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Comm. 96232

Design 9.7 m Span by 3.7 m Rise Low Profile Arch, H=1.0 m

MathCad Units and Range Variables

kN := 224.8%bf MPa:= 145.1379><M
in2
kPa:= MPa GPa:= 1000V Pa
1000
Installation Conditions
Depth of burial H:=10m

Width of Structural Backfill W :=4.85m

Live load

Design Tandem P:= 2225kN

Multiple presence factor mp:=12

Tire length: Lo == 250mm

Axle plus Wheel Width W = 2300mm

Lane load Lane:= 9.3><k—N
m

Lane load width Laney :=3m

o
Impact  Imp := if2H < 2446m, 133 - o.33><2—,19

Live load distribution with depth of fill
Culvert Material Properties
Fy = 227.6MPa

Soil Properties:

By = 2000GPa

Mathcad Terminology:

1,2.4 := defines a term

= presents result of a calcuation

Culvert Geometry

Span S:=9.74m
Rise R:=3.7m
Upper Rise Ry :=32m
Top Radius Rt :=6.3m
Top Angle dtop = 80>deg
Span/ Rise Ratio E =262

Bltop O
Topchord :=sinc op HRp2

e (4]

Topchord = 8.10m

7 Imp=119

LLDF:= 115

Structural Backfill (Sn95): Ms selected from table in Specifications based on vertical pressure:

3

Density  gg:= 18.84kN>m

Pcrown = gt Pcrown = 19kPa

R A
Pside = gs"%a" + =92 pyge=54kPa
e 29

Native soil: Soft Clay (See Table C2.3-1)
MgN = 5MPa

f ;= 36deg
n:=03

Friction angle (loose)
Poisson's ratio

Mesgide = 19.4MPa

M sBottom = 21MPa



Design factors

Load factors  Earth Max OEMax = 13 Resistance factors
Min OeMin =09
Live gL =17

Trial Section Properties

Structural Plate = 150 mm by 50 mm by 6.324 mm,
with circumferential stiffeners (2nd plate of same gage)

4 2

Basic plate: Iy = 23050 A = 7780
mm mm
nm4 kN>m

Stiffened plate: lp = 4790%x—— Mp = 54.92%——
mm m

MINIMUM STIFFNESS
mm

(2>Rt)2>(1 - sn(f))?

FF = FF = 0172
0076y N

MinimumStiffness := if(FF < FFmax, "OK" ,"Stiffeners Required")

MinimumStiffness = "OK"
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Thrust fe=07
Bending fp:=09
Sail fg:=09

Buckling fpck == 0.7

kN>m
My 1= 3821x——



THRUST CAPACITY

Compute Vertical Arching Factor and Earth Load

KVAF, =
I K =maqd K
1. Fuys vAF = ma{KyAF)
19- 115%—
Kvar =133
12
' Mssid o}
SoilRatio = if D% ¢ 10p —9E ¢
e Mgn MsN I
Fws:= 12 + 054og(SoilRatio) (Ky aF - 1.2)
2. Fgr Fsri =
S
1- = Fer := ma(Fy)
0
3. Fuss
hS|imi =
S HSjim = ma>(hS|im)
0.8- 05
R
03
Fhs =
' Frs:= maxFhg)
252R1Sm - — ¢
e
0
4. VAF

VAF:=FRys+ Fgr + FHs
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Fws= 124

Fgr = 0.00

FHs=049

VAF=173



Comm. 96232

5. Earth Load

. s S .6
Kep = if&0.172 + 0019 < 05,0172 + 0019052 Kgp =023
e Ry Ry

@
kN
Wep = goS{H + KepRy) Wep = 317—
m
WEg:=VARPWg
kN
WEg = 548—
6. Lane Load
e Laney 0 kN
W ge = Lanex = Wiane=6.7—
glaney + LLDPH g
7. Live Load
L, = Lo+ LLDPH L, = 140m
Ly := WT + LLDPH Ly = 345m
0.7mpA yp PRy kN
WL = —— -t WL =291—
L dw m
Total Factored Thrust
S 9EMaxWE + OLLWLL + 9LLW Lane N
f= > T = 616—
m
Check Capacity for Hoop Thrust
. . ] kN
Factored Axial Resistance Rt =foRA Rt = 1234F

StatusThrust == if(RT > Ts,"OK" ,"Redesign")

StatusThrust = "OK"
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Check Buckling Capacity
Stiffened top arc with live load thrust

114

Rp = ———— Rn = 055
B+ 20
e Hg ( )
1-2n
B Kp:= ~——t Kp = 0.82
=055
Ch (l i n)2
e : B o
Ry = aL2f paoCr{ Eplp) ~ X (f M scrown™b)) ~ (7R Ry = 1270—

kN
Ts = 616—
m
StaIusBuck“ngtop = |f(Rb > Tf ,"OK" ," RedeSIgn" )
Statusgucklingtop = "OK"
Unstiffened bottom arc without live load thrust
_ 9eEMaxWE

Te:
E 2

Hiot := H + 0.75R

Rh:= s ~ R, =084
Hr+ =9
¢ Hbotg
Ch:=055
. o
¢ 3 B o
RoE = gl.2f bck’Cn>(Ep"u) >((f M sBottom’Kb)) .ﬂ’Rh RoE = 1883?
Te= 356m
m

StaIuSBuck“ngbottom = |f(Rb > TE, "OK" ,"Redesign")

Statusgucklingbottom = “OK"
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FLEXURAL CAPACITY

3
Bending stiffness factor _ toMs5aeS
Eolp Sp = 16634

Earth Load Moment

Ke =
1
S Ke := maxKeg)
(0}
O.%ﬁ - SB—4(X)_:
N +
€ g Kg = 0.0025
0.0025
ME = goSoHKE Mg = 4430
m
Live Load Moment
Ky =
! KLL = max(K”)
5
002>??..05 - —_— _
& Sg + 800 KipL =00019
0.001
MLL = 2W | ReK L M = 702 kN>m
m

Lane Load Moment - Compute with same formula as earth load moment

KLaneI =
S KLane = ma)‘(KLene)
0]
o.osﬁ -
g SB+40y K| ane = 0.0025
0.0025
MLane = WLane®SKLane M ane = 0.16 kN>m

m
Check if total live load moment is greater than 15% of plastic moment capacity

FlexureCheck = if &g L {MLL + M{ane) > 0.15{f M), "Required" ,"Not Required"{

FlexureCheck = "Required"



Construction Moment
Maximum allowed extension of top chord

Topchordmax:= 1.0 times original top chord

Select Ry 10 give dy,org = 0.0 Rntrial := 6.m
CurvMin = 0.005xm *
. HtopRt O
Gehord = 2Rniria?SNC——— = - Topchordmaedopchord
e2Rntria g
. 1 1 . 1 1 4
Curv = ifet— - < CurvMin, CurvMin, — - 9
e/ Rt Rntrial Rt Ratria g

Minimum allowed top chord

Topchord i := 098 times original top chord

Select R iy 10 give dy,orq = 0.0

. HBltop Rt O
dehord := 2RntrigSiNC—b— = - Topchordyip<Topchord
& 2Rntrial g
. 1 ) 1 1 &
Curv = ifet— - < CurvMin, CurvMin, — - 9
e/ Rt Rntrial Rt Ratria g
MaxConstructionM := if(‘Msidemax‘ > ‘Msidemin , ‘Msidemax‘ ,
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dchord = 0.0000m

Curv = 0.005m *
m
m
Rntria| = 566"“
dehord = 0.00m
-1
Curv =-0.018m
kN>m
M gdemin = - 17.21——
m
M sidemin|)

ConstructionControl ;= if(M axConstructionM < My,"OK" ,"Reduce Construction Moment")

ConstructionControl = "OK"
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Total Moment

My =

OEMax *- Msdemin - 9EMin"ME + 9LL>('V| LL)
9EMin’M sdemax + IEMax’ME + 9LL>(M LL+ MLane)

670
2265 - kN>
My=% il My = ma{M
““com+ m v =mafi

p p kN
€000 g My = 3067 —2

m

Check total moment against total capacity

kN>m
Mp=fpMp Mp = 4943——

m

Statuspexure := if(M n> My, "OK" ,"Redesign")
StaIuSH@(ure = "OK"
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COMBINED THRUST AND BENDING

Reduce thrust to reflect that peak thrust and moment do not occur at same location

_ 067{gEMaWE + OLLAVLL + OLLAWLang) kN
Tign = 5 Tieh = 413F
05 gEMax?WE + gLLAW L + 0.50L L W | ane kN
Ticr = 5 Ticr = 435?
Ttred = if (Trcr > Tsn, Trcr. Trsn) Ttred = 435N
m
Combined. :=
i ?).90('5
T M 080 - TR
_fRed 87U Combined=§ ~ ~ Rl 035
Rr 9 M, C0.00+ Rt
TfRed .\ My 2000 g
2Rt M My
n — =062
n
fR 0
Indx:= if ¢ e, 0.2,1,29 Indx = 1.00

e Rr a

Statuscombined := if(CombinedlndX <1,"OK" ,"Redesign")
Statuscombined = “OK"



DESIGN SUMMARY

Notes

MinimumStiffness = "OK"
Statustprust = "OK"
Statusgycklingtop = “OK"
Statusgycklingbottom = “OK"
FlexureCheck = "Required"
Statusgexure = "OK"

Statuscombined = “OK"
Combi nedI =090
ndx

ConstructionControl = "OK"

Topchordmax = 1.00
Topchordmin = 0.98

Comm. 96232

mm kN
Tf = 616—
m

4 kN>m
mm My = 3067——
m

- Circumferential stiffeners are used to meet minimum stiffness requirement

- Seam strength must also be checked and must be greater than T;
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Comm. 96232

Design 31.2 ft Span by 19 ft Rise Elliptical Culvert, H = 2 ft
MathCad Units and Range Variables

ksi := 1000psi
k := 10004 bf

Installation Conditions

Mathcad Terminology:
:= defines a term
= presents result of a calcuation

Culvert Geometry

Depth of burial H = 2.0t Span S:= 3124t
Width of Structural Backfill W := 30t Rise R = 19.04t
Live load Upper Rise R, = 9.5t
Design Tandem P:= 50k Top Radius Ry := 21.0%t
Multiple presence factor mp:=12 Top Angle top = 80deg
Tire length: Lo:=104n _ _ S
Axle plus Wheel Width W = 7.67t Span/ Rise Ratlo R - 16
Lane load Lane:= 64O><M A
ft Topchord := sinr{?mtop 9 R
Lane load width Laneyy = 105t e2 g

Topchord = 27.00ft

oo s
Impact Iy = if2H < &ft, 133 033,19
e

it g Imp =125

Live load distribution with depth of fill LLDF:= 115

Culvert Material Properties
Fy = 33ksi

Soil Properties:

Ep = 29000%ksi

Structural Backfill (Sn95): Ms selected from table in Specifications based on vertical pressure:

Density  gg:= 1204bft 3 Friction angle (loose) f .= 36deg
Poisson's ratio n=03
Pcrown = gsH Pcrown = 167psi M sCrown = 2100psi

R _ .
Pside := 9s>§‘| + E% Pside = 9.58psi MsSide := 2950psi

Native soil: Soft Clay (See Table C2.3-1) MsBottom = 3050-psi

Mgy = 750MPa

11



Design factors
Load factors Earth Max
Min

Live

Trial Section Properties

OEMax = 13 Resistance factors

9EMin = 09
oLL=175

Structural Plate = 6 in. by 2 in. by 0.276 in.,
with circumferential stiffeners (2nd plate of same gage)

Basic plate: Iy := 0.166%— A= 4.119%
n
. in inxk
Stiffened plate: Ip = 0.332%— Mp = 167%—
P in P ft

MINIMUM STIFFNESS

(2>Rt)2>(1 - sn(f))?

0.07EpHp

in
FFmax = 30><'?

in
FF = 26.40?

MinimumStiffness := if(FF < FFmax, "OK" ,"Stiffeners Required")

MinimumStiffness = "OK"

12
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Thrust fe=07
Bending fp:=09
Sail fg:=09

Buckling fpck == 0.7

My = 1154K
y fit



THRUST CAPACITY

Compute Vertical Arching Factor and Earth Load

KVAF, =
I K = max K
1. Fuys vAF = ma{KyaF)
19- 1.15%—
Kvar =120
12
] Mssid 0
SoilRatio = if ¥ ¢ 100, —9% 15
@ MsN MsN g
Fws:= 12 + 054og(SoilRatio) (Ky aF - 1.2)
2. Fgr For, =
S
1- = Fer := ma(Fy)
0
3. Fuss
hS|imi =
S HSjim = ma>(hS|im)
0.8- 05%=
R
03
Fhs =
' Fris:= maFhs)
2-5’%"3‘|Slim T e
e
0
4. VAF

VAF:=FRys+ Fgr + FHs

13
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Fws = 1.20

Fgr = 0.00

FHs=0.59

VAF =179
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5. Earth Load

. s S .6
Kep = if&0.172 + 0019 < 05,0172 + 0019052 Kgp =023
e Ry

(7]
k
Wep = goS{H + KepRy) Wep = 16—
WEg:=VARPWg
k
WEg =28—
E™ %%
6. Lane Load
e  Laney 0 k
W ane = Lanex = W gne = 05—
glaney + LLDPH g ft
7. Live Load
L, = Lo+ LLDPH L, = 313ft
Ly := WT + LLDPH Ly = 9.97ft
WiLs——7m—— Wi =35—
L dw ft
Total Factored Thrust
IEMaXWE + 9LLWLL + 9L W Lane
Tg = > Tf = 50K
ft
Check Capacity for Hoop Thrust
. . k
Factored Axial Resistance Rt =foRA Rt = 95—

StatusThrust == if(RT > Ts,"OK" ,"Redesign")

StatusThrust = "OK"

14



Check Buckling Capacity

Comm. 96232

Stiffened top arc with live load thrust
Ry = & Ry =043
A1+ S0
e Hg ( )
1-2n
— Kpi=— Kp =082
=055
Ch (l i n)2
. on
; % EE k
Rp = é1.2>f bck’Cn>(Ep>4p) >((f M sCrown’Kb)) h’Rh Rp = 67E
Ts = 50E

Unstiffened bottom arc withou

E- >

ft

StaIusBuck“ngtop = |f(Rb > Tf ,"OK" ," RedeSIgn" )

Statusgucklingtop = "OK"

t live load thrust

_ 9eEMaxWE

Hiot := H + 0.75R

Ry = s & Ry =0.88
A1+ =9
¢ Hbotg
Ch:=055
3 E 2y
2 3 3 k
RpE == gl.2f bck’Cn>(Ep"u) >((f s’MsBottom’Kb)) orRn RoE = 141%
k
Tep=18—
™%

StaIuSBuck“ngbottom = |f(Rb > TE, "OK" ,"Redesign")

Statusgucklingbottom = “OK"

15



Comm. 96232

FLEXURAL CAPACITY

3
Bending stiffness factor _ toMs5aeS
=N Sg = 14472

Earth Load Moment

Ke =
1
Ke := maxKeg)
00551 - SB 400,
N +
€ o Kg = 0.0025
0.0025
MEZIgS>62>H>KE ME—701%
ft
Live Load Moment
K =
! KL = ma(Ky)
5
0023405 - —2 & _
& Sg + 800 KL =00020
0.001
ML = 20 ReK| L ML = 36.35.K
ft

Lane Load Moment - Compute with same formula as earth load moment

KLaneI =
S KLane = ma)‘(KLene)
0]
o.osﬁ -
g SB+40y K| ane = 0.0025
0.0025
MLane = WLane®SKLane M ane = 0_49M

Check if total live load moment is greater than 15% of plastic moment capacity

FlexureCheck = if &g L {MLL + M{ane) > 0.15{f M), "Required" ,"Not Required"{

FlexureCheck = "Required"

16
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Construction Moment
Maximum allowed extension of top chord

Topchordmax ;= 1.002 times original top chord

Select R4 t0 give d,oq = 0.0 Rutrial = 2125011

CurvMin := 000154t *

_ BHtopFt O
dchord == 2Rntrial>sinc + - TopchordmaeXT opchord dchord = - 0.0001 ft
@2Rntria g
. 1 1 . o1 1 4 -
Curv =if@1— - < CurvMin, CurvMin,— - 9 Curv = 0.0015ft !
e/ Rt Rntrial Rt Ratria g
M sidemax := EpXp>Curv inXk
Minimum allowed top chord
Topchord iy := 0.995 times original top chord
Select R, g 10 give d.ypq = 0.0 Rrgria = 20405t
) . HtopRt O
dchord = 2>Rntria|>5|nQ + - TopchordminX opchord dchord = - 0.0002ft
e2Rntria g
. 1 1 . o1 1 0
Curv =if@1— - < CurvMin,CurvMin,— - 9 Curv = 00015t 1
e/ Rt Rntrial Rt Ratria g urv-= 0.
Mgdemin = 1444—

ft

MaxConstructionM := if(‘MsidemaX‘ > ‘Msidemin

. [Mgdemax| - [Msidemin|)

ConstructionControl ;= if(M axConstructionM < My,"OK" ,"Reduce Construction Moment")

ConstructionControl = "OK"

17
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Total Moment

My =

OEMax *- Msdemin - 9EMin"ME + 9LL>('V| LL)
9EMin’M sdemax + IEMax’ME + 9LL>(M LL+ MLane)

530
86,57 - inxk
M, =% = My = ma{M
“"cooo+ ft v =mafi

2 = ok
€00 g My = 86578

ft

Check total moment against total capacity

inXk
Mp=fpMp Mn:150.30?

Statuspexure := if(M n> My, "OK" ,"Redesign")
StaIuSH@(ure = "OK"

18
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COMBINED THRUST AND BENDING

Reduce thrust to reflect that peak thrust and moment do not occur at same location

~ 0.67>(gEMaX>VVE T OLLWLL gLL’WLane)

Tiqh = Tigh = 33—
fsh 5 fsh o
_ 05Gemac’WE + 9LLW L + 0501 W ane _
chr L TfCr - 40_
2 ft
Ttred = if(Trcr > Tren: Tcr, Trsh) TrRed = 20X
ft
Combined. :=
i 8@945
T M 0.79 - TR
_fRed 87U Combined=§  ~ R _ a2
Rr 9 M, C0.00+ Rt
TfRed .\ My 2000 g
2Rt Mn & =058
V.
fR 0
Indx:= if ¢ ed 0.2,1,29 Indx = 1.00
é Rr @

Statuscombined := if(CombinedlndX <1,"OK" ,"Redesign")
Statuscombined = “OK"

19



DESIGN SUMMARY

Notes

MinimumStiffness = "OK"
StaIusThrust = "OK"
Statusgycklingtop = “OK"

Statusgucklingbottom = “OK"

FlexureCheck = "Required”
StaIuSH@(ure = "OK"

Statuscombined = “OK"
Combi nedI =094
ndx

ConstructionControl = "OK"

Topchordmax = 1.00
Topchordmin = 1.00

Comm. 96232

in’ K
A =412 Tf = 50—
ft ft
.4 inXk
n = B
Iy = 01660 My =8657—
1]
in4
Ip = 0:3320—
N
M. = 167.00-0K
P fit

- Circumferential stiffeners are used to meet minimum stiffness requirement

- Seam strength must also be checked and must be greater than T;

20
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Design 14.3 m Span by 8.6 m Elliptical Culvert, H=2m
MathCad Units and Range Variables

Ibf Mathcad Terminology:

kN := 224.8% bf MPa = 145.1379%— i=12.4 := defines a term
in2 = presents result of a calcuation
MP;
KPa:= —— GPa:= 1000MPa
1000
Installation Conditions Culvert Geometry
Depth of burial H:=20m Span S:=143m
Width of Structural Backfill W := 14.3m Rise R:=86m
Live load Upper Rise Ry :=4.3m
Design Tandem P:= 222N Top Radius Rt :=9.6m
Multipl factor =
ultiple presence facto mp:=12 Top Angle dtop 1= 80deg
Tire length: Lo := 250mm Span/ Rise Ratio S_ 166
Axle + Wheel Width W := 23006mm R
Lane load Lane = 9340 &Bltop O
T m Topchord := sin€ P DR
e %]
Lane load width Laney :=3m

Topchord = 12.34m
H ..
Impact Iy := if2H < 244m, 1.33 - 033x——,19 ~
e 246m’ g lmp =106

Live load distribution with depth of fill LLDF:= 115

Culvert Material Properties
Fy = 227.66MPa Ep = 2000GPa

Soil Properties:

Structural Backfill (Sn95): Ms selected from table in Specifications based on vertical pressure:

Density g := 18.84KNsM ° Friction angle (loose) | = 0°deg
Poisson's ratio n=03
Pcrown = gt Pcrown = 38kPa Mscrown = 181>MPa
Pside = gs>§|°=| + gg Pside = 119kPa MsSide = 23.1MPa

Native soil: Soft Clay (See Table C2.3-1) MsBottom := 24MPa

Mgy = 5MPa

21
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Design factors
Load factors  Earth Max OEMax = 13 Resistance factors  Thrust fc:=07
Min 9EMin := 09 Bending  fp:=09
Live gL =17
Sail fs:=09

Buckling fpck == 0.7

Trial Section Properties

Structural Plate = 150 mm by 50 mm by 7.112 mm,
with circumferential stiffeners of same structural plate

4 2
Basic plate: Iy = 2717 A =872
nmm mm
4
. kN KN>m
Stiffened plate: Ip = BARAN Mp = 6208%—" My = 42.79%—"
mm m m

MINIMUM STIFFNESS

(2>Rt)2>(1 - sn(f))?

mm
FF = FF=034—
0.07Epp N

MinimumStiffness := if(FF < FFmax, "OK" ,"Stiffeners Required")
NOTE: Use longitudinal stiffeners in
MinimumStiffness = " Stiffeners Required" addition to circumferential stiffeners
(Longitudinal stiffeners not designed
in this example)

22



THRUST CAPACITY

Compute Vertical Arching Factor and Earth Load

KVAF, =
I K = max K
1. Fuys vAF = ma{KyaF)
19- 1.15%—
Kvar =120
12
] Mssid 0
SoilRatio = if ¥ ¢ 100, —9% 15
@ MsN MsN g
Fws:= 12 + 054og(SoilRatio) (Ky aF - 1.2)
2. Fgr For, =
S
1- = Fer := ma(Fy)
0
3. Fuss
hS|imi =
S HSjim = ma>(hS|im)
0.8- 05%=
R
03
Fhs =
' Fris:= maFhs)
2-5’%"3‘|Slim T e
e
0
4. VAF

VAF:=FRys+ Fgr + FHs

23
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Fws = 1.20

Fgr = 0.00

Fqs =040

VAF =160
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5. Earth Load

. s S .6
Kep = ifE0.172 + 0019 < 05,0172 + 0019052  Kg, = 024
e Ry Ry

@
kN
Wep = goS{H + KepRy) Wep = 811—
m
WEg:=VARPWg
kN
WEg = 1298—
6. Lane Load
e Laney 0 kN
W ge = Lanex = Wi ane= 53—
glaney + LLDPH g
7. Live Load
L, = Lo+ LLDPH L. =25m
Ly := WT + LLDPH Ly = 460m
0.7mpA yp PRy kN
WL = —— -t WL =162—
L dw m
Total Factored Thrust
S 9EMaxWE + OLLWLL + 9LLW Lane N
= > Tf = 990—
m
Check Capacity for Hoop Thrust
. . ] kN
Factored Axial Resistance Rt =foRA Rt = 1390F

StatusThrust == if(RT > Ts,"OK" ,"Redesign")

StatusThrust = "OK"

24
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Check Buckling Capacity
Stiffened top arc with live load thrust

114

Rhyi=——— Ry =0.63
%8, 30
©one (1- 20
1-2n
. Kpi=— Kp =082
=055
Ch (l i n)2
¢ 3 B o
Rp = é1.2>f bck’Cn>(Ep>4p) >((f M sCrown’Kb)) h’Rh Rp = 1676?
Ts = 990m
m

StaIusBuck“ngtop = |f(Rb > Tf ,"OK" ," RedeSIgn" )
Statusgucklingtop = "OK"
Unstiffened bottom arc without live load thrust
_ 9eEMaxWE

Te:
E 2

Hiot := H + 0.75R

Rh:= - Ry =0.90
B >0
¢ Hbotg
Ch:=055
3 E 2y
2 3 3 kN
RpE == gl.2f bck’Cn>(Ep"u) >((f M sBottom’Kb)) orRn RoE = 2296?
kN

StaIuSBuck“ngbottom = |f(Rb > TE, "OK" ,"Redesign")

Statusgucklingbottom = “OK"

25
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FLEXURAL CAPACITY

3
Bending stiffness factor _ toMs5aeS
Eplp Sg = 55939

Earth Load Moment

Ke =
1
S Ke := maxKeg)
(0}
O.%ﬁ - SB—4(X)_:
N +
€ g Kg = 0.0025
0.0025
Me = 0o HKe Mg = 19260
m
Live Load Moment
Ky =
! KL = ma(Ky)
5
002>??..05 -—_ _
& Sg + 800 KL =00013
0.001
MLL = 2W | ReK L M =398 kN>m
m

Lane Load Moment - Compute with same formula as earth load moment

KLaneI =
S KLane = ma)‘(KLene)
0]
o.osﬁ -
g SB+40y K| ane = 0.0025
0.0025
MLane = WLane®SKLane M ane = 0.19kN_>m

m
Check if total live load moment is greater than 15% of plastic moment capacity

FlexureCheck = if &g L {MLL + M{ane) > 0.15{f M), "Required" ,"Not Required"{

FlexureCheck = "Not Required"
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Construction Moment
Maximum allowed extension of top chord

Topchordmax ;= 1.005 times original top chord

Select Ry 10 give dy,org = 0.0 Rntrial := 9.9m
CurvMin = 0.005xm *
. HtopRt O
Gehord = 2Rniria?SNC——— = - Topchordmaedopchord
e2Rntria g
. 1 1 . 1 1 4
Curv = ifet— - < CurvMin, CurvMin, — - 9
e/ Rt Rntrial Rt Ratria g

Minimum allowed top chord

Topchord i := 1.00  times original top chord

Select R iy 10 give dy,orq = 0.0

. HBltop Rt O
dehord := 2RntrigSiNC—b— = - Topchordyip<Topchord
& 2Rntrial g
. 1 ) 1 1 &
Curv = ifet— - < CurvMin, CurvMin, — - 9
e/ Rt Rntrial Rt Ratria g
MaxConstructionM := if(‘Msidemax‘ > ‘Msidemin , ‘Msidemax‘ ,

Comm. 96232

dchord = 0.0003m

Curv = 0.005m -

m

Rntria| = 96m

dehord = 0.00m

-1

Curv = 0.005m
kN>m
Mgdemin = 544 ——
m
M sidemin|)

ConstructionControl ;= if(M axConstructionM < My,"OK" ,"Reduce Construction Moment")

ConstructionControl = "OK"

27



Comm. 96232

Total Moment

My =

OEMax *- Msdemin - 9EMin"ME + 9LL>('V| LL)
9EMin’M sdemax + IEMax’ME + 9LL>(M LL+ MLane)

17444
3723 KN
M, =% it My = ma{M
““com + m v =mafi

S p kN>m
e 000 g My = 37.23——

m

Check total moment against total capacity

kN>m
Mp=fpMp Mp, = 55.87——

m

Statuspexure := if(M n> My, "OK" ,"Redesign")
StaIuSH@(ure = "OK"
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Comm. 96232

COMBINED THRUST AND BENDING

Reduce thrust to reflect that peak thrust and moment do not occur at same location

_ 067{gEMaWE + OLLAVLL + OLLAWLang) kN
Tish = > Tieh = 663F
05 gEMax?WE + gLLAW L + 0.50L L W | ane kN
Ticr = 5 Ticr = 566?
Ttred = if(Ttcr > Trsn, Trcr Tren) TrRed = 663N
m
Combined. :=
i 8;.075
T M 090 - TR
_fRed 87U Combined=§  ~ _Red _ s
Rr 9 M, C0.00+ Rt
TfRed .\ My 2000 g
e M M
2Rt Mn Y o067
n
fR 0
Indx = if ¢ e, 0.2,1,29 Indx = 1.00

e Rr a

Statuscombined := if(CombinedlndX <1,"OK" ,"Redesign")
Statuscombined = "Redesign”
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DESIGN SUMMARY

Notes

MinimumStiffness = " Stiffeners Required”

Statustprust = "OK"

Statusgycklingtop = “OK"

Statusgycklingbottom = “OK"

FlexureCheck = "Not Required"
Statusgexure = "OK"

Statuscombined = "Redesign”
Combined =107
Indx

ConstructionControl = "OK"

Topchordmax = 1.00
Topchordmin = 1.00

n'm2
A=872——
mm
4
Iy =27117—
mm
m4
lp = 5434——
mm
kN>m
Mp = 6208 ——
m

- Circumferential stiffeners are used to meet minimum stiffness requirement

- Seam strength must also be checked and must be greater than T;

30
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Comm. 96232

Design 9.2 m Span by 9.0 m Rise Pear Shaped Culvert, H=8m
MathCad Units and Range Variables

Ibf Mathcad Terminology:

kN := 224.8% bf MPa = 145.1379%— i=12.4 := defines a term
in2 = presents result of a calcuation
MP;
KPa:= —— GPa:= 1000MPa
1000
Installation Conditions Culvert Geometry

Depth of burial H:=80m Span S:=92m
Width of Structural Backfill W = 4.6xm Rise R:=90m
Live load Upper Rise R, = 30m

Design Tandem P:= 222N Top Radius Ry :=6.7>m

Multiple presence factor mp:=12 Top Angle top = 67deg

Tire width: W, := 500mm S

. Rise Rati — =

Tire length: Lo := 250mm Span/ Rise Ratlo R 102

Wheel Spacing W = 1800mm Side Radius Ryge = 7.4m

Lane load Lane:= 9.3><k—N .

" Topchord := sinr{?mtop 9>R R
Lane load width Laneyy = 3m : & g t
H 0 =7.
Impact Iy, = it < 244m, 133 - 033——,1°9 Topchord =7.40m
e 246m’ g lmp =100
Live load distribution with depth of fill LLDF:= 115

Culvert Material Properties
Fy = 227.6MPa

Soil Properties:

By = 2000GPa

Structural Backfill (Sn95): Ms selected from table in Specifications based on vertical pressure:

Density  gg:= 18.84%N>m 3 Friction angle (loose) | - 20d€d
Poisson's ratio n=03
Pcrown = gt Pcrown = 151kPa MsCrown = 24.6MPa

R
Pade = gsngq + EE Pside = 235kPa MsSide = 28.8MPa

Native soil: Soft Clay (See Table C2.3-1) MsBottom = 30MPa

Mgy = 5MPa

31



Comm. 96232

Design factors
Load factors  Earth Max OEMax = 13 Resistance factors  Thrust fc:=07
Min 9EMin := 09 Bending  fp:=09
Live gL =17
Sail fs:=09

Buckling fpck == 0.7

Trial Section Properties

Structural Plate = 150 mm by 50 mm by 6.324 mm,
without circumferential stiffeners

4 2
Basic plate: Iy = 23050 A = 7780
nmm mm
4
. KN
Stiffened plate: Iy = 23955 M, = 27460 My = 19,116

MINIMUM STIFFNESS
Top Plates

mm

(2>Rt)2>(1 - sn(f))?

mm
FF:= FF=037—
0.07EpAp N

MinimumStiffness := if(FF < FFmax, "OK" ,"Stiffeners Required")

MinimumStiffness = " Stiffeners Required”
Side Plates

mm
FFmax = 0.17%—
(2>Rside)2>(l - Slin(f))3 e N

0.07EpAp

FFRside =
FFgide = 046 W

MinimumStiffnessgge := if(FF < FFmax, "OK" ,"Increase Side Stiffness")
MinimumStiffnessgge = "Increase Side Stiffness’
NOTE: Use heavier gage for side plates

or adjust flexibility requirement, or increase control
of side compaction
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THRUST CAPACITY

Compute Vertical Arching Factor and Earth Load

Kws =
! Kws = max K
1. Fyys = WS a)< WS)
19- 1.15%—
S Kws =133
12
] Mssid 0
SoilRatio = if oD% _ 10 9% 130
@ MsN MsN g
Fws:= 1.2 + 0.54og(SoilRatio) (Kws - 1.2)
2. Fgr For, =
S
1- = Fer := ma(Fy)
0
3. Fuss
hS|imi =
S HSjim = ma>(hS|im)
0.8- 05%=
R
03
Fhs =
' Fris:= maFhs)
2-5’%"3‘|Slim T e
e
0
4. VAF

VAF:=FRys+ Fgr + FHs

33
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Fws= 125

Fgr = 0.00

Fqs=0.00

VAF=125



5. Earth Load

. s S .6
Kep = ifE0172 + 0019 < 05,0172 + D019, 059
e 2

Wep = goS{H + KepRy)

WEg:=VARPWg

6. Lane Load
& Lanewy o]
W ane = Lanex =
aLaney + LLDPH g

7. Live Load
L =Ly + LLDPH L =945m
Lw =Wg+ W + LLDPH Ly =11.50m
Lytw

WL =
Total Factored Thrust

e - 9EMaxWE + OLLWLL + 9LLW Lane
f=
2

Check Capacity for Hoop Thrust

Factored Axial Resistance Rt =foFyA

StatusThrust == if(RT > Ts,"OK"

Comm. 96232

Kep =023

kN
WiL=1—
m

kN

,"Redesign” )

StatusThrust = "OK"



Check Buckling Capacity

Stiffened top arc with live load thrust

Comm. 96232

Rp = & Ry=0%4
B+ 20
e Hg ( )
1-2n
_ Kpi=— Kp =082
=055
Ch (l i n)2
€ ; B "
Rp = é1.2>f bck’Cn>(Ep>4p) >((f M sCrown’Kb)) h’Rh Rp = 2338?
Ts = 1234k—N
m

StaIusBuck“ngtop = |f(Rb > Tf ,"OK" ," RedeSIgn" )

Statusgucklingtop = "OK"

Unstiffened bottom arc without live load thrust

OEMaxWE
Te:= —2

Hpot := H + 0.75R

Ry = s & Ry =0.98
e —0
e Hbog
Ch:=055
4 & 2p
2 3 3 kN
RoE = gl.2f bck’Cn>(Ep" u) >((f M sBottom’Kb)) rRn RpE = 2789?
Te= 1221m
m

StaIuSBuck“ngbottom = |f(Rb > TE, "OK" ,"Redesign")

Statusgucklingbottom = “OK"

35



Comm. 96232

FLEXURAL CAPACITY

3
Bending stiffness factor _ toMs5aeS
T By Sg = 42137

Earth Load Moment

Ke =
|
S Ke := maxKeg)
(0]
O.%ﬁ - SB—4(X)_:
N +
€ g Kg = 0.0025
0.0025
Me = 0o HKe Mg = 31890
m
Live Load Moment
Ky, =
! KLL = max(K”)
5
002>??..05 - —_ _
& Sg + 800 KL = 00014
0.001
MLL = 2W | ReK L M = 021 KN>m
m

Lane Load Moment - Compute with same formula as earth load moment

KLaneI =
S KLane = ma)‘(KLene)
0]
o.osﬁ -
g SB+40y K| ane = 0.0025
0.0025
MLane = WLane®SKLane M ane = 0_05kN_>m

m
Check if total live load moment is greater than 15% of plastic moment capacity

FlexureCheck = if &g L {MLL + M{ane) > 0.15{f M), "Required" ,"Not Required"{

FlexureCheck = "Not Required"
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Construction Moment
Maximum allowed extension of top chord

Topchordmax:= 1.0 times original top chord

Select Ry 10 give dy,org = 0.0 Rntrial := 6.7>m
CurvMin = 0.005xm *
. HtopRt O
Gehord = 2Rniria?SNC——— = - Topchordmaedopchord
e2Rntria g
. 1 1 . 1 1 4
Curv = ifet— - < CurvMin, CurvMin, — - 9
e/ Rt Rntrial Rt Ratria g

Minimum allowed top chord

Topchord i := 098 times original top chord

Select R iy 10 give dy,orq = 0.0

. HBltop Rt O
dehord := 2RntrigSiNC—b— = - Topchordyip<Topchord
& 2Rntrial g
. 1 ) 1 1 &
Curv = ifet— - < CurvMin, CurvMin, — - 9
e/ Rt Rntrial Rt Ratria g
MaxConstructionM := if(‘Msidemax‘ > ‘Msidemin , ‘Msidemax‘ ,

Comm. 96232

dchord = 0.0000m

Curv = 0.005m *
kN>m
Mgdemax = 240——
m
Rntria| = 5778>fn
dehord = 0.00m
-1
Curv =-0.024m
kN>m
M gdemin = - 1142——
m
M sidemin|)

ConstructionControl ;= if(M axConstructionM < My,"OK" ,"Reduce Construction Moment")

ConstructionControl = "OK"
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Comm. 96232

Total Moment

My =

OEMax *- Msdemin - 9EMin"ME + 9LL>('V| LL)
9EMin’M sdemax + IEMax’ME + 9LL>(M LL+ MLane)

13499
4408 - kN>m
M, =% it My = ma{M
““com + m v =mafi
& 00 g My = 44,08 <0
m
Check total moment against total capacity
kN>m
m

Statuspexure := if(M n> My, "OK" ,"Redesign")
StaIuSH@(ure =" RedeSIgn"
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Comm. 96232

COMBINED THRUST AND BENDING

Reduce thrust to reflect that peak thrust and moment do not occur at same location

_ 067{gEMaWE + OLLAVLL + OLLAWLang) kN
Tish = > Tieh = 826?
05 gEMax?WE + gLLAW L + 0.50L L W | ane kN
Ticr = 5 Ticr = 622?
i kN
Ttred = if (Trcr > Tsn, Trcr. Trsn) Tired = 826
m
Combined. :=
i 83.26('5
T M 212 TR
_fRed 87U Combined = ¢~ Rl _ 67
Rr 9 M, C0.00+ Rt
TfRed .\ My 2000 g
2Rt M My
n — =178
n
fR 0
Indx = if ¢ e, 0.2,1,29 Indx = 1.00

e Rr a

Statuscombined := if(CombinedlndX <1,"OK" ,"Redesign")
Statuscombined = "Redesign”
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DESIGN SUMMARY

Notes

MinimumStiffness = " Stiffeners Required”

MinimumStiffnessgge = "Increase Side Stiffness’
Statustprust = "OK"
Statusgycklingtop = “OK"
Statusgycklingbottom = “OK"
FlexureCheck = "Not Required"
Statuspexure = "Redesign”

Statuscombined = "Redesign”
Combined =226
Indx

ConstructionControl = "OK"

Topchordmax = 1.00
Topchordmin = 0.98

Comm. 96232

2
KN
A =7740 Tt = 1234—
mm
4 KkN>m
mm = _—
I, = 2305 T My =44.08
mm
rTm4
lp = 2395~
mm
kN>m
Mp = 2746
m

- Circumferential stiffeners are used to meet minimum stiffness requirement

- Seam strength must also be checked and must be greater than T;
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Example Calculations for
Loads on Concrete Culverts

Long Span Concrete Culvert - Load Calculations

English Units
Input

Geometry
Outside span Sp = 460%n
Rise r:= 1384n
Upper rise ry = 54.184n
Top Radius Ry = 486%n
Thick. Side; = 14%n

Soil & Backfill
Backfill type: Soil :="Sn95"
Soil unit weight  gq:= 120><M

>

Depth of fill H = 2.0t

Lateral pressure coefficient

H
Ky = Latp + Latypx——

Comm. 96232
Date: 11/30/2001

A
A

_ op radius, R,
R'%, r Spanl’ S

Laty:=0

Archy == 124n

Initial Values:
Laty := if (Soil = "Sng5"
Laty := if(Soil = "Sng0"
Laty := if (Soil = "Sng5"
Laty := if (Soil = "Sng5"

Final Values

- No groundwater above footings of culvert

- Native soil: dense granular
Live load

Design Tandem, Load per axle

Multiple presence factor

Impact Factor

Lat; = 0.050

A
7 H
T

Upper
i Rise, r,

Laty:=03

,0.05,0)

U Soil ="Si95" ,.025, Lat; )

U Soil ="sn90" U Soil = "Si95" ,04, Latp)
U Soil ="si90" U Soil ="CI95" , 04, Latp)

Latp = 040

Ky = if(Ky < 0.6,KH,0.6 Ky =043
3284t H =Ky H.08) H
P := 250004 bf
mp =12
H
a2
lg:=1+033¢ <
e 8 g
l,=1
1 IM := max(l) IM =125
41 Concrete Culvert Load Calculation



Example Calculations for Comm. 96232
Loads on Concrete Culverts Date: 11/30/2001

pedge =12 ?s( H+ ru)

Centerline
Earth Loads Pe=107%H
Yy v [_I/w \ 4
A 77 AN/ ANX
H
A
J(h
My R,
Iy |
A
. X
Vertical Pressure v —> J J
/2
Soil prism load < SO P
Hat = Kh?s(H+h)
So
Kvapg = 0172 + 0.019%— Kvag =033
'y
w = gS)SO H+ KVAFXU _ | bf
P >( ) Wgp = 16123—t
Soil pressure over crown
| bf
- — it | bf
Per = gsH Pcr = 240 2 o = 2000
ft inxft
Soil pressure at edge
Pecige = 1295{H + 1) Perge = 8 Pecie = 78.18—
2 ege = 18t
Lateral Pressure
Top
p = KygeH p = 861E
lattop == "H lattop O et
Bottom
_ _ | bf
Plathot == KH>gs(H + 1) Plathot = 5812@
Total lateral load
_ (plattop + Platbot) B | bf
PLa = 5 X PLa = 4604?

42 Concrete Culvert Load Calculation



Example Calculations for

Loads on Concrete Culverts

Comm. 96232
Date: 11/30/2001

Note: Frame model used in analysis will be based on centerline dimensions. To assure that all
load on culvert is placed on the model the pressures need to be scaled up by the ratio of the

outside dimensions to the centerline dimensions.

Vertical Pressures:

So
Sev = ——
So - Sidet

Lateral Pressures

r

Scl iz ——
r- 0.5%Archy

Scv = 1.03

Scl = 1.05

Per = PerScv

Pedge = Pedge”ScV

Plattop = PlattopScl

Platbot = Platbot *Scl

43

Ibf
= 2063——
Per insft

| bf
edge = 80.63—
P inxt

[ bf

Plattop = 900@

| bf
=60.76——
Platbot ot

Concrete Culvert Load Calculation



Example Calculations for
Loads on Concrete Culverts

Live Load
A
LO
A
lee
a) Single tire
BE
Ly
v
l Wl
[« >

b) Multiple tires

At depth of structure:

Patch width for single wheel:

Patch width for multiple wheels:
i.e. wheels interact.

Depth of interaction:

Effective patch width:

Patch length for single wheel:

Patch length for multiple wheels:
i.e. wheel pressures interact.

Depth of interaction:

Effective patch length:

WS0 =Wy + LLDPH + Dy
WS, = (Wo + W1) + LLDPH + Dy,

Hwint :=

W= if(H < Hwim,wso,wsl)

Pwa:= if(H < Hwint, Pw, 2Pw)

Live load distribution factor:
Wheel length:

Wheel width

Wheel spacing
Axle spacing (width)
Distribution width

Single wheel load*

*includes multiple presence
and impact factors

(W1 - Wq - Dy)

LLDF

LS, = (Lo + LLDPH)

LS, = Lo + L) + LLDPH

(L1- Lo)

Hiint :=

LLDF

Lg:= if(H < Hiint. Lso,le)

Pub := if(H < Hiint, Pwas 2Pwa)

Comm. 96232
Date: 11/30/2001

LLDF := 1.15
Lo = 10%n

Wy = 20in
W1 = 724n
L1:=48%n

Dy = 40dn

_ PripiMm

P,
W 2

Ry = 187131bf

WS, = 87.60in
WS, = 15960in
Hwint = 0.87ft
W, = 159.60in
Pwa = 374251bf
LS, = 37.60in

LS1 = 85.60in

Hiint = 2.754ft

Ls = 37.60in
Pub = 374251 bf

Concrete Culvert Load Calculation



Example Calculations for Comm. 96232

Loads on Concrete Culverts Date: 11/30/2001
Effective live load pressure on structure: P
wb | bf
p:= p=7484——
Werg inxft
Length of effective pressure
Ls = if(Ls < So, s, So) Lg = 37.60in
. | bf
Total live load P:=Lgp pP= 2814f_
t

Notes: 1. This analysis assumes that the length dimension is parallel to the direction of travel and
that the direction of travel is across the culvert span.
2. If His less than Hj;y, than the structure must be loaded with two loads of magnitude, P,
and length L, spaced adistancelL,.

45 Concrete Culvert Load Calculation



SIMPSON GUMPERTZ & HEGER INC. sHeeTno.

ARLINGTON, MASSACHUSETTS SAN FRANCISCO, CALIFORNIA COMM. NO. 96232

CLIENT NCHRP - Project 12-45 DATE 26 JUL 01

SUBJECT Calculations for flexural and shear reinforcement BY TIM
CHECK BY

CALCULATIONS TO EVALUATE REINFORCING REQUIREMENTS FOR CONSPAN
REINFORCED CONCRETE CULVERT - Depth of Fill = 2.0 ft (0.6 m)

DIMENSIONS AND MATERIAL STRENGTHS

Horizontal SPan Of CUIVEIT...........coii i e S = 36t

(OF 70111V T = T 11 1PN 1y = 72ft
Clear COVEr OVET TEINTOTCEIMENT.........cvueeee e e et e e e e e e e e e e e e e e eaaaaeeeeeeeeeeaees ty:= 15in
Width of section being deSIGNEd. ........cooii i b:= 12.inft 1
Design compressive strength of CONCrete............ocovviiiiiiiiiiii fop:= Gks
Yield strength of steel reinfOrCemMENt...........oovi i fy = 65-ksi

Maximum developable stirrup material strength (not greater than fy or anchorage strength).... f,, := 60-ksi

Spacing of circumferential reinforcemMEeNt.............ooiiiiiiii e s:= 2in
Circumferential reinforcemenT provided in one (n=1) or multiple (n=2) layers...........ccccccvernee ni=1
REINFOICEMENT TYPE.... . ettt e e e et e e e e e e e nnneeeaeaeeas Riype = 2

1 = smooth wire or plain bars
2 = welded smooth wire fabric with 8 in. maximum spacing of longitudinals

3 = welded deformed wire fabric, deformed wire, deformed bars or any reinforcement
with stirrups

Load factor for Selfweight.............c.ocooiiiii vsw = 1.35
Load factor fOr @arth PreSSUIE..........coi it e e e eeeeeee s ve:= 09,135
Load factor for live 10ad...............ccoooiiiiiiiiii v =135
Resistance factor for flexure................coo of == 0.95
Resistance factor for radial tension...............c.cocooiiiii or = 0.90
Resistance factor for diagonal tension..............cccocooiiii oy := 0.90
Radial tension process factor ... Frp:= 10
Diagonal teSion ProCeSS faCION.........uuuiiiii e e e e e Fyp=10
Crack control faCtor.............coiuiiii For:= 0.9

46 Concrete Reinforcement Design



DESIGN FORCES (See next sheet for definitions and units)

Array index: i=12.17
Design Forces From Frame Analysis:
0.00 22.33) 0.00 16.21) -10.84)
—208.05 21.98 -129.55 15.95 -11.75
-431.82 21.63 —276.57 15.68 -12.54
—669.29 21.28 —438.81 15.41 -13.23
—796.93 21.09 -528.03 15.26 -13.55
-927.41 20.87 -620.41 15.09 -13.83
—-1060.47 21.67 —715.65 15.61 12.34
—-804.51 20.21 -532.10 14.60 10.77
M yactual := | —580.65 Ny := | 19.05 Mg:= | —375.01 Ng:= | 13.79 Vyuactua = | 9.53
-381.99 18.13 —238.77 13.16 8.53
—203.63 17.36 -119.33 12.65 7.75
-41.14 16.74 -13.13 12.24 7.11
108.06 16.22 82.00 11.90 6.58
246.50 15.78 168.13 11.62 6.16
376.38 15.42 247.01 11.39 5.80
473.09 15.05 304.89 11.17 2.96
497.71 ) 14.98) 319.81 ) 11.12) 0.36 )
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Forces from frame analysis:

Moments are in.-k/ft
Thrusts and shears are k/ft

M actual = factored moment with proper sign + for tension on inside, - for tension on outside
M, = moment with all signs positive.

N, = factored thrust, + is compression

Vuactual = factored shear with proper sign

Viu = factored shear with all signs positive

M = service load moment

N = service load thrust

Add Units to arrays and convert moments and shears to all positive signs:

My = Myagtual (inK)-ft L .

_ Vyu = Vyuactual k-ft
My = if (M u <0.-My,M ui) Vyy = if (V"Ui <0,-Vyy, VVUi)

-1
Ny = Ny k-ft

Nyu = Ny,
-1 | I
Ms:z Ms|nkft
Ms_:z |f(MS <0,—Ms_,Ms)
| | I |

NS = Ns' kft_ 1

Note: Structure and all loads are symmetric, only Nodes 1 to 17 are presented in analysis.
Node 1 is base of leg

Node 7 is corner of segment
Node 17 is crown

48 Concrete Reinforcement Design



Wall Thickness and Depth to Centroid from Compression Face

Ol N[O B W[N]

[EnY
o

BN
BN

=
N

[EnY
w

=
N

[EnY
(&)]

Iy
(e}

[EnY
~

14.00)
14.00
14.00
1431
15.91
20.04
23.24
20.84
16.14
13.30
12.21
12.0
12.00
12.00
12.00
12.00
12.00)
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12.02)
12.02
12.02
12.33
13.93
18.06
21.26
18.96
14.16
11.32
10.23
10.02
10.02
10.02
10.02
10.02
10.02)

Add units:
h:= hin
d:=din

Concrete Reinforcement Design



1.1 Reinforcement for Flexural Strength

Define the compressive strength per inch of thickness as..............ccu....... g:= 0.85-bfgp 1
_ 1-0.210
g= 5.10ks 5| 0.081
Required area of flexural steel 3| 0.403
4| 0.730
51 0.780
6| 0.675
Ad = fi'[g'q’f'di Ny - \/g.Lg.(q,f,di)Z_ Ny (2074~ h) - Z'M“iﬂ 7] oear]
y Ag=| 8] 0528] in
9 0.514 ft
10| 0.397
11| 0.165
12| -0.094
13| 0.021
14| 0.259
15| 0.488
16| 0.663
17| 0.708
1.2 Minimum Flexural Reinforcement 1
110.336
Minimum reinforcement area.... 2 | 0.336
Agmin = for jei Rl 0-403
! ( _ o 4 4(0.730
if (i <7,0.00212-14,.002-12-12)-in"-ft ) 5| 0.780
6 [ 0.675
Governing Reinforcement......... Ad = if(Asmi”i > ASfi’Asmi”i’ASfi) 710.641 )
g | 8]0528] in
9 (0.514 ft
10| 0.397
11| 0.288
12| 0.288
13| 0.288
14] 0.288
15| 0.488
16| 0.663
17| 0.708
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1.3 Maximum Flexural Reinforcement without Stirrups (Radial Tension)

Radius of the inside layer of reinforcement................... Fgi= Tt + th woererreereiiiee rs = 865.50in

Radial tension index:

Mimex = —min(M actual)-in-k ft

a = for jei

[ ~Mmax A nndx := max(a) nndx = 7.00
if| ——— # Myactua - 0,
I

ink-ft

Parameters at Critical Radial Tension Section

Mpmax = 106 10°ink ft 1\|unndx =2167kft” Y d . =2126in
Mmax — 045Ny, -d
T 2bd ot .ann.dx ..nnd.x =00
2bd o OrTsyfepPS-Fri-Frp
Maximum Reinforcement Area
Bpi= if[fcp < 4ksi,0.85,if[fcp> 8ksi,0.65,0.85 — 0.05-(%’ - 4}ﬂ31 =0.75 7

1317
2318

1 (55¢fBrdfep 3 3318

Asex = —| ————— ~ 075Ny T8

Y 87+ fyks ) SERE
6| 4.92
7[582] 2

Asmax=| 8 | 5.18 %

9 [3.82
10[ 3.02
11[ 272
12 2.67
13[ 2.67
14| 2.68
15| 2.68
16| 2.69
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Evaluate limits on Maximum Reinforcement

Radial Tension := if (Ry¢ < 1,"ok" ,"Stirrups Required" )
MaxComproni = if (Asf_ < Agmax » "OK" ,"NotOK")
I I

Note: If maximum compression is "NotOK" then the
options for redesign include:

- increase concrete strength

- increase depth of section

- design section as a compression member with ties

52

Radial Tens

1

1 ["ok"
2 | "ok"
3 | "ok"
4 | "ok"
5 | "ok"
6 | "ok"
7 | "ok"
MaxCompression = g | "ok"
9 | "ok"
10| "ok"
11 "ok
12| "ok"
13| "ok"
14| "ok"
15| "ok"
16| "ok"
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1.4 Flexural Reinforcement Requirements for Crack Width Control

ty's \O.

oY)
[y
Il

Crack control coefficients........ 2
2nin )

O
[y
| .

Service level load eccentricity.......ccccccoevcvvveeeeennn.

Lower bound enforced for €/ ratio.......................

Flexural design parameter............ccoccevevnieeeennne.

Flexural design parameter............ccccevevnveeeennne.

Moment-thrust contribution factor............ccc..........

Required area of flexural reinforcement steel for
crack width control at service load design based
upon Equation B.7......cccccocciiiiiiiiiiii

%= edratio. = |, =

5.02] In 115 0.86
13.14 1.15 0.86
22.66 1.89 0.90
33.65 2.73 0.90
40.58 2.91 0.90
49.15 2.72 0.90
55.49 2.61 0.90
44.99 2.37 0.90
33.28 2.35 0.90
22.81 2.02 0.90
13.56 1.33 0.87

5.09 1.15 0.86
10,91 1.15 0.86
1849 1.85 0.90
25.71 2.57 0.90
31.32 3.13 0.90
32.78 3.27 0.90

333

= if (Ryype = 3,1.9,if (Riype 2 2, 1.5, 1.0) ) vvvvvvvvrrrveiiininniiiiinnns

Mg h
e=—+d-—
1 NS 1 2
I
e e
edratio. := if| — > 1.15,—,1.15
! d d
[ i )
edratio edratioi\
j.=1if| 0.9<0.74 + ,0.9,0.74 +
i 0 )
. -1
. L i)
| = —
i edratioi}
K Mg + Ns | d il
= + . | — —
Ve 3 S j
Bl-pSi_ L

2 -
Agy = —~[K.— Cy-(h)2T .sz
" 30000 0¢-d-Foy L v(n)"lep

Ascr, = [ (Ascr ) < 0,0, Agr |

icri = Ascri =
3.90 0.00 in.ft L
3.90 .00
1.91 .00
1.49 036
1.45 039
1.49 .00
1.53 .00
1.61 .00
1.62 .00
1.81 .00
2.93 000
3.90 .00
3.90 .00
1.95 .00
1.54 005
1.40 034
1.38 oL
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Select limiting area based on cracking & flexure:.. Ag := if (Ascr. > Asf.’Ascr.rAsf.)
I | I | |

i2:=1,2.2 Muactuajlz 0.00
Governing positive reinforcement
- 2
Aqmpos = if| M >0,Ag,0 =
SMpoS - uactuali s ft )
. 2
Agg, = max{ Asmpog Ag =071
9 ft
Governing Negative reinforcement
- 2)
Agrreq = if| M <0,Ag, 0%
smneg; - uactuali s ft )
Agy. = max(Agmneg) in2
S‘:]2 ’ Smn ASQZ = 078f_t

Depth to tension reinforcement at governing locations:

User input is required

0.34
0.34
0.40
0.73
0.78
0.67
0.64
0.53| in
051 ft
0.40
0.29
0.29
0.29
0.29
0.49
0.66
0.71

Ol N[O D] W|IN|F

[EEY
o

[EEN
[EEN

[y
N

[y
w

=
i

[EEY
o1

(I
()]

[EEY
~

0.71) in’
Asgz( \in”
0.78) ft

(1002

%= (12.02) "
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1.5 Shear Strength Calculations

Moment for M/, , ratio

Reinforcement ratio

Factor for depth of section

Thrust factor

F. factor for shear capacity calculation

87

313

550

666

765

866

642

Ol N0 AW NP

461

N
o

287

[EEY
[EY

120

[N
N

[N
w

31

[EnY
i

172

N
(6]

303

N
(o]

402

[EY
~

427

5.89:10 -

5.89-10 -

5.89-10 -

5.89-10 -

5.89-10 -

5.89:10 -

5.89:10 -

5.89-10 -

Ol Nl B[ W|I NP

5.89-10 -

=
o

5.89-10 -

[EEY
[EY

5.89-10 -

[N
N

5.89:10 -

[N
w

5.41-10 -

[EnY
iy

5.41-10 -

N
(6]

5.41-10 -

N
(o]

5.41-10 -

(I
~

5.41-10 -

W] W] W] Wl Wl W W W W W W wl w w wl w w

(4-hi -d)

M“”i = if(Mnui < 0,0,Mnui)

(i <7,1,if (i > 26,1, Fci))

1.00
1.00
1.00
1.00
1.00
1.00
1.02
1.02
1.02
1.01
1.01
1.01
1.01
1.01
1.01
1.01

Oloo|N|O|O| ]| W|DN|F

[y
o

[N
[N

[EEY
N

IR
w

=
I

[y
a1

-
(<2}

)
A A
_it] 0,02 « 212 .0.02, iz pip =
bdg, 'dgizjm
0.0054
= if(M uactual, > Opr’Pl)
= 0.8+ ﬂ Fdiz = if (Fdi2 > 13,13, Fdiz)
i
Nvui‘pSi_ !
N R B
24000 hi
di .
Fci = "t 05 hi FC| = if
1 1
1(0.93 1(1.01
2(0.93 21101
310.93 311.01
4 10.93 411.01
51]091 511.00
6 | 0.89 6 |1.00
7 10.88 7 11.00
Fy= 8 10.88 F = 8 | 1.00
91091 9 |1.00
10| 0.94 10| 1.00
11| 0.96 11| 1.00
121 0.96 121 1.00
13| 0.96 13| 1.00
141 0.96 14| 1.00
15| 0.96 15| 1.00
16| 0.96 16| 1.00
17| 0.96 17| 1.00
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Vh

Diagonal tension index...............

Evaluate Diagonal Tension Strength

13.88

13.88

13.88

14.18

15.76

19.82

22.43

20.27

Ol N[O D] W[N|F

15.72

[EEY
o

13.01

(BN
[EEN

11.96

[y
N

11.76

[y
w

11.51

=
i

11.51

(I
Q1

11.51

(I
()]

11.51

[EEY
~

11.51

=

MVDi =

0.00
0.62
2.08
3.00
3.00
3.00
3.00
3.00
3.00
2.97
151
0.00
0.47
2.78
3.00
3.00
3.00

Vc_=
|

Vb := 0y bd-Fup[Teppsi-(11+ 63 pg )

50.28

==

34.32

18.05

14.18

15.76

19.82

22.43

20.27

15.72

13.10

19.05

41.91

31.31

12.18

11.51

11.51

11.51

Rdti =

4 Vo4 )
Ve = if| Vp-——— > 45 [feppsi-d 45 [f psd,———
G b MVD. + 1 cp PG op PG MVD, + 1)

Vg

VC
]

Fo.-Fn

C
[

DTsrength, := if (Rdti > 1,"Strength Exceeded” ,"OK")

56

Rdti =

0.22

0.34

0.69

0.93

0.86

0.70

0.55

0.53

0.61

0.65

0.41

0.17

0.21

0.51

0.50

0.26

0.03

DTStrength =

"OK"

"OK"

"OK"

"OK"

"OK"

"OK"

"OK"

"OK"

Ol N0 W[N]|PF

"OK"

I
o

"OK"

(IR
=

"OK"

[EEY
N

"OK"

[EEY
W

"OK"

(=Y
N

"OK"

[EEY
o1

"OK"

[EEN
(<2}

"OK"

(IR
~

"OK"
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Check if Circumferential Reinforcement Can Be Increased to Improve Shear Strength

0.01587-Vyy Fe
|

ov-Fyp/ fep psi Fdi ' Fni )

Asinc = if| Rgt > 1, ~ ((0.01746))-d . Ag
1 I I

As nc

W Ag'nc = if (pinc_ > 002, 105|n2ft_ 1,As'nc)
.d. i i i
1

Pinci =

DTinc = if (pim > 0.02,"Stirrups Requ'd" ,"OK")
] |

If increased reinforcement ratio is greater than 2% than stirrups must be used
inz\
Governing Design Ag = if| M > 0,Agnc,0—
% vactudl, = ASNGT ) Asingde = max(As)
L2
in

Acn = if| M <0,Agnc,0—
0, L uactual, SNG4 } Asoutside = maX(ASO)

AS'i - ASOi - Pinci =
= in2 in2 0.002
1{0.336 0.00 m 0.00 m 5002
210.336 0.00 0.34
3 |0.403 0.00 0.40 0.003
4 {0.730 0.00 0.73 0.005
510.780 0.00 0.78 0.005
6|0.675 0.00 0.67 0.003
7| 0.641 0.00 0.64 0.003
9|0514| ft 0.00 0.51 ' py=—
10| 0.397 0.00 0.40 0.003 : ,,OK.,
11| 0.288 0.00 0.29 0.002 > ,,OK,,
12| 0.288 0.00 0.29 0.002 : ..OK..
13| 0.288 0.29 0.00 0.002 > ..OK..
14| 0.288 0.29 0.00 0.002 ° ..OK..
15| 0.488 0.49 0.00 0.004 ! ,.OK.,
16| 0.663 0.66 0.00 0.006 DTinc = il
17| 0.708 0.71 0.00 0.006 0o
10 [ "OK"
Design Summmary: —
Flexugral ' .2 Flexure, crack, Asinside = 071l 1:2; ZE
i heg - (0.71\ in® and diagonal f —
Only 0.78) ft tension criteria i 14 "OK
Asputside = 0.78- 15| "OK"
Note - If As is listed as 10”5 in2/ft, the shear strength cannot be 16/ "OK"
adequately increased by increasing the circumferential reinforcement. 17]"oK”

Stirrup reinforcement, a thicker section or increased concrete strength are
possible adjustements to the design.
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