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PROG K2.002 / 2002-01-30 ( TO73)

Object:L=4.0m

THEORY

When determining the design earth pressure on a wing wall, Culmann’s method is applied to
determine the pressure from the backfill. This is used when Rankine’s method does not work in a
battered slope.

When determining the contribution from live load, however, Rankine’s method is applied. In the
check, load spreading (1:N) through the fill is applied. Typically N = 1 is governing for low wing walls
but should be verified.

The pressure effects from backfill and live load are added even though the failure angle (a) may
differ between them. This simplification is nevertheless considered conservative.
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Earth pressure according Culman
(Applied for determination of earth pressure)
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Surcharge in frictional material according to Rankine
(Applied for determination of surcharge)
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INPUT

Geometry :

L1:=4.00'm L2:=0.50'm

hj:==1-mm hy:=2.40-m h3:=3.50-m hy:=0.10-m

t;:=0.40-m t,:=0.40-m t3:=0.60-m

Angle wingwall-abutment: w:=91.°

Angle wingwall-road : f:=1.°

Distance from break point for effective height :  ¢:=0.80+m

Material :

kN

Soil material : Viorai=20+ K,:=0.29 K,:=0.17

Concrete : Vbigi =25+ dil]

Loads :

Surcharge :

kN

m

Péver = 200

bsperi=2.25m Vstarei=2.0em N:=1

over*

Load coefficients :

Earth pressure
YYjord. ULS *= 1.49 WYjord SLS = 1.34

Surcharge

Woverurs = 1.5 Wsversrs:=0.3
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CALCULATION

Earth pressure according method of Culman:

0 | [ b )
Niva overkant vingmur - murg(x) = bnterp || by |.x
L) (m-m

Niva underkant vingmur mur,  (x) = hnterp| | x|
Vingmurens héjd : By (%) = mur (x) — mur . (x)
—I. D \ I. ﬂ- \ =3
Slantens hajd hyjgni(x) = linterp|| L2 || 0 | x
LUALY.
Frnkhonsvinkel: ¢ = asm|l — Ky
Lutning hos slinten ned ol verkant vingmur matt vinkelrdtt mot vingen :
by
= a —_— —
P (Ly —L;)tan(8)
Vertikallast for brottfizur typ | (= brotthnye 1 slant ) -
(= )]
" i o ]‘ 3 . 1| B (%) iy 5 —a] Tiord
1'*‘::11.1:*‘}5“1._?":‘.'_ih.u*”‘:“_j'“.* s — ) =3

Vernkallaster for brotifigur typ 2 (= brotthnje hamnar ovanfor slant }:

2 1. (= \ hslinl“}:i'-’]ord
Wy = |t§:1m{1}"hsljnt[1“-'mn;__‘]-d“.'d tan( B) ' "3
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Resultant of earth pressure according to Culman under the action of soil load:

By1ine(¥)
tan( )

Po = | Wiord = Wi i (Fypyyy(%) + g %)) 1an(907 — a) <
‘ijd — "11': otherwise
Paktiv < Wjord tan(c -9 )
K
0
| o —P 4. —
vilo aktiv
kil

Pnla

Evaluate the maximum earth pressure by checking N,, for angles between ¢ and 90°:

P.

jord = Ny ¢ 20st
ap® —
My — i
Ny — 1
ik — '.F
PI.TLE'E.‘{ 4—Pu{s,t\]

=7
for ie2. N,

04— 0+ An

Pito < Po

vilo
if Pyilo > Prax
«— P

Pmax vilo

(1 (1

max b

Sections where forces are determined ( total 10 sections ):

Li-L;

2 I
x=|0 =Ly Ly Ly Ly+Ay La+2-4; Ly+3-A; Ly+4-4, Ly+3A, Lll

Create function for earth pressure using result from 10 sections:

Puilg () = Ispl’mr{ijd.x;
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Load intensity of surcharge in frictional material according to Rankine:
Level of top of load height relative to wing wall:
Vetut = Yetart + L 1-sin(6)

Fstart ™ Yshut

:

0 ) [Zstan | 1
Zgk(x) = bmterp|| . | -
1)\ Zghat |

Niva underkant vingmur

[0} 0 ]
) = Retepl| b g -ty -1y )]

- - )

Effektiv bealstningshojd mot vingmur ©  hy_ (x) = 25y(x) —2,5()
Skamungspunkt mellan 2 5{x) ochz 4 (x):
s = 051
Given
25k *skair] = Tuk| *skar
Lopgy = Fmd{x gz )

Belastninglangd mot vingmur -

Lc'.'ﬂ = iflli.’n‘,ﬁ' » I‘I ‘I'I'Iskj.t'

1} = {m x -

start

Vertikal lastintensitet pa niva dar lastspndning 1.1 belastar vingmur
Qivarls) = |0EPa of 5> 1,

over

Pover

otherwmise
X

o )| 5y — i

= ¥start ™ | ¥shat ~ Fstart) I_1|

Lastintensitet mot vingmur :

Pﬁvef T Ku q-ﬁve:(ﬂ'hbvﬂ{ﬂ

= Lover
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Forces earth pressure & surcharge:
L1 L1
H.]D‘l'd . Pyilo () ds Mljurd - (5=%) PyilpL5) ds
“x “x
Hpvee = [N & x> Lgypr Maver= [0ENm o x> Lgype
‘Lﬁt?_t 'L{'h'et
Pryver ds (5 —x)-Pgyprds otherwise
s J.

Load combinations ULS & SLS :

Forces in abutment where wingwall is clamped :

NULS.front = (TVjord. ULS H jord(**0m) + “gyer.uLs H gyer( x=0m ) )-sin(w)

MULS. front = ™Wjord ULS ™ jord{ 0™ ) + " Wgver ULS ™M sver 0™ ) + N'ULS from”

HISLS.ﬁmT = |7 ﬂ}ﬂd_SI_SIH-jD‘rdr x=0m ) + "I"‘l'.'l\'l.'I.SLS-H sverl =0m )}-smiw)

Mg 8 front = TWjord SLS M jord( x=0m ) + W syer 81 §'M gyer( %=0m ) + N'g1 g fromt”

Forces in wingwall :

Quis = ™jord ULS H jord ¥ ™V sver ULS H ver

MyLs = ™ jord ULS ™M jord ™ ™V ver ULS ™M sver

Mgs=mw jord 818 'Mjard W gver ULS M gver

—
4

|‘-¢'|

t

Lt

-
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Calculation effective height :

Ah =g -hp-hy

Niva tverkant effektv vingmur

Niva underkant effektiv vingmur

0 Li._-m '
l
Niva (x) = Imterp Li-L ok X
L
' 1
Ah )

Effeltiv hijd vingmuy hp(x) = Niva si(®) - ?Ci-;iuw 1)
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Design forces (load combinations ULS & SLS ) distributed over effective height:

. : T S |

Hye = hge(0m)
N'ULS front

NULS front =~ _

. MULS fromt
MULS front = THg

. N'gLS front
NSLSfront = g .

ef
Mgl § front

M1 S front = He

Snittlorafier i vingmur

- QuLs — MuLs Mer o a) = JTSLS
Quis(® = b () MyLs() = g (%) ML =

bt

Dead weight wingwall :

t»—t
tx) = h - — :

Alx) = qﬂwix}-t{x}
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RESULTS
Partial results
Design friction angle associated to Ko : p=45°
Angle from top of road and to top of wing wall measured perpendicular to wingwall : p=1°

Load area surcharge :

X Z aw (%) T uk (%) ¥ (%) Snitt
0 2 625 0 2,000 Vingrot
2,000 2,540 0,550 2,035 0.5L aver
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Evaluation earth pressure, surcharge & associated critical rupture angle in table

bt Pion Cl titln P e

0 35 BB 38
07 34 BB 37
0,33 34 BB 37
0,50 33 66 36
1,08 30 66 EX
1,67 27 s H
2,25 24 s 28
2,83 21 BB 25
3.42 19 BB 23
4,00 17 BB 20

m kM/m grader kMN/m

Evaluation earth pressure & surcharge in diagram format :

Jord (x) .

m
Piiver <xi) * 24.5

0 04 08 1.2 1.6 2 24 28 3.2 3.6 1
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Evaluation forces associated to earth pressure & surcharge :
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Evaluation design forces associated to LC ULS & LC SLS :
350
315
280+
245+
210+
, 1 e
O'uLs (xl.) N ol
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x (m)
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ULS( ;) N
240
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Evaluation of effective height :

hey (Xpy0) *

3|~

0.9

0.6

0.3

Date: 11-19-2025

File: PROG K2_003.mcdx




PROG K2.002 / 2002-01-30 ( TO73)

Wingwall railway bridge

Page 15

Detailed results

Design forces in section where wingwall is clamped to abutment:

Effective height in clamped section:

Nuws Muns Nars Mars

103 213 £4 111

kM/m kM mém kMN/m kMNmim
Design forces in wingwall:

X Qs Muns Mgrs t (%)

1] 103 182 g5 0,400
017 93 168 87 0,400
0.33 94 164 80 0.400
0,50 89 141 [ 0.400
1,08 74 98 51 0.400
1,67 58 63 33 0.400
2,25 43 36 18 0,400
2.83 29 16 8 0,400
3,42 14 4 2 0,400
400 ] 0 0 0,400

m kM/m kMmim | kNm/m m
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Load on abutment from dead weight of wingwall :

Vpgon =118 kN Mogen =221 kNm
7y x,=1.88 m

egen

The associated perpendicular to abutment load is a triangular line load with peak
intensity given below.

62 -sin (o) Pegen=131 kN

ef m

pegen ::Megen °

Load on abutment from earth pressure & surcharge on wingwall :

The associated perpendicular to abutment load is a rectangular angular line load with
intensity given below.

__ Hor(0-m) KN
pjord.]'_ ————————°C0s§ (C!)) pjord.l_ 1 —
Hef m
Pover1'= _L)°COS (w) Pover1= I —
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