4266.223 ksi
Modulus of elasticity of girder concrete assuming a concrete strength of £, = 7.1ksi

E. = 120,000K,w2f;*** = (120,000)(1.0)(0.155)2(7.2)°33 = 5530.500 ksi

Ecoap _ 4266.223ksi

= =0.771
Ecgirder 5530.500ksi

n =

The sacrificial wearing surface is not part of the structural section. Use the structural slab depth for computing section
properties.

tsiab = tgross siab depth — Csacrifical depth = 7.5in — 0.5in = 7.0in

Area Yy (Area)(Ys)
j in) = in? 7.0in in3
Slab (0.771)(81in) (7.0in) = 437.157in 0.0+ 227 — 3,501 23387.900in
Girder 776.531in? 24.151in 18754.000in3
Total A, = 1213.688in? 42141.9in3
Y(Area)(Y,)  42141.9in3
Yoo = = = 34.723i
b¢ = T¥(Area)  1213.668in? "
Yic girager = Hg — Ypc = 50.0in — 34.723in = 15.277in
Area d (Area)(d?) I Io + (Area)(d?)
in? 7.0in in* 1
Slab | 437.157in 50.0in 4+ 154130.948in E(0.771)(81in)(7.0in)3
—34.723in = 18.777in = 1785.058in*
155916.006in*
776.531in? 24.151in — 34.723in 86790.683in* 282559.4in* 369350.083in*
= —10.572in
Girder
I, = 525266.089in*
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L 525266.089in*

Spe = == = = 15127.325in3
be Ty, 34.723in m
: _ L _525266.089int .
tcgirder =y " ver  15.277in Rt

3.3.3 First Moment of Area of deck slab,

¢ 7in
_Slab) = 437.157in? (15.277in + T) = 8208.497in3

Qsiab = Astap (th girder + 2

3.3.4 Section Property Summary

Below are the section properties from PGSuper. They are slightly different then the properties computed above. Use the
section properties reported by PGSuper for better agreement between these calculations and the software.

j ff’///{{{///////{{{///ﬂ T

22.274"
25.8l49 Composite CG
n —_ . ] . — 57"
50 Noncomposite CG T
24151" 34.726
i o D l

Figure 3-4 Centroid of Non-composte and Composite Section
Table 3-1: Section Properties from PGSuper

Girder Composite Girder
Area, A 776.531 in? 1213.915 in?
I, 282559.4 in* 525343.2in*
I, 71558.9 in* -
Yiop girder 25.849 in 15.274 in
e it - 22.274in
Y, 24.151in 34.726 in
S i 10931.2 in® 34394.2 in?
Stop stab - 30574.7 in®
Sy 11699.6 in3 15128.3 in3
Qiab - 8211.5in3
Effective Flange Width, W og¢ - 81.0 in
Perimeter 241.284 in -
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3.4 Structural Analysis

There are several significant stages during the life of a prestressed girder. PGSuper automatically models these stages as
Construction Events. The events are:

1) Construct girders (aka Casting Yard Stage)
a) Tension strands, form girders, cast concrete, concrete curing. Initial relaxation of the prestressing strand occurs.
b) Strip forms and impart the precompression force into the girder (aka Release)
c) Move girders into storage area (Initial lifting)
d) Elapsed time during storage (creep, shrinkage, and relaxation losses occur)
2) Erect girders
a) Prior to erection, the girders must be transported from the fabrication facility to the bridge site
b) Erect and brace girders
¢) De-tension temporary strands (if applicable)
3) Cast diaphragms and deck (dead load applied to non-composite girder section)
4) Install railing system (traffic barriers, sidewalks, etc). (dead load applied to composite section)
5) Final without Live Load (includes future overlay if applicable)
6) Final with Live Load

PGSuper models the individual steps within a Construction Event with Analysis Intervals. For example, Event 1 — Construct
Girders, models five analysis intervals: Tension Strands and Cast Concrete, Elapsed Time during Curing, Prestress Release,
Lifting, Placement into Storage, and Elapsed Time during Storage.

The analysis intervals are a general modelling approach associated with time-step analysis. Precast girder design normally
uses a pseudo time-step analysis. However, the PGSuper can perform a refined non-linear time-step analysis. PGSplice uses
the non-linear time-step analysis as well.

3.4.1 Girder Construction (Casting Yard)

Girder construction at the casting yard consists of tensioning strands, placing mild reinforcement, installing girder forms, and
placing concrete. Stripping of girder forms occurs after the concrete reaches adequate strength to accommodate the stresses
and stability of the girder. The strands are the detensioned but because of bond with the girder concrete, the precompression
force imparts into the girder. If the prestress force is eccentric to the centroid of the girder and it is sufficient to overcome the
self-weight of the girder, the girder cambers upwards. In this condition, the girder bears on its ends and bending stresses
develop.

Wyirder = VeAg = (0.165kef)(776.531in) (L iz) = 0.890 kif
where:

Ay = Gross cross sectional area of the girder

ye = Unitweight of concrete

M, = (1 x)
2
Moment at point of prestress transfer (PSXFR)
Prestress transfer occurs over 60 strand diameters (LRFD 5.9.4.3.1)
I, = 60d, = (60)(0.6in) = 36in = 3ft

" - (0.890kLf) (3f¢)

P > (118ft — 3ft) = 153.525k - ft
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Moment at harp point (HP)
Harp point is 0.4L from the end of the girder (0.4)(118ft) = 47.2ft
M. = (0.890klf)(47.2ft)

(118ft — 47.2ft) = 1487.08k - ft

9 2
Moment at mid-span (0.5L)
118ft
0.891) (251 118/t
M, = _ (118ft _T) — 1549.05k - ft

3.4.2 Erected Girder

Substructure elements support the girder at permanent bearing locations once erected. Bracing stabilizes the girder.
Temporary top strands are detensioned, followed by diaphragm and roadway slab casting. Installation of the railing system
occurs after the roadway slab gains adequate strength.

3.4.2.1 Diaphragm and Deck Placement
In this stage, the girder supports its self-weight along with the weight of the diaphragms and slab.

3.4.2.1.1 Diaphragm Loads
The diaphragm load for an interior girder is P = HWy,.(S — t,ep), Where:

H = Height of the interior diaphragm
W = Width of the interior diaphragm
tweb = Width of the girder web
S = Spacing of the girders
3
P = HWy.(S = tyep) = (38.875in)(8in)(0.155kcf)(81in — 6.125in) | —=———— | = 2.09kip
1728in3
Diaphragms are located at 38.194 ft (0.33L) and 76.389 ft (0.67L) from the left bearing.
3.4.2.1.2 Slab Loads
The slab load consists of the main slab and the slab haunch.
3.4.2.1.2.1 Main Slab Load
The main slab load is
. . 1ft?
Woap = WerintsianYe = (81in)(7.5in)(0.155kcf) Taainz) = 0.654klf

3.4.2.1.2.2 Slab Haunch Load

The slab haunch load accounts for the buildup of concrete between the top of the girder and the bottom of the main slab. This
concrete element has a width equal to the top flange width (W, ;) and varies in depth along the length of the girder because of
camber and variations in the roadway surface.
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Figure 3-5: Slab Haunch

WSDOT’s design policy is to assume zero natural camber for purposes of determining the slab haunch load (BDM
5.6.2.D.3.iv).

PGSuper provides the option to consider excess camber when determining loading. This option may be
desirable for load rating as it reduces the haunch dead load.

The basic haunch dead load at any given section is
Whaunch = WesthauncnYe
The slab offset (“A” dimension) is 8.75 in. The slab haunch load at the start of the span is
thaunch = A — tgap = 8.75in — 7.5in = 1.25in

1ft?
144in?

Whaunch = (49in)(1.25in)(0.155kcf)( > = 0.066 klf

In general, the haunch thickness is computed as tyqunch = ELpottom siab — ELtop giraer USING the elevations of the bottom of
the slab and the top of the girder (neglecting natural camber). For this bridge, the roadway profile is a vertical curve and the
girder is precambered.

The elevation of the top of the slab over Girder B is

_ 5009, — 91)

ElLeopsian == X%+ gi1x + ELgyc — 0.02%(10.125;%)
vc

x in number of stations
10
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The elevation of the bottom of the slab is the top of slab elevation reduced by the slab thickness.

ELpottom siab = ELtup stab — tsiab

The elevation of the top of the girder is computed from the top of girder elevation at the CL Bearing plus the precamber
along the length of the girder, measured relative to the bearings.

4A x2 4A X ibr 2
Opc(x) = pc<x—_>_l<x1b - ="
pe Lg Lg Lg o Lg

x is distance from end of girder
Xciprgls distance from end of girder to CL Bearing
ELtup girder = ELtop slap — A+ 5pc(x)

The parabolic curves cause the haunch depth to vary along the length of the girder. The table below lists the haunch depth
and loading for half the span. Linear load segments model the slab haunch load.

Location thaunch (in) Whaunch (KLf)
(ft)

0.0 1.250 0.066
11.458 2.507 0.132
22917 3.485 0.184
34.375 4,184 0.221
45.833 4.603 0.243
57.292 4.742 0.250

3.4.2.2 Superimposed Dead Loads

Application of superimposed dead loads occurs after the deck has reached adequate strength. The superimposed dead loads
consist of the traffic barrier and the overlay, if present. The composite section is resisting these loads.

3.4.2.2.1 Traffic Barrier
The traffic barrier weight is distributed over n exterior girders, if there are 2n or more girders, otherwise the weight of the
traffic barrier per girders is w;;, = M, where N is the number of girders in the span. From BDM 5.6.3.2.B.2.d,
n=3.

2n=6,N=6,2n<N
Wy 0.690klf klf
—=——=0.230—

n 3 girders girder

Wip =

AASHTO permits equal distribution for barrier loads to all girders.

3.4.2.3 Open to Traffic

3.4.2.3.1 Future Overlay
Evenly distribute the weight of the future wearing surface to all girders. The curb to curb width of the deck is 38.833ft.

11
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_ (37833/0)(0.035ksf) _ . kif
a 6 girder - T girder

o

Take care when applying the future overlay loading. Certain stress conditions are worse before the overlay is applied and
others are worse after it is applied.

3.4.2.3.2 Live Load
The design live load is the HL93 notional model defined in the AASHTO LRFD BDS.

The vehicular live loading is the combination of the:
e design truck or design tandem, and (LRFD 3.6.1.1)
e design lane load (LRFD 3.6.1.2.1)

The design truck consists of three axles. Axle weights and spacing are, 8.0 kip, 14.0 ft, 32.0 kip, 14.0 to 30.0 ft, 32.0 kip. See
Figure 3-6 below.

The design tandem consists of a pair of 25.0 kip axles spaced 4.0 ft apart.

The design lane load is 0.640 klf, uniformly distributed along the length of the span.

32 KIP 32 KIP

14" - 30' 14 8 KIP
v v/_0.640KLF
PV, 'S R

Design Truck + Lane Load

25 KIP 25 KIP
4|

0.640 KLF

v
P VA UV, USRI

Design Tandem + Lane Load

Figure 3-6: HL93 Live Load Model
Apply a dynamic load allowance (impact) of 33% to the design truck and design tandem portions of the live load response.

The fatigue live load is the design truck with the rear axle spacing fixed at 30 ft. The dynamic load allowance for fatigue is
15%.

3.4.3 Analysis Results Summary

3.4.3.1 AtRelease
Loading Transfer Point Harp Point Mid-Span

Girder 15349 k - ft 1486.71k - ft 1548.65 k - ft

12



Precamber Girder Example — PGSuper Training (4/22/2019)

3.4.3.2 At Bridge Site

Loading 0.5Ls

Girder after erection 1460.27 k - ft
Diaphragm 79.78 k - ft
Slab 1073.17 k - ft
Haunch 35811k ft
Traffic Barrier 37747 k - ft
Future Overlay 362.20 k - ft
Design LLIM (HL-93) 3421.07 k - ft
Fatigue LLIM 175547 k- ft

Live loads are per lane

3.4.4 Limit State Responses

Group the structural responses into load cases and compute limit state responses. The total factored load, or limit state
response, is Q = Y. 1;v:q;- (LRFD Eqn. 3.4.1-1)

LRFD Table 3.4.1-1 gives the load factors. The limit states of importance are:
e Servicel, Q=1.0DC + 1.0DW + 1.0(LL+IM)
e Service lll, Q =1.0DC + 1.0DW + 0.8(LL+IM)
e Strength I, Q = 1.25DC + 1.50DW + 1.75(LL+1M)
e Fatigue I, Q =0.5DC + 0.5DW + 1.5(LL+IM)

The live load factor for Service 11 is 0.8 for design and 1.0 for load rating. See BDM 3.5.2

3.4.5 Live Load Distribution Factors

Compute the live load distribution factors. Select the appropriate cross section type from LRFD Table 4.6.2.2.1-1. A precast
I-beam with cast-in-place concrete deck corresponds to cross section k.

WSDOT deviates from the LRFD BDS for exterior girders in type k sections as described in BDM
3.9.3.A

Compute the longitudinal stiffness parameter Kg.

Ky = n(I + Aej)

13
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where:
n = modular ratio between beam and deck material n = Zbeam
slab
| = moment of inertia of the beam (in*)
A = areaof beam (in?)
eg = distance between the centers of gravity of the basic beam and deck (in)

5530.5ksi

"= 1266223kt - 20

ts/2

Yt
e

Figure 3-7: g Detail
ts ) 7.0in )
eg =Y+ 5= 25.849in + S 3 29.349in
K, = 1.296[282559.4in* + (776.531in*)(29.349in)*] = 1233060in*

3.4.5.1 Number of Design Lanes
The number of design lanes is equal to the integer portion of the roadway width divided by 12 ft (LRFD 3.6.1.1.1).

b 37.833ftJ_3D -
L= 12ft - esign Lanes

3.4.5.2 Distribution of Live Loads per Lane for Moments in Interior Beams
LRFD Table 4.6.2.2.2b-1 gives the live load distribution factors for moments in interior beams.

3.4.5.2.1 Compute Distribution Factor for Moment
Check the range of applicability for live load distribution factors.

35ft<S<16ft S=6.75ft OK
45in <t <12in ts=7.51n OK
20 ft <L <240 ft L =114.58 ft OK
Np >4 Np =6 OK
10,000in*< Ky <7,000,000 in* Kg =1233060in* OK

3.45.21.1 One Design Lane Loaded
The live load distribution factor for one loaded lane is

S 0.4 50.3 K 0.1
ui=00s+() () (mom)
g \12) \©) Zowe

6.75)“(6.75 )0-3( 1233060 )0-1
14 114.58 12.0-114.58- 73

gMi = 0.06 + ( =0.412

14
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3.4.5.2.1.2 Two or More Design Lanes Loaded
The live load distribution factor for two or more design lanes loaded is

S 0.6 S 0.2 K
|- - T Y
gM;, = 0.075 + (9_5) (L) (12.0Lt§)

6.75\%¢ / 6.75 \%? 1233060 01
) ( ) ( ) — 0.584
9.5 114.58 12.0-114.58-73

0.1

gMi, =0.075 + (
3.4.5.3 Distribution of Live Loads per Lane for Shear in Interior Beams

LRFD Table 4.6.2.2.3a-1 gives the live load distribution factors for shear in interior beams.

3.4.5.3.1 Compute Distribution Factor for Shear
Check the range of applicability for live load distribution factors.

35ft<S <16t S=6.75ft OK
45in <t; <121in ts=7.5in OK
20 ft <L <240 ft L =114.58 ft OK
Np >4 Np =6 OK

3.4.5.3.1.1 One Design Lane Loaded
The live load distribution factor for one design lane loaded is

. S
L = R
Vi =036+ 5=

V"—036+6'75—0630
gV1 =P8 550 =

3.4.5.3.1.2 Two or More Design Lanes Loaded
The live load distribution factor for two or more loaded lanes is

S S 2.0
i (=
92y = 0.2+ 35 (35)

v, = 02420 (6'75)2'0 =0.725
Jrae =0eT "\ ) T

3.4.5.4 Live Load Distribution Factor Summary

Distribution Factor Summary for Strength and Service Limit States

Distribution Factor 1 Loaded 2+ Loaded Controlling Factor
Load Lanes

Moment (gM) 0.412 0.584 0.584

Shear (gV) 0.630 0.725 0.725

3.4.5.5 Live Load Distribution Factor for Fatigue Limit State

The fatigue live load distribution uses the factor for one loaded lane (LRFD 3.6.1.4.3b). The single lane distribution factors
include a multiple presence factor of 1.2. The multiple presence factor for fatigue loading is 1.0 (LRFD 3.6.1.1.2). Divide the
one loaded lane distribution factors by 1.2 to get the fatigue distribution factors.

Distribution Factor Summary for Fatigue Limit States

15
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Distribution Factor 1 Loaded Load
Moment (gM) 0.412/1.2 = 0.343
Shear (gV) 0.630/1.2 = 0.525

4 Losses and Effective Prestress

Effective prestress is the stress or force remaining in prestressing steel after time dependent losses and elastic effects have
occurred. Time dependent losses consist of concrete shrinkage, concrete creep, and prestressing steel relaxation. Elastic
effects are changes in the prestress due to externally applied or internal restraining forces. Elastic effects are often called
elastic gains.

4.1 Losses before Prestress Transfer

Losses before prestress transfer are due to relaxation of the strand. Prior to the 2005 interim revisions to the LRFD 3™
Edition, relaxation before prestress transfer was included in prestress loss calculations. Since the 2005 interim revisions, this
is no longer required based on the idea that fabricators can overstress strands to achieve an effective prestress of 0.75f,, at
release. However, WSDOT retains the practice of including relaxation prior to prestress transfer because it reflects the
production practices used by local fabricators.

_ log(24.0t) [ f;

fpj = 0.75fp, = 0.75(270) = 202.5ksi
foy = 0.9fp = 243ksi
t =1day

log(24.0 - 1day) 1202.5ksi
40 243.0ksi

Afpro = - 0.55] (202.5ksi) = 1.980 ksi

This calculation is for intrinsic relaxation of the strand. Intrinsic relaxation is associated with strand
tensioned between two stationary points such as in a testing machine or between tensioning bulkheads.

4.2 Losses immediate after transfer

As the force in the pretensioned strands is released from the stressing equipment, it is transferred to the girder as a
compression force. This force is typically eccentric and causes axial shortening and bending in the girder. The shortening
causes a reduction in the elongation of the strand and a reduction in the precompression force. This is known as the elastic
shortening losses.

AprS = E_p fcgp
ci

P Pe? Mye

Jegp = 3+~
P = N(apS)(fpj = Afpro — Aprs)
Solve this equation iteratively for P and Af,gs.

E.; = 120000(1.0)(0.155)?(6.1)%33 = 5236.046 ksi
Assume P = 1696 kip

16
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12in .
_ 1696kip  (1696kip)(21.007in)? (1548-65k'm<1ft>(21'007m)_3447k.
Jear = 7765312 282559.4in* 282559 4in* = SARsst
28500ksi

Afpe = ——2" "0 (3.447ksi) = 18.763ksi
fors = 5336.046ksi st) St

P = (43)(0.217in?)(202.5ksi — 1.98ksi — 18.763ksi) = 1695.9 kip

PGSuper performs this calculation with a very small convergence tolerance and at many points along the girder. The effective
prestress force at release and initial lifting for various points (as determined by PGSuper) are given below.

Location Effective Prestress after release

PSXFR 1725.93 kip
HP 1694.86 kip
0.5Lg 1695.80 kip

4.3 Losses at Hauling
Assume hauling to occur as soon as possible (10 days).

4.3.1.1 Shrinkage of Girder Concrete
Afsry = €pinEpKin
epin = kskpskrkeq0.48 x 1073
1

=1+——(1+A982)[1+07 (t.t)]
E.; 4, I T (tp ti

l/)b (tf’ tl.) = 1.9kskhckfktdti—0.118

4
ks =1.45-0.13 <§> > 1.0

(776.531in2)(118f£) (22T
AL, 1t — 3.204in
PLy 24 (241.284im)(118f1) (%) +2(776.531in?)

|4
S

k, = 1.45 — 0.13(3.204) = 1.03
kps = 2.00 — 0.014H = 2.00 — 0.014(75) = 0.95
kne = 1.56 — 0.008H = 1.56 — 0.005(75) = 0.96
5

kf=1+fc’,.=1+6.1=0'704
s t
ta = 100 — £,
2 (O e
9
k.q(t = 9days) = 100 =4(6.0) = 0.206
12(W) +9

17
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1999
k.q(t =1999days) = = 0.983

100 — 4(6.1)
12 (w) + 1999
Yy (tr, t;) = 1.9(1.03)(0.96)(0.704)(0.983) (1) **18 = 1.30
epin = (1.03)(0.95)(0.704)(0.206)(0.48 x 10~3) = 0.0000683
Aps = N(aps) = 43(0.217in?) = 9.331in?

Ky, = ! =0.783
th = | 4 _28500ksi__9.331in? (1 N 776.531in2(21.007in)2> [1+0.7(130)] -

5236.046ksi 776.531in3 282559.4in* A

Afysry = (0.0000683)(28500ksi)(0.783) = 1.524ksi

4.3.1.2 Creep of Girder Concrete
E
AprRH = E_P.fcgplpb (th' ti)Kih
WV (t, t) = 1.9(1.03)(0.96)(0.704)(0.206) (1) %118 = 0.273

Afy = 2O000KSL o ) oksi)(0.273)(0.783) = 4.016ksi
fern = 5336.0a6ks1 o 100ksD(0.273)(0.783) = 4.016ks
4.3.1.3 Relaxation of Prestressing Strands

The girder concrete holds the prestressing strand in tension. The concrete undergoes creep and shrinkage deformations. The
strands are between two points that move toward one another. Relaxation occurs at a reduced rate compared to intrinsic
relaxation. The relaxation equations given by the AASHTO LRFD BDS are for reduced relaxation.

&log(24th) (& _ 055)] [1 py 3(AfpSRH + AprRH)
K] log(24t) \ £,y fot
K| = 45
1695.80kip
Jot = =9 330im2
181.738ksi log(24 - 10) (181.738ksi ~ 5)] [ _ 3(1.524ksi + 4.016ksi)
45 log(24-1) \ 243ksi 181.738ksi

AprlH — ] K

= 181.738ksi

Afprin = ] (0.783) = 0.981ksi

PGSuper supports all three methods of computing relaxation described in the AASHTO LRFD BDS
(LRFD 5.9.3.4.2c, C5.9.3.4.2¢)

4.3.1.4 Losses at Hauling
Apr = Apro + Aprs + AprTH
AprTH = AfpSRH + AprRH + AprlH
Afpiry = 1.524ksi + 4.016ksi + 0.981ksi = 6.520ksi
Apy= 1.98ksi + 18.782ksi + 6.520ksi = 27.282ksi

18
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4.4 Losses between prestress transfer and deck placement

4.4.1.1 Shrinkage of Girder Concrete
Afpsr = €piakpKia
Epid = kskhskfktd0'48 X 10_3

1
Kiqa =
E, A Age?
1+ E—”é(l +o ) [+ 079, (57,2)]
ltbb(tf' tl) = 1'9k5khckfktdti_0.118
%4
ks =1.45-0.13 (E) > 1.0 =1.03
kns = 2.00 — 0.014H = 0.95
kyp. = 1.56 — 0.008H = 0.96
kr =—— = 0.704
! 1+ fci
= t _ 0774 witht = (ty — t;) =199 day
e 1 (100 — 4fc’i) o 0983 witht = (t; — t;) = 1999 day
fi+20
t; = 1lday
ty =120 day
ty = 2000 day

pia = (1.03)(0.95)(0.82)(0.704)(0.48 x 1073) = 0.000257
Yy (tr,£;) = 1.9(1.03)(0.96)(0.704) (0.983) (1) 118 = 1.30
1

Kig =

1+ (s738.088ks0) (776 53152 282559.4in"

Afpsr = (0.000257)(28500ksi)(0.783) = 5.733 ksi

28500ksi )( 9.331in? )(1 (776.531in?)(21.007in)?

4.4.1.2 Creep of Girder Concrete
E
Afpcr = E—p_fcgpll)b (ta, t)Kiq
Py (ta, ) = 1.9(1.03)(0.96)(0.704)(0.774) (1) 118 = 1,030

28500ksi
- (3.451ksi)(1.030)(0.783) = 15.113 ksi

A =
focr 5236.046ksi

4.4.1.3 Relaxation of Prestressing Strands

| fpelog(24t4) (@ _ 055)] [1 _ 3(AfpSRH + AprRH) K,

B K_L, log(24ti) fpy fpt
for = foj = DMpro — Afps = 202.5ksi — 1.98ksi — 18.782ksi = 181.738ksi

Aprl

)(1 +0.7(1.30))

=0.783

19
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A = 181.738 ksi log(24-120)(181.738ksi 5)” 3(5.733ksi + 15.113ksi)
for = 45 log(24 - 1) 243ksi 181.738 ksi

4.4.1.4 Time dependent losses
AprTid = AprR + AfpSH + Aprl
Afyir,, = 5.733ksi + 15.113ksi + 1.029ksi = 21.874 ksi

4.5 Losses between deck placement and final

45.1.1 Shrinkage of Girder Concrete
Afpsp = €parEpKay
Epdf = €pbif — €bid
€ = kskpskrk;q0.48 X 1073

1

E A A e?
2l (1+ ,—) [1.0 + 0.7, (t7,1,)]

Ky =
1+
From before
ks =1.03
kps = 0.95
kpe = 0.96
ks = 0.704
Yy (tr,t;) = 1.30
€pia = 0.000257
kea(t = tr — t;) = 0.983
epiy = (1.03)(0.95)(0.704)(0.983)(0.48 x 10~%) = 0.000326
€pay = 0.000326 — 0.000257 = 0.0000694

e.=e+ Yy —yp = 21.007in + 34.726in — 24.151in = 31.582in

1
5236.046ksi/ \1213.915in? 525343 .2in% 7(1.

Af,sp = (0.0000694) (28500ksi)(0.791) = 1.563 ksi

45.1.2 Creep of Girder Concrete

E E
Afpep = E_p'ﬁ:gp [ (tr, ;) — Wi (ta, t) | Kay + E—p (Ofea) ¥ (tr, ta)Kay

2

Aps Age ’ "
Afeq = _(AfpSR + AprR + Aprl) A_ 1+ i — (Afea + Afeq
g g

Macll = Mdiaphragm + Mslab + Mhaunch
Mg = 79.78k - ft + 1073.17k - ft + 358.11k - ft = 1511.06k - ft

] (0.783) = 1.029 ksi

20
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Myge

Iy

Afc,d =

12in> ( 21.007in

Afl; = (1511.06k - ft (
fea = ( fo 1ft /\282559.4in*

) = 1.348 ksi

Miiar(Yoe — Yog +€)
I

Ofeq =

Msiai = Mparrier + Moverlay
Mgiq = 37747k - ft +362.20k - ft = 739.67k - ft

(739.67k - £t)(34.726in — 24.151in + 21.007in) (12in
525343.2in* 1ft

9.331in? )( (776.531in?)(21.007in)?

no__
Acd_

) = 0.534ksi

fea = —( si) (776.531in3 282559.4in*

> — (1.348ksi + 0.534ksi) = —2.463 ksi

t

kea =—150= i = 0.982 with t = (t; — t5) = 1880 day
Ccl
12(—f;i+20 )+t
Yy (tr, tq) = 1.9(1.03)(0.96)(0.704)(0.982)(120) ~*18 = 0.741

28500ksi

A _( 28500ksi
foeo = 5236.046ksi

)(3.451ksz)(1.30 —1.03)(0.791) + (m

) (—2.463ksi)(0.741)(0.791) = —3.317 ksi

4.5.1.3 Relaxation of Prestressing Strands
Afyry = Afyry = 1.029 ksi

45.1.4 Shrinkage of Deck Concrete

E
Afpss = E_pAfcdedf[l +0.794(tr, t4)]
c

EaarAaEc geck (i _ & ed)
1 + 07lpd(tf' td)] AC IC

€aar = Ksnksknsksk:q0.48 x 1073

14
ke = 1.45—0.13 (E) > 1.0

Afcdf = [

A, = (81in)(7.5in) = 607.5in?

Wtribtgross slab depth _ (81in)(7.5in)
ZWtrib - Wtf 2(81[71) — 49in

= 5.376in

vV A
s P

Use the gross slab depth when computing slab shrinkage effects. Shrinkage is an early age effect;
therefore, the sacrificial depth is part of the deck slab that is shrinking.

ks = 1.45 - 0.13(5.376) = 0.751 < 1.0 ~ 1.0
kps = 2.00 — 0.014H = 2.00 — 0.014(75) = 0.95
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Slab concrete age at time of initial loading is f,; = 0.8f,. (LRFD 5.4.2.3.1)
fl = 0.8f) = 0.8(4ksi) = 3.2 ksi
5 5
T1+f, 1+32

t =ty — ty = 2000 — 120 = 1880 days

=1.19

ke

K t 1880 0.977
td G .
100 — 417, (100 — 4(3.2))
12 (—fcll 50 ) +t 12 337370 /7t 1880

K., = 0.5 (BDM 5.1.4.3.D — use 50% slab shrinkage strain)
€qar = (0.5)(1.0)(0.95)(1.19)(0.978)(0.48 x 10~3) = 0.265 x 1072

Af (0.000265)(607.5in?)(4266.223ksi) ( 1 (31.582in)(19.024in)
cdf =

1407(2.12) 1213.915in2  525343.2in* ) = 0.088 ks

28500ksi

Afpss = (m) (0.088ksi)(0.791)(1 + 0.7(2.12)) = 0.547 ksi

45.1.5 Time Dependent Losses
Afpirgs = Dfpsp + Afpep + Dfpr1 = Dfpss = 1.563ksi — 3.317ksi + 1.029ksi — 0.547ksi = —1.272 ksi

4.6 Elastic Gains

4.6.1.1 Dead load on noncomposite section

E
AprD = E_pAfc’d
c

M, e
Af), = ‘;—‘” = 1.348 ksi
g

28500ksi

Afpep = (m) (1.348ksi) = 6.947 ksi

4.6.1.1.1 Superimposed dead loads

E, , (28500ksi _ ,
AfpSIDL = E_CAde = (m) (0534k5l) = 2750 kSl

46.1.1.2 Live Loads
EP nr
AprL = E_Afcd

o Mllim(ybc =Yy + e)
Afccl - I
c
( (1997.7k - ft)(34.726in — 24.151in + 21.007in) (12in
af = 525343.2in* 1ft
@ =\ (602.09k - ft)(34.726in — 24.151in + 21.007in) (12in
525343 2in* 1ft

) = 1.441 ksi (Design Live Load)

) = 0.434 ksi (Fatigue Live Load)
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28500ksi _ _ o
(m) (1.441ksi) = 7.426ksi = Afy1_pesign (Design Live Load)

Afpre = 1 28500ksi , , o
(m) (0.434ksi) = 2.238ksi = Afp11—Fatigue (Fatigue Live Load)

4.7 Effective Prestress Summary
AprT = AprTid + AprTdf = 21.874k$l - 1.272k$i = 20.602k$i

Apr = AprO + AprS + AprT - AprD - AfpSIDL = 1.98k$l + 18.782k$i + 20.602k$l - 6.947k$l - 2.750k$i
= 31.667ksi

1.0AfpL1—pesign (Service I)
foe = fpj = Dfypr + 0.8AfpL1—pesign (Service II)
1-5AprL—Fatigue (Fatigue I)
Service I f,, = 202.5ksi — 31.667ksi + 1.0(7.426ksi) = 178.259 ksi
Service Il f,, = 202.5ksi — 31.667ksi + 0.8(7.426ksi) = 176.774 ksi
Fatigue I f,, = 202.5ksi — 31.667ksi + 1.5(2.238ksi) = 174.190 ksi

5 Stresses

5.1 Final Stresses

Check the final stress conditions first. If the final stresses exceed the limiting stresses, there is not point evaluating the
remainder of the design.

§+ % n Mg + Mgg p, Mg + YuimMuyim

f= S S,

+ fss

5.1.1 Stress due to slab shrinkage
fss

B —&aafAaEcdeck (l_‘id)
[140.794(trta)]\Ae S

lpd(tf‘ td) — 1'9k5‘khckfkt'dti_0'118
t; = 1days
Ya(ts tq) = 1.9(1.0)(0.96)(1.19)(0.978) (1) 118 = 2.12

A. = 1213.915in?
t

7.5in
eq =Yoo + w = 15.274in + —— = 19.024in
Sige = —34394.2in
Spe = 15128.3in3

_ (~0.265 x 10‘3)(607.5in2)(4266.223ksi)( 1 19.024in ) 0381 kst
top = [1+0.7(2.12)] 1213.915in?  —34394.2in3) oo 't

_(~0.265 x 107%)(607.5in?) (4266.223ksi) ( 1 19.024in ) 0120 ke

bot = [1+0.7(2.12)] 1213.915in? 151283in3) <!

5.1.2 Service lll
P = —(43)(0.217in?)(176.774ksi) = —1649.48kip
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~1649.48kip _ (~1649.48Kip) (21.007in) (1460.27 + 79.78 + 1073.17 + 358.11k - ft) (112;?)
b~ 7776.531in? 11699.6in3 , 11699.6in3
(377.47 + 362.20 + 0.8 - 1997.7k - ft) (112;?)
+ + 0.120ksi = —5.086ksi + 4.902ksi + 0.120ksi

15128.3in3
= —0.064ksi < Oksi OK

5.1.3 Service |
P = —(43)(0.217in?)(178.259ksi) = —1663.34kip

Stress limit —0.6f, = —0.6(7.2ksi) = —4.320ksi

12in
_ —166334kip | (~1663 34kip)(201.007in) | (1460.27 +79.78 + 1073.14 + 358.11k - f1) ( it )
¢ 776.531in? —10931.2in3 N —10931.2in3
(377.47 +362.20 + 1.0+ 1997.7k - ft) ( 1;;‘)

— 0.381ksi = 1.054ksi — 4.217ksi — 0.381ksi

* —34394.2in3
= —3.543ksi < —4.320ksi OK

5.1.4 Fatigue |
P = —(43)(0.217in?)(174.190ksi) = —1625.37kip

Stress limit —0.4f, = —0.4(7.2ksi) = —2.880ksi

121n
fe= 776.531in? —10931.2in3 —10931.2in3
(0.5 - (377.47 + 362.20k - ft) + 1.5 - 602.09k - ft) (112]};1)
+ + 0.5(—0.381ksi)

—34394.2in3
= 0.515ksi — 0.942ksi — 0.191ksi = —1.750ksi < —2.880ksi OK

5.2 Initial Stresses
Evaluate stresses immediately after release.
P Pe M,
f=3*5*s

The governing stress immediately after release occurs at the point of prestress transfer. From PGSuper, the effective prestress
is P = —1725.93kip.

Stress limit —0.65f,; = —0.65(6.1ksi) = —3.965ksi

121n)

—1725.93kip  (~1725.93kip)(10.741in) (15349 ft)(lft

_ = —3.807ksi + 0.157ksi = —3.650ksi
fo = 76531z T 11699.6in° T 1699.6in° st St St

< —3.965ksi OK

Stress limit 0.0948A1,/f;; < 0.200ksi = 0.0948(1.0)v6.1 = 0.234ksi — 0.200ksi

12in
_ —1725.93kip N (—1725.93kip)(10.741in) . (153.49 - ft) ( 1ft) et - 0168kt — 0605
fe= 776.531in? —10931.2in3 —10931.2in3 : st . si = —0. si

< 0.200ksi OK

5.3 After Deck Casting

Evaluate stresses after the deck has been cast.
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This is not an AASHTO LRFD requirement. BDM 5.2.1C provides stress limits at erection. The
governing erection stress case is for the noncomposite girder carrying the weight of the deck concrete.

P Pe M,+M
=44 g adl
f=at5+t
The governing stress immediately after deck placement occurs at the point of prestress transfer. From PGSuper, the effective
prestress is P = —1528.92kip.

Stress limit —0.45f, = —0.45(7.2ksi) = —3.240ksi

p =

—1528.92kip  (—1528.92kip)(10.741in) (65-10+64-36k'ff)(
776.531in2 +

12in)

ift . .

11699 .63 + 11699 .6in3 = —3.373ksi + 0.133ksi
—3.240ksi < —3.240ksi OK

Stress limit 0.194,/f = 0.19(1.0)V7.2 = 0.510ksi

—1528.92kip  (—1528.92kip)(10.741in) (65-10+64-36k'ff)(
¢ = 776531m2 |

12in)
It
—10931.2in’ *

< 0.510ksi OK

~10931.2in3 —0.467ksi — 0.142ksi = —0.609ksi

5.4 After Superimposed Dead Loads (Permanent Loads Only)
_ P Pe Mg+ My Mg

f h A + S + S Sc +fss

P = —1594.04kip
Stress limit —0.45f, = —0.45(7.2ksi) = —3.240ksi

12in 12in
~1594.0¢kip | (~1594.04kip)(21.007in) (65.10 + 64.36k - ft) ( Vi3 ) . (739.67k - ft) ( 17t ) 0381k
t = 7776.531in? —10932.2in3 210932.2in3 —33629.0in3 DOt
= 0.987ksi — 3.262ksi — 0.381ksi = —2.275ksi < —3.240ksi OK
55 Lifting

5.5.1 Check girder stability

Designing precast, prestressed concrete bridge girders for lateral stability ensures safety and constructability. PCI’s Aspire
Magazine® presents WSDOT’s perspective on stability design.

¢, undeformed girder

‘ § undefarmed girder
[
roll axis

w
O t=
= roll axis
atlift point |
2 -

at lift point

ik

Center of Mass of

s
b wan® \T
1 . I %3
248"
Deformed Girder Arc Lies A 2
Directly Beneath Roll Axis CA (-
. -~ P
center of mass center of mass

Figure 5-1: Equilibrium of Hanging Girder
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5.5.1.1 Vertical Location of Center of Gravity

5.5.1.1.1 Estimate Camber

Compute camber for the girder in the hanging configuration. However, the stability analysis procedure needs the camber
measured from a datum at the ends of the girder, not the lift points.

55.1.1.1.1 Girder

Qﬁ" i ) =
[-\ﬁL _ \ﬁv’////fg

Aﬁ 2 éﬂi'}%?_

Figure 5-2: Girder Self-Weight Deflection during Lifting

Ly =Ly —2a = 118ft — 2(3.75ft) = 110.5ft
At girder ends

_ Wga 2 _ 73
Agj1= 2451 [3a?(a + 2L,) — L]
B (—0.890klf)(3.75ft) ) 41 (1728in®
= 34(5236.046ks1) (282559 41" [3(3.75ft)?(3.75ft + 2(110.5ft)) — (110.5f¢)?] T
=0.218 in
Mid-span
Ao Swoly  wya’li 5(—0.890klf)(110.5ft)* (—0.890klf)(3.75ft)?(110.5ft)?] (1728in>
927 384E.1, 16E.l, |384(5236.046ksi)(282559.4in*)  16(5236.046ksi)(282559.4in*) 1ft3

= —2.018in + 0.011in = —=2.007in
Total
Ay= —0.218in — 2.007in = —2.225in

55.1.1.1.2 Prestressing

The customary equations for prestress induced deflections must be modified for precambered girders. See Appendix A for a
derivation of the equations.

5.5.1.1.1.2.1 Straight Strands
30
p= (E) (1695.8kip) = 1183.12kip

_ P [(1183.12kip)(21.218in)(118ft)2 (144in2

- = 4253
s~ 8E,.1, 8(5236.046ksi) (282559.4in%) |\ 1f¢? > n

5.5.1.1.1.2.2 Harped Strands
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13
p= (E) (1695.8kip) = 512.68 kip

5,.(x) = 4A (x xz)
x) = ———
pe =417

472ft (47.2ft)?
118ft  (118ft)?

e' = en, — e, — 8y = 19.920in — (—16.310in) — 14.4in = 21.831in

Snp = 6pc(04L = 47.2ft) = 4(15in)< ) = 14.4in

b = 0.4
Pe'  (512.68kip)(21.831in) / 1ft
_ber_( P)( )< f ): 19.76kip
bL (0.4)(118f1t) 12in
_ b(3—4b*)NL®  Pe,l? 5PA,L?
hs™  24E.I, 8E.l, = 48E,l,

0.4(3 — 4(0.4)2)(19.76kip) (118f1)3 (1728in3\  (512.68kip)(—16.310in)(118ft)? [144in?
T T 24(5236.046ksi) (282559 4in%) ( 163 ) 8(5236.046ksi)(282559.4in%) <1ft2>

5(512.68kip)(15in)(118ft)? [144in?

48(5236.046ksi)(282559.4in4)( 1ft2

) = 1.492in — 1.417in + 1.086in = 1.161in

5.5.1.1.1.3 Initial Camber
Aps= Ass + Aps = 4.253in + 1.161in = 5.414in

Acamper= Ay + Dpg= —2.225in + 5.414in = 3.189in

5.5.1.1.2 Offset factor
The offset factor locates the center of mass of the girder with respect to the roll axis.

Elevation View
Centroid of Girder
(Parabolic Arc)

p— . - 2 pu—
¥r = Yeop + Vi - Al(Lo/L)" = 1/3] Inclined lift cable force, P

A A/3 Vertical component of lift force P,
Y 2
lf f Ally/L) Horizontal component of lift force Py,
e —
| / 1 - \
J—* N Roll Axis
Center of Mass
a—> L1:L'2a "‘ a

|
|
) |

Center of mass with respect to the roll axis
A(Ly/L)* = A/3 = A[(Ly/L)* = 1/3]
Offset Factor = (Ly/L)* — 1/3

Figure 5-3: Offset Factor
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L\ 1 /1105f6\% 1
F,=(= —§=( ) — = =0.544

L, 118ft ) 3

5.5.1.1.3 Location the roll axis above the top of girder
Yre = 0in

5.5.1.1.4 Location of CG below roll axis
¥ = Yiop = Fo(Acamper + Dpe) + Yre = 25.849in — (0.544)(3.189in + 15in) — 0in = 15.961in

5.5.1.2 Lateral Deflection Parameters

5.5.1.2.1 Lateral Sweep

Sweep tolerance is 1/8” per 10 ft
118ft (1 . )
€sweep = Tft(g m) = 1.475in

5.5.1.2.2 Initial Lateral Eccentricity
Initial lateral eccentricity of center of gravity of girder due to lateral sweep and eccentricity of lifting devices from CL girder

eu-ft = 0.25in
e; = Fyesweep t €1irr = (0.544)(1.475in) + 0.25in = 1.052in

5.5.1.2.3 Lateral Deflection of CG
Lateral deflection of center of gravity due to total girder weight applied to weak axis

Wy = wyL, = (0.89klf)(118ft) = 104.99%kip
a = 3.75ft
Ly =Ly —2a = 118ft — 2(3.75ft) = 110.5ft

W, N .. . 6a’
Zy = <—12Ea1ny§> (E— a LS + 3a LS +?

104.99kip (110.5ft)5 ) X

h (12(5236.046ksi)(71558.9in4)(118ft)2)( 10 — 375707110510

6 1728in® ,
+ 3(3.75ft)*(110.5f1) + §(3.75ft)5 BTN = 4719 in
5.5.1.3 Equilibrium tilt angle
e 1.052in
6 = 0.09356 rad

€=y 7, " 15.961in — 4.719in
5.5.1.4 Girder Stresses in Hanging Girder
5.5.1.4.1 Direct stress at Prestress Transfer Point and Harp Point
55.1.4.1.1 Prestressing
_ P Pe
fs =3t
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From PGSuper, the effective prestress force at the prestress transfer is P = 1204.14 kip straight strands and P = 521.79kip
harped strands. The strand eccentricities are 21.218in and —13.436in.

_ —(1204.14kip +521.79%ip) | (~1204.14kip)(21.218in) + (~521.79kip)(~13.436in)

£ 776.531in? —10931.2in° = —0.527ksi
_ —(1204.14kip + 521.79%kip) | (~1204.14kip)(21218in) + (~521.79%ip)(~13436in) _ _ . _
b= 776.531in? 11699.6in3 = 7200 kst

From PGSuper, the effective prestress force at the harp point is P = 1182.46 kip straight strands and P = 512.40kip harped
strands. The strand eccentricities are 21.218in and 19.920in.

_ —(1182.46kip + 512.40kip) | (~118246kip)(21.218in) + (~512.40kip)(19.920in)

- — 1.046ksi
= 776.531in? —10931.2in3 St

_ ~(1182.46kip +512.40kip) (~1182.46kip)(21.218in) + (-512.40kip)(19920im) _ .

b= 776.531in? 11699.6in° = To.cURst

55.1.4.1.2 Girder self-weight
At Transfer point

M, = @ nglf ) 2 (3ft)? = —4.000k - ft

—4.000k - ft /12in
£~ 710931.2in3 ( 1ft

—4.000 - ft /12in ,
b = 11699.6in3 ( 1ft) T

) = 0.004ksi

At Harp Point

w
M, = 7g(LSx —x% —a?)

x = 04L, — a = 0.4(118ft) — 3.75ft = 43.45ft

(0.89klf) 5
g —((110 5/t)(43.45ft) — (44.95f1)* — (3.75ft)?) = 1289.85k - ft
B 1289.85k-ft<12m) o 1416ksi
£T T109312in3 \1fc ) O
1 1289.85k-ft<12in) — 1323ksi
b= T11699.6in% \1ft) NSt
5.5.1.4.2 Tilt induced stresses
Top left flange tip at Transfer Point
MW,y
fa =2 b
(—4.00k - ft)(49in) 2in ]
4= 371558907 (0.09356r ad)(lf )_ —0.002ksi
Bottom right flange tip at Transfer Point
__MgWor
fb‘r - 21 0
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_ (—4.000k - ft)(38.375in) (0.09356 d)(lZin) — 0.001ksi
for = 2(71558.9in%) ' T\ ) T U
Top left flange tip at Harp Point
MW,
fu = 2 0
t Zlyy eq
_ (1289.85k - ft)(49in) (0.09356rad) (12in) — 0.496ksi
0= T 5(71558.9in%) ' A T7Y e
Bottom right flange tip at Harp Point
MW,y
for =— z 0
" 2L, 1

_ (1289.85k - ft)(38.375in)
br = 2(71558.9in%)

(0.09356 d)(lzin) — —0.388ksi
. Ta 1ft = . Sl

5.5.1.4.3 Total stress without tilt
Top at Transfer Point

fi = —0.527ksi + 0.004ksi = —0.522ksi
Bottom Transfer Point

f, = —3.807ksi — 0.004ksi = —3.811ksi
Top at Harp Point

ft = 1.046ksi — 1.416ksi = —0.370ksi

Bottom at Harp Point

f» = —5.200ksi + 1.323ksi = —3.877ksi

5.5.1.4.4 Total stress including tilt
fe = fos + fg + frue

Top left flange tip at Transfer Point

fu = —0.527ksi + 0.004ksi — 0.002ksi = —0.521ksi
Bottom left flange tip at Transfer Point

for = —3.807ksi — 0.004ksi — 0.001ksi = —3.810ksi
Top left flange tip at Harp Point

ft1 = 1.046ksi — 1.416ksi + 0.496ksi = 0.126ksi

Bottom left flange tip at Harp Point

for = —5.200ksi + 1.323ksi — 0.388ksi = —4.265ksi

5.5.1.5 Factor of Safety Against Cracking
Lateral cracking moment

(ﬁ’ - fdi‘rect) ZIyy
Wtop

My =

Tilt angle at first crack
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cr

0., = <04 rad

g
Cracking moment at Transfer Point

f. = 0.242/f}; = (0.24)(1.0)V6.1ksi = 0.593ksi
fairect = fps + f; = —0.527ksi + 0.004ksi = —0.522ksi

v = (0.593ksi — (—0.522ksi))2(71558.9in4)( 1ft
o 49in 12in
Tilt angle at first crack at Transfer Point

) — 27141k ft

: _ —27141k - ft
" —4,000k - ft

Factor of Safety against Cracking at Transfer Point

= 67.85rad . 0.4 rad

0 15.961in)(0.4
RSy =2l U OB ____ 5172
e + 2,0, 1.052in + (4.719in)(0.4)
FS,, > 1.0 OK

Cracking moment at Harp Point
" = (0.593ksi — (—0.370ksi))2(71558.9in*) ( 1ft
o 49in 12in
Tilt angle at first crack at Harp Point

) = 23424k ft

234.24k - ft
o = m = 0.18160rad
Factor of Safety against Cracking at Harp Point
Fer = ﬁij@a - 1.052(1'15 26(11.:)15922)8(1).610;160) = 1518
FS.. > 1.0 OK

5.5.1.6 Factor of Safety against Failure

0 = |- <oarad= |22 _ 099857 rad
max = |55, = UATAE = 105 4719in) ra

B VB B (15.961in)(0.29857) _,
"~ e+ (14 2.50max) (ZoOmax)  1.052in + (1 + 2.5(0.29857))(4.719in)(0.29857)

IfFSf < FSCT,FSf = FSCT

FS; 357

FS; = 1.518
FS; > 1.5 OK

5.5.2 Check Girder Stresses

5.5.2.1 Compression stress without tilt
—0.65f); = —0.65(6.1ksi) = —3.965 ksi
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Bottom at prestress transfer point

—3.844ksi < —3.965 ksi OK
Bottom at harp point

—3.877ksi < —3.965 ksi OK

The stress at the prestress transfer point and the harp point are approximately the same. They required concrete strength at

these locations is also the same. The girder is optimized for fabrication. See Reference 2 for more information about
designing for optimized fabrication.

5.5.2.2 Compression stress with tilt
Stress limit

—0.70f;; = —0.70(6.1ksi) = —4.270 ksi
Bottom right at prestress transfer point

—3.812ksi < —4.270 ksi OK
Bottom right at harp point

—4.265ksi < —4.270 ksi OK

5.5.2.3 Tension stress

0.09481./f;; < 0.200ksi = 0.0948(1.0)V6.1ksi = 0.234ksi -~ 0.200ksi
Top right at prestress transfer point

—0.484ksi < 0.200 ksi OK
Top right at harp point

0.126ksi < 0.200 ksi OK
5.6 Hauling

5.6.1 Check girder stability

Bunk points are H away from the ends of the girder (4.167ft) and hauling is assumed to occur with the HT40-72 haul truck
configuration.

- § spring support

, spring support

§, spring support o ¥
e
4.0

£
S

Gy wsind

3 - &a"' 1

center of mass center of mass W
Wl W* w M“..“ .
0 \g ! i
\%
roll center \Z 4 7 =
i sy _ L -
. ]
~L M <L M
w wl ] 1
'
ot = superelevation o
i l i
= 7 -1 =angle at support spring = Ta-0 w

Figure 5-4: Equilibrium during Hauling
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5.6.1.1 Stability Analysis Parameters

Parameter Value
Rotational Stiffness k-in
Ky = 40000
rad
Center-to-center wheel spacing W, =72in
Height of the roll center above the roadway surface H,. = 24in
Height of the bottom of the girder above roadway Hpg =72 in
Bunk placement tolerance epunk = 1.0 in
Normal Crown Slope ft
a=0.02—
ft
Maximum Superelevation t
2 o =006t
ft
Impact for Normal Crown Slope Case IM = +20%
Impact for Superelevation Case IM = 0%
Modulus of Rupture fr = 0.244/f] = (0.24)(1.0)V7.1ksi = 0.644ksi

5.6.1.2 Vertical Location of Center of Gravity

5.6.1.2.1 Camber at Hauling

Assume girder transportation occurs as late as possible to maximize camber grown while in storage. Assume transportation
occurs at 90 days.

The camber at hauling is equal to the camber at the end of storage plus the change in dead load deflection due to the different
support conditions between storage and hauling.

From before, the prestress deflection measured from the ends of the girder is
A= 5.414in
Changing the datum to the storage support location

Aps1 = 5.135in at mid-span

Aps, = —0.278in at girder end

STDEACE DATUW

|
— malE T END OF QIRDER. P Aru
7> K« (Remnsn-.)

AF.S 2 Ap:a F Dpss

Figure 5-5: Prestress induced Deflection based on Storage Datum
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The dead load deflection at mid-span during storage is
Ly =Ly —2a = 118ft — 2(1.708ft) = 114.583ft
The dead load deflection at the girder ends during storage is
_ Wga
Bg1= 24E1,

[3a%(a + 2Lg) — L3]

B (—0.890klf)(1.708f1)
"~ 24(5236.046ksi)(282559.4in%)

41 1728in® ,
— (114.583ft)%] o =0.111in

[3(1.708f1)2(1.708f¢ + 2(114.583f1))

The mid-span deflection during storage is

A Swglt  wya”ly [ 5(-0.890kI)(114.583ft)*  (-0.890Kklf)(1.708ft)*(114.583t)*] (1728in’
927 384E,l, 16E5l,  |384(5236.046ksi)(282559.4in*)  16(5236.046ksi)(282559.4in%) 163
= —2.333in + 0.003in = —2.330in

Creep deflection during storage is

Acreep= Yy (tn, t;) (Aps + Ag)

89
k.q(t = 89days) = =0.719

12 (100_—4(61)) + 89

6.1+ 20
Y, (th, t:) = 1.9(1.03)(0.96)(0.704)(0.719) (1) 118 = 0.955
At mid-span
Aereep = (0.955)(5.135in — 2.330in) = 2.678in
At end of girder
Acreep = (0.955)(—0.278in + 0.111in) = —0.159in
Girder deflection in the hauling configuration
Ly = 118ft — 2(4.167ft) = 109.667ft
Mid-span deflection
Swylt  wya?l? [ 5(=0.890kif)(109.667f1)* (—0.890klf)(4.167ft)2(109.667ft)2] (1728in3>

Be= 384E.l, 16E., |384(5530.5ksi)(282559.4in*)  16(5530.5ksi)(282559.4in%) 1f¢3
= —1.854in + 0.013in = —1.841in

Deflection at girder ends
w,a

Bg= s 13a%(a+2Ly) — I3]
7 _ (—0.890klf)(4.167f1) 1728in?
= 22(3530 50 (28255947 [3(4.167ft)2(4.167ft + 2(109.667ft)) — (109.667ft)°] (—1ft3 >

=0.223in

We want the total camber measured between the girder ends and mid-span

Acamber: (Ag + Aps + Acreep)mid_span - (Ag + Aps + Acreep)end
= (—1.841in + 5.135in + 2.678in) — (0.223in — 0.278in — 0.159in) = 6.186in

5.6.1.2.2 Offset Factor
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L\ 1 /109.667ft\% 1
F=(= __=(—) — = =0530

L,)] 3 118ft 3

5.6.1.2.3 Location of roll axis below top of girder
Yre = Hpg + Hy — Hy. = 72.0in + 50.0in — 24.0in = 98.0in

5.6.1.2.4 Location of center of gravity above roll axis
Y = Yre = Yiop + Fo(Bcamper + Ape) = 98.0in — 25.849in + 0.530(6.186in + 15in) = 83.389in

5.6.1.3 Lateral Deflection Parameters

5.6.1.3.1 Lateral Sweep
Sweep tolerance = 1/8” per 10 ft

_(118fey (1. © 475
€sweep = Tft gln = 1. mn

5.6.1.3.2 Initial Lateral Eccentricity

Initial lateral eccentricity of center of gravity of girder due to lateral sweep and eccentricity of bunking devices from CL
girder

e; = Fyegyeep + epunk = (0.560)(1.475in) + 1.000in = 1.782in

5.6.1.3.3 Lateral Deflection of CG
Lateral deflection of center of gravity due to total weight of girder applied to the weak axis

Vl(g Lg 2713 4 6 5
Zo = 121,13 (E_ a“Ls+3a*Lg +§a
104.99kip (109.667ft)° 5 5 .
%0 = 1305530 5ks1) (7 1558.907%) (1167 0)2 5 — (4.167f)2(109.667ft)% + 3(4.167ft)*(109.667ft)
+ 8167505 ) (228 _ 4 200;
z (4 f e )=k in

5.6.1.3.4 Girder Stresses at Harping Point

5.6.1.3.4.1 Stress due to prestressing
—(1139.81kip + 493.92kip)  (—1139.81kip)(221.218in) + (—493.92kip)(19.920in)
£ 776.531in? * —10931.2in3
—(1139.81kip + 493.92kip) (—1139.81kip)(221.218in) + (—493.92kip)(19.920in)
b= 776.531in? + 11699.6in

= 1.009ksi

= —5.012ksi

5.6.1.3.4.2 Stress due to girder self-weight (without impact)
M =&(L x —x%—a?
g 2 S
x =04L, — a = 0.4(118ft) — 4.167ft = 43.033ft

0.890klf
M, = T((109.667ft)(43.033ft) — (43.033ft)* — (4.167f1)?) = 1267.97k - ft

_ 1267.97k - ft <1Zin

- = —1.392ksi
£~ 10931.2in° 1ft> St
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3 1267.97k-ft<12in) — 1301ksi
b= 11699.6in% \1ft) Ut
5.6.1.4 Analyze normal crown slope, no impact case

5.6.1.4.1 Equilibrium tilt angle

in ft . .
(Koo + DWye)) ((40000’;17) (o.ozf—t) + (1.0)(104.99k1p)(1.782m)>

9. = = : = 0.03196 rad
" Ky — UMW, 0, +2,)  (4000052) — (1.0)(104.99kip) (82.64in + 4.160in) e
5.6.1.4.2 Stress due to lateral loading from tilt
Top left flange tip
_(UMY(Mg)0eqWeop  (1.0)(1299.92K - £1)(0.03196)(49in) (12in) 0166 ksi
@= 21, - (2)(71558.9in") 1fe) - 0
Bottom right flange tip
_ UM)(My)BeqWhoe  (1.0)(1299.92k - £)(0.03196)(38.375in) (12in) 0430 ksi
Jor = 21, - (2)(71558.9in") 1fe) -
5.6.1.4.3 Factor of Safety against Cracking
Lateral cracking moment
fairect = fps + UM)f; = 1.009ksi + (1.0)(—1.392ksi) = —0.389ksi
(fy — fairece)2l,  (0.644ksi — (—0.389ksi))(2)(71558.9in*) / 1ft
Mer = Wiop - 49in (12in) = 250.05k - ft
Tilt angle at first crack
cr
= < 0.
O, an, 0.4
o 25005k ft 019720 rad
o S0 (126741 k- ft) e
Factor of Safety against Cracking
FS. = Ko (ecr - (X)
a (IM)VVg[(Zo +¥)0c + €]
(40000 &y (0.19720 rad — 0.02 ﬁ)
- t 540
FSer = (1.0)(104.99kip)[(4.290in + 82.640in)(0.19720rad) + 1.782in] ~ 3

FS,, > 1.0 OK

5.6.1.4.4 Factor of Safety against Failure

e; + ((IM)z, + a
%xzja”L M)z, + y,)

+a<04rad

2.5(IM)z,

o — loog 4 L782in+ (LO)(4:290m) +82640m)0.02 oo
max = |5 2.5(1.0)(4.290in) e = heerrad « BATa
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_ Ke(e;nax - CZ)
(IM)%[((IM)ZOH;nax)(l + 2'507fnax) + yre;nax + ei]

_ 40000 (0.4 — 0.02)
"~ (1.0)(104.99kip)[((1.0)(4.290in)(0.4)(1 + 2.5(0.40) + (82.640in)(0.4) + 1.782in]
FS; > 1.5 0K

FS;

FS;

5.6.1.4.5 Factor of Safety against Rollover
W,
_amw, (552 = Hyeat)

Oro Kq +a
(1.0)(104.99kip) (722”1 - (24in)(0.02)>
6,, = : +0.02 = 0.1132 rad
ro (40000 &)
KB (ero 4 (1)

FS, =
! (IM)%[(Zo(l +2.56,,) + y,)0r, + €]

(40000 £)(0.1132 - 0.02)
FS, = ra =2.998
(1.0)(104.99kip) [((4.290in)(1 +2.5(0.1132)) + 82.640in) (0.1132) + 1.782in]

FS, > 1.5 OK
5.6.1.5 Analyze normal crown slope, impact up

5.6.1.5.1 Equilibrium tilt angle

((4oooom (o.oz ﬁ) + (0.8)(104.99kip)(1.782in)>

o (Koo + UMW, e;) B rad ft
U Ko — UMW, (yr + (IM)z,) (40000%™) — (0.8)(104.99kip) (82.64in + (0.8)(4.290in))
5.6.1.5.2 Stress due to lateral loading from tilt
Top left flange tip
_ (UM)Y(Mg)0.qWeop  (0.8)(1267.97k - £1)(0.02904) (49in) (12in) — 0421 ksi
1N 21, - (2)(71558.9in") 1fe) -
Bottom right flange tip
_ (UM)(My)BeqWpoe  (0.8)(1267.97k - f)(0.02904)(38.375in) (12in) 0,095 ksi
Jor = 21, y (2)(71558.9in") 1fe) - T
5.6.1.5.3 Factor of Safety against Cracking
Lateral cracking moment
fairect = fps + UM)f; = 1.009ksi — (0.8)(—1.392ksi) = —0.105ksi
(fy = fairect)2l,  (0.644ksi — (—0.105ksi))(2)(71558.9in*) / 1ft
Mer = Wiop B 49in (12in) = 182.29k - ft

Tilt angle at first crack

= 3.753

= 0.02904 rad
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0., =——" <04
T UMM, T

o - 182.29 k - ft
7 (0.8)(1267.41 k - ft)

= 0.17970 rad

Factor of Safety against Cracking
— K@ (ecr - (X)
(IM)%[((IM)ZO + yr)ecr + ei]

FS,,

((40000 k) (0.17970 rad — 0.02 %))

(0.8)(104.99kip)[((0.8)(4.290in) + 82.640in)(0.17970rad) + 1.782in]
FS,., > 1.0 OK

FS,, = = 4.375

5.6.1.5.4 Factor of Safety against Failure

e; + ((UM)z, + a
G;naxz\/az‘F : (( )2 yr) +a<04rad

2.5(IM)z,

4+ 0.02 =0.669rad .. 0.4rad

!
Hmax

00z 4 17820 + (0.8)(4.160in) + 82.640in)0.02
' 2.5(0.8)(4.160in)

KG (e‘r’nax - (X)

FS, =
S UMW, [((IM)Z0B3nax) (L + 2.500) + YrOhnax + €]

_ 40000 (0.4 — 0.02)
~ (0.8)(104.99kip)[((0.8)(4.290in)(0.4)(1 + 2.5(0.40) + (82.640in)(0.4) + 1.782in]
FS; > 1.5 OK

FS; = 4.777

5.6.1.5.5 Factor of Safety against Rollover

_ amw, (5~ tyea)

HT (0] Kg

+a

(0.8)(104.99kip) (722i” - (24in)(0.02)>

00 = . +0.02 = 0.09459 rad
" (40000 &y

y Ky (91”0 B (X)
a (IM)VVg[((IM)Zo(l + 2-59‘r0) + Yr)e‘ro + ei]

FS,

B (40000 £1Y(0.094596 — 0.02)
~ (0.8)(104.99kip)[((0.8)(4.290in)(1 + 2.5(0.09459) ) + 82.640in)(0.09459) + 1.782in|

FS, > 150K

= 3.527

Sr

5.6.1.6 Analyze normal crown slope, impact down

5.6.1.6.1 Equilibrium tilt angle
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((4oooom (o.oz ﬁ) + (1.2)(104.99kip)(1.782in)>

(Koo + UMW, e;) rad ft
Ocq = = T - - ~— = 0.03552rad
Ko — UMW, (v + (IM)z,) ~ (40000£2) — (1.2)(104.99kip)(82.64in + (1.2)(4.290in))
5.6.1.6.2 Stress due to lateral loading from tilt
Top left flange tip
(UMY (My)0qWeop,  (1.2)(1267.97k - ££)(0.03538)(49in) 12in) 0292 ksi
w= 21, = (2)(71558.9in%) ( 1fe) = oeee st
Bottom right flange tip
_ UMY(My)BeqWhoe  (1.2)(1267.97k - £)(0.03538)(38.375in) (12in) o474 ksi
Jor = 21, - (2)(71558.9in) 1fe) - T
5.6.1.6.3 Factor of Safety against Cracking
Lateral cracking moment
fairect = fps + UM)f,; = 1.009ksi + (1.2)(—1.392ksi) = —0.662ksi
(fy = fairect)2,  (0.644ksi — (—0.662ksi))(2)(71558.9in*) / 1ft
Mer = Wiop B 49in (12in) = 31781k ft
Tilt angle at first crack
6 = 2 4
TaMmM, T
0. = 31781 k- ft o
o= (1.2)(126741 k- ft) e
Factor of Safety against Cracking
Ko(8r — @)
FSe =
(IM)%[((IM)ZO + yr)gcr + ei]
in ft
((40000 Ly (0.20887 rad — 0.02 f—t)
FSer = (1.2)(104.99kip) [((1.2)(4.290in) + 82.640in)(0.20887rad) + 1.782in] 2957

FS,, > 1.0 OK

5.6.1.6.4 Factor of Safety against Failure

e; + (UM)z, + y,)
%xzjaul (aM)z, +,)

+a<04rad

2.5(IM)z,

o~ loog 4 L782in+ (12)(4290im) +B2640im)0.02
max = U 2.5(1.2)(4.290in) e = Booarad = BATa

KB (e;nax - CZ)

FSp =
! (IM)%[((IM)ZOH;nax)(l + 2'507fnax) + yre;nax + ei]

B 40000 X(0.4 — 0.02)
"~ (1.2)(104.99kip)[((1.2)(4.290in)(0.4) (1 + 2.5(0.40) + (82.640in)(0.4) + 1.782in]
FS; > 1.5 0K

FS; =3.073
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5.6.1.6.5 Factor of Safety against Rollover
W,
_amw, (552 = Hyeat)

Oro Kq +a
.\ [72in .
(1.2)(104.99ip) | —5— — (24in)(0.02)
0,0 = — +0.02 = 0.13188 rad
(40000 X
Ky (gro - CZ)

For = IDW, (M2, (1 + 256,0) + 307 + ]

B (40000 £(0.13188 — 0.02) B
 (1.2)(104.99%kip) [ ((1.2)(4.290in) (1 + 2.5(0.13188)) + 82.640in)(0.13188) + 1.782in|

FS, > 1.5 0K

2.596

Sr

5.6.1.7 Analyze at maximum superelevation, no impact

5.6.1.7.1 Equilibrium tilt angle
k-in ﬁ . .
o (Koa+ DWe) ((4oooom (o.osft) o (1.0)(104.99k1p)(1.782m))
7 Ko — UMW, (3, + (IM)z,) ~ (4000052) — (1.0)(104.99kip) (82.64in + (1.0)(4.290in))

rad

= 0.08401 rad

5.6.1.7.2 Stress due to lateral loading from tilt
Top left flange tip

_(UM)Y(Mg)0.qWeop,  (1.0)(1299.92K - ££)(0.08401)(49in) (12in
4 21, - (2)(71558.9in*) ( 1ft

Bottom right flange tip

(IM)(My)BeqWhor  (1.0)(1299.92k - f1)(0.08401)(38.375in) /12in
- 21, T (2)(71558.9in%) ( 1ft)

) = 0.441 ksi

For = = —0.345 ksi

5.6.1.7.3 Factor of Safety against Cracking
Lateral cracking moment

(fy — fairect)2l,  (0.644ksi — (—0.383ksi))(2)(71558.9in*) / 1ft
Mer = Wiop P 49in (12in) = 250.05k - ft
Tilt angle at first crack
Oy =——<04
(IM)M,
0 250.05 k- ft — 0.19720 rad
o T 1.0)(126741 k- ft) e
Factor of Safety against Cracking
K@(Gcr - (X)

FS,,

T UMW, [(IM)z, + )00 + €]
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((40000 k) (0.19720 rad — 0.06 %))

~ (1.0)(104.99%ip) [((1.0)(4.290in) + 82.640in)(0.19720rad) + 1.782in]
FS,. > 1.0 OK

FS,, =2.741

5.6.1.7.4 Factor of Safety against Failure

0! _ 2 €; + ((IM)ZO + YT)a
max 2.5(IM)z,

+a<04rad

1.782in + ((1.0)(4.290in) + 82.640in)0.06
Opar = [0.062 + +0.06 = 0.878 rad - 0.4rad

2.5(1.0)(4.290in)

FS, = K@ (e‘r’nax é a)
! (IM)%[((IM)ZOG‘;nax)(l + 2-597’nax) + y‘rerlnax + ei]
s — 40000 “(0.4 — 0.06) _ 3358
77 (1.0)(104.99kip)[((1.0)(4.290in)(0.4)(1 + 2.5(0.40) + (82.640in)(0.4) + 1.782in] ~
FS; > 150K
5.6.1.7.5 Factor of Safety against Rollover
W,
G
0o = +a
Ky
, 72in .
(1.0)(104.99k1p)< > —(24ln)(0.06)>
0,0 = 7S + 0.06 = 0.15071 rad
(40000 X1
FS. = K@ (ero - (X)
T UMW [(UM)z,(1 + 2.56,,) + ¥:)6r, + €]
40000 £1)(0.15071 — 0.06
FS ( rai)( ) = 2.268

" (1.0)(104.99kip) [((1.0)(4.290in)(1 +2.5(0.15071)) + 82.640in) (0.15071) + 1.782in]
FS, > 1.5 OK

5.6.2 Check Girder Stresses

5.6.2.1 Compression stress
Maximum compression occurs at the harp point with impact up.

Check compression without lateral bending
fo = fps + UM)
fp = —5.012ksi + (0.8)(1.301ksi) = —3.971ksi
—0.65f, = —0.65(7.2ksi) = —4.680ksi
—3.971ksi < —4.680 ksi OK

Check compression stress at bottom right corner of girder
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= fps + (IM)(fg +ftilt)
f» = —5.012ksi + (0.8)(1.301ksi — 0.131ksi) = —4.066 ksi
—0.70f; = —0.70(7.2ksi) = —5.040ksi
—4.066ksi < —5.040ksi OK

5.6.2.2 Tension stress
Stress limit
0.09481,/f; = 0.0948(1.0)V7.2ksi = 0.254ksi
Maximum tension stress occurs at top left corner of girder on normal crown slope with impact up at the harp point
fi = 1.009ksi + (1.2)(—=1.392ksi) = 0.016 ksi
0.016 ksi < 0.254 ksi OK

6 Flexural Capacity

6.1.1.1 Compute Nominal Moment Capacity at 0.5Lg.
Strength | limit state

Strength I = 1.25DC + 1.5DW + 1.75(LL + IM)
M, = 1.25(1460.27 + 79.78 + 1073.17 + 358.11 4+ 377.47) 4+ 1.50(362.20) + 1.75(0.584)(3421.07) = 8225.27k - ft
c= Apsfpu N alfcl(b - bw)hf

, f;
alfc Blbw + kApde:
243
k=2 1.04—@ = 2(1.04——) =0.28
- 270

Cc

fps = fpu (1 u kd_)

p

a, = 0.85
d, =Y, + e + t, = 25.849in + 21.205in + 7in = 54.054in
(9.331in?)(270ksi) — 0.85(4ksi)(81in — 6.125in)(7in) 737.345kip )
c= 270ksi N — X = 23.978in
0.85 (4ksi)(0.85)(6.125in) + (0.28)(9.331in?) (m) 17.77- +13.050 7
23.978in
fos = 270ksi (1 - o.zsm) = 236.464ksi

a = B¢ = 0.85(23.978in) = 20.381in
a , a hy
Mo = Apstys (dp —5) + a1fl (b = bhy 5=

M,, = (9.331in?)(236.464ksi) (54.054in -
= 108705k - in = 9058.8k - ft
d; = 57in — 2in = 55in
55in
20.381in

20.381in 20.381in  7in
—) + 0.85(4ksi) (81in — 6.125in) (7in) (— - )

2 2

d
& = 0.003 (f - 1) = 0.003( - 1) = 0.005
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075 < _075+0.25(st—sd)<10_075+0.25(0.005—0.005)_075. 075
75<¢=0. cq—€q 0.005 0002 07> ¢=0

M, = $M, = 0.75(9058.8k - ft) = 6794.1k - ft
M, < M, NO GOOD

The AASHTO method for computing moment capacity does not account for the large compression flange in the girder or the
higher strength of the girder concrete. See Reference 7 for more information. PGSuper uses strain compatibility analysis to
compute the moment capacity.

Stress-strain relationship for prestressing strands:

[ |
27,613 _
fos = €ps|877 + —| < 270ksi
I (1+ (112.42,) )|
Stress-strain relationship for concrete:
ng
£=f n sé)
c — Jc k
—14 (5"
n—1+ sé)
where
fe
=0.8
& 2500
k=067 +——
* 9000

&
if <L <1.0,k=10
gC

£ - 40,000,/f! + 1,000,000
€ 1000

fe n
'x1000 = -5
Ect E.n—1

Effective prestress, f,. = fp; — Afpr = 202.5ksi — 31.667ksi = 170.833ksi

Initial strain in prestressing strand, ¢, = fpe _ M =4.994x1073

Ep 28500ksi
Discretize the composite girder section into “slices”. Compute the strain at the centroid of each slice. The stress in the slice is
determined from the stress-strain relationship for the slice material. Finally, compute the axial force and moment contribution
for each slice. Sum the contribution of each slice to determine the capacity of the section.
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Figure 6-1: Discretized Girder Section for Strain Compatibility Analysis

Slice Area Yeg Strain Stress 8F = oM =
(in?) (in) (KSI) (Area)(Stress)  (SF)(Yeo)
(kip) (kip-ft)
1 230.850 31.424 -0.00258311 -3.603  0.000 -3.603
2 282.150 28.257 -0.0016567 -3.931  0.000 -3.931
3 54.000 26.182 -0.00104965 -3.186  0.000 -3.186
4 159.077 24.225 '« -0.000477198 -2.094  0.000 -2.094
5 8.729 22497 2.83273e-05 0.000 0.000 0.000
6 92.717  20.767  0.000534609  0.000 0.000 0.000
7 33.613 15.003  0.00222073 0.000 0.000 0.000
8 36.852  9.257 0.00390179 0.000 0.000 0.000
9 40.731  2.924  0.00575461 0.000 0.000 0.000
10 44610 -4.043 0.00779273 0.000 0.000 0.000
11 67.310 -12.403 0.0102384 0.000 0.000 0.000
12 0.217 -17.751 1 0.0177973 261.251 0.000 261.251
13 3.038 -20.151  0.0184994 261.924 0.000 261.924
14 292.892 -20.229 0.0125279 0.000 0.000 0.000
15 2.604 -20.751 0.0186749 262.090 0.000 262.090
16 3.472 -22.151  0.0190845 262.474 0.000 262.474

Resultant Force = >(3F) = 0.00 kip
Resultant Moment = > (6M) = -10120.56 kip-ft

Depth to neutral axis, ¢ = 10.255 in
Compression Resultant, C = -2446.21 kip

Depth to Compression Resultant, d. =4.210 in
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Tension Resultant, T = 2446.21 kip

Depth to Tension Resultant, de =53.857 in
Nominal Capacity, M, = 10120.56 Kip-ft
Moment Arm, de - dc = Mn/T = 49.647 in

The capacity reduction factor is

d, 55in
0.75 < ¢ = 0.75 + 0258~ €a) _ o _ 754 22200018 20005) o ¢ =10
= P 0.005 — 0.002

M, = 10120.56k - ft > M, = 8225.27k - ft OK

6.1.1.2 Minimum Reinforcement and the Cracking Moment

In order to insure there is sufficient reinforcement in the section to achieve ductile behavior, a minimum amount of
reinforcement is required. The minimum reinforcement is such that any section in the girder shall have adequate prestressed
reinforcement to develop a factored flexural resistance, My, which is at least the lesser of the cracking strength or 133% of the
ultimate moment. (LRFD 5.6.3.3)

M, pin = lesser of {I;{gBMu
The cracking moment is

Se
M =3 [(ylfr +V2fepe)Sc = Mane (5 - 1)]

where:
fr = Modulus of rupture
fepe =  Compressive stress due to prestressing at the bottom of the girder
Sc =  Bottom section modulus of the composite section
Sp =  Bottom section modulus of the hon-composite section
Mae = Dead load moment resisted by the hon-composite section
y. =  Flexural cracking variability factor = 1.6
y, =  Prestress variability factor = 1.1
ys =  Ratio of specified minimum yield strength to ultimate tensile strength of the reinforcement =

1.0 for prestressed concrete

6.1.1.2.1 Compute cracking moment at 0.5Lg.

fr = 0.24\[f! = 0.247.2ksi = 0.644ksi

fipe = 4.915ksi

S, = 15128.3in3

Spe = 11699.6in3

Mane = Myiraer + Maiaphragms + Msiab + Mhauncn = 2971.33k - ft
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15128.3in3
11699.6in3

1ft
M, =10 [(1.6 - 0.644ksi + 1.1 - 4.915ksi)(15128.3in%) (L) — (2971.33k - ft)(

1||=7244.k - ft
12in >] f

6.1.1.2.2 Evaluate Minimum Reinforcement Requirement
M, = 822527k - ft

M, = 7244k - ft
1.33M, = 1.33-8225.27k - ft = 10939k - ft

M, = 10120k - ft > M, i, = 7244k - ft OK

M, in = lesser of{ =7244k - ft

6.2 Check Splitting Resistance

Compute the splitting resistance of the pretensioned anchorage zone provided by the vertical reinforcement in the ends of the
girder at the service limit states as B. = f,A; (5.10.10.1) where,

fs = the stress in the steel not exceeding 20 ksi

A = total area of vertical reinforcement located within the distance h/4 from the end of the beam (in?)
h = overall depth of the girder (in)

The resistance shall not be less than 4% of the prestressing force at transfer.

The splitting force at PSXFR is P = 0.044,s(f»; — Afypro — Afpes) = 0.04(9.331in?)(202.5ksi — 1.98ksi —
18.782ksi) = 69.04kip

The splitting zone is % = %W = 1.042ft. The vertical reinforcement in the splitting zone is 2.569in?.

The splitting resistance is P. = f,A; = (20 ksi)(2.569in?) = 51.37 kip
P < P, NO GOOD, but OK per BDM 5.6.2F if total splitting reinforcement is provided at 2.5 spacing

If the splitting reinforcement does not fit within H/4 from the end of the girder, BDM 5.6.2F permits the
total splitting reinforcement to-extend beyond H/4 at a spacing not greater than 2.5

6.3 Check Confinement Zone Reinforcement

For the distance of 1.5d from the ends of the girder, reinforcement shall be placed to confine the prestressing steel in the
bottom flange. The reinforcement shall not be less than #3 deformed bars with spacing not exceeding 6 in.

The length of the confinement zone is 1.5d = 1.5(50 in) = 75 in = 6.25 ft.
Provide #3 bars spaced at 6 for the end 6.25ft of the girder.

7 Shear Capacity

Ensure the girder has sufficient capacity to resist shear in the Strength | limit state. Verify that shear reinforcement is
adequately detailed.

These computations and checks demonstrate shear design at the critical section (LRFD 5.7.3.2 and 5.7.3.3). A complete
design will also evaluated shear locations where abrupt changes to the shear force diaphragm occur and at changes in
reinforcement size and spacing.

7.1 Locate Critical Section for Shear

The critical section for shear is located at d, from the face of support where d, is from the critical section. For purposes of
design, the ultimate shear between the support and the critical section is equal to the shear at the critical section.
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Determining the location of the critical section can be challenging because d varies with position along the girder. To find
the critical section plot d, along the length of the girder and draw a 45° line from the face of support towards the center of the
girder. The intersection point of the 45° line and the dy curve is the location of the critical section. Figure 7-1 illustrates this
technique.

#
"
e Critical
& Section
o~ Location

Critical Section

%, Distance from Face of Support

Figure 7-1: Graphical method to Determine Critical Section Location

For this girder, the critical sections are located 4.555 ft and 110.028 ft from the left support. The tables that follow show
the details for finding the critical sections.

Table 7-1: Critical Section Calculation Details for Abutment 1

Location from Assumed C.S. dv CS
Left Support Location (in) Intersects?
(ft) (in)

(FoS) 0.500 0.000 48.660 | No
(Bar Develop.) 1.087 | 7.041 48.660 | No
(PSXFR) 1.292 9.500 48.660 | No
2.042 18.500 48.661 | No
2.458 23.500 48.661 | No
3.125 31.500 48.661 | No
4.555 48.661 48.661 | *Yes
(H) 4.667 50.000 48.661 | No
(1.5H) 6.750 75.000 47.981 | No
10.092 115.100 45.733 | No

* - Intersection values are linearly interpolated

Table 7-2: Critical Section Calculation Details for Abutment 2

Location from Assumed C.S. dv CS

Left Support Location (in) Intersects?
(ft) (in)

104.492 115.100 45.733 | No

(1.5H) 107.833 75.000 47.981 | No
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(H) 109.917 50.000 48.661 | No
110.028 48.661 48.661 | *Yes
111.458 31.500 48.661 | No
112.125 23.500 48.661 | No
112.542 18.500 48.661 | No
(PSXFR) 113.292 9.500 48.660 | No
(Bar Develop.) 113.497 | 7.041 48.660 | No
(FoS) 114.083 0.000 48.660 | No

* - Intersection values are linearly interpolated

7.2 Check Ultimate Shear Capacity

7.2.1 Compute Nominal Shear Resistance
The nominal shear resistance, Vh, is the lesser of:

Vo=V +V, +
V, = 0.25f/byd,, +V,

for which

V, = 0.03168./f.b,d,

Vs

where
b, =
d =
s =
ﬂ =
9 =
A =
V, =

7.2.1.1 Determination of gand @

_ Ayfyd, cotf

S

Precamber Girder Example — PGSuper Training (4/22/2019)

Effective web width taken as the minimum web width within the depth d..

Effective shear depth

Stirrup spacing

Factor indicating ability of diagonally cracked concrete to transmit tension

Angle of inclination of diagonal compressive stresses

Area of shear reinforcement within a distance s

Component in the direction of the applied shear of the effective prestressing force,
positive if resisting the applied shear.

Step 1: Determine by
by is the effective web width. For this girder b, = 6.125in.

Step 2: Determine dy

dy is the distance measured perpendicular to the neutral axis, between the resultants of the tensile and compressive forces due
to flexure (internal moment arm), but it need not be taken less than the greater of 0.9d. or 0.72h.

From a flexural capacity analysis at the critical section the Moment Arm =41.680 in, de =54.068 in, and h =57 in.
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Moment Arm = 41.680in
d, = greatest of {0.9d, = 0.9(54.068in) = 48.661in
0.72h = 0.72(57in) = 41.040in
Step 3: Compute stress in prestrssing steel when the stress in the surrounding concrete is 0.0 ksi

fpo = 0.70fp,, = 189ksi
Step 4: Compute the longitudinal strain on the flexural tension side of the beam

My
( d: +0.5Ny+|Viy—Vp|—Apsfpo
& =

EcAs + EpAys + EcAg
At the critical section

ore, <0

foe = 159.304 ksi
P, = (13)(0.217in?)(159.304ksi) = 449.396 kip

Peh

124 (O.A}L)2

el

v,

e' = 24.6in

0.4L = 47.2ft = 566.4in
449 4kip

— = 17.3 kip
M, =126625k-ft
N, = Okip
V, = 299.68kip
|V, - ,| =282.37kip
d, = 46.881in
A, = 0in?
E; = 29000 ksi
Aps = 5.955 in?
Eps

= 28500 ksi
A, = 433.906 in?
E, = 5530.5ksi

|1266.25k-ft|(112;?) ,
—essim +0-5(0)+282.37kip—(5.955in?)(189%s1)

s = (29000ksi)(0in?) + (28500ksi)(5.955in2) + (5530.5ksi)(433.906in%) _
Step 5: Compute gand 4

—0.207x1073 < 0

4.8 4.8
B

(1+750e) (14 (750)(—0.207x1073))
6 = 29 + 3500&, = 29 + (3500)(—0.207x1073) = 28.3°
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7.2.1.2 Compute Shear Capacity of Concrete
V. = 0.03168A/f.b,d, = 0.0316(5.68)(1.0)V7.2ksi(6.125in)(48.661in) = 143.55 kip

7.2.1.3 Compute Shear Capacity of Transverse Reinforcement
For #5 stirrups, 4,, = 0.62 in?.

_Ayfydy,cot®  (0.62 in?)(60 ksi)(48.661in) cot28.3

V.
s s 6in

= 560.86 kip

7.2.1.4 Compute Nominal Shear Capacity of Section
V, =V, +V, + V, = 143.55 kip + 17.31 kip + 560.86 kip = 721.71 kip

V, = 0.25f/b,d,, + V, = 0.25(7.2 ksi)(6.125 in)(48.661 in) + 17.31kip = 553.8kip
V. = ¢V, = 0.9(553.8 kip) = 498.4 kip

7.2.1.5 Check Ultimate Shear Capacity
V, = 299.68 kip <V, = 498.4 kip OK

Repeat these calculations at all locations where stirrup size or spacing changes or where the applied shear abruptly changes.

7.2.2 Check Requirement for Transverse Reinforcement
Transverse reinforcement is required when V, > 0.5¢(VC + Vp). (LRFD5.8.2.4)
0.5¢(V. +V;) = 0.5(0.9)(143.55 kip + 17.31 kip) = 72.4 kip < 299.68 kip
V, exceeds the limiting value; therefore, transverse reinforcement is required at this section. Transverse reinforcement is
provided. OK

7.2.3 Check Minimum Transverse Reinforcement
Where transverse reinforcement is required, as specified in LRFD 5.7.2.5, the area of steel shall not be less than A, ,,,;, =
0.03161 fg% = 0.0316(1.0W7.2 ksi S22 MM _ 0519 in? < 0.62 in?

y

60 ksi

OK

. Ay . Thy _ -6.125in __ in? _ in?
This can also be represented as ~*min = 0.0316/1\/f_cfy = 0.0316(1.0)v7.2 ksi~~—* = 0.00866 —— = 0.104 -

7.2.4 Check Maximum Spacing of Transverse Reinforcement
The spacing of the transverse reinforcement shall not exceed the following:

e Ifv, <0.125f then's < 0.8d, < 24 in
e Ifv, >0.125f thens < 0.4d, < 12 in

_ |Vu—oV,|  1299.68kip — 0.9(17.31kip)|
v ¢b,d,  0.9(6.125in)(48.661in)

0.125f/ = 0.125(7.2 ksi) = 0.90ksi < 1.059%si
Smax = 0.4d, = 0.4(48.661 in) = 19.464 in > 12in - Spgy = 12 in

= 1.059ksi

The actual spacing is 6.0 in. OK
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7.3 Check Longitudinal Reinforcement for Shear

At each section, the tensile capacity of the longitudinal reinforcement on the flexural tension side of the member shall be
proportioned to satisfy:

Af, +Af >[M” +05N“+(V“ V| osv) te]
= o Rl —_— — U. (o{0)
I dyg, g gy T :

At the inside edge of the bearing area of simple end supports to the section of critical shear, the longitudinal reinforcement on
the flexural tension side of the member shall satisfy:

|4
Aoty + Apofos = (qb—” — 05V, — Vp) cot 0
v
At the critical section, all of the harped strands are above the mid-height of the girder. The harped strands are not on the
flexural tension side (See LRFD Figure 5.7.3.4.2-2)
A,s = (30)(0.217in*) = 6.510in*

From the moment capacity analysis, f,sqvg = 131.375ksi. The stress in the strands adjusted for lack of full development in
the moment capacity analysis. Do not apply the reduction again in these calculations (See LRFD 5.9.4.3.2).

M, = 144.07k - ft
d, = 48.660 in
V, = 299.68kip
V, = 332..97kip

V, = 17.31kip
0 = 28.3°
M, Ny Vy
+ 05—+ ( — =V | — 0.5V)c0t0
dv¢f ¢a ¢V b s
12in
_ or .ft( 1ft) © (|299'68kip 17.31kip| — 0.5(332.97ki ) £28.3° = 277.32ki
~ T (48.660in)(1.0) | 1.0 0.9 31kip| = 0.5(332.97kip) | cot 28.3 = 277.32kip
Aysfys = (6.510in2)(131.375ksi) = 855.25kip
855.25kip > 277.32kip oK

7.4 Check Horizontal Interface Shear

This entire design is based on the assumption that the slab and girder work together to form a composite section. Verify the
slab-girder interface has adequate capacity to develop this composite action.

7.4.1 Check Nominal Capacity

The critical section for shear location is used to demonstrate these calculations. A complete design will verify the slab-girder
interface capacity at various sections along the girder.

7.4.1.1 Compute Nominal Capacity

The nominal shear resistance at the slab-girder interface is V,,; = cA., + u[A,,ffy + PC] < minimum {11?];; Acy
24%cv
where
Vn = Nominal shear resistance (kip)
A., = Area of concrete engaged in shear transfer (in?)
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As = Area of shear reinforcement crossing the shear plane (in?)

fy = Yield strength of reinforcement (ksi)

c = Cohesion factor

i = Friction factor

P. = Permanent net compressive force normal to the shear plane, or 0.0 kip if tensile (kip)
« = Specified 28-day strength of the weaker concrete (ksi)

Ki = 03

K: = 138

The top flange of the girder, which is a roughened surface, supports the deck slab. For this situation ¢ = 0.280 ksi and « = 1.0.

The area of concrete engaged in the shear transfer: A., = b,;L,; = (49 in) ( —) = 49—

0.62 in?

The area of shear reinforcement consists of the stirrups extending from the web into the slab (#5 @ 6 in): 4, = Py

0.103,—.
m

P. is the weight of the slab. For this computation, neglect the weight of the sacrificial depth of slab. The sacrificial depth
wears away with time and its weight will not contribute to the normal force at the girder/slab interface for the life of the
structure.

£2
P. =y [werip (tsian — twearing) + erfhaunch] (0.155 kcf)[81in(7.5in — 0.5in) + 49in(8.75in — 7.5in)] 14£

= 0.610 kIf

CAcy + u[Aysf, + P.] = (0.280 ksi) (49ilﬂ) +1.0 [(0 103%1&) (60ksi) + 0.610 klf] = 239.650 kip/ft

K, f/ A, = 0.3(4ksi) (49";21;;’1) = 705.6 kip/ft

K,A,, = 1.8 (49‘” 2) = 1058.4 kip/ft
m
V, = 239.650 kip/ft
V. = ¢V, = 0.9(239.650 kip/ft) = 215.685 k/ft

7.4.1.2 Compute Demand

The factored interface shear stress for a concrete girder/slab bridge may be determined as v,; =

. The factored interface
bvi Vi

shear force for a concrete girder/slab bridge may be determined as V,;; = v,;A.,- Substituing Equation 5.8.4.2-1 into 5.8.4.2-
2 the interface shear force is V,,,, = ;/—“.

vi

At the critical section, I, = 299.68 kip.
%4 299.68kip)(8211.5in® k
Vuh=u_Q=( p)@2 ) _ 562105
I (525343.3in%) ft
Vuh < V‘r
OK

7.4.2 Check Minimum Reinforcement

The LRFD specification requires a minimum amount of shear reinforcement in the slab-girder interface. Check to make sure
this requirement is satisfied.
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The cross-sectional area, Ay, of the reinforcement per unit length should not be less thano'[;f’b”.
y

For a cast-in-place concrete slab on clean concrete girder surface free of laitance:

e The minimum interface shear reinforcement need not exceed the lessor of the amount determined using Eqgn.
1.33Vy;

5.8.4.4-1 and the amount needed to resist B as determined using Eqn 5.8.4.1-3
e The minimum reinforcement provisions shall be waived for girder/slab interfaces with surface roughened to an
amplitude of 0.25 in where the factored interface shear stress, v,,; of Eqn 5.8.4.2-1 is less than 0.210 ksi, and all
vertical (transverse) shear reinforcement required by the provisions of Article 5.8.1.1 is extended across the interface
and adequately anchored into the slab.
kip
Yo EP0 096 et

Acy 491'?12121'71 ft
in 1ft

Uy = < 0.100 % This requirement is waived.

OK

The maximum allowable spacing of the transverse reinforcement is 24.0 in. The actual spacing at this section is 6.0 in. The
maximum spacing along the length of the girder is 18.0 in. OK

8 Check Haunch Dimension

The slab offset is 8.75in. Verify the haunch is large enough to accommaodate the camber, but not too large that the girder has
to carry unnecessary dead load. For such a large girder, an extra inch of concrete over the top flange can add up to a
considerable amount of weight.

The haunch depth is to be such that at the mid-span the distance between the bottom of the slab and the top of the girder is
equal to the slab fillet dimension, 0.75in. Account for geometric effects due to the roadway and camber. The haunch depth at
the bearing is Ahaunch = Aslab+fillet + Aprofile effect + Agircler orientation ef fect + Aexcess camber*

8.1 Slab and Fillet

The slab and fillet is the gross slab depth plus the fillet dimension. If the actual camber is exactly equal to the predicted value,
and all deflections are as predicted, the top of the girder will be exactly t;;,., below the bottom of the deck as its closest

point.

Figure 8-1: Slab + Fillet Effect
Aslab+fillet = 75 in + 075 in= 825”1
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8.2 Profile Effect
PGSuper uses a general approach to determine the profile effect. Draw a chord line from the point where a vertical line
passing through the CL Bearings intersect the deck. Then the profile effect is the maximum difference in elevation between

this chord line and the roadway surface.

Roadway surface directly

above centerline of girder

{highly exaggerated, showing
Y. (%) bPoth crown and sag curves)

¢ BRG.

Chord line parallel to top
of undeformed girder

Figure 8-2: General Method for Profile Effect

The entire span of the bridge is within the limits of the horizontal and vertical curves. Use the simplified method of
computing the profile effect. See BDM Appendix 5-B1 for additional information.

8.2.1 Vertical Curve

B2 B1
= ffa
'
l:;ﬂjﬂ L
L]
BVC TOF OF GIRDEF
F ]
- 4 -

Figure 8-3: Vertical Curve Effect
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1.5(g, — gL . 1.5(=9% — 9%)(114.583ft)? _
Ay = le(ln) = 100(201f0) = —17.636in
8.2.2 Horizontal Curve
EP—
MEASURED ALONG A-,
- r I —# .
¢ ere. v } ¢ o

SECTION /A SECTION [/ B\

RG. w AT MID SPAN t/

Figure 8-4: Horizontal Curve Effect

1.55*m
Apc = R (Ln)
There is not a horizontal curve
Ap. =0.0in

8.2.3 Profile Effect
Aprofite = Ape + Ape = —17.636in + 0.0in = —17.636in

8.3 Girder Orientation Effect

The girder orientation effect accounts for the crown slope and the orientation of the girder. Ay qer orientation effect il

=m-—_.
2
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%’1

E' ¢ GIRDER
[l m
'

A

- ’ i |

Figure 8-5: Top Flange Effect

49in

Atop flange effect — 0.02 = 0.490in

8.4 Excess Camber
The excess camber is the camber that remains in the girder after all of the loads are applied.

- Acycess o
—

| e 7

Figure 8-6: Camber Effect

The graphic below illustrates how the girder deflects over time.
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Aconstmaotion ™

Deflection Agnaarxm+
(upward) Ship © Bridge Sie ! Agpnt
A I : Adizphragm S W——
|

I cast diaphragms

|
< BarE Girger

Figure 8-7: Camber Diagram
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|
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cast girder JI girder erection - cast slab = | Time
| || barriers
release prestress - : sidewalks
|

Assume time-dependent deformations end after deck casting

Agirqer = deflection due to girder self

Aps = deflection due to permanent prestressing, based on inplace span length

Acreepl = l/)(te; ti)(Agirder + Aps)
Agiq = deflection due to diaphragm self weight

Sgiraer = incremental girder deflection due to change in support location between storage and erection

Acreepz = [P (tats) = Y(te, D] (Bgiraer + Aps) + W (ta, te) (Aaia + giraer)
Ageck = deflection due to deck self weight
Apaunch = deflection due to haunch self weight
Aparrier = deflection due to traf fic barrier self weight
Apycess = €xcess camber
Ay = (Dgirger + Aps) + Ape

Ay =4 + Acreepl
Az =A; + Agiq

Ay =A; + Acreepz
Ag = Ay + Dgeck + Draunch
A = Aexcess = As + Dparrier

8.4.1 Compute Creep Coefficients

The creep coefficients for release until erection and deck casting are computed above.
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Prestress release until erection ¥ (t, = 90,t; = 1) = Y(t, = 90,t; = 1) = 0.954
Prestress release until deck casting ¥ (t; = 120,t, = 1) = 1.027

Compute creep coefficient for erection to deck casting

fs is the girder concrete strength at the time of load application to the erected girder and not the initial
concrete strength at release.

T1+72

(120 — 90)
Koy = = 0.488

100 — 4(7.2)
12 (W) + (120 — 90)

W(ty = 120,t, = 90) = 1.9(1.03)(0.96)(0.610)(0.488)(90) 0118 = 0.330

8.4.2 Compute Deflections
Girder Deflection, for the erected girder

A SwL*  5(—0.890klf)(114.583ft)*  (1728in®
97 384E,I,  384(5236.046ksi)(282559.4in*) \ 1ft3

> = —2.333in

Prestress Deflection, A,; = 5.413in. This is the deflection measured relative to the ends of the girder. The deflection at the
CL Bearing based on the release datum is A, = 0.278in. The prestress deflection measured relative to the bearings is
Aps = 5.413in — 0.278in = 5.135in

Creep Deflection during Storage, A¢yeep = 1.027(5.413in — 2.333in) = 2.678in

Apply the creep coefficient to the girder and prestress deflections only (do not apply to precamber)

Diaphragm Deflection, Agiapnragm= —0.123in
Slab Deflection, A, = —1.623in
Haunch Deflection, Ay guncn= —0.532in

Creep Deflection between diaphragm and deck casting, Acreepz= (1.027 — 0.954)(5.413in — 2.333in) +
(0.330)(—0.123in) = 0.163in

Traffic Barrier Deflection, A, = —0.307in

4(15in)
118ft

(1.708ft)?
118ft

Precamber, A= 15in — (1708ft - ) = 14.144in

A= —2.333in + 5.413in + 14.144in = 16.947in
A,= 16.947in + 2.678in = 19.625in
Ay= 19.625 — 0.123in = 19.501in
A= 19.501in + 0.163in = 19.665in = D, 4,

Ag= 19.665in — 1.623in — 0.532in = 17.509in
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Ag= 17509 — 0.307in = 17.202in = A,ycpss

8.5 Check Required Haunch

The required haunch is Apquncn = Asiab+fiet t Atop flange effect tAprofite effect T Aexcess camber
Apauncn = 8.25in + 0.49in — 17.636in + 17.202in = 8.306 in

For a crest vertical curve, the minimum slab offset often governs.

Ahaunchmin = Asiab+rittet + Atop flange effect = 8.25in + 0.49in = 8.74in
The provided haunch is 8.75 in. OK

8.6 Compute Lower Bound Camber at 40 days

8.6.1 Creep Coefficients
Creep coefficients are computed the same as before, assuming erection at 10 days and deck casting at 40 days.

Y, (tg = 10,¢; =1) = 0.273
P, (tg = 40,t, = 10) = 0.428
Wyt = 40,t; = 1) = 0.702

8.6.2 Compute Deflections
Creep Deflection, Acyeept = 0.273(5.413in — 2.333in) = 0.766in

Additional Creep Deflection, A¢yeep,= (0.702 — 0.273)(5.413in — 2.333in) + (0.428)(—0.123in) = 1.150in
Traffic Barrier Deflection,A;,= —0.307in
A= —2.333in + 5.413in + 14.144in = 16.947in
A,=16.947in + 0.766in = 17.712in
Az=17.712 — 0.123in = 17.589in
A,= 17.589in + 1.150in = 18.739in = D,,

This is an upper bound value for D,,. There is a +25% natural variation in camber from the mean value. Therefore, lower
bound camber at 40 days = 0.5(Dyo — A,) + A= 0.5(18.739in — 14.144in) + 14.144in = 16.442in.

Natural camber variation does not apply to precamber.

8.7 Check for Possible Girder Sag

When the screed camber, C, exceeds the deflection at slab casting, D, the girder will have a net downward deflection, also
known as sag. The sag condition is most likely to occur for rapidly constructed bridges.

Compare the screed camber to the average value of D,, to determine the potential for sag. The average value is 75% (D, —
Ape) + Ay = (0.75)(18.739in — 14.144in) + 14.144in = 17.591in

Bereess =D — C
As= 18.739in — 1.623in — 0.532in = 16.584in
A= 16.584 — 0.307in = 16.227in = Ayepss
C = 18.739in — 16.277in = 2.462in
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C < Average D,, OK

9 Bearing Seat Elevations
From the PGSuper Bridge Geometry Report, the roadway surface elevations at the CL Bearing points for Girder B are:

Abutment 1, Sta. 102+02.71, Offset 10.125ft L, Elev. 24.743ft
Abutment 2, Sta. 103+17.29, Offset 10.125ft L, Elev. 25.153ft

25.153ft—-24.743ft

The basic slope of the girder is
114.583ft

=0.00358%
ft

The end of the girder also slopes due to precamber = 44, (% - i—f)

At the left end of the girder, x = 1.708ft so the girder slope is 4 (15in£) (%Sﬂ - %) = 0.04115%

At the right end of the girder, x = 116.292ft so the girder slope is 4 (15in 112’:1) (mlm - 2(2111682;??)) = —0.04115%

The left end girder slope is 0.00358% + 0.04115/’:{ = 0.04473%

The right end girder slope is 0.00358% - 0.04115/’:{ = —0.03757%

The left end slope-adjusted height of the girder is 50in (\/(0.04473)2 + (1)2) = 50.050in

The right end slope-adjusted height of the girder is 50in (\/(—0.03757)2 + (1)2) = 50.035in

Deduct the sloped adjusted girder height and the slab offset from the roadway surface elevation to get the bottom of girder
elevation.

Bottom of girder elevation at Abutment 1: Elev = 24.743ft — 50.050in ( 1ft) —8.75in ( 1ft) = 19.843ft

12in 12in

Bottom of girder elevation at Abutment 2: Elev = 25.153ft — 50.035in (1—ﬂ) —8.75in (1—ft) = 20.254ft

12in 12in

After designing the bearings, add the bearing recess (typically ¥2”) and deduct the bearing depth from the bottom of girder
elevation to get the bearing seat elevation.

10 Load Rating

The bridge opens for traffic without the future overlay installed. For this reason, take the DW force effects associated with
the overlay as zero. Installing the overlay necessitates updating the load rating analysis.

10.1 Inventory Rating

10.1.1 Moment

RF = Gcbs KMy, — YpcMpe — YowMpw

YieMyiiim
¢.ps = 0.85
K=—-<1.0
min
At 0.5L
¢ =¢s =, =1.0

M, = 10120.56k - ft
Mpc = 33488k - ft
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MDW = 0.0k . ft
M, = 19977t
LLIv = " girder

M,, = 7244.04k - ft
M, = 8225.27k - ft

o Mo _ _
M,in = min {1'33Mu = 7244.04k - ft

_10120.56k - ft
7244.04k - ft
Ypc = 1.25,¥pw = 1.50,y,, = 1.75
_ (DHM)(1)(1)(10120.56k - ft) — (1.25)(3348.8k - ft) — (1.5)(0k - ft)
(1.75)(1997.7k - ft)

=1.397 ~ 1.0

RF 1.70

10.1.2 Shear
_ GcbsPnVn = ¥YocVoe — YowVow

RF
YieViLim

At 19.67ft (location where stirrup spacing increases)
¢, = ¢ps =1.0,¢,, = 0.9
V, = 310.02kip

1% =70.11 kip
LLIM = 2527 girder

yDC = 1'25’YDW = 1.50, ]/LL = 1.75

 (1D(1)(0.9)(310.02kip) — (1.25)(77.19kip) — (1.5)(0kip) _

RE (1.75)(70.11kip)

1.49

10.1.3 Bending Stress — Service 1l limit state
fr = ¥Yocfoe — Yowfow

RF =
Yeofiom

For load rating we use the AASHTO specified tension limit and live load factor

Iz = fiimit — fps = 019/1\/? - fps
fr = 0.19(1.0)V7.2ksi — (—5.129ksi) = 5.638ksi
Y = 1.0

o _ 5:638ksi - (1.0)(3.347ksi) — 1.0(Oksi) _

(1.0)(1.585ks1) 1.45
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10.2 Operating Rating

10.2.1 Moment
_ Gcbs KMy — YpcMpe — YowMpw
YieMiLim

beps = 0.85

RF

T

K = <1.0

min
At 0.5L
b =¢s =P, =10
M, = 10120.56k - ft
Mp. = 33488k - ft
Mpw = 0.0k - ft

k- ft
girder

M,, = 7244.04k - ft
M, = 8225.27k - ft

MLLIM = 1997.7

o Mo _ _
M, = min {1-33Mu = 7244.04k - ft

_ 1012056k - ft

Yoe = 1.25,¥pw = 1.50,y,, = 1.35
P (1)(1)(1)(1)(10120.56k - ft) — (1.25)(3348.8k - ft) — (1.5)(0k - ft)

(1.35)(1997.7k - ft) =2.20

10.2.2 Shear
_ GcbsdnVe — YocVoe — YowVow

RF
YiViim

At 19.67ft (location where stirrup spacing increases)
e = ¢s =1.0,¢, = 0.9
V, = 310.02kip
Vpe = 77.19kip

VDW = 0.0k
Vi = 7041 —P
LLIM = 2227 girder

]/DC = 1'25’YDW = 1.50, ]/LL = 1.35

_ (1)(1)(0.9)(310.02kip) — (1.25)(77.19kip) — (1.5)(0kip) _

RE (1.35)(70.11kip)

2.00

10.3 Legal Loads
Type 3, MLLIM = 821.09k - ft
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Type 382, MLLIM = 1017.78k - ft
Type 3'3, MLLIM = 104‘8.08k . ft

Type 3-3 rating will govern so we will show calculations of the rating factors for this loading. The rating factor calculations
for the other loadings will be similar. The rating factor calculations for NRL, EV2, and EV3 are similar.

10.3.1 Moment
_ GcPs KMy — YpcMpe — YowMpw
YieMiLim

¢.ps = 0.85

RF

M
K = <1.0

min

At 0.5L

b =¢s =P =10
M, = 10120.56k - ft
Mpc = 33488k - ft
Mpw = 0.0k - ft
k- ft

girder

MLLIM = 1048.08

M,, = 7244.04k - ft
M, = 8225.27k - ft

_ . Mcr _ .
M = min {1-33Mu = 7244.04k - ft

~10120.56k - ft
7244.04k - ft
Ype = 1.25,vpy = 1.50,y;;, = 1.45
_ (DH(M)(1)(1)(10120.56k - ft) — (1.25)(3348.8k - ft) — (1.5)(0k - ft)
(1.45)(1048.08k - ft)

= 1397 ~ 1.0

RF 391

10.3.2 Shear
_ GcbsdnVe — YocVoe — YowVow

RF
YirViim

At 19.67ft (location where stirrup spacing increases)
e = ¢s =1.0,¢, = 0.9
V, = 329.93kip
Vpe = 77.19kip

VDW = 0.0kip
Vi = 39.55 P
LLIM ™ =72 girder

]/DC = 1'25’YDW = 1.50, ]/LL = 1.4‘5
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_ (1)(1)(0.9)(329.93kip) — (1.25)(77.19%ip) — (1.5)(0k) _

(1.45)(39.55kip) 3.50

RF

10.3.3 Bending Stress — Service 1l limit state
This is a WSDOT requirement, not in MBE

fr — Yocfoc — Yowfow
Yeofiom

For load rating we use the AASHTO specified tension limit and live load factor

Iz = fiimit — fps = 0-19/1\/5 - fps

Before we can compute the stress in the girder due to the prestressing, we must compute the effective prestress accounting for
the elastic gain for to the Type 3-3 loading.

Af.y = Ep My (Yo = Yog +€) _ 28500ksi (1048.08k - ft)(34.726in — 24.151in + 21.205in) (12in
PLL T, 1. 5530.5 ksi 525343.2in% 1ft

P = (9.331in?)(202.5ksi — 20.602ksi — 9.697ksi + 3.921ksi) = 1643.39kip
1643.39%kip  (1643.39%kip)(21.205in) _

RF =

) = 3.921ksi

fos = =776 531imz ~ 11699.6in3 = —5027kQ
fa = 0.19(L.0)V7 2ksi — (—5.027ksi) = 5.537ksi
}/LL = 1.0
_ 5:537ksi = (10)(3347ksi) ~ 10(0ksi) _

(1.0)(0.831ksi)

10.4 Permit Loads

The load ratings for the permit loads are the same as the legal loads (with the obvious exception of the live load effects and
load factors being different).

WSDOT also evaluates the optional reinforcement yielding check (MBE 6A.5.4.2.2b). The stress in the prestressing steel
nearest the extreme tension fiber should not exceed 0.9f£,,. The analysis method used by PGSuper follows MBE A3.13.4.2b.

fr =0.9f, = (0.9)(0.9)f,,, = (0.9)(0.9)(270ksi) = 218.7ksi
Moment beyond cracking

Mper = YocMpe + YowMpw + VirMpim — Mer

Unlike the other permit rating cases where the one loaded lane live load distribution factor is used (MBE 6A.4.5.4.2b), use
the governing of one loaded lane and two or more loaded lanes for these calculations (MBE C6A.5.4.2.2b).

For OL1, M, = 1500.49k - ft per girder.

For OL2, M, = 2540.87k - ft per girder
My, = (1.0)(3348.8k - ft) + (1.0)(0) + (1.0)(2540.87k - ft) — 7244.04k - ft = —1354.34k - ft

Because M, < 0, the loads aren’t enough to cause cracking, so take My, = 0.0k - ft

The additional stress transferred to the reinforcement due to cracking is

Foor = %Mbcr(ds —c)

g ICT

fs = fpe + foer

= 0.0ksi

Compute the effective prestress
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For OL1

Af.y = Ep My (Yo = Yog +€) _ 28500ksi (1500.49k - ft)(34.726in — 24.151in + 21.205in) (12in
PLL T, 1. 5530.5 ksi 525343.2in* 1ft

fpe = 202.5ksi — 31.672ksi + 5.613ksi = 176.441 ksi

) = 5.613ksi

fs = fpe + fore = 176.411ksi + Oksi = 176.441ksi
For OL2

Af.y = Ep My (Yo = Yog +€) _ 28500ksi (2540.87k - ft)(34.726in — 24.151in + 21.205in) (12in
PLL T, 1. 5530.5 ksi 525343.2in* 1ft

fpe = 202.5ksi — 31.672ksi + 9.505ksi = 180.278 ksi

) = 9.505ksi

f. = 180.278 ksi

Yield stress ratio
sr=lr
Js

OoL1

218.7ksi

SR = T76aatksi

1.24

oL2

218.7ksi

SR = 180.278ksi

11 Software

PGSuper is precast-prestressed girder design, analysis, and load rating software. PGSuper is part of the BridgeLink Bridge
Engineering Application Suite jointly developed by the Washington State and Texas Departments of Transportation.

Download from http://www.wsdot.wa.gov/eesc/bridge/software
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13 Appendix A

Derivation of prestress deflection equations

Deflection equation is found by solving the following differential equation

Some other useful relationships

Straight Strands

Harped Strands

M() = —Pe(x) = B
X) = ex) = dXz

y(x) = fe(x) dx

0(x) = fq)(x) dx

M(x)
o0 ==
ex)=e

0(x) = —;jdx

Pe
8(0) = — 57 (x+Ky)

o) -

B Pel 2
ST 8EI

e(®) = Yeg(x) = Yn (%)

44, x?2
Y =Yy + L \X—T
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44, x? e’
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44, X
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Temporary strands
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Temporary top strands are post-tensioned in ducts that parallel the top surface of the girder. Since the strand is not bonded to
the concrete, the deflection is caused by an end moment and a uniformly distributed force from the strand bearing againsted
the curved duct. The deflection is

_ 5P A L2+PetSL2
" 48El P° 8EI

Ags
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