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TB-4: East Abutment Foundation Design
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1.1 Dimensions

Total Length of Abutment= 5.900
¢/l bearings to abut. face = 0.830
Avg. Ballast Wall Thickness = 0.380
Ballast Wall Height = 0.900

Abut. Stem Thickness =  1.480
Abutment Stem Height=  5.250
Total Abut. Ht. = 7.150

Abut. Ht. Above footing=  6.150
Jacking location offset = 0.425
Footing Thickness = 1.000
Footing Length =  7.000

Footing Width = 4.600

"Toe Length" = 1.520
"Heel Length" = 1.600
height of soil on ontoe = 0.000

Wing Wall Thickness = 0.200
Inside to Inside of Wing Wall = 4.110

u/s brgs.tou/s ftg. = 6.250

1.2 Geometry

*Area or section taken along red line above.
Area* = 1.3E+07 mmA”2

Centroid'y'= 2576.9 mm

Centroid 'xX'= 2310.73 mm

Total

Volume= 83.5214 m"3
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1. Abutment Geometry

All Sketch Dimensions in: mm
Unless mentioned
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2. Loads on Bearings

2.1 Structural Self weight

Span s= 40 m

a 4814 ! !
b 254 ! !
c 222 p| '
d 50 4 4+ : o
| |
e 102 -
b
f 51 | a
g 150 CONCRETE DECK TRANSVERSAL BEAM
slope 2 %
Concrete area = 914182 mm? Concrete unit weight = 24 kN/m®
Asphalt area = 200000 mm? Asphalt unit weight = 24 kN/m®
Concrete weight = 877.6 kN
Asphalt weight = 188 kN
Steel Weight = 27115 kg = 266 kN
2.2 Live Load
Uniform. Distributed = 5.0-s/30 = 3.7 kN/m?
Total UDL Load = 586.7 kN
Maintenance vehicle = 80 kN
Vehicle with DLA = 96 kN
2.3 Temperature Load
*Assume temperature loading is 9 % of Vertical Load
Horizontal Load/Abut = 63 kN
2.4 Wind Cl. 3.10
return period for determining of wind pressure is considered as 50 years
as the maximum span length is less than 125 m Cl. 3.10.1.2(b)
hourly mean reference wind pressure: q = 470 Pa Table A3.1.1
location: Windsor
gust effect coefficient: C4 = 2.5 Cl. 3.10.1.3

height above ground: H = 97 m Cl. 3.10.14
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wind exposure coefficient: C, = (0.1H)*?<1.0 => C, 1.0 Cl.3.10.1.4
superstructure:
horizontal wind drag coefficient: C, = 20 Cl. 3.10.2.2
horizontal drag load: F, = qC,CyC= 2350 Pa = 2.35 kN/m? Cl. 3.10.2.2
Exposed area of superstructure to wind:

Drawings scale 1: 141

Truss Length Width | Amount Area

Plan Real

[mm] | [mm] | [mm] [-] [m?]
Top chord 251 35391 254 1 9.0
Bottom chord 290 40890 254 1 10.4
Verticals 24 3384 152 15 7.7
Diagonals - internal 29 4089 152 14 8.7
Diagonals - end 29 4089 152 2 1.2
Diag./vert. - reduction due slab -350 152 31 -1.6
Rail top 290 40890 51 1 2.1
Rail - bars 290 40890 51 1 2.1
Rail middle 1100 25 320 8.8
Sum 48.4
Concrete slab 290 40890 332 1 13.6
Xh = 1.0 m Cl. C3.10.2.2
Exposed frontalarea A, = 48.4 m?
Gross area in elevaton A = 160.0 m®
AJA = 0.3

Shielding factor Ky = 048 Table C3.6
lateral load on windward side: Fni = 114 kN
lateral load on leeward side: Fro = 55 kN
lateral load on bridge deck Fra = 32 kN
lateral load on superstructure: F, = 200 kN
vertical wind coefficient: C, = 10 Cl. 3.10.2.3
vertical load: F, = qC.CyC,= 1175 Pa = 1.18 KN/m? Cl. 3.10.2.3
exposed width of the superstructure: = 5.10 m
vertical line load per unit length: F, = 5.99 kN/m
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2.5 Factored Bearing Load
S6-06 Load Factors
D1 D2 D3 E L K W D1--steel
ULS 1 1.1 1.2 1.5 1125 1.7 0 0 D2--Cast in place

ULS 2 1.1 12 | 1.5 | 125] 16 | 1.15 0 D3--Asphalt
ULS 3 1.1 1.2 | 1.5 1 125] 14 1 0.5
ULS 4 1.1 1.2 | 1.5 1125 0 1.25 | 1.65
ULS9 | 135]135]135]| 1.25 0 0 0
SLS 1 1 1 1 1 09 | 0.8 0

Vertical forces Longit. Lateral
Concrete| Asphalt | Steel| LL | Wind | Total | Tot.per Abut.| per Abut. | per Abut.
ULS 1 1053 282 293 | 1161 0 [2788 1394 0 0
ULS 2 1053 282 293 | 10921 0 | 2720 1360 72 0
ULS 3 1053 282 293 | 956 | 120 | 2703 1352 63 50
ULS 4 1053 282 293 0 396 | 2023 1012 78 165
ULS 9 1185 254 359 0 0 [1798 899 0 0
SLS 1 878 188 266 | 614 0 [1946 973 50 0
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3. Loads on Abutment
3.1 Geometry behind stem c
Asphalt thickness = 80 mm
. < Direction
Approach slab thickness = 250 mm of Wcauo
Soil fill thickness = 0 mm Movement

e

Depth of soil @ toe = 1200 mm V4
P
H e
S SOIL: ¢ y'
Angles o = 90° = 1571rad 3| %
p = -5° = -0.09 rad :?)14 : note: i = 80° - &
i = 0° = 0 rad A
3.2 Material Properties
Concrete unit weight = 24.0 kN/m®
Asphalt unit weight = 235 kN/m®
Soil fill Unit weight = 21 kN/m?®
¢ of soil = 33° = 0.576 rad
angle of wall friction 5 = 16.5° = 0.288 rad
i 2 '
Ka= cos (5+) sin” (o+¢)) = 0.243

i ' i ' 2
sin? o sin? (a-9) ( 1+ \/ sin (8+¢') sin (¢"B) )

sin (a-8) sin (a+p)

3.3 Surcharge loads

LL surcharge taken as 0 m Al cl.6.9.5
gL = 0.0 kN/m? QL 0.0 kN/m
DL surcharge
asphalt (qa) 0.458 kN/m? Qa  3.157 kN/m
slab (gsl) 1.46 kN/m? Qsl 10.07 kN/m
soil (gso) 0 kN/m? Qso 0 kN/m
3.4 Lateral Earth Pressure gL+ga+gsl+gso
gcom
Lateral Earth Pressure ge = 35.26 kN/m’ L
Qe= 121.7 kN/m
| 1.7 m
6.9 m
Compaction Qoom = 12 kN/m? from 0 -1.7m
(cl. 6.9.3) Qcom= 10 kN/m \
Voo e
I M
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3.5 Earth Pressure Vertical Loads

Surcharge loads

vL 0.00 kN/m”*2 VL 0 kN/m ‘
va 1.88 kN/m*2 Va 3.008 kN/m
vsl 6 kN/m*2 Vsl 9.6 kN/m
VSO 0 KkN/m”2 Vso 0 kN/m VL+va+vsl+vso
Vfd Ve
ve 129.2 kN/m”*2 Ve 206.64 kN/m 4}{{
Surcharge on toe
vfd 25.2 kN/m”2  Vfd 38.304 kN/m | |
3.6 S6-06 Load Factors D1--steel
D2--Cast in place
Max Load Factors Min Load Factors D3--Asphalt
ULS 1{ULS 2{ULS 3|ULS 4|ULS 9|SLS 1 ULS 1{ULS 2{ULS 3|ULS 4|ULS 9|SLS 1
D1 1.1 1.1 1.1 1.1 | 1.35 1 D1 0.95| 0.95 ]| 0.95 | 0.95 | 1.35 1

D2l 1.2 | 12 [ 1.2 [ 1.2 [ 1.35
D3| 1.5 | 1.5 [ 1.5 [ 15 [ 135
E| 125125125125 1.25

D2l 09 | 09 [ 09 [ 09 [ 135 1
D3| 0.65 [ 0.65 | 0.65 | 0.65 | 1.35 1
E| 0.8 ] 08 ] 08 | 08 [ 0.8 1

SR IS N

L 1.7 1.6 1.4 0 0 0.9 L 1.7 1.6 1.4 0 0 0.9
K| O 1.15 1 1.25 0 0.8 K| O 1.15 1 1.25 0 0.8

CL of Bearing
*Section below assumes no loads applied to wingwalls. Both Min and Max ‘

factors above are used to produce maxium negative and maximum positive
bending moments.

PRtTRN

*Bending moments are taken about the bearing center at the underside of
footing, Mo

| |
™

Moment about
this point

o
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3.7 Construction Loads
3.7.1 Construction Unfactored Loads

*This section is used to determine the natural sense of the each load components. i.e. if the
unfactored component contibutes to overturning or not.

a o Tue] [ T Twe
LL Surcharge (QL)=| O 3.45 0 0 1.45 0
Asphalt Surcharge (Qa)=| 0 3.45 0 0 1.45 0
Slab Surcharge (Qsl)=| 0O 3.45 0 0 1.45 0
Soil Surcharge (Qso)=| 0 3.45 0 0 1.45 0
Lateral Earth Pre. (Qe)=| 500 | 2.30 | 1150 849 | 1.45 [-1231
Compaction (Qcom)=| 42 | 6.33 | 266 0 0.00 0
Toe Soil Pressure (Vid)=| 0 0.00 0 268 | 1.59 | 426
Toe Pressure Sides (Vfd2)=| 0 0.00 0 193 | 0.71 | 137
Foundation Self Weight=[ 0 0.00 0 2005 ( -0.06 | 122

3.7.2 Construction Maximum Factored Horizontal Loads

*Using Factors for *Using Factors for

Horizontal Loads in kN Horizontal Vertical Max (+) Moment  Max (-) Moment
SLS 1 SLS 1 SLS 1 SLS 1
LL Surcharge (QL) = 0 0 0 0
Asphalt Surcharge (Qa) = 0 0 0 0
Slab Surcharge (Qsl) = 0 0 0 0
Soil Surcharge (Qso)= 0 0 0 0
Lateral Earth Pre. (Qe)= 500 849 -81 -81
Compaction (Qcom)= 42 0 266 0
Toe Soil Pressure (Vfd)= 0 268 426 426
Toe Pressure Sides (Vfd2)= 0 193 -137 -137
Bearing Horizontal Load = 0 0 0 0
Foundation Self Weight= 0 2005 122 122
Total= 542 3315 595 329
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3.8 Service Loads
3.8.1 Unfactored Loads

*This section is used to determine the natural sense of the each load components. i.e. if the
unfactored component contibutes to overturning or not.

a o Tue] [ T Twe

LL Surcharge (QL)=| O 3.45 0 0 1.45 0
Asphalt Surcharge (Qa)=| 13 | 3.45 | 45 12 [ 1.451]-17.9
Slab Surcharge (Qsl) =| 41 3.45 | 143 39 | 1.45|-57.2

Soil Surcharge (Qso)=| 0 3.45 0 0 1.45 0
Earth Pressure (Qe)=| 500 | 2.30 | 1150 849 | 1.45 [-1231

Compaction (Qcom)=[ 0 0.00 0 0 0.00 0
Toe Soil Pressure (Vid)=| 0 0.00 0 268 | 1.59 [426.3
Toe Pressure Sides (Vfd2)=[ 0 0.00 0 193 | 0.71 | 137
Foundation Self Weight=[ 0 0.00 0 2005 -0.06|121.7

3.8.2 Maximum Factored Horizontal Loads

Horizontal Loads in kN CL of Bearing
ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
LL Surcharge (QL)=| O 0 0 0 0 0 |
Asphalt Surcharge (Qa) =[ 19 19 19 19 18 13
Slab Surcharge (Qsl) =| 50 50 50 50 56 41 Mo (+) ] |
Soil Surcharge (Qso)=| 0 0 0 0 0 0 \
Earth Pressure (Qe)=| 625 | 625 | 625 | 625 | 625 [ 500
Compaction (Qcom)=[ 0 0 0 0 0 0
Toe Soil Pressure (Vfd)=| 0O 0 0 0 0 0 |_€
Toe Pressure Sides (Vfd2)=| 0 0 0 0 0 0 <
Bearing Horizontal Load =| 0 72 63 78 0 50 Mot’:i‘:ngoai‘:?“t
Foundation Self Weight=[ 0 0 0 0 0 0

Total= 694 766 757 772 698 604
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3.8.3 Maximum Factored Vertical Loads

Vertical Loads in kN

ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
LL Surcharge (QL)=| O 0 0 0 0 0
Asphalt Surcharge (Qa)=[ 19 19 19 19 17 12
Slab Surcharge (Qsl) =| 47 47 47 47 53 39

Soil Surcharge (Qso)=| 0 0 0 0 0 0
Earth Pressure (Qe)=| 1062 | 1062 | 1062 | 1062 | 1062 | 849
Compaction (Qcom)=[ 0 0 0 0 0 0

Toe Soil Pressure (Vfd)=| 335 | 335 | 335 | 335 | 335 | 268
Toe Pressure Sides (Vfd2)=| 242 | 242 | 242 | 242 | 242 | 193
Bearing Vertical Load =[ 1394 [ 1360 | 1352 [ 1012 | 899 | 973
Foundation Self Weight=| 2405 | 2405 | 2405 | 2405 | 2706 | 2005
Total= 5504 5470 5461 5121 5313 4340

3.8.4 Maximum Factored Moment

Moment in kN.m

*Using Factors for Max (+) Moment
ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
LL Surcharge (QL)=| O 0 0 0 0 0
Asphalt Surcharge (Qa) =| 40 40 40 40 36 27
Slab Surcharge (Qsl)=[ 103 | 103 | 103 | 103 | 116 86

Soil Surcharge (Qso)=| 0 0 0 0 0 0
Earth Pressure. (Qe)=| -65 | -65 | -65 | -65 | -65 | -81
Compaction (Qcom)=[ 0 0 0 0 0 0

Toe Soil Pressure (Vid)=| 533 | 533 | 533 [ 533 | 533 | 426
Toe Pressure Sides (Vfd2)=[ -110 | -110 | -110 | -110 | -110 | -137

Bearing Horizontal Load =| 0 450 | 391 | 489 0 313
Bearing Vertical Load = 382 Jacking
Foundation Self Weight=| 146 | 146 | 146 | 146 | 164 | 122

Total 647 1097 1038 1136 1056 755
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*Using Factors for Max (-) Moment
ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
LL Surcharge (QL)=] O 0 0 0 0 0
Asphalt Surcharge (Qa) =} 17 17 17 17 36 27
Slab Surcharge (Qsl) =] 77 77 77 77 116 86
Soil Surcharge (Qso)=] 0 0 0 0 0 0
Earth Pressure. (Qe)=] -102 | -102 | -102 | -102 | -102 | -81
Compaction (Qcom)=] O 0 0 0 1 0
Toe Soil Pressure (Vfd)=] 341 | 341 | 341 | 341 | 341 | 426
Toe Pressure Sides (Vfd2)=| -172 | -172 | -172 | -172 | -172 | -137
Bearing Horizontal Load =] 0 -450 | -391 | -489 0 -313
Bearing Vertical Load = 382 Jacking
Foundation Self Weight=] 110 | 110 | 110 | 110 | 164 | 122
Total 272 -178 -119 -217 766.9 129
3.9 Reactions in Footing Bottom
ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
Longitudinal Forces 694 | 766 | 757 | 772 | 698 | 604 |kN
Vertical Forces 5504 | 5470 | 5461 | 5121 | 5313 | 4340 |kN
Longitudinal Bending max| 647 | 1097 [ 1038 | 1136 | 1056 | 755 [kN.m
Moments min| 272 | -178 | -119 | -217 | 767 | 129 |[kN.m
Lateral Forces 0 0 50 165 0 0 |kN
Lateral Bending Moments 0 0 313 | 1032 0 0 |kN.m
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4. Spread Footing
Spread footing geometry and reactions
\Y
Length L= 7.00m
Width B= 460m
Y
0
B
Uniform load distribution
\Y,
e
q
Bl
ULS1|ULS2|ULS3|ULS4|ULS9]|SLS 1
Vertical force V =] 5504 5470 5461| 5121| 5313| 4340(kN
Bending moment Mo =|12287|11757|11796[10899(11430( 9444 |kNm
Bending moment-trans. Mr = 0 0 50| 165 0 O[kNm
Excentricity e.=| 0.00] 0.00{ 0.01f 0.03] 0.00] 0.00|m
Excentricity eg=| 2.23] 2.15| 2.16( 2.13| 2.15] 2.18|m
Effective length L'=L-2e =| 7.00[{ 7.00] 6.98| 6.94| 7.00] 7.00|m
Effective width B'=| 4.46| 4.30] 4.32 4.26] 4.30] 4.35|m
Stress in footing bottom g=Vv/(B'L)=| 17v6| 182 181| 173 176| 142 kN/m?
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Linear load distribution @ ULS2

Bending moment at CL
McL =V (B/2-¢e)= 823.2 kNm

Stress in footing bottom
q:=(VB+6Mg)/(B°L)= 203 kPa
g, =(VB- 6Mc)/(B°L)= 137 kPa

Windsor - Essex - Parkway

285380-03-103-0162
Rev.1
1012
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Date
J
MCL
P
g4

Note: This is just approximate calculation. The foundation design is carried by AMEC based on foundation

loads supplied by HMM.



285380-03-103-0162

Rev.1
' HatCh Mott Project Name Windsor - Essex - Parkway 1013
Project # 285 380 Page of
ressl MacDonald
Subject TB-4 East Abutment Sheet #
Calculated by BMa Date 06/2014
Checked by Date
5. Internal forces
Max Load Factors ULS 1|ULS 2|ULS 3|ULS 4{ULS 9|SLS 1

[El125[125[125]125] 125] 1

5.1 Footing

Length of cantilever L= 152m

ULS 1{ULS 2{ULS 3|ULS 4JULS 9|SLS 1
Uniform load distribution in footing bottom q=| 176 182 181 173] 176] 142|kPa

Bending moment (factored) M=1/2qL%=| 203 210| 209 200 204| 165|kNm/m
Shear force (factored) V=qL=| 268| 276 275| 264 268| 217[(kN/m
5.2 Stem

Lateral earth pressure de = 36.1 kPa

Surcharge gs = 1.9 kPa

Height of stem . L= 6.15m

Bending moment M=1/6q,L*+1/2q,L*= 264 kKNm/m

Shear force V=12qg,L+qgsL= 123 KN/m

Height under bearings L= 525m

Factored internal forces

ULS 1[ULS 2|ULS 3|ULS 4|ULS 9|SLS 1

Bending Moment 330 | 394 | 386 | 400 | 330 | 309 |kN.m/m
Shear Force 154 | 166 | 164 | 167 | 154 | 131 [kN/m

5.3 Ballast wall

Lateral earth pressure Qe = 5.3 kPa

Surcharge Qs = 1.9 kPa

Height of stem ' L= 0.90m

Bending moment M=1/6q,L°+1/2q, L* = 1 kKNm/m

Shear force V=12qgL+qgsL= 4 kN/m

Factored internal forces

ULS 1|ULS 2|ULS 3|ULS 4|SLS 1
Bending Moment 2 2 2 2 1 kN.m/m
Shear Force 5 5 5 5 4 kN/m
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6.1 Cross section check - Bending Footing
Mat'l Strength - Concrete = 35 MPa B4 =0.97 - 0.0025 f;' > 0.67
- Steel = 400 MPa .. pB1=0.88
Material Factors - Concrete= 0.75 o4 =0.85-0.0015 f¢' > 0.67
- Steel = 0.9 ..o =0.80

E.=(3000(f¢)"*+6900) (gc / 2300)'°= 27932 MPa
E,= 200000 MPa

Width of the member: 1000 mm
Depth of the member: 1000 mm
Cover to rebar: 120 mm
SLS 7 ULS 1 ULS 2 ULS 3 ULS 4

6. Factored design moment [KNm]: Oi 203 210 209 200
DESIGN REINFORCING:
FOR ULS, THE REQ'D REINF. RATIO = 0.00075 1 0.00078 i 0.00077 i 0.00074
... REQ'D AREA OF REINF. [mm?] = 654 675 672 644

d= 870 mm
INPUT STEEL AREA PROVIDED: 20M x 5 pcs = 1571 mm*

O.K. for strength requirements

CHECK IF SECTION 1S CRACKED UNDER SLS

for = 0.4(fc')*° = 2.37 MPa
Mcr = fer[bh?/6]= 394 kNm
M SLS = 0 kNm < Mcr

.. Section is Uncracked
Note: If section is cracked, check crack control in the following (next page).
If section is uncracked, crack control is not needed.

CHECK MIN. STEEL: where, Mr> 1.2 Mcr ..... OR.... Mr > 1.333 Mf
a-= (I)S AS fy/[oc1 ¢C fC‘ b] = 27 mm
2o Mr = ¢s Ag fy [d-a/2] = 484 KNm
1.20 Mcr = 473 KNm < Mr O.K. FOR MIN. STEEL

CHECK MAX. STEEL: c/d<0.5 (ensures reinforcement yields)

c=alb; = 30.61 mm

then, c/d = 0.04 < 0.5 0.K. FOR MAX. STEEL

Cl. 8.8.3 (f)

Cl. 8.8.3 (f)

Cl.8.41.7

Cl. 8.8.4.3

Cl.8.4.1.8

Cl.8.8.4.5

Rev.1
1014
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6.2 Cross section check - Shear Footing
Factored shear force at ULS  Vf = 276 kN
bv = 1000 mm Cl.8.9.1.6
= 1000 mm
= 870 mm
dv =max(0.72h,0.9d)= 783 mm Cl.8.9.1.5

Simplified method for shear

B= 0.180 Cl. 8.9.3.6
= 42
Ve =2.5"B (¢c) for by dv = 625.4 > Vi = 276.3 kN Cl.8.9.3.4
BY 126 %

O.K., NO SHEAR BARS ARE NEEDED
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Mat'l Strength - Concrete = 35 MPa B4 =0.97 - 0.0025 f;' > 0.67
- Steel = 400 MPa .. pB1=0.88

Material Factors - Concrete= 0.75 o4 =0.85-0.0015 f¢' > 0.67
- Steel = 0.9 ..o =0.80

E.=(3000(f¢)"*+6900) (gc / 2300)'°= 27932 MPa
E,= 200000 MPa

Width of the member: 1000 mm
Depth of the member: 1200 mm
Cover to rebar: 70 mm

SLS  ULS1 ULS 2 ULS 3 ULS 4
6. Factored design moment [KNm]: 3095 330 394 386 400
DESIGN REINFORCING:

FOR ULS, THE REQ'D REINF. RATIO = 0.00074 | 0.00088 | 0.00086 | 0.0009
.. REQ'D AREA OF REINF. [mm?] = 826 087 966 1001

d= 1117.5 mm

INPUT STEEL AREA PROVIDED: 25M x 5 pcs = 2454 mm*

O.K. for strength requirements

CHECK IF SECTION 1S CRACKED UNDER SLS

for = 0.4(fc')*° = 2.37 MPa
Mcr=fcr[bh?/6]= 568 kNm
M SLS = 309 kNm < Mcr

... Section is Uncracked
Note: If section is cracked, check crack control in the following (next page).
If section is uncracked, crack control is not needed.

CHECK MIN. STEEL: where, Mr > 1.2 Mcr ..... OR ..... Mr > 1.333 Mf
a= (I)S AS fy/[oc1 ¢C fC‘ b] = 42 mm
2o Mr = ¢s Ag fy [d-a/2] = 969 kNm
1.20 Mcr = 682 kNm < Mr O.K. FOR MIN. STEEL

CHECK MAX. STEEL: c/d<0.5 (ensures reinforcement yields)

c=alb, = 47.83 mm

then, c/d = 0.04 < 0.5 0.K. FOR MAX. STEEL

6.3 Cross section check - Bending Stem

Cl. 8.8.3 (f)

Cl. 8.8.3 (f)

Cl.8.41.7

Cl. 8.8.4.3

Cl.8.4.1.8

Cl.8.8.4.5

Rev.1
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Factored shear force at ULS Vf= 167 kN
bv = 1000 mm
= 1200 mm
= 1118 mm
dv =max(0.72h,0.9d)= 1006 mm

Simplified method for shear

B= 0180
= 42
VC :2.5*[3 (¢C) fCR bV dV = 803.3 >
BY 381

O.K., NO SHEAR BARS ARE NEEDED

Vi = 166.9 kN

6.4 Cross section check - Shear Stem

Cl.8.9.1.6

Cl. 8.9.1.5

Cl. 8.9.3.6

Cl.8.9.3.4

Rev.1
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Mat'l Strength - Concrete = 35 MPa B4 =0.97 - 0.0025 f;' > 0.67
- Steel = 400 MPa .. pB1=0.88

Material Factors - Concrete= 0.75 o4 =0.85-0.0015 f¢' > 0.67
- Steel = 0.9 ..o =0.80

E.=(3000(f¢)"*+6900) (gc / 2300)'°= 27932 MPa
E,= 200000 MPa

Width of the member: 1000 mm
Depth of the member: 380 mm
Cover to rebar: 70 mm
SLS  ULS1 ULS 2 ULS 3 ULS 4

6. Factored design moment [kNm]: 1 2 2 2 2
DESIGN REINFORCING:
FOR ULS, THE REQ'D REINF. RATIO = 5.7E-05% 5.7E-05:i 5.7E-05! 5.7E-05
... REQ'D AREA OF REINF. [mm?] = 17 17 17 17

d= 302.5 mm
INPUT STEEL AREA PROVIDED: 15M x 5 pcs = 884 mm*

O.K. for strength requirements

CHECK IF SECTION 1S CRACKED UNDER SLS

for = 0.4(fc')*° = 2.37 MPa
Mcr=fcr[bh?/6]= 57 kNm
M SLS = 1 kNm < Mcr

... Section is Uncracked
Note: If section is cracked, check crack control in the following (next page).
If section is uncracked, crack control is not needed.

CHECK MIN. STEEL: where, Mr> 1.2 Mcr ..... OR.... Mr > 1.333 Mf
a-= ¢SAS fy/[oc1 (I)Cfcl b]= 15 mm
2o Mr = ¢s Ag fy [d-a/2] = 94 KNm
1.20 Mcr = 68 kNm < Mr O.K. FOR MIN. STEEL

CHECK MAX. STEEL: c/d<0.5 (ensures reinforcement yields)

c=alb; = 17.22 mm

then, c/d = 0.06 < 0.5 0.K. FOR MAX. STEEL

6.5 Cross section check - Bending Ballast wall

Cl. 8.8.3 (f)

Cl. 8.8.3 (f)

Cl.8.41.7

Cl. 8.8.4.3

Cl.8.4.1.8

Cl.8.8.4.5
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Factored shear force at ULS Vf= 5 kN
bv = 1000 mm
h= 380 mm
d= 303 mm
dv =max(0.72h,0.9d)= 274 mm

Simplified method for shear

0O.K., NO SHEAR BARS ARE NEEDED

B=  0.180
= 42
Ve =2.5"B (¢c) fer by dv = 218.5 > Vs

BY 4157 %

= 5.1 kN

6.6 Cross section check - Shear EEUESAVE

Cl.8.9.1.6

Cl. 8.9.1.5

Cl. 8.9.3.6

Cl.8.9.3.4

Rev.1
1019



o

Hatch Mott
MacDonald

Project Name
Project #
Subject
Calculated by
Checked by

285380-03-103-0162

Rev.1
. 1020
Windsor - Essex - Parkway
285 380 Page of
TB-4 East Abutment Sheet #
BMa Date 06/2014

Date

7. Layout and reinforcement

Suggested layout and reinforcement

Thickness Rebar Rebar
of section Diameter Spacing
[mm ] [mm ] [mm ]
Ballast wall 380 15M 200
Stem 1200 25M 200
Footing 1000 20M 200

No shear reinforcement needed.
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1.1 Dimensions

Total Length of Abutment= 5.900
¢/l bearings to abut. face = 0.830
Avg. Ballast Wall Thickness = 0.380
Ballast Wall Height = 0.900

Abut. Stem Thickness =  1.480
Abutment Stem Height=  5.250
Total Abut. Ht. = 7.150

Abut. Ht. Above footing=  6.150
Jacking location offset = 0.425
Footing Thickness = 1.000
Footing Length =  7.000

Footing Width = 4.600

"Toe Length" = 1.520
"Heel Length" = 1.600
height of soil on ontoe = 0.000

Wing Wall Thickness = 0.200
Inside to Inside of Wing Wall = 4.110

u/s brgs.tou/s ftg. = 6.250

1.2 Geometry

*Area or section taken along red line above.
Area* = 1.3E+07 mmA”2

Centroid'y'= 2576.9 mm

Centroid 'xX'= 2310.73 mm

Total

Volume= 83.5214 m"3

333333333333

3 3
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1. Abutment Geometry

All Sketch Dimensions in: mm
Unless mentioned
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2. Loads on Bearings

2.1 Structural Self weight

Span s= 40 m

a 4814 ! !
b 254 ! !
c 222 p| '
d 50 4 4+ : o
| |
e 102 -
b
f 51 | a
g 150 CONCRETE DECK TRANSVERSAL BEAM
slope 2 %
Concrete area = 914182 mm? Concrete unit weight = 24 kN/m®
Asphalt area = 200000 mm? Asphalt unit weight = 24 kN/m®
Concrete weight = 877.6 kN
Asphalt weight = 188 kN
Steel Weight = 27115 kg = 266 kN
2.2 Live Load
Uniform. Distributed = 5.0-s/30 = 3.7 kN/m?
Total UDL Load = 586.7 kN
Maintenance vehicle = 80 kN
Vehicle with DLA = 96 kN
2.3 Temperature Load
*Assume temperature loading is 9 % of Vertical Load
Horizontal Load/Abut = 63 kN
2.4 Wind Cl. 3.10
return period for determining of wind pressure is considered as 50 years
as the maximum span length is less than 125 m Cl. 3.10.1.2(b)
hourly mean reference wind pressure: q = 470 Pa Table A3.1.1
location: Windsor
gust effect coefficient: C4 = 2.5 Cl. 3.10.1.3

height above ground: H = 97 m Cl. 3.10.14
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wind exposure coefficient: C, = (0.1H)*?<1.0 => C, 1.0 Cl.3.10.1.4
superstructure:
horizontal wind drag coefficient: C, = 20 Cl. 3.10.2.2
horizontal drag load: F, = qC,CyC= 2350 Pa = 2.35 kN/m? Cl. 3.10.2.2
Exposed area of superstructure to wind:

Drawings scale 1: 141

Truss Length Width | Amount Area

Plan Real

[mm] | [mm] | [mm] [-] [m?]
Top chord 251 35391 254 1 9.0
Bottom chord 290 40890 254 1 10.4
Verticals 24 3384 152 15 7.7
Diagonals - internal 29 4089 152 14 8.7
Diagonals - end 29 4089 152 2 1.2
Diag./vert. - reduction due slab -350 152 31 -1.6
Rail top 290 40890 51 1 2.1
Rail - bars 290 40890 51 1 2.1
Rail middle 1100 25 320 8.8
Sum 48.4
Concrete slab 290 40890 332 1 13.6
Xh = 1.0 m Cl. C3.10.2.2
Exposed frontalarea A, = 48.4 m?
Gross area in elevaton A = 160.0 m®
AJA = 0.3

Shielding factor Ky = 048 Table C3.6
lateral load on windward side: Fni = 114 kN
lateral load on leeward side: Fro = 55 kN
lateral load on bridge deck Fra = 32 kN
lateral load on superstructure: F, = 200 kN
vertical wind coefficient: C, = 10 Cl. 3.10.2.3
vertical load: F, = qC.CyC,= 1175 Pa = 1.18 KN/m? Cl. 3.10.2.3
exposed width of the superstructure: = 5.10 m
vertical line load per unit length: F, = 5.99 kN/m
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2.5 Factored Bearing Load
S6-06 Load Factors
D1 D2 D3 E L K W D1--steel
ULS 1 1.1 1.2 1.5 1125 1.7 0 0 D2--Cast in place

ULS 2 1.1 12 | 1.5 | 125] 16 | 1.15 0 D3--Asphalt
ULS 3 1.1 1.2 | 1.5 1 125] 14 1 0.5
ULS 4 1.1 1.2 | 1.5 1125 0 1.25 | 1.65
ULS9 | 135]135]135]| 1.25 0 0 0
SLS 1 1 1 1 1 09 | 0.8 0

Vertical forces Longit. Lateral
Concrete| Asphalt | Steel| LL | Wind | Total | Tot.per Abut.| per Abut. | per Abut.
ULS 1 1053 282 293 | 1161 0 [2788 1394 0 0
ULS 2 1053 282 293 | 10921 0 | 2720 1360 72 0
ULS 3 1053 282 293 | 956 | 120 | 2703 1352 63 50
ULS 4 1053 282 293 0 396 | 2023 1012 78 165
ULS 9 1185 254 359 0 0 [1798 899 0 0
SLS 1 878 188 266 | 614 0 [1946 973 50 0
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3. Loads on Abutment
3.1 Geometry behind stem c
Asphalt thickness = 80 mm
. < Direction
Approach slab thickness = 250 mm of Wcauo
Soil fill thickness = 0 mm Movement

e

Depth of soil @ toe = 1200 mm V4
P
H e
S SOIL: ¢ y'
Angles o = 90° = 1571rad 3| %
p = -3° = -0.05rad :?)14 : note: i = 80° - &
i = 0° = 0 rad A
3.2 Material Properties
Concrete unit weight = 24.0 kN/m®
Asphalt unit weight = 235 kN/m®
Soil fill Unit weight = 21 kN/m?®
¢ of soil = 33° = 0.576 rad
angle of wall friction 5 = 16.5° = 0.288 rad
i 2 '
Ka= cos (5+) sin” (o+¢)) = 0.248

i ' i ' 2
sin? o sin? (a-9) ( 1+ \/ sin (8+¢') sin (¢"B) )

sin (a-8) sin (a+p)

3.3 Surcharge loads

LL surcharge taken as 0 m Al cl.6.9.5
gL = 0.0 kN/m? QL 0.0 kN/m
DL surcharge
asphalt (ga) 0.467 kN/m? Qa 3.22 kN/m
slab (gsl) 1.49 kN/m? Qsl 10.28 kN/m
soil (gso) 0 kN/m? Qso 0 kN/m
3.4 Lateral Earth Pressure gL+ga+gsl+gso
gcom
Lateral Earth Pressure ge = 35.97 kN/m? L
Qe= 124.1 kN/m |
1.7 m
6.9 m
Compaction Qoom = 12 kN/m? from 0 -1.7m
(cl. 6.9.3) Qeom= 10 kKN/m \
Voo e
I M
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3.5 Earth Pressure Vertical Loads

Surcharge loads

vL 0.00 kN/m”*2 VL 0 kN/m ‘
va 1.88 kN/m*2 Va 3.008 kN/m
vsl 6 kN/m*2 Vsl 9.6 kN/m
VSO 0 KkN/m”2 Vso 0 kN/m VL+va+vsl+vso
Vfd Ve
ve 129.2 kN/m”*2 Ve 206.64 kN/m 4}{{
Surcharge on toe
vfd 25.2 kN/m”2  Vfd 38.304 kN/m | |
3.6 S6-06 Load Factors D1--steel
D2--Cast in place
Max Load Factors Min Load Factors D3--Asphalt
ULS 1{ULS 2{ULS 3|ULS 4|ULS 9|SLS 1 ULS 1{ULS 2{ULS 3|ULS 4|ULS 9|SLS 1
D1 1.1 1.1 1.1 1.1 | 1.35 1 D1 0.95| 0.95 ]| 0.95 | 0.95 | 1.35 1

D2l 1.2 | 12 [ 1.2 [ 1.2 [ 1.35
D3| 1.5 | 1.5 [ 1.5 [ 15 [ 135
E| 125125125125 1.25

D2l 09 | 09 [ 09 [ 09 [ 135 1
D3| 0.65 [ 0.65 | 0.65 | 0.65 | 1.35 1
E| 0.8 ] 08 ] 08 | 08 [ 0.8 1

SR IS N

L 1.7 1.6 1.4 0 0 0.9 L 1.7 1.6 1.4 0 0 0.9
K| O 1.15 1 1.25 0 0.8 K| O 1.15 1 1.25 0 0.8

CL of Bearing
*Section below assumes no loads applied to wingwalls. Both Min and Max ‘

factors above are used to produce maxium negative and maximum positive
bending moments.

PRtTRN

*Bending moments are taken about the bearing center at the underside of
footing, Mo

| |
™

Moment about
this point

o
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3.7 Construction Loads
3.7.1 Construction Unfactored Loads

*This section is used to determine the natural sense of the each load components. i.e. if the
unfactored component contibutes to overturning or not.

a o Tue] [ T Twe
LL Surcharge (QL)=| O 3.45 0 0 1.45 0
Asphalt Surcharge (Qa)=| 0 3.45 0 0 1.45 0
Slab Surcharge (Qsl)=| 0O 3.45 0 0 1.45 0
Soil Surcharge (Qso)=| 0 3.45 0 0 1.45 0
Lateral Earth Pre. (Qe)=| 510 | 2.30 | 1173 849 | 1.45 [-1231
Compaction (Qcom)=| 42 | 6.33 | 266 0 0.00 0
Toe Soil Pressure (Vid)=| 0 0.00 0 268 | 1.59 | 426
Toe Pressure Sides (Vfd2)=| 0 0.00 0 193 | 0.71 | 137
Foundation Self Weight=[ 0 0.00 0 2005 ( -0.06 | 122

3.7.2 Construction Maximum Factored Horizontal Loads

*Using Factors for *Using Factors for

Horizontal Loads in kN Horizontal Vertical Max (+) Moment  Max (-) Moment
SLS 1 SLS 1 SLS 1 SLS 1
LL Surcharge (QL) = 0 0 0 0
Asphalt Surcharge (Qa) = 0 0 0 0
Slab Surcharge (Qsl) = 0 0 0 0
Soil Surcharge (Qso)= 0 0 0 0
Lateral Earth Pre. (Qe)= 510 849 -58 -58
Compaction (Qcom)= 42 0 266 0
Toe Soil Pressure (Vfd)= 0 268 426 426
Toe Pressure Sides (Vfd2)= 0 193 -137 -137
Bearing Horizontal Load = 0 0 0 0
Foundation Self Weight= 0 2005 122 122
Total= 552 3315 618 353
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3.8 Service Loads
3.8.1 Unfactored Loads

*This section is used to determine the natural sense of the each load components. i.e. if the
unfactored component contibutes to overturning or not.

a o Tue] [ T Twe

LL Surcharge (QL)=| O 3.45 0 0 1.45 0
Asphalt Surcharge (Qa)=| 13 | 3.45 | 46 12 [ 1.451]-17.9
Slab Surcharge (Qsl)=| 42 | 3.45 | 146 39 | 1.45|-57.2

Soil Surcharge (Qso)=| 0 3.45 0 0 1.45 0
Earth Pressure (Qe)=| 510 | 2.30 | 1173 849 | 1.45 [-1231

Compaction (Qcom)=[ 0 0.00 0 0 0.00 0
Toe Soil Pressure (Vid)=| 0 0.00 0 268 | 1.59 [426.3
Toe Pressure Sides (Vfd2)=[ 0 0.00 0 193 | 0.71 | 137
Foundation Self Weight=[ 0 0.00 0 2005 -0.06|121.7

3.8.2 Maximum Factored Horizontal Loads

Horizontal Loads in kN CL of Bearing
ULS1 ULS2 ULS3 ULS4 ULS9 SLS 1 f
LL Surcharge (QL)=| O 0 0 0 0 0 |
Asphalt Surcharge (Qa) =[ 20 20 20 20 18 13
Slab Surcharge (Qsl) =| 51 51 51 51 57 42 Mo (+) ] |
Soil Surcharge (Qso)=| 0 0 0 0 0 0 \
Earth Pressure (Qe)=| 638 | 638 | 638 | 638 | 638 [ 510
Compaction (Qcom)=[ 0 0 0 0 0
Toe Soil Pressure (Vfd)=| 0O 0 0 0 0 0 |_€
Toe Pressure Sides (Vfd2)=| 0 0 0 0 0 0 <
Bearing Horizontal Load =| 0 72 63 78 0 50 Mot’:i‘:ngoai‘:?“t
Foundation Self Weight=[ 0 0 0 0 0 0
Total= 708 780 771 786 712 616
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3.8.3 Maximum Factored Vertical Loads

Vertical Loads in kN

ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
LL Surcharge (QL)=| O 0 0 0 0 0
Asphalt Surcharge (Qa)=[ 19 19 19 19 17 12
Slab Surcharge (Qsl) =| 47 47 47 47 53 39

Soil Surcharge (Qso)=| 0 0 0 0 0 0
Earth Pressure (Qe)=| 1062 | 1062 | 1062 | 1062 | 1062 | 849
Compaction (Qcom)=[ 0 0 0 0 0 0

Toe Soil Pressure (Vfd)=| 335 | 335 | 335 | 335 | 335 | 268
Toe Pressure Sides (Vfd2)=| 242 | 242 | 242 | 242 | 242 | 193
Bearing Vertical Load =[ 1394 [ 1360 | 1352 [ 1012 | 899 | 973
Foundation Self Weight=| 2405 | 2405 | 2405 | 2405 | 2706 | 2005

Total= 5504 5470 5461 5121 5313 4340

3.8.4 Maximum Factored Moment

Moment in kN.m

*Using Factors for Max (+) Moment
ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
LL Surcharge (QL)=| O 0 0 0 0 0
Asphalt Surcharge (Qa) =| 42 42 42 42 37 28
Slab Surcharge (Qsl)=[ 106 | 106 | 106 | 106 | 120 89

Soil Surcharge (Qso)=| 0 0 0 0 0 0
Earth Pressure. (Qe)=| -47 | -47 | -47 | -47 | -47 | -58
Compaction (Qcom)=[ 0 0 0 0 0 0

Toe Soil Pressure (Vid)=| 533 | 533 | 533 [ 533 | 533 | 426
Toe Pressure Sides (Vfd2)=[ -110 | -110 | -110 | -110 | -110 | -137

Bearing Horizontal Load =| 0 450 | 391 | 489 0 313
Bearing Vertical Load = 382 Jacking
Foundation Self Weight=| 146 | 146 | 146 | 146 | 164 | 122

Total 670 1120 1061 1159 1080 782
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*Using Factors for Max (-) Moment
ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
LL Surcharge (QL)=] O 0 0 0 0 0
Asphalt Surcharge (Qa)=] 18 18 18 18 37 28
Slab Surcharge (Qsl) =] 80 80 80 80 120 89

Soil Surcharge (Qso)=} 0 0 0 0 0 0
Earth Pressure. (Qe)=| -73 | -73 | -73 | -73 | -73 | -58
Compaction (Qcom)=] O 0 0 0 1 0

Toe Soil Pressure (Vfd)=] 341 | 341 | 341 | 341 | 341 | 426
Toe Pressure Sides (Vfd2)=| -172 | -172 | -172 | -172 | -172 | -137
Bearing Horizontal Load =] 0 -450 | -391 | -489 0 -313

Bearing Vertical Load = 382 Jacking
Foundation Self Weight=] 110 | 110 | 110 | 110 | 164 | 122
Total 304 -146 -87 -185 8009 156

3.9 Reactions in Footing Bottom

ULS1 ULS2 ULS3 ULS4 ULS9 SLS1
Longitudinal Forces 708 | 780 | 771 | 786 | 712 | 616 |kN
Vertical Forces 5504 | 5470 | 5461 | 5121 | 5313 | 4340 |kN
Longitudinal Bending max| 670 [ 1120 | 1061 | 1159 | 1080 | 782 [kN.m
Moments min| 304 | -146 | -87 | -185| 801 | 156 [kN.m
Lateral Forces 0 0 50 165 0 0 |kN
Lateral Bending Moments 0 0 313 | 1032 0 0 |kN.m




285380-03-103-0162

Rev.1
' HatCh Mott Project Name Windsor - Essex - Parkway 2011
: I MaCDonaId Project # 285 380 Page Of
Subject TB-4 West Abutment Sheet #
Calculated by BMa Date 06/2014
Checked by Date
4. Spread Footing
Spread footing geometry and reactions
\Y
Length L= 7.00m
Width B= 460m
My
Vertical force V= kN A 4
Bending moment M, = kNm 0
B
Uniform load distribution
\Y,
e
q
Bl
ULS1|ULS2|ULS3|[ULS4|ULS9|SLS1
Vertical force V =| 5504 5470 5461| 5121| 5313| 4340(kN
Bending moment Mo =|12264|11734|11773|10876(11406( 9417 kNm
Bending moment-trans. Mr = 0 0 50| 165 0 O[kNm
Excentricity e.=| 0.00] 0.00{ 0.01f 0.03] 0.00| 0.00|m
Excentricity eg=| 2.23] 2.15| 2.16( 2.12| 2.15] 2.17|m
Effective length L'=L-2e =| 7.00[{ 7.00| 6.98| 6.94| 7.00] 7.00|m
Effective width B'=| 4.46| 4.29| 4.31 4.25| 4.29] 4.34|m
Stress in footing bottom g=V/(B'L)=| 17v6| 182 181| 174 177| 143 kN/m?
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Linear load distribution @ ULS2

Bending moment at CL
McL =V (B/2-¢e)= 846.6 kNm

Stress in footing bottom
q:=(VB+6Mg)/(B°L)= 204 kPa
g, =(VB- 6Mc)/(B°L)= 136 kPa
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Note: This is just approximate calculation. The foundation design is carried by AMEC based on foundation

loads supplied by HMM.
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Max Load Factors ULS 1[{ULS 2|ULS 3|ULS 4|SLS 1
lE|[125[125[125] 125] 1
5.1 Footing
Uniform load distribution in footing bottom g= 182 kPa
Length of cantilever L= 152m
Bending moment (factored) M=1/2qL®= 210 kNm/m
Shear force (factored) V=qL= 277 kN/m
5.2 Stem
Lateral earth pressure de = 36.9 kPa
Surcharge gs= 2.0 kPa
Height of stem . L= 6.15m
Bending moment M=1/6q,L*+1/2q,L*= 269 kNm/m
Shear force V=12qg,L+qgsL= 125 kKN/m
Height under bearings L= 525m
Factored internal forces
ULS 1[{ULS 2|ULS 3|ULS 4|SLS 1

Bending Moment 337 | 401 | 392 | 406 | 314 kKN.m/m

Shear Force 157 | 169 | 167 | 170 | 134 kN/m
5.3 Ballast wall
Lateral earth pressure Qe = 5.4 kPa
Surcharge gs= 2.0 kPa
Height of stem ' L= 090 m
Bending moment M=1/6q,L°+1/2q, L* = 2 kNm/m
Shear force V=12qgL+qgsL= 4 kN/m
Factored internal forces

ULS 1[{ULS 2|ULS 3|ULS 4|SLS 1
Bending Moment 2 2 2 2 2 kN.m/m
Shear Force 5 5 5 5 4 kN/m
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5. Internal forces
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6.1 Cross section check - Bending Footing
Mat'l Strength - Concrete = 35 MPa B4 =0.97 - 0.0025 f;' > 0.67
- Steel = 400 MPa .. pB1=0.88
Material Factors - Concrete= 0.75 o4 =0.85-0.0015 f¢' > 0.67
- Steel = 0.9 ..o =0.80

E.=(3000(f¢)"*+6900) (gc / 2300)'°= 27932 MPa
E,= 200000 MPa

Width of the member: 1000 mm
Depth of the member: 1000 mm
Cover to rebar: 120 mm
SLS 7 ULS 1 ULS 2 ULS 3 ULS 4

6. Factored design moment [KNm]: 1755 210 210 210 210
DESIGN REINFORCING:
FOR ULS, THE REQ'D REINF. RATIO = 0.00078 i 0.00078 i 0.00078 i 0.00078
... REQ'D AREA OF REINF. [mm?] = 676 676 676 676

d= 870 mm
INPUT STEEL AREA PROVIDED: 20M x 5 pcs = 1571 mm*

O.K. for strength requirements

CHECK IF SECTION 1S CRACKED UNDER SLS

for = 0.4(fc')*° = 2.37 MPa
Mcr = fer[bh?/6]= 394 kNm
M SLS = 175 KNm < Mcr

.. Section is Uncracked
Note: If section is cracked, check crack control in the following (next page).
If section is uncracked, crack control is not needed.

CHECK MIN. STEEL: where, Mr> 1.2 Mcr ..... OR.... Mr > 1.333 Mf
a-= (I)S AS fy/[oc1 ¢C fC‘ b] = 27 mm
2o Mr = ¢s Ag fy [d-a/2] = 484 KNm
1.20 Mcr = 473 KNm < Mr O.K. FOR MIN. STEEL

CHECK MAX. STEEL: c/d<0.5 (ensures reinforcement yields)

c=alb; = 30.61 mm

then, c/d = 0.04 < 0.5 0.K. FOR MAX. STEEL

Cl. 8.8.3 (f)

Cl. 8.8.3 (f)

Cl.8.41.7

Cl. 8.8.4.3

Cl.8.4.1.8

Cl.8.8.4.5

Rev.1
2014
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6.2 Cross section check - Shear Footing
Factored shear force at ULS  Vf = 277 kN
bv = 1000 mm Cl.8.9.1.6
= 1000 mm
= 870 mm
dv =max(0.72h,0.9d)= 783 mm Cl.8.9.1.5

Simplified method for shear

B= 0.180 Cl. 8.9.3.6
= 42
Ve =2.5"B (¢c) for by dv = 625.4 > Vi = 276.8 kN Cl.8.9.3.4
BY 126 %

O.K., NO SHEAR BARS ARE NEEDED
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Mat'l Strength - Concrete = 35 MPa B4 =0.97 - 0.0025 f;' > 0.67
- Steel = 400 MPa .. pB1=0.88
Material Factors - Concrete= 0.75 o4 =0.85-0.0015 f¢' > 0.67
- Steel = 0.9 ..o =0.80
E.=(3000(fc')"*+6900) (gc / 2300)" = 27932 MPa
Es= 200000 MPa
Width of the member: 1000 mm
Depth of the member: 1200 mm
Cover to rebar: 70 mm
SLS  ULS1 ULS 2 ULS 3 ULS 4
6. Factored design moment [KNm]: 3145 337 401 392 406
DESIGN REINFORCING:
FOR ULS, THE REQ'D REINF. RATIO = 0.00075 0.0009 i 0.00088 i 0.00091
... REQ'D AREA OF REINF. [mm?] = 843 1004 982 1018
d= 11175 mm
INPUT STEEL AREA PROVIDED: 25M x 5 pcs = 2454 mm*

O.K. for strength requirements

CHECK IF SECTION 1S CRACKED UNDER SLS

for = 0.4(fc')*° = 2.37 MPa
Mcr=fcr[bh?/6]= 568 kNm
M SLS = 314 kNm < Mcr

... Section is Uncracked
Note: If section is cracked, check crack control in the following (next page).
If section is uncracked, crack control is not needed.

CHECK MIN. STEEL: where, Mr > 1.2 Mcr ... OR .... Mr > 1.333 Mf

a= (I)S AS fy/[oc1 ¢C fC‘ b] = 42 mm
2o Mr = ¢s Ag fy [d-a/2] = 969 kNm
1.20 Mcr = 682 kNm < Mr O.K. FOR MIN. STEEL

CHECK MAX. STEEL: c/d<0.5 (ensures reinforcement yields)

c=alb, = 47.83 mm

then, c/d = 0.04 < 0.5 0.K. FOR MAX. STEEL

6.3 Cross section check - Bending Stem

Cl. 8.8.3 (f)

Cl. 8.8.3 (f)

Cl.8.41.7

Cl. 8.8.4.3

Cl.8.4.1.8

Cl.8.8.4.5

Rev.1
2016
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Factored shear force at ULS Vf= 277 kN
bv = 1000 mm
= 1200 mm
= 1118 mm
dv =max(0.72h,0.9d)= 1006 mm

Simplified method for shear

B= 0180
= 42
VC :2.5*[3 (¢C) fCR bV dV = 803.3 >
BY 190

O.K., NO SHEAR BARS ARE NEEDED

Vi = 276.8 kN

6.4 Cross section check - Shear Stem

Cl.8.9.1.6

Cl. 8.9.1.5

Cl. 8.9.3.6

Cl.8.9.3.4

Rev.1
2017
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Mat'l Strength - Concrete = 35 MPa B4 =0.97 - 0.0025 f;' > 0.67
- Steel = 400 MPa .. pB1=0.88

Material Factors - Concrete= 0.75 o4 =0.85-0.0015 f¢' > 0.67
- Steel = 0.9 ..o =0.80

E.=(3000(f¢)"*+6900) (gc / 2300)'°= 27932 MPa
E,= 200000 MPa

Width of the member: 1000 mm
Depth of the member: 380 mm
Cover to rebar: 70 mm
SLS  ULS1 ULS 2 ULS 3 ULS 4

6. Factored design moment [kNm]: 2i 2 2 2 2
DESIGN REINFORCING:
FOR ULS, THE REQ'D REINF. RATIO = 5.8E-05% 58E-05:i 5.8E-05! 5.8E-05
... REQ'D AREA OF REINF. [mm?] = 17 17 17 17

d= 302.5 mm
INPUT STEEL AREA PROVIDED: 15M x 5 pcs = 884 mm*

O.K. for strength requirements

CHECK IF SECTION 1S CRACKED UNDER SLS

for = 0.4(fc')*° = 2.37 MPa
Mcr=fcr[bh?/6]= 57 kNm
M SLS = 2 kNm < Mcr

... Section is Uncracked
Note: If section is cracked, check crack control in the following (next page).
If section is uncracked, crack control is not needed.

CHECK MIN. STEEL: where, Mr> 1.2 Mcr ..... OR.... Mr > 1.333 Mf
a-= ¢SAS fy/[oc1 (I)Cfcl b]= 15 mm
2o Mr = ¢s Ag fy [d-a/2] = 94 KNm
1.20 Mcr = 68 kNm < Mr O.K. FOR MIN. STEEL

CHECK MAX. STEEL: c/d<0.5 (ensures reinforcement yields)

c=alb; = 17.22 mm

then, c/d = 0.06 < 0.5 0.K. FOR MAX. STEEL

6.5 Cross section check - Bending Ballast wall

Cl. 8.8.3 (f)

Cl. 8.8.3 (f)

Cl.8.41.7

Cl. 8.8.4.3

Cl.8.4.1.8

Cl.8.8.4.5

Rev.1
2018
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Factored shear force at ULS Vf= 5 kN
bv = 1000 mm
h= 380 mm
d= 303 mm
dv =max(0.72h,0.9d)= 274 mm

Simplified method for shear

0O.K., NO SHEAR BARS ARE NEEDED

B=  0.180
= 42
Ve =2.5"B (¢c) fer by dv = 218.5 > Vs

BY 4073 %

= 5.2 kN

6.6 Cross section check - Shear EEUESAVE

Cl.8.9.1.6

Cl. 8.9.1.5

Cl. 8.9.3.6

Cl.8.9.3.4

Rev.1
2019
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7. Layout and reinforcement

Suggested layout and reinforcement

Thickness Rebar Rebar
of section Diameter Spacing
[mm ] [mm ] [mm ]
Ballast wall 380 15M 200
Stem 1200 25M 200
Footing 1000 20M 200

No shear reinforcement needed.
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Footing Stability Calculation
Notations and Formulae

Forces Diagram:

Mo ().

CL of Bearing

IS

Geometry

\_TLI

285380-03-103-0162
Rev.1
3001

Forces

ULS1|ULS2[{ULS3|ULS4|(ULS9|SLS1

i

Longitudinal Forces 383 | 455 | 446 | 462 | 385 | 357

]

V_

4956 | 4922 | 4913 | 4573 | 4733 | 3894

Vertical Forces

M }F—

1327 | 1737
758 | 348

1684
401

max

1773 | 1755 | 1295
312 | 1278 | 724

Longitudinal Bending
Moments

min

Moment about

50 | 165 0 0

Lateral Forces 0 0

this point

Lateral Bending Moments| 0O 0 285 | 941 0 0

Lateral H

|

C.L. of Bearinas

+ C/L of footing

oLl

O
tH

|
1
|
1
I A
1
|

- ——— ] — o — -

L/2

L/2

P

- - i EEEEEEE

B/2

€o

Ll‘

B/2

A

VI‘

A

[Lateral M |

Xo = B/2 - e,
M; =M + V*x,
€= MJ/V
e_ = Lateral M/V
B'=B - 2*|¢|
L'=L - 2%|e.|
Omin = V*(1-6*|e|/B-6*|e_|/L)/(B*L)
Omax = V*(1+6*|e|/B+6*|e, |/L)/(B*L)
qucs = VI(B™LY)
S, = Design undrained shear strength
Shape factor = 1+0.2*B'/L"
L | Depth factor = 1+0.2*(depth/B")
Inclination factor = (1-tan-((H?+Lateral H2)%-5/V)/90)?
Net bearing resistance = 0.5*5.14*S,*Shape
factor*Depth factor*Inclination factor
| Gross bearing resistance=Net bearing resistance
— +depth*unit weight of soill
Ry = 0.8*B™*L"™*S,
FS bearing = Gross bearing resistance/qu.s
FS sliding = Ry/(H?+Lateral H?)°>

>




285380-03-103-0162

TB-4 East
Abutment B
Foundation Depth 0.0
East 4.60 7.00 U.Weight soil 21.0
Trail Bridge 4 - East uLs As-Proposed - 12 June 2014 0.5*%(5.14"*Su) 0.8*B"*L*Su
X2
Distance M, o
fror.‘n Moment Footing eL_ . Shape Depth Jinclination “NET” Gro'ss . FS
B e, Vv H M Lateral H | Lateral M| bearing about - Eccentricity B' L' Amin Omax duis Su Bearing Bearing Rh FS Bearing L
. eccentricity factor factor factor ) ) Sliding
C/Lto footing from C/L along lateral Resistance | Resistance
footing C/L
C/L

ULS1-max 4.60] 7 2.35 5504 694 647 o | 0 -0.05 371.8 0.07 0.00] 4.46 7.00] 156 186 176 80] 1.127569 1] 0.846676 196 196 2000 1.11 2.88
JULS 2-max 4.60| 7 2.35 5470 766 1097 OI 0 -0.05 823.5 0.15 0.00] 4.30) 7.00 137, 203 182, 1.122826 1] 0.830697 192 192 1926 1.05 2.51
IULss-max 4.60| 7 2.35 5461 757 1038 50| 313 -0.05 764.95 0.14 0.06 4.32 6.89 130} 209 184 1.125479 1] 0.831967 193 193 1904 1.05 2.51
IULS4-max 4.60| 7 2.35 5121 772 1136 165 1032 -0.05 879.95 0.17 0.20] 4.26 6.60] 96 222 182, 1.129039 1] 0.814736 189 189 1797 1.04 2.28
JuLso-max 4.60| 7 2.35 5313 698 1056 o) | 0 -0.05 790.35 0.15 0.00| 4.30] 7.00| 133 197, 176 1.122928 1] 0.840595 194 194 1928 1.10 2.76
ULS1-min 4.60| 7 2.35 5504 694 272 OI 0 -0.05 -3.2 0.00 0.00| 4.60] 7.00| 171 171 171 1.131395 1] 0.846676 197 197 2060 1.15 2.97
JULS 2-min 4.60| 7 2.35 5470 766 -178 OI 0 -0.05 -451.5 -0.08 0.00] 4.43 7.00] 152 188 176 1.126712 1] 0.830697 192 192 1987 1.09 2.59
IULss-min 4.60| 7 2.35 5461 757 -119) 50] 313 -0.05) -392.05 -0.07 0.06 4.46 6.89 145 194 178 1.129446 1] 0.831967 193 193 1964 1.09 2.59
IULS4-min 4.60| 7 2.35 5121 772 -217 165 1032 -0.05) -473.05 -0.09] 0.20] 4.42 6.60] 112, 206 176 1.133857 1] 0.814736 190 190 1864 1.08 2.36
IULSQ-min 4.60| 7 2.35 5313 698 767 0] 0 -0.05 501.35 0.09| 0.00| 4.41 7.00| 145 185 172, 1.126036 1] 0.840595 195 195 1976 1.13 2.83

Rev.1
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TB-4 West

Abutment B

West 4.60 7.00 Foundation Depth 0.0

U.Weight soil 21.0
Trail Bridge 4 - West uLs As-Proposed- 12 June 2014 0.5*%(5.14"*Su) 0.8*B"*L*Su
X2
Distance M, o
fror.‘n Moment Footing eL_ . Shape Depth [Jinclination “NET” Gro'ss . FS
B L e, Vv H M Lateral H JLateral M| bearing about - Eccentricity B' L' Amin Omax duis Su Bearing Bearing Rh FS Bearing L
. eccentricity factor factor factor ) ) Sliding
C/Lto footing from C/L along lateral Resistance | Resistance
footing C/L
C/L

ULS1-max 4.60] 7.00} 2.35 5504 708 670 o) | 0 -0.05 394.8 0.07 0.00] 4.46 7.00] 155 187, 176 80] 1.12733 1] 0.843746 196 196 1997 1.11 2.82
JULS 2-max 4.60| 7.00 2.35 5470 780) 1120 OI 0 -0.05 846.5 0.15 0.00] 4.29 7.00] 136 204 182, 1.122586 1] 0.827788 191 191 1922 1.05 2.46
IULss-max 4.60| 7.00 2.35 5461 771 1061 50| 313 -0.05 787.95 0.14 0.06 4.31 6.89 129 210} 184 1.125234 1] 0.829056 192 192 1900 1.04 2.46
IULS4-max 4.60| 7.00 2.35 5121 786 1159] 165| 1032 -0.05 902.95 0.18 0.20] 4.25 6.60] 95 223 183 1.128767 1] 0.811738 188 188 1793 1.03 2.23
JuLso-max 4.60| 7.00 2.35 5313 712 1080 o) | 0 -0.05 814.35 0.15 0.00| 4.29 7.00| 132, 198 177, 1.12267 1] 0.837575 193 193 1923 1.09 2.70
ULS1-min 4.60| 7.00} 2.35 5504 708 304 OI 0 -0.05 28.8 0.01 0.00| 4.59 7.00| 170} 172, 171 1.13113 1] 0.843746 196 196 2056 1.15 2.90
JULS 2-min 4.60| 7.00 2.35 5470 780 -146) OI 0 -0.05 -419.5 -0.08 0.00] 4.45 7.00] 153 187 176 1.127046 1] 0.827788 192 192 1992 1.09 2.55
IULss-min 4.60| 7.00 2.35 5461 771 -87 50| 313 -0.05) -360.05 -0.07 0.06 4.47 6.89 147 193 178 1.129786 1] 0.829056 193 193 1969 1.08 2.55
IULS4-min 4.60| 7.00 2.35 5121 786 -185 165 1032 -0.05) -441.05 -0.09] 0.20] 4.43 6.60] 114 204 175 1.134236 1] 0.811738 189 189 1869 1.08 2.33
IULSQ-min 4.60| 7.00 2.35 5313 712 801 o) | 0 -0.05 535.35 O.10| 0.00| 4.40) 7.00| 143 187, 173 1.125671 1] 0.837575 194 194 1971 1.12 2.77

Rev.1
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