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The Regional Municipality of Halton CNR Overhead Structure
Dundas Street Over CN Railways (King’s Hwy No.5) Structural Evaluation Report

1. INTRODUCTION

McCormick Rankin Corporation (MRC), a member of MMM Group, was retained by the
Regional Municipality of Halton to undertake a Municipal Class Environmental
Assessment (EA) for the planned widening of Dundas Street from the existing four lanes
to six lanes. The study limits for the widening are from Guelph Line to Appleby Line.
The CNR Overhead Structures are within the study limits and will also need to be
widened to accommodate the planned increase in the number of traffic lanes.

A structural investigation of the bridges are included in the Municipal Class EA to assess
the feasibility of bridge widening alternatives, existing bridge needs, and quantity of
repairs required for cost analysis of the alternatives. The investigation comprised the
structural evaluation and a detailed deck condition survey. This report focuses on the
bridge structural evaluation. Details of the results of the condition survey may be found
in the report “Dundas Street - CNR Overhead Structure, Site Number 010-0175, Bridge
Deck Condition Survey Report” by MRC dated October 2009, which is bound separately.

This report includes the following:

A summary of the rehabilitation work previously carried out;
Results of the structural evaluation;

Review of the barrier wall currently in place; and
Discussions of findings from the structural evaluation.

A Key Plan showing the structure location is provided in Appendix A.

Appendices containing supplementary information such as drawings, photographs,
figures, and calculations, are referenced throughout the text and included in the back of
this Report.

2. EXISTING CONDITIONS

Two adjacent, yet independent, CNR Overhead bridges were constructed in 1962, one for
Waterdown-bound traffic and the other for Toronto-bound traffic. Each bridge carries
two (2) traffic lanes located along Dundas Street (King’s Highway No.5), which crosses
over the CN Railways. The superstructure layout follows along the Profile Control Line
and comprises three simply-supported spans of precast, pre-stressed concrete girders
supporting a cast-in-place (CIP) reinforced concrete deck, an asphalt wearing surface,
and a PL2 concrete barrier wall with traffic railing and a median barrier on each deck
edge. The two adjacent decks, each 11.431m wide, are separated by a 25mm longitudinal
joint located between the medians.

The three spans are each 12.2+ m, 17.8+ m, and 12.2+ m in length, supported by piers
and abutments that are skewed relative to the Profile Control Line, in order to
accommodate the rail lines passing underneath the bridges. Approach slabs, each 4.267m
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long, flank both ends of the bridges. General views of the structure are shown in
photographs found in Appendix B.

In 2003, the structure was rehabilitated. More recently, bi-annual appraisals have been
carried out on the bridge. Summaries of the work and findings are presented.

2.1 2003 Rehabilitation

In 2003, the structure was rehabilitated under Contract No. R-1853B-2003. The scope of
work included the following:

Removed deteriorated concrete from deck soffit & diaphragm ends and repaired
Removed deteriorated concrete from pier caps and repaired

Constructed new concrete crash walls on pier columns

Repaired concrete slope paving

Removed traffic railings, steel beam guide rails, curbs and gutters. Removed
north and south edges of approach slab.

Installed new concrete barriers & steel beam guide rails. Modified existing
approach slabs by placing new curb and gutter.

Removed existing caulking/seal from longitudinal expansion joint

Installed new longitudinal expansion joint

Milled existing pavement and place surface course asphalt

Reinstated pavement markings

Installed asphaltic plug seals at abutment and pier expansion joints

2.2 2006 Bi-Annual Bridge Appraisal

The 2006 bi-annual was completed by TSH for the Regional Municipality of Halton. The
following summarizes the findings of their inspection:

e The asphalt wearing surface is in good condition.

e Concrete barrier walls and steel barrier rails are in good condition with surface rust
stains noted.

e Concrete median is in generally good condition with localized cracking.

® A longitudinal expansion joint in the median is sealed and is in poor condition.
Localized leakage was noted.

e  Deck expansion joints are paved over and are in poor condition with leakage noted.
e Concrete deck soffit is in good condition with localized water staining along the deck

fascias at piers and longitudinal expansion joint. Localized patching was noted on
both the south and north deck cantilever. Localized spalling and delaminations were
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noted along longitudinal joints. Exposed corroded rebar chains were also noted
along joint.

e Precast concrete girders are in generally good condition with delaminations and
spalling of several girders at the support points.

e Elastomeric bearing pads are in good condition.
e Concrete piers are in generally good condition with extensive water staining,
localized cracking and patching of the pier caps. The pier columns are in good

condition. Railway crash walls are in good condition.

e Concrete abutments are in good condition with extensive water staining and
localized vertical cracking.

e (Concrete wingwalls are in good condition.
e  Slope paving is in good condition.

e Steel beam guiderail and channel on the bridge approaches are in good condition
with extruder end treatments complete with hazard markers in all four quadrants.

e Concrete approach slabs are in good condition

e  Asphalt paved approach roads are in good condition.

e Raised concrete median on the approaches is in generally good condition.
e Concrete curb and gutter on the approaches are in good condition

e  Asphalt paved boulevards are in good condition

3. ANALYSIS AND EVALUATION ASSUMPTIONS

The following points should be considered when reviewing this report:

e The structure was evaluated in accordance with the Canadian Highway Bridge
Design Code, CAN/CSA-56-06 (CHBDC), using the software program CANBAS
Version 2.0.1 to determine girder demands and capacities.

e The structure was evaluated using Ultimate Limit States (ULS) with load
combination factors provided in CHBDC, Table 3.1.

e CIP deck slab and AASHTO Type III girder properties were calculated based on
their gross (un-cracked) section properties. The structure was evaluated based on
the assumption that any and all defects have been repaired.
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The following assumptions were made throughout the evaluation:

e The reinforcing steel material properties were estimated based on considering the
date of bridge construction in accordance with Clause 14.7.4.4 of CHBDC. The
assumed yield strength, F), and elastic modulus, E, of the original rebar was taken
as 275 MPa and 200 GPa, respectively [Table 14.2 of CHBDC].

e According to the structural drawings, the concrete compressive strengths were:

= 34.5 MPa for the pre-stressed girders
= 27.6 MPa for the CIP concrete deck

4. LOADING

The dead load contributors are as follows:

e Pre-stressed girder self-weight
e 177.8 mm thick CIP deck slab

Superimposed dead load contributions include:

e 76.2 mm thick asphalt plus waterproofing
e Dbarrier walls and curbs

Other loads include:

e Pre-stressing axial forces on girder strands

The structural drawings found in Appendix A were used to determine loads. Standard
material densities in accordance with CHBDC were used.

The CNR Overhead is required to carry vehicle trains in normal traffic, for which the
governing live load model is the CL1-ONT-625 Truck [CHBDC, S6.1-06 Commentary,
Cl: C3.8:1]:

5. ANALYSIS/MODELLING

5.1 Introduction

The bridge analysis was preformed using the structural analysis program CANBAS
Version 2.0.1. Interior and exterior pre-stressed beams were analysed to determine load
demands and capacities along each girder.
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5.2

The resistance of the members or “Capacity” (C) have been calculated. The moment of
resistance, M,, and shear resistance, V,, of each member is calculated based on its gross
(un-cracked) sectional properties in accordance with CHBDC.

Capacity-to-demand (C/D) ratios are calculated for exterior and interior members at
critical locations to evaluate the theoretical condition of the bridge. Throughout this
evaluation, members with a C/D ratio less than 1.0 have been considered to be under
capacity.

An evaluation check was completed to confirm the results of the above-noted evaluation
calculations.

Analysis Results

The evaluation is based on the assumptions outline above. The following results at the
critical sections were obtained and the results are presented in Tables 5.1 and 5.2 based
on ULS loading. Interior girder C/D ratios governed in all cases. Detailed analysis
results and discussions are found in Appendix C.

Table 5.1 — End Span, Interior Girder ULS Load Combination Results

Point Capacity / Demand Ratio' Location’
M; (+) / M (+) 1.63 Midspan (x/L = 0.5)
: V./ V¢ n/a Midspan (x/L = 0.5)
V. / V¢ 135 At Piers (x/L = 0)
’ Vi / Vg 1.27 Near Piers (x/L =0.1)

Table 5.2 — Main Span, Interior Girder, ULS Load Combination Results

Point | Capacity / Demand Ratiﬁl Loc#ﬁl_c;nzl
” M; (+) / Mg (+) 137 Midspan (x/L = 0.5)
1 V:/ Vg n/a Midspan (x/L = 0.5)
V. / Vi 1.24 At Piers (x/L = 0)
’ V:/ Vi 13 Near Piers (x/L=0.1)
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! Footnote: “Capacity/Demand Ratio” is defined as factored resistance divided by the factored response. A
Demand/Capacity ratio greater than or equal to 1.0 is desirable
M, (-) is defined as factored negative flexural resistance
Mg (-) is defined as the factored applied negative bending moment
M; (+) is defined as factored positive flexural resistance
M (+) is defined as the factored applied positive bending moment
V. is defined as factored shear resistance
V¢ is defined as factored applied shear

? Footnote: L denotes the span length, equal to 1783 1mm for main spans and 12192mm for end spans.
x denotes the distance from pier supports for main spans, and abutment supports for end spans.

6. BARRIER WALL

The barrier wall currently in use was designed according to OHBDC 1991, Highway
Class A. These PL-2 barriers were installed in 2003. Using information gathered from
the Bi-Annual Bridge Appraisal in 2006 and the Condition Survey in 2009, it was
determined that PL-2 barriers on both north and south sides are in good condition and
still satisfy barrier performance level requirements in CAN/CSA-S6-06, Clause 12.4.

7. DISCUSSION & RECOMMENDATIONS

The results of the evaluation suggest that the CNR Overpass is theoretically adequate in
bending moment and shear. Furthermore, the barrier wall currently conforms to current
MTO standards and is reported to be in good condition.

The response of the structures to live load was also evaluated to determine the feasibility
of increasing the concrete slab thickness from 178 mm to 225 mm with an asphalt
thickness of 90 mm. Results of the analysis indicate that an increased deck slab thickness
of 225 mm is feasible for the future widening of each overhead structure to carry three (3)
traffic lanes.

In summary, the structural evaluation found that the pre-stressed girder structures have
adequate load capacity and may be incorporated into the widening of Dundas Street.
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Bridge
Location

CNR Overhead Structure, Dundas Street Over CN Railways
0.50 km East of Appleby Line

KEY PLAN
N.T.S.
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The Regional Municipality of Halton CNR Overhead Structure
Dundas Street Over CN Railways (King's Hwy No.5) Structural Evaluation Report

RUN #1: END SPAN, INTERIOR GIRDER, 3 LANES LOADED

ULS1 Resuilts, calculated using Section 3 design load factors.
Mmax.f Mmin.f Mmax.R Mmin,R |MI’i'MfE Vmax.f Vmin.f Vmax,R Vmin,R IVI’I‘Vﬂ

KNm kNm kNm kNm kN kN kN kN
0.0 784 162 1206 1206  1.54
6.1 661 103 842 842 1.27
0.2 538 28 713 713 1.33
1.0 784 157 1057 1206  1.35
0.5 2071 446 3363 3368 1.63

RUN #2: END SPAN, EXTERIOR GIRDER, 3 LANES LOADED

ULS1 ﬁesults, calculated using Section 3 design load factors.
Mmax.f Mmin,f Mmax,R Mmin.?: [Mr/Mf[ Vmax,{ Vmin.i Vmax.R VminR IVI"/Vﬂ

kNm kNm KNm kNm kN kN kN kN
0.0 779 159 1206 1206 1.55
0.1 658 100 842 842 1.28
0.2 536 26 713 713 1.33
1.0 779 154 1059 1206  1.36
0.5 2057 436 3358 3358 1.63

RUN #3: MAIN SPAN, INTERIOR GIRDER, 3 LANES LOADED

ULS1 Results, calculated using Section 3 design load factors.
Mmax,f IVlmin.f lVlmax.R Mmiﬂ,R |MﬁMf| Vmax.f

kNm KNm kNm kNm kN
0.0 977 223 1209 1209 1.24
0.1 827 162 919 919 1M
0.2 669 66 773 773 116
6.3
0.4
0.5 3868 1031 5308 5308 1.37

RUN #4: MAIN SPAN, EXTERIOR GIRDER, 3 LANES LOADED

ULS1 Results, calculated using Section 3 design load factors.
Mmar.,f Mmin.f Mmax,R Mm‘m.R IMﬂMfl Vmax.f Vmin.? Vmax.R me.R

kiNm kNm KNm kNm kN kKN kN kN
0.0 -75 -127  -1843 1843 14.50 994 236 1209 1208 1.22
0.1 1497 334 4559 4559  3.08 822 1568 919 919 112
0.2 2552 628 4833 4833 1.89 665 63 773 773 116
0.3 3349 838 5105 5105 1.52 522 -34 728 -661 1.391

04 3763 966 5293 5203 1.4 380 -138 503 -624  1.32
0.5 3843 1012 5293 5293 1.38 241 -241 569 -624 2.36
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The Regional Municipality of Halton CNR Overhead Structure
Dundas Street Over CN Railways (King’s Hwy No.5) Structural Evaluation Report

CNR OVERHEAD STRUCTURE: CANBAS IKODES

CANBAS IKODE 35: Shear @ x/L=1.0 for End Span Girder (Run 9)

CL.8.9.3.11 Longitudinal reinforcement on the flexural tension side
Longitudinal reinforcement on the flexural tension side shall be proportioned so that at all sections the
factored resistance of the reinforcement, taking account of the stress that can be developed in this

reinforcement, is greater than or equal to Fs, calculated as follows:

M | ; .
F =z+o.5mrf +(V; —0.5¥; -V, Jcotd

where M.and V.are taken as positive quantities and N;is positive for axial tension and negative for axial
compression. In this equation, d, may be taken as the flexural lever arm at the factored resistance.

CL.8.9.3.12 Longitudinal reinforcement on the flexural compression side
Longitudinal reinforcement on the flexural compression side of the section shall be proportioned so that
the factored tensile resistance of this reinforcement, taking account of the siress that can be developed in

this reinforcement, shall be greater than or equal to the force Fa, calculated as follows:

Fie =0.5N; +(¥; —0.5V, —Vp)cote—?
L

where M, and V,are taken as positive quantities and N;is positive for axial tension and negative for axial
compression.

Discussion of IKODE 35:

The pre-stressed girders do not have any longitudinal reinforcement on the flexural tension side. Check if
the prestressed strands can handle Fy at x/L=1.0:

F = 187.4[T]+0.5*233.1[C]+(814.4-0.5*885-0)cot 42°
F, = 70.85[T]+413.04[T]
Fr = 483.89 kN [T]

Working force per girder after all losses including those due to creep and shrinkage of concrete of steel is
370.58 kips = 1648.42 kN. Therefore, longitudinal reinforcement on flexural tension side is not required.

The pre-stressed girders have longitudinal reinforcement on the flexural compression side. Check
adequacy of longitudinal reinforcement for Fy; at x/L=1.0:

F, = 0.5*233.1[C]+(814.4-0.5*885-0)cot 42°-187.4[T]
Fi = -116.55+413.04-187.4
Fic = 109.09 kN [T]

T, = 4(0.95)(275MPa)(284mm?)
T, =296.78 kN

Therefore, longitudinal reinforcement on flexural compression side is adequate.

Lastly, since the span is simply supported, bending moment and shears should be similar at locations
x/L=0.0 and x/L=1.0. Both ends of the girder are also designed to have the same number of prestressing

McCORMICK RANKIN CORPORATION November 2009 Appendix C



The Regional Municipality of Halton CNR Overhead Structure
Dundas Street Over CN Railways (King’s Hwy No.5) Structural Evaluation Report

strands and top girder rebar. However, CANBAS does not report problems with x/L=0.0, rather only with
x/[.=1.0. Thus, this violation may not be valid.

CANBAS IKODE 36: Stirrup spacing = 305mm @ various locations

8.14.6 Maximum spacing of reinforcement for shear and torsion

If V¢is less than or equal to (0.10 ¢.f;'b, d, + V) and Tiis less than or equal to 0.257T, the spacing of the
transverse reinforcement, s, measured in the longitudinal direction, shall not exceed the lesser of 600 mm
or 0.754d.,.

If Vyexceeds (0.10 ¢.f.'b, d, + V,}, or if Trexceeds 0.257, s shall not exceed the lesser of 300 mm or
0.33d,.

The spacing of the transverse reinforcement, s, measured in the longitudinal direction shall not exceed
the lesser of

(a) 600 mm or 0.75d, if the nominal shear stress is less than 0.10¢.f;’; and

(b} 300 mm or 0.33d, if the nominal shear stress equals or exceeds 0.10¢.f;".

The spacing of longitudinal bars for torsion distributed around the perimeter of the stirrups shall not
exceed 300 mm. At least one longitudinal bar with a diameter not less than 0.06 times the spacing of the
stirrups and not smaller than 15M shall be placed inside each corner of the closed stirrups. The corner
bars shall be anchored in accordance with Clause 8.15.2 or 8.15.5.

Discussion of IKODE 36:
Since the girder locations in violation of CAN/CSA-56-08, Cl. 8.14.6 have a stirrup spacing of 305 mm
instead of 300 mm, it is considered a minor discrepancy and not a cause for concern.

CANBAS IKODE 40: @ x/L=0.10 & others, End Span, Interior Girder (Run 9)

8.9.5.1 General

A crack shall be assumed to occur along the shear plane and the relative displacement shall be
considered to be resisted by cohesion and friction maintained by the shear-friction reinforcement crossing
the crack.

In lieu of more detailed calcuiations, the shear resistance of the plane, v, may be calculated as
¢c{c + uo ), but v shall not exceed 0.25¢c ' or 8.5 MPa. ¢ and ¢ shall be as specified in Clause 8.9.5.2
and o shall be as specified in Clause 8.9.5.3.

8.9.5.2 Values of c and y

8.9.5.2.1

The following values shall be taken for ¢ and g in Clause 8.9.5.1:

(a) For concrete placed against hardened concrete, with the surface clean and free of laitance but not
intentionally roughened, ¢ shall equal 0.25 MPa and y shall equal 0.60A1.

(b) For concrete placed against hardened concrete, with the surface clean and free of laitance and
intentionally roughened to a fuli amplitude of about 5 mm and a spacing of about 15 mm, ¢ shall equal
0.50 MPa and g shall equal 1.00Ak1.

(c) For concrete placed monolithically, ¢ shall equal 1.00 MPa and y shall equal 1.40A1.

The values of A1 shall be as specified in Clause 8.9.5.2.2.

8.9.5.2.2 Values of A 1

The values of A1 shall be as follows:

(a) normal-density concrete: 1;
(b) semiJow-density concrete: 0.85; and

McCORMICK RANKIN CORPORATION November 2009 Appendix C
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Dundas Street Over CN Railways (King’s Hwv No.5) Structural Evaluation Report

(c) low-density concrete: 0.75.

8.9.5.3 Value of o

The value of ¢ in Clause 8.9.5.1 shall be calculated as follows:

N
o =p,f, +A_
(2 4

where

Py =

rle

Discussion of IKODE 40:

Calculate shear resistance of the plane, v, @ x/L=0.10, End Span, Interior Girder and check for adequacy

against shear stress.

f.= 34.58MPa for presiressed girders
f'.= 27 .6MPa for deck slab

For surface intentionally roughened, ¢c=0.50MPa; n=1.00%,
21=1.00 for normal density concrete

v=0.75(0.50MPa+s} < min{0.25*0.75*27.6MPa,6.5MPa}
< 5.175MPa

o = pf+N/Ag

o =, AufAc + N/AG,

where f,=275MPa
A, = area of concrete resisting shear transfer = sb
A = area of shear friction rebar = 258 mm? at x/L=0.10
v = shear resistance of shear friction plane
N = unfactored permanent load normal to the interface area

s =228.6 mm o (deck slab) = 13.165 kN/m for t = 225mm
b =406.4 mm o (asphalt) = 5.157 kN/m for t = 90 mm
Ag = 92903.04 mm? T = 18.322 kN/m

N = Za(L/2-x)

N = 18.322kN/m(12.192m/2-1.2192m)

N = 89.35kN

o = 275MPa*258/92903.04 + 89.35kN/92903.04mm’”
o =0.764MPa + 0.962MPa

v =0.75(0.50 + 0.764 + 0.962)MPa

= 1669.5 kPa @ x/L=0.10, End Span, Interior Girder, rehah. Scenario
CANBAS results give v = 981MPa.

Let 1 denote interface shear stress.

McCORMICK RANKIN CORPORATION November 2009
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The Regional Municipality of Halton CNR Overhead Structure

Dundas Street Over CN Railways (King’s Hwy No.5) Structural Evaluation Report
Vi = 563 kN {from CANBAS Run 9 resulis}

Q = (225mm)(2422mm)(225/2+184mm) = 1.6158 x 10°mm®
I=171162 x 10° mm*

=563 kN x 1.6158 x 10°mm®(171162 x 10° mm* x 406.4mm)
1= 1307.8 kPa

v = V{Q/(Ib) = 1276 kN {from CANBAS Run 9 resulis}

Thus, according to hand calculations, v > 1, indicating that reinforcement provided for the interface shear
transfer is adequate.
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A)
_c)
)

F)
Ny

3)

1)

ol

o e o& Clg g wolo+ed Masicund s

Existing Bridae Load Evaluofion. Summary

. Aﬂ@’ \/S-’ s
Case. .

"7108.1b1  End 8pan Interior Girder 3 Lanes Load ed
T7108.2b1  End Span Exterior Girder vt
7108, 3p1 Mairn Span  Interior Qirder 7 7

7108, +4bl  Main Span .Exw%wor Girder ¢ ¢

7108 .5b1  End_Spon. L 2 v //
710%.¢bl  End Spon : | s ’
7108 .7p1 Mo Span % y ”
7108 .¢b1 Main Epan _ ’ % p

86-06 C1.8.9.5.] _violated. Insuﬁ:oeml m’remcace skeor bransfer
_hear. euppor+s from %=0.140 2.5m. and from x=10.0m 1o 12.4m.

| Report. 762, 1f deck slab & ggrders were. pou,fed VYJOVJO}HLI"JJCO”&/) ,

 problem. moy be avo;o!-co{

8¢- OG Cl. &, WG viol ated, MQXH’Y\UM spocmg of rcmaforccmcn‘} For

shcqr an diHorsion exceeded at %=2.5m and x=10m. (Report 75)
LR ee {)NV\TJ-&()\ --.'QQT Ve ‘/\.\c.\,a 'O.DJ‘-"\-\-—-.)SO\,L;‘L = '3-9@ W:‘J&r '\ak.

86- OG C1.8.9.5.1 vil lated, 'mem %=0.1 46.2.5m._and from x=10m 4o 12, '-%m
I dluphragms & girders. Were. paurcd mcmalr}h\cq”y,pmb}cm may e
.‘.qvo:dcd ( poﬂ- 76) [ S S S

""ﬁ'6@ 0¢, ¢l 2 01 2. 1 /125 eroﬂr 75) L AR

p;ﬁc;ng oac Y‘em‘FGr*CﬁmomL -Por

g
____v.__shcow‘ an O\_ +OKSJon execﬁ ded.____th___Q‘C._%___“;B_M55Gm & H QQL}m (Rapor-}TS)'
; 8675|woja+ed Sef,A & 8. = o 7J|2m &7’: 0. éc”? 17 m'm
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Deck Rehabilitation Design (fe= 225mm, 2o = 90 mm)

Analysis Span  Girder Live Load

Al 7108.9b1  End Interior . 3 lanes )oadcd
) T710%.abl = End Exterior ¢ &«

o)l 7108.bbi Main Interior.  # o

D) 710%8.cbl Main Exterior “ # “

Results:

A)| End Span, Interior Girder code v:olcrhons
* §6-06, CL. 8.1% G maximum spdcing of reinforcenment for shear &
torsion exceeded 0.2Ls & 0.8 Ls, (Report 75) .
. _8pacing prowdcd 305 mm. Max Perm:ss:ble 300mm . . .okay
83,01 /12: (Report 75) .
l) Lom@ rebar o) 'HC'(L{J’C?J Tcr)smm Sldﬁ muuﬂc; c;lem‘ll Or

5%~ ﬁ—-l' 05[\1; + (Vr—O DU_e. \/ )C‘o%(?/\/smu e & ishen asﬁs>uf

*”jéwo(z o>+ (zgi Qé{—#@%LN)*—Q%%“% Cgﬂfi qfOOO
: e

NoJrc ot Jong rebar_in ﬂ@xuro] WL(—:V)SFOO docs not exish
- Long. rebarlis only provided. in the hp *Flcmge of girder. ..
o C NBAS OlOcSr)’?L ccm&ldcr this +vpc G’F Cont rgurm‘]om No’f Qpp}rcoblc
il Lcmg rebar on. ﬂexura! comp side. H)SLHQFECFCh |

R, O5N;+ (\/4: 05\/5 VP) 0048 _51]:& |

Wh\/ 16 Jr|nle c’ouae Vi ol cm*:d onlymLSpan 1 X/L
R ORISR U NV DO S ,_ .. Span. KC x/

O 00, O 5 and,

S

; SRR N N T O R .- Spor) RC’ ;\;/L?—.‘_._.! @G‘O e
8 9 5 L ( }Qeﬁov% 76) Insuf%ﬂo “E +cr F C?C-e Blf)eqr 'H”OJ/)S‘FE’J‘ ‘_

near swoporfs

MCcCORMICK PROJECT CNR Overpgas W.0.No. ZI08.300

RANKIN DESIGNED KWS DATE Aug. 24 /09
CORPORATION  CHECKED DATE PAGE OF




28 49,6 (77’-a")
(77-0")
47353, 4 RY 2i33.& %
12pf.2

2 B :7‘.44f<r\i/m . 47.”..kN/m

Ll‘ -% P (711)8 . 76,2 . . ;‘é ég 9
j J??:b 3 [ 223,85
7

) ] L 24384 L, 213B.6  ZH3BH
] T T 1] ﬂ... i A

-
— —_—

a4

9753.4 (32'-0M e (F-0r)

8.22kQ/§

l T Ui,w—.———ai-

LeFt curbi W = 4@ TH65)/1x10°= 8,22 KN/
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End Span

i2 %4

G, %

A

2 o174

]
-
330,24 |l

— e 49, 2.

Girdler Long, Qébor:

10 L {ynm)
1 2496,
2 12496, ]

Oove;g
50
50¢% (or 937

203
:J@Q

Spacing  Area
’28&: 566
286 568

Girder Shrmps

1D Ffom (mm) To (mm) Spocm (Vnm)

_9@“®@$®m
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L 99%.6

_ IQle-F_;
2U23F.H
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End 'S"paﬂ - Preghressed Girdﬁfis_

2022 o

2-4.528mm nom.dia. .. . ...
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(&) :

(445"
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18- 12.Tmm nom. dig.

L 38lmm |
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178
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Mairm Span

e 2290 (356" (350"

A

' 8240

¢ L

I sios - asins - | | vt h
If-i-‘? 2 h S L ‘25‘ ]l—]'q 2
(574" || (28-8x") ga | (577
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N

{8~

Girder Long. Rebor‘-

LD L (o)
1 17 780
2 | 7780

CGlmm) Cover
60,3 51
162.0 5 (or 15370

AIK‘CO (émmz)
568
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Spacing{mm)
286
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Girder 8firrups:
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3 e

32512
56896
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120904
45288 :
JGIQC?O L

;@Q&ULNN?

To Gom)
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3 568%@
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_17780 Q.

te51.0
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8690.0
12090, 4
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16129,0

Sp@cmg (o)
1270

2286
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‘"2286_;m
JQ'? O, SR

20199 m)= 398
QCIQQmm)
Q(PQQMr}f) 53
2029mm) = 253
S =258

=258

=253

ﬂjﬂfsﬂessed Shﬂ@yﬁ &mﬂes”WWMAm'f‘i‘

-Ffom b 'ﬁf-’m L,

Spcm # # Sframds

vlec{'ed CObJL,C‘
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_10LG
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o il B, o {
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ed .
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Main Span ~ Preastrezsed Gir ders

2-6500(A= 129mm? Fo=159mmD -

)

$~Ge0O (A= 28%mm*, &,=1mm)

(447
WILN- N i & 4

G 400 (A=i29mm?, @u= 12, Tmm)

1 26 .¥2" Nominal Dig (014887 . . ..
b N Twire sirands.
N (0 deflected, ].LQ....;si‘r.Q..ight__._

HE2.¢

1
|
!
|
|
[
|
|
!
l
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I
I
|
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~6 501
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- Main 'Sp_an_—‘preé%es.'séa Qir dcr“s -

2 ¢4 (A=129mm?, Guz 2T m)

7"y

4 GG OO0 (A=28mm? @e=19mm)

L3, TS

()

‘482.;6 i

o wELﬁ?&Q.—I -Cover;, Typn

\.i/
) R

"t 0.8 .so.v
* * *I )

1985
S

50,5 30.% 518, S
s

B

!
k]

TR e 254
+ + 254

"' -+ +JL 2504

177.3

+

-+
s

L

27T M bl 279 'T ~28Mmm Cover, Ty L

BB
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Workm? Force Per Girder After All lLosses
ar o gpan = 2251.779 kN
W) for end spans = 164 3. 422 kN

L]

Concrete o o A Aggrego'fc Size U"iax)

Prectressed Beams 5000 pgi= 3451Pa % =19.05mm

Deck (=7 = I77.8mm) #000 psi= 27.6 MPa 19.05mm
Rermoinder 8000 psi= 20.7MPa 19.05mm
Bearm s @ strand release HO0O0 psi= 276 MPa :

Clear Cover

Deck Slab .. = 17 =
Diophra.gms.... 27 =

WTOnLol loss in sere.ss in pl’“lecn@lomr‘)g erc:cl
-1 for main spon = 35000 psi.
.ii) for end spons = 28000 psr

Girders are AA.SH.TO. Type HI

Rebar: f = 275 MPa. assumed ise 06, Cl.. 147 +L+ Tabtc I, a}

COE’W%CM“CTVL/ ioo)@ C B2

;Gﬁmm pO L 431 %o ‘. Ch N Eﬂw |
?Rw/) C;J S \,owp\e“‘f& e

&

Cl')ok e Decdive
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Effective Flonge Width 18¢-0¢, Cl. 5.2.2.11
L=12192mm & b=(2438%mm - 406 Hmm ) 2= 1016 o
. D= @10 H i - 203.2mm= LU T 2mm

1) End Spans:

b>15
12192 _1n s  0e=0.9920=1007.872 rm
IOle :

2 mm  for Interior girders

" elfeckve width = 242 |
d 7 = 182 |1 mm tor exterior girolcrez.
& b=i0Gmm _,

L b= 40T 2mm

2) Main 8pan: L=17831mm

L. g8zl _ g be= 101Gmm, .
b 1Ol L
" effective width = 24 38..4mrb or interior girders
7= 1829.6mm | for exterior girders. .

7
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END SPANS

Composie In Girder Properties " interior Effechve Slab Width = 2922.0mm
Imterior Trib. Slob Width= 2428.4wm

Slab +hickness = 177 Smm Exterior O 7 = 18296 mm
F'mab) (qonofovf'%%o\fﬂwf lazoc)T=o4g50mPa . . Exterior Effecfive ¥ 7 = 162/ Ommo

P 202,72 J( 2022 4

D Modulor _E’odﬁo.,’ﬂ? 0924
2) Comp.Slab Width= 1 Wem _
2238mm for effechive interior
242253 mm '’ dributany interior ..
)G90, 6ram ¥ Iriviary exterior

oY
78

1 ”"‘Ll:’-._lz

% IGS’Q.Gmm Y effective exterior
d = H53mm : e 3) Slab Arca (3n): .
- Tew= 0.05219) m*. R Y T I PG T 1G4 rom” for eFaC m%crnor” .
Clew= 0005085mt L FURRRESN HS R, R L1‘00583 Wonmd. 2 oo,
o Ae= GBGIOmZ . b 300.588. Tmm %t b,;s;xi'erior_..._
B YT SO L L zaﬁ.ﬂ..r.@@,,amm? B 2 S
T Eaar® 26893 MPOJ TR LI N ; ‘
A (6.5 345!“1?0 li') DfstHCe %o bo‘]" T
- TR DI M M M NRIPRT ’ldslub b= ]231 QMm e
.J’g._.__;_.__=__,__ ; B R Yan = 5f5mm.‘=. ‘
: o ' 890,%mm For eF-F' lmtcnor‘
g Ypn= :SAﬁQ,].mm ’ A, 7 .
n 8B40 Tmm ¥ 4rib exterior
b ——

_ 8333.‘?l_mm_ b eff 4

. (77.8_

5) I.xx,s!ab, e ¢ e e

L LL|i0M8. 272, XJO‘mrr; cff. irﬂ‘en’ar
Immb: 1056, 298 X 10%anm 'hnh

Lol Tanga2x | Ot o c.x#eno"‘
LT788, 125y 10 mm,eﬁ

N 2T W ﬁ‘,-: :g-;q,_q. :
€ e Y L 7

g0 T 1 -

52191 xLoé 11048 zmaofo + 361 000(515 ‘590, 61) 597 anc»mzsx 28908 =_150.519 X104 mm®. .. _

_{52191.110¢ 41055, gqemfofgfsa:ooo(ms -£909)° 4400583.4012319-8909)’ |50 §3C. xJO¢ .
L ls21 xloc +7q1 $72410¢ 43@1000(515 gqo Ci)z 300588,7(128)8- %909)’ 138943 1408
' @méc 3(125:q =390, m2~138 776 xlo“’mm i
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o) Interior Girder: | | |

- Asphalt weight = 23,5 kM/m> ( 8 x 3048 mm N 76, 2rom) =th 4 kN/m)
Curb=0 O B |

bIE xterior Girder o
AS}O%OH weight = 41 kN/m = 235 (2286 0.0762)

Curb= 8kN/m = |

Diophrogms

%%%QTN Lgcaﬁon
' 20mm - _

Prestreasing

For mainspan - 2251, 2kN = 87kN /cable
v end gpans= 1GHYB.SKN = B3 KN/ cable
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4)

3)
C)
D)

Rebhabilated Deck - De sign C/D

New Deck:

nd Scon
End Span

Main Span
Main Soan

Interior Girder
Exterior
Interior  »
Fxterior #

Wi
KN /m

Slab thickness 2= 225 mm

Asphalt thickness, 1.

A0 wm . 5.16

O (O Oy

tJe
kN /v

17

T

Lane s Loaded
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8,.9.5 Interface Shear ’I’fomswfaf“
8;@:5;1

ol v= B (cHpo) < mini0as5dtl, 6.5MPaY . where @.-075
8.9.5.2 1

Av=1 (nhormal ~density concrede)

=(0.25MPa ; wu= 060, (sur foce nat voughen ed)

A= 100 A, ¢ m+cwhor>o||yroq9h6necj
O0MPa ; =140 A, (monolithic COMCre+e)

NN
OO0
1t
~Q
(i
O
<
35
O

Aes Aa area. oaf concrede. res:s%mg shear

e A __N__ o Aransfer
@, , 6 Aev {y += A . _; /‘\w;"- area.. O'F s]ﬂcc.'r ’Pf“JC‘hOi") re:bar

I v = ghear resistance of shear friction
Sub @ into @ | ola |
N unfo&ored permomen% ]ood normol

V= g [ c +’“(/—\ To an interface area

V - 075 O 50 MP@I . _ALL_F + A R e
ey

- v-g75l0 SQP’]PG + Aﬂ(gvs MP@,) + _N_] S S
i ..,;‘70 b@%mm

 @%-010, o= 0223, 6mm /—\” 25‘8mm Aw 406. ’+mm*8 61:2 qoa o4mm
{’225 . Cf)n cxsmb = ]3 éSkN/m

%QOQO)ﬂupha!e,—SlS’YkN/m ( 5@,\/‘!‘; ;Oem SN +* N
- |8. szfsz/m N 0TS0 a ?(275)r & ﬁZﬁZK-

yo75(\ 2@37 MPo: + o @@5 MPR)
N Z&J(z/z DL [N I |
: '“.Z[A) (12 01’.“+m sz;ﬁ.,”?n)

& 10 kPa. | L :
thab Cosc
N 8‘2 O’le\l | T

(\

ve= G \

@,:?.‘=O lO Ene SDQﬂ .eol:
HJL@rﬂCJi" Qi(dﬁ(’ —— S
A nal y a} S*ACase 7!@‘85!:3 N
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V=075 [o 50 HPG + Lt (975 MPg) + -N—}

.‘.'.v- 1%2 kPa

"f"L"= oqci HPQ
"Z:

Deck Rehobilitafion Design (Main Spean) L= 17481.Gmm
Interior Girder
Analysis’ 7TI0O€ . bb1

JC""_-

CFB

Transfer

.
l’fﬁ‘i‘ T3

(”3

A 34 A.C\.l..

@ L= 010, 8= 2286 mm, Au = 25%mm?, Ace= 06, 4mm* 8= 9290 3,08 pom®
Gt)smh' 13 @5}([\/&0
.waspnaﬂ S. 157]<N/m
Tw=18.322 kN/m

N= Zw(z/z %>
= 18.B22kN fm (3740.8~ 748, ] c;>mm
N=128.1 kN |
V= 075{0301“1?0‘?' 258 (275mpo)+~zm]

92903,04 . .92903.04

Interface Sheor 8+ress i .
o= Y_Q_ Qs (QQDmm)(QHL384mm)(2“2“‘5‘m+ig4mm) Jé??xaomm

(284 kN ], Go7xlogmm3)
406, 2rom (0 ;7r335m*)
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o203, 2 f:Lﬁ 2022 o . ...
i : ; 1

“contact Surface of interface
" sheor dransfer o

..

5"
B I7TE

844

yg2.g

E——— e m e s mmm e — — ---—.:—-

»l

190.5

e 1‘377-28
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i

 AADT,

1

it

AADT,=

1} Barrier Exposure Index

“interpolation of 2005-2015. AADT forecast 85 height = 540,22
ARADTaoes + AAD | 2015 = AADTZOOB= (5yf5)

29620 + (44 430- quazo)ts)/ie
37025 forecacted for 2010

D) Perdormance Level

| __ Bdrrier clﬁardncé """'..{.:’58Qi‘mﬂ
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