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APPENDIX A - USAGE OF OAPI FOR THE STUDY

OAPI facility given in SAP2000 allows 3" party software to create models, run
analysis and extract analysis results by using specific set of commands given in
SAP2000

In this project Microsoft Excel (EXCEL) together with Visual Basic (VB) use as 3™

party software
EXCEL+VEB SAP 2000
Model inputs
»  Geomstr Create model
Y > Box culvert
* Support + Analyze s
* Loadings finite element

model

Analysis output
* Bending moment
* Shear force

Extract results

Figure A.1: Usage of OAPI

All the VB codes required to modelling analysis and extracting the results are given in
CSi OAPI Documentation which is available in SAP2000 installed folder
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APPENDIX B - ANALYSIS DETAILS

2D Model
2D model develop only for the cases which is traction force not apply (H’>LL), to
explain the modelling procedure use following example

w =3.0m
H =3.0m
H’ =6.0m
t =0.3m
Soil unit weight (ys) =18 kN/m?

Road construction material unit weight (y)) =23 kN/m?

1.1 Model geometry details

Center to center width of culvert = internal width of culvert + slab thickness
=3.0+0.3
=3.3m

Center to center height of culvert = internal height of culvert + slab thickness
=3.0+0.3

=3.3m
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1.2 Box culvert geometry modelling
Draw 3.3m height and 3.3m width box using frame element as shown in figure

3.3m

3.3m

¥

Figure B.1: Centerline model of box culvert

Frame mesh at main results interesting location as shown in figure 18 and figure 19

and further meshed as maximum element size is not more than 150mm
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A2 Al A5 H G5 Gl G2
A3 +G3
A4 + G4
A6 ! G6
B - F
C6 . E6
ca + E4
c3 + B3

c2 C1C5 D E5 E1 E2

Figure B.2: FEM Mesh of box culvert

1.3 Define material property

For concrete G30

Strength = 30 N/mm?

Elastic module = 28 kKN/mm?

Poisson’s ration = 0.2

Coefficient of thermal expansion = 12x10°®

1.4  Define section property
Stiff section inside the wall

Chamfer

Normal section

=1.5t
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Stiff section Chamfer Normal section Normal section

A2 A1 A5

Stiff section
Al

Chamfer

Ad

Normal section

AB

Normal section

Figure B.3: Section property assignment

1.5 Support conditions

For bottom slab assign line spring

Soil subgrade module 40 x F.O.S x Allowable bearing capacity
= 40 x 2.5 x 100
= 10000 KN/m?/m

Line spring = 10000 x 1
= 10000 kN/m/m

1.6 Assign loads
Modelling step 6

Dead load —Self weight automatically generated by the software

Soil horizontal (k=1)

Soil load on top edge of wall (H*+t/2-0.2) X ys+ 0.2 X yr
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= (6+0.15-0.2) x 18+ 0.2 x 23

= 111.7 kKN/m?

Soil load on bottom edge of wall (H’+H+1.5t-0.2) X ys+ 0.2 X yr

= (6+3+0.45-0.2) x 18+ 0.2 x 23

= 171.1 kKN/m?
111.7 kN/m? 111.7 kN/m?
171.1 kN/m? 171.1 kN/m?

Figure B.4: Horizontal soil load on culvert
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HA Surcharge (k=1) = 10 KN/m?

10 kN/m? 10 kN/m?
> “
‘—
> <
=._ ‘
, +
* —|
» 4
10 kN/m? 10 kN/m?

Figure B.5: Horizontal HA surcharge load on culvert

HB Surcharge (k=1) = 12 kN/m?

12 kN/m? 12 kN/m?
» -
» «
L ]
> +
> «
. +
> -~
»! -
12 kN/m? 12 kN/m?

Figure B.6: Horizontal HB surcharge load on culvert
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HB vertical load

1m 1m im
+—pt———pt———p

[] L

1.8m

|:| |:| QI 0.261m

0.261m

Figure B.7: Wheel arrangement of HB vehicle that load transfer on to culvert

Dispersion of wheel load through the fill is vertical 2 to horizontal 1, since fill height

is 6m dispersion area of all wheel overlap therefore can consider as one unit

A
« >
9.261m
3.261m
< >
. 3m
2.061m HBE Load applying area on road . >
F Y
8.061m
Im
HB Load applying area on culver
After di i
v + er dispersing

Figure B.8: Effective area of HB wheel on culvert top slab level
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HB load by 8 wheels =75x8

=600 kN
HB Vertical load as a pressure =600/ (8.061 x 9.261)
=8.03kN/m?
Y h Y Y Y h A A

Figure B.9: HB vertical load on culvert

HA vertical load
Since fill height is greater than 0.6m HA load replaced by HB load value
Therefore

HA Vertical load as a pressure =8.03kN/m?
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SID load due to road construction material

SID load ontop slab =0.2 X y; =02x23 = 4.6 KN/m?

s [T LT T T oo

Figure B.10: SID road load on culvert
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SID load due to soil fill

SID load ontop slab = (H-0.2) X yr =58x18 = 104.4 KN/m?

104.4 kN/m? l l l i i l 104.4 kN/m?
Y k g

Figure B.11: SID soil load on culvert
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1.7 Define Load combinations
Combination Al

Live Load in most onerous position: y, varles, y, = 1.1

l

V4 Vo= L13, yp =11 1 200 mm
Maximum SDL _ _
(BYH per mg) T‘[ - ]‘2-' Y:“.?- =11
— ™ r-—, r-—
" I|'II_"' =i IIlI -
— — DL Structure -~ -
™ I,-"I_"‘ v = L150r "'—'*.II +—  Box Structures
] [ 1.2 R ]
™ I|III - f‘! (e 1'] ol IIII| ]
LLSC Earth Earth LLSC
K=06 K=06 K=06 K=06
YTu=15] To=15 Default values Yo=15 [|Yo=15
Yn=1.1 Tn=1.1 Ym=1.1 Tm=1.1
K=K, K=K, K=K. K=K,
Tn=15| Tw=12 BS 8002 coefficients =12 |To=15
Th=1.1 Th=1.1 Th=1.1 Te=1.1
Figure B.12: Combination Al
Combination A1 HA ULS
final load
Name factors notations | factors values factor
DEAD Ya X Y3 1.15x 1.1 1.265
SID top 200 Yu X Yz X B 1.75x1.1x1.15 2.214
SID Soil Yu X Yz X B 1.20x1.1x1.15 1.518
Soil horizontal Ya X Yes X Ko 1.50x 1.1 x0.60 0.990
HA surcharge Ya X Yez X Ko 1.50x1.1x0.60 0.990
HB surcharge
HA Vertical Ya X Yis 1.50x 1.1 1.650
HB Vertical

67



Combination A1 HA SLS

final load
Name factors notations | factors values factor
DEAD Yfl 1.00 1.00
SID top 200 Yfl x B 1.20x 1.15 1.38
SID Soil Yfl x B 1.00x 1.15 1.15
Soil horizontal Yfl x Ko 1.00x 0.60 0.60
HA surcharge Yfl x Ko 1.00x 0.60 0.60
HB surcharge
HA Vertical Ys 1.20 1.20
HB Vertical
Combination A1 HB ULS

final load
Name factors notations | factors values factor
DEAD Yi X Yi3 1.15x 1.1 1.265
SID top 200 Yo X Yz X B 1.75x1.1x1.15 2.214
SID Soil Yo X Yz X B 1.20x1.1x1.15 1.518
Soil horizontal Ya X Yis X Ko 1.50x 1.1 x 0.60 0.990
HA surcharge
HB surcharge Ya X Yiz X Ko 1.50x1.1x0.60 0.990
HA Vertical
HB Vertical Ya X Yi3 1.30x 1.1 1.430
Combination A1 HB SLS

final load
Name factors notations | factors values factor
DEAD Yfl 1.00 1.00
SID top 200 Yfl x B 1.20x 1.15 1.38
SID Soil Yfl x B 1.00x 1.15 1.15
Soil horizontal Yfl x Ko 1.00 x 0.60 0.6
HA surcharge
HB surcharge Yfl x Ko 1.00 x 0.60 0.6
HA Vertical
HB Vertical Yq 1.10 1.10
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Combination A1 SLS Permanent

I 200 mm

Box Structures

final load
Name factors notations | factors values factor
DEAD Yfl 1.00 1.00
SID top 200 Yfl x B 1.20x 1.15 1.38
SID Soil Yfl x B 1.00x 1.15 1.15
Soil horizontal Yfl x Ko 1.00x 0.60 0.60
HA surcharge
HB surcharge
HA Vertical
HB Vertical
Combination A2
No Live Load
777 Yo =1.0,7;=10
Minimum SDL
=10 v.=1.0
(yH per m?) v T
- = - -t
- If'l—p ( A - I'I,I -
> — DL Structure e -
- .'I_"' o _-_"II -
I|II I If” - IIO I III -
IlI - "r’m = 1.0 -1—."| -
L I|II Lagi \ J I. -
> [E— e\
LILSC Earth Earth LISC
K=06 K=06 K=0.6 K=06
Yn=1.5 =15 Default values Th=15 Th=15
Tm=1.1 Tm=1.1 Tm=1.1 Ta=1.1
K=K, K=K, K=K, K=K,
Yo=15] Ta=1.2 BS 8002 coefficients T=12 |Tou=15
Th=11 Te=1.1 Tm=1.1 Tn=1.1

Figure B.13: Combination A2
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Combination A2 HB ULS

final load
Name factors notations | factors values factor
DEAD Ya X Yi3 1.00x 1.00 1.265
SID top 200 Yax Yz X B 1.00x 1.00 x 1.00 2.214
SID Soil Yax Yz X B 1.00x 1.00 x 1.00 1.518
Soil horizontal Ya X Yes X Ko 1.50x1.1x0.60 0.990
HA surcharge
HB surcharge Y x Y3 x Ko 1.50x1.1x0.60 0.990
HA Vertical
HB Vertical
Combination A2 HB SLS

final load
Name factors notations factors values factor
DEAD Yfl 1.00x 1.00 1.265
SID top 200 Yfl x B 1.00x 1.00 x 1.00 2.214
SID Sail Yfl x B 1.00x 1.00x 1.00 1.518
Soil horizontal Yfl x Ko 1.00 x 0.60 0.6
HA surcharge
HB surcharge Yfl x Ko 1.00x 0.60 0.6
HA Vertical
HB Vertical
Combination A2 SLS Permanent

final load
Name factors notations factors values factor
DEAD Yl 1.00x 1.00 1.265
SID top 200 Yfl x B 1.00x 1.00x 1.00 2.214
SID Soil Yfl x B 1.00x 1.00x 1.00 1.518
Soil horizontal Yfl x Ko 1.00 x 0.60 0.6
HA surcharge
HB surcharge
HA Vertical
HB Vertical
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Combination A3

Live Load in most onerous position: -y, varies, y., = 1.1

I 200 mm

Box Structures

P Yo =179, 75 = 1.1
Maximum SDL
(ByH per m?) Yo=1.2,75=11
I—-I- "l-||
. -
|'I—- DL Structure 4—'||
,'_. |
.'II_" Yo =110 or ::'II|
-~ | -
Earth Earth
K=02 K=0.2
v = 1.0 Default values vi.= 1.0
Vi = 1.0 Vi = 1.0
K=0.2 K=0.2
Yo = 1.0 BS 8002 coefficients Yo = 1.0
Ya=1.0 Yu=1.0

Figure B.14: Combination A3

Combination A3 HA ULS

factors final load
Name notations factors values factor
DEAD Yo X Yes 1.15x1.1 1.265
SID top 200 Yu X Yz X B 1.75x1.10x 1.15 2.214
SID Soil Yax Y X B 1.20x1.10x 1.15 1.518
Soil horizontal Yax Y x Ko 1.00 x 1.00 x 0.20 0.200
HA surcharge
HB surcharge
HA Vertical Yo X Ye 1.50x1.1 1.650
HB Vertical
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Combination A3 HA SLS

factors final load
Name notations factors values factor
DEAD Yfl 1.00 1.00
SID top 200 Yfl x B 1.20x 1.15 1.38
SID Soil Yfl x B 1.00x 1.15 1.15
Soil horizontal Yfl x Ko 1.00x0.20 0.20
HA surcharge
HB surcharge
HA Vertical Y 1.20 1.20
HB Vertical
Combination A3 HB ULS

factors final load
Name notations factors values factor
DEAD Yi X Yi3 1.15x 1.1 1.265
SID top 200 YaX Y X B 1.75x1.1x 1.15 2.214
SID Soil YaX Y X B 1.20x1.1x 1.15 1.518
Soil horizontal Ya X Yis X Ko 1.00x 1.00 x 0.20 0.200
HA surcharge
HB surcharge
HA Vertical
HB Vertical Ya X Yi3 1.30x 1.1 1.430
Combination A3 HB SLS

factors final load
Name notations factors values factor
DEAD Yfl 1.00 1.00
SID top 200 Yfl x B 1.20x 1.15 1.38
SID Soil Yfl x B 1.00x 1.15 1.15
Soil horizontal Yfl x Ko 1.00x 0.20 0.20
HA surcharge
HB surcharge
HA Vertical
HB Vertical Yq 1.10 1.10
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Combination A3 SLS Permanent

factors final load
Name notations factors values factor
DEAD Yfl 1.00 1.00
SID top 200 Yfl x B 1.20x1.15 1.38
SID Soil Yfl x B 1.00x1.15 1.15
Soil horizontal Yfl x Ko 1.00x0.20 0.20
HA surcharge
HB surcharge
HA Vertical
HB Vertical

Create envelope for ULS, SLS and SLS permanent load combinations
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Appenndix C(2.0X2.0)
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Reference Calculation Output
APPENDIX D CALCULATION OF REINFORCEMENT REQUIRMENT
This section explain the procedure followed in the calculation of reinforcement for
each requirment
Top slab bottom reinforcement calculation is presented
D-1 BENDING REINFORCEMENT REQUIREMENT
-132  -63 146
-144
-98
-82
-109
-159
147 70 -156
Figure D.1:ULS bending moment (kNm/m) diagram
Characteristic strength of concrete, fg, = 30 N/mm?
Characteristic strength of reinforcement, f, = 460 N/mm?
Thickness of top slab, h = 300 mm
ULS Bending moment from analysis = 146 kNm/m
RDA Bridge
Design Cover = 50 mm Cover
Manual:1997 = 50 mm
Assume diametre of main reinforcement = 20 mm
Effective depth, d = 300-50-20/2 = 240.0 mm d = 240.0 mm
BS 5400 M = (0.87f)Asz equation 1
Part 4: 1990 z = (1-1.1f A/ f,bd)d equation 5 from these two equations
5.3.2.3

z = 0.5d [1+ (1-5M/f, bdD)"?]

z = 0.5d [1+ (1-5x146x10%/30x1000x240%)*? ]
=080 d < 0950 d
Z = 0.880 d
= 0.95x240 = 211.2 mm

77




Reference Calculation Output
Main reinforcement
equation 1 A, = M/0.87fz
= 146x10°/ 0.87x460x211.2 = 1727 mm?/m  [Aq eq =
1727 mm*m
D-2 MINIMUM REINFORCEMENT REQUIREMENT
BS 5400
Part 4: 1990 100As/bd = 0.5
5.8.4.1 As = 0.15 X 240 X 1000 / 100
= 360 mm’m
D-3 SHEAR REINFORCEMENT REQUIREMENT
to find the reinforcement requirment for shear , assume a amount for
reinforcement and calculate shear capacity
then change the assumed amount of reinforcement until shear capacity reach
actual shear strength of the section
153
-168
Figure D.2:ULS Shear force (kN/m) diagram
Characteristic strength of concrete, fg, = 30 N/mm?
Characteristic strength of reinforcement, f, = 460 N/mm?
BS 5400 Thickness of approch slab, h = 300 mm
Part 4:1990
Table 13
RDA Bridge Cover = 50 mm Cover
Design = 50 mm
Manual:1997
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Reference Calculation Output
Shear force from analysis = 200 kN/m = 200 kN/m
Effective depth, d = 240.0 mm
BS 5400 Design shear stress, V = V/hbd
Part 4: 1990 = (200x10%)/(1000x240)
5.3.3.1 = 0.83 N/mm? v o=
equation 8 0.75X(f,,) "2 = 0.75x(30)"? = 4108  N/mm? 0.833 N/mm?
Design shear stress, v = 0.83 < 0.75x(fy,)"? or 475 N/mm?
Hence O.K
Assume longitudanal tension reinforcement
Aspo = 2637 mm’/m
BS 5400 Allow. shear resistance = (0.27/g,)(100A /b, d)™ (fo)" X
Part 4: 1990 XsVe
5.3.3.2 Where, depth ratio, & = (500/d)"*
= (500/240)*
= 1.20 or 0.7 (greater value)
EsVe = (0.27/1.25)x(100x2637/1000x240)*x(30)*x1.20
= 0.83 N/mm? EoVe
= actual shear stress = 0.83 N/mm?
B/D 28/87 D-4 SHRINKAGE AND TEMPERATURE REINFORCEMENT REQUIREMENT
Incorporating
Amendment
No.1 1989 £ fou =30 N/mm?
150mm s f, = 460 N/mm’
S
Ac = 1000 x 150
300 mm
= 150000 mm’
5.1 fo = 012 ( f, ) =012 ( 30 )o7
= 130 N/mm?
53 As = ( f“ + f, )x Ac = 1.30 x 150000
460
As = 423 mm?
5.3 As =fa xAx ¢ [ R(&,+ ¢&,) - o5&, ) |
BS 5400 fo x 2w
Part 4: 1990
Table 1 w = 0.25mm
B/D 28/87 € = 200x 10°®
Incorporating fa+ fy = 067
Amendment € = 05X &y = 100 x 10°®
No.1 1989 [0} = 20 mm
Table 2 R = 05
Table 1 T, = 35
5.9 T, = 12
5.7 a = 12x10°
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D-5

Calculation
€ =08 a (T1+T2)
=08 x 12x10° ( 35 + 12 )
= 451.2 x 10°®
As = 706 mm?
Maximum r/f required = 706 mm’

FLEXURAL CRACK WIDTH REINFORCEMENT REQUIREMENT

to find the reinforcement requirment for crack width , assume a amount for

reinforcement and calculate crack width

then change the assumed amount of reinforcement until crack width reach to

design crack width (0.25mm)

-87 -32 106

99 37 -114

Figure D.3:SLS bending moment (kNm/m) diagram
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BS 5400
Part 4
5.8.8.2
eq 24

-52

-76
-106

93 33

99

-107

Figure D.4:SLS permanent bending moment (KNm/m) diagram

Bending moment at SLS

Bending moment due to permanent loads
Bending moment due to live loads

Elastic modulus of concrete (long term )
Elastic modulus of reinforcement

Moduli ratio

Design crack width = 3a,€,

a. =

M = 106 kNm
My = 99 kNm
My = 7 kNm
E. = 14 kN/mm?
E = 200 kN/mm?
EJE. =  14.29

1+2(acr»cnom)/(h'dc)

o

o

m M 5 Q9 O
1

[}

= effective depth
overall depth
= strain of concrete at compression face

= depth to neutral axis

= strain at reinforcement

€, = strain of concrete at tensile surface

Above figure shows the strain variation of the section under SLS loading

d. can be calculated considering the force equilibrium of the section and strain

compatibility.
dfd = a.p [(1+2/a.p)*1]
Depth of the wing wall section, h

Breadth considered, b
Main r/f size

Where p = A//(bd)

300 mm
1000 mm
20 mm
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BS 5400
Part 4
Table 2

BS 5400
5.8.8.2
eq: 25

Assume amount of reinforcement ,As =

Cover to r/f
Effective depth, d
p = AJ/(bd)
QP

dJ/d , from above equation

de

Then the leverarm, Z = d - d /3

Check for stress levels
Bending moment at
Serviceability limit state (M)

2013
= 50

= 240

= 0.0084

= 0.1198

= 0.384

= 92

= 209.3

mm
mm

mm

mm

mm

Im

= 106 kNm/m
S. = 2My/bzd,
sc = 1099 N'mm’ < s, = 15 N/mm?
Hence ok
See = My/ZAg
= 2516 NImm’* < sg = 345 N/mm?
Hence ok
€y = & -Ac
Ae = [(3.8).b.h.(a-dy)] x [(1—Mq/Mg).1O'9]
€.Aq.(h-d.)
€, = (h-dc) x Sse.
(d-dc) E,
= 300 - 92 X 252
240 - 92 200 x 10°
g = 1769 x 10 °
& = Sse
Es
= 1258 x 10 °
3
€ = 0418 x 10
En = & -Ac
3
= 1.350 x 10
ay = (d%+a?) Y% g2
a' = Centre to centre distance of nearest tension r/f
d = h-d
¢ = diametre of tension r/f
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2.a' = Spacing of reinforcement
= 150 mm
a, =75 mm
d = 60 mm

BS 5400
5.8.8.2
eq: 24

a, = 86.05 mm

3a.€n
1+2(acr-cnom)/(h'dc)

Design crack width

= 025 mm
D-6 SUMMARY OF REINFORCEMENT REQUIREMENT
Criteria Amount of RF required (mm?/m)
Bending 1727
Minimum 360
Shear 2637
Thermal and Shrinkage 706
Crack width 2013
Final amount of RF required 2637
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