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ABSTRACT

Reinforced concrete box culvert consists of top slab, bottom slab and two vertical side walls built monolithically
which form a closed hollow rectangular or square single cell or multiple cells. Culverts are required to be used under earth
embankment to construct and pass roads or railways at the moment for crossing of water from both sides of earth
embankment. Current of great rivers and their tributaries in my country have encouraged me to go ahead to find simplified
method for design box culvert. This research focuses on analysis and design of single cell by software “STAAD.Pro” on a
segment in one meter length from culvert barrel to produce a plane structure like instead of space structure. The structure
is subjected to various types of loads and supported by a bed of springs instead of soil interaction according to Winkler's
modeling. The author believes that he is able to create a method which is quick, accurate and optimal solution for design
RCC box culvert. This paper was carried out using ACI-code 2011 with SI units.
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1. INTRODUCTION

Tigris and Euphrates are two great rivers in Iraq
having many tributaries which need to construct more box
culvert to facilitate the construction of roads and railways
passing through water streams. A culvert is a cross-
drainage structure having types such as box, pipe and RCC
Solid Slab Culverts. RCC box culvert is the most common
and its structural components are top slab (called, deck),
base slab (called, invert) and two vertical side walls (
called, upright) built monolithically which form a closed
hollow rectangular or square single cell or multiple cells.
By reading and browsing a number of research papers,
anyone can find many methods to analysis and design box
culvert such as finite element, moment distribution,
genetic algorithms...etc. Sometimes these methods used
manual calculations or software. All of these methods are
correct, but need more time and effort. So, this paper deals
with study of simplified method for design single cell
RCC box culvert using software STAAD.ProV8i
according to ACI-code 2011, after inserting modification
to the culvert structure.

The Winkler's model was used to represent the
structure supported by a bed of springs instead of soil
interaction. The earliest use of these springs to represent
the interaction between soil and foundation has been
attributed to Winkler (1876). In its classical form the,
Winkler method assumes each spring is linear and acts
independently from the others, and that all the springs
have the same stiffness k. This representation has the
desired effect of increasing the bearing pressure beneath
the columns, and thus is a significant improvement over
the rigid method. However, it is still only a coarse
representation of the true interaction between mats and
soil ( Hain and Lee, 1974, Horvath, 1983, Coduto, 2001).

2. EXPERIMANTAL PROCEDURE

To know the details of the study, the structural
analysis and design will be focused on the culvert that has
the following characteristics:

A. Geometry

= Total length of culvert is equal 15 meters. Segment in
one meter length will be taken to perform the analysis
and design so that considers the structure as a plane
instead of space structure.

= Depending on the discharge data every ten years, the
highest level of water in front of the culvert is one
meter. Choose, squire section single cell with
dimensions (2x2c/c) meters.Precisely, the
dimensions can be chosen from the equation Qqy, =
VA

= Thickness of all components will be chosen equal to
400mm, as a condition that not less than sixth of
dimensions. So, D=2+0.4=2.4m.

B. Loads analysis

After the verification and collection of the field
data, the worst case of loading that applied to the culvert
barrel will be calculated.
The Loads that applied to the deck are:
=  Due to earth embankment,

i+l 1 .
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= Due to live loads,

w * Ly
W, = L (2)
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W2 = T = 14-5kN/m
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= Due to wheel loads as shown in Figure-1,

_ 2P
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2(70

= 13kN/m

W= o6+ =182

Summary of loads that applied to the deck,
W, =46.6+14.5+13=74.1 kN/m
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Figure-1.Dispersion of wheel loads.

The loads that applied to the uprights according
to diagram shown in Figure-2 are:
= Due to earth pressure,

" _1—sin(25 "
"1 +sin@ )
_1—sin30_1

Ka =13 sim30 =3

at top outer edge of the culvert section,

e; =Y. d.K,, while at bottom,

e, = Ye. (d + D).K,. Easily, pressure can be considered
as uniform distributed and its amount,

D

e=ye.(d+5).Ka (5)
1

e=18 (3 +7)§ = 252kN/m

=  Due to surcharge of live loads,

es = w. Ky (6)
1
es =20 <§) = 6.7kN/m
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Figure-2. Pressure diagram on uprights.

Summary of loads that applied to the uprights,
e, =25.2+6.7=32 kN/m

The Loads that applied to the invert due to water
pressure are,W,, = v,, * water height = 10(1) =

10kN/m.

C. Input file

To provide the simplified culvert model which is
suggested as shown in fig.3, the following well be
considered:

a) Invert member well be divided in to four members
each 0.5m to induce springs at the ends of each
member to create bed springs as that Winkler has
denoted.

b) (Bowles, 1996) has suggested the following for
approximating soil stiffness Kg,

K = 40(S. F)q,kN/m3(7) K, = 40(2)(80) =6400 kN/m?3

For the inner support at intermediate nodes of
invert member,
KFY will be calculated equal to,
KFY=6400(0.5*%1.00)= 3200kN/m,
While for the outer supports,
KFY=6400(0.25*1.00)= 1600kN/m.
=  The input file content the following date,

W, =71.1KkN/m

.

E =
Z Z
=4 |~
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I g
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W,, = 10 kN/m
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- &
| 4at 0.5=2m |
| ™1
Figure-3. The simplified model .
STAAD PLANE .......... analysis and design of the culvert

START JOB INFORMATION
ENGINEER DATE 31-Jan-18

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER KN

JOINT COORDINATES
1000;2200;3220;4020;50500;6100;71.50
0;

MEMBER INCIDENCES
115;223;334;,441;556;667;772;
DEFINE MATERIAL START
ISOTROPIC CONCRETE
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E 2.17185e+007

POISSON 0.17

DENSITY 23.5616

ALPHA 1e-005

DAMP 0.05

TYPE CONCRETE
STRENGTH FCU 27579

END DEFINE MATERIAL
MEMBER PROPERTY AMERICAN
1TO7PRISYD 047D 1
CONSTANTS

MATERIAL CONCRETE ALL
SUPPORTS

1 2 FIXED BUT MZ KFY 1600
5 TO 7 FIXED BUT MZ KFY 3200
LOAD 1 LOADTYPE None TITLE LOAD CASE 1
SELFWEIGHT Y -1

MEMBER LOAD
15TO7UNIGY -10

3 UNIGY -71.1

4 UNIGX 25.2

2 UNI GX -25.2

PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
START CONCRETE DESIGN
CODE ACI

UNIT MMS NEWTON
FYMAIN 350 ALL

FC25 ALL

CLS 75 ALL

CLB 75 ALL

CLT 75 ALL

MAXMAIN 20 ALL

MINSEC 6 ALL

DESIGN BEAM 1 TO 7

END CONCRETE DESIGN
FINISH

D. Output file

From Figure-4 till Figure-7 are drawn for whole
structure by STAAD. Pro except of fig. 8. As a result of
STAAD. Pro has no facility to draw main reinforcement
details for whole structure, the author is drawn Figure-8
according to the data of the outputs.

Euieu; 18646 bﬂax: 1871t mm rnax: 18.640 mm

hax:18.620- mmitax: 18.554 mm Ttax:18.554 mmiax: 18.620 mm

Figure-4. Displacement diagram, drawn by STAAD.Pro.

™

25.200 kN/im
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= -26689.728 0.000 N =0.000 N =0.000 N = 26689.728 N

= 29791.267 59371.193 NY|= 59272.217 NY|= 59371.193 N¥|= 29791.267 N

Figure-5. Actions and reactions, draw by STAAD.Pro.

MNm 17.073 kim
A7L073 khini A7.073 kNm
ax:|-23.1 m

M@%m
Me kNm Max: -20.052 kNm
WDQ kNm max: -20.052 kNm
Figure-6. Bending moment diagram, draw by

STAAD.Pro.
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B.05e+004 N

m

37e+004 N

-2.57er004 N
18.05e+064 N

Load 1: Shear Y
Force - N

Figure-7. Shear force diagram, draw by STAAD. Pro.
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Figure-8. Reinforcement details, draw by the author.

3. RESULTS AND DISCUSIONS

Several methods have been tackled in the analysis and
design of RCC box culverts for researchers in this
field. By comparing this simplified method with the
previous methods, there is no noticeable difference in
the values and shape of the bending moment and
shear force diagrams.

Spacing between the springs is installed by trial and
error method till a logical space was reached. Closer
of spacing means more accurate values that are
obtained for the outputs, especially that for invert
members.

Symmetry of section properties and loads applied to
the culvert barrel, causes that Joint displacement,
support reactions, bending moment and shear force
diagrams are symmetrical also.

STAAD.Pro provided main reinforcement without
secondary. Area of secondary reinforcementAg ,,;,, for
resistance shrinkage and temperature stresses must be

calculated by the users according to ACIL.Code as
follow,
for deck and invert,

Ag min=0.002(400)(1000)=800mm?,
for uprights,
Ag min=0.0025(400)(1000)= 1000mm?.

=  Reinforcement ratio (p) for maximum bending

moment is less than the minimum ().
Therefore, STAAD.Pro calculates an equal

reinforcement area from (p,,;,) for all effective

sections. As mentioned in ACI.Code,
Max. bending moment M,, =29.55kN.m .

pP
1.18f,

25 2.36(29.55 * 109)

2.36M,
0.9b(effective depth)?f,/

8)

P 1.18(350) [ 0.9(1000) (400 — 75)2(25)
p = 0.0009
VL V25
Pomim = VI _ =0.00357,
4f, ~ 4(350)
thatnotlessth 14 _14 0.004
sotnatnotiess anfy—350— .

So, use pPpin = 0.004,

and the main reinforcement area (A;)is,

Ag = 0.004(1000)(450 — 75) = 1300mm?,
use 12012 /m’, as shown in Figure-8.

4. CONCLUSIONS

Based on the results of this study, the following
conclusions are drawn:

This study focuses on reinforcement concrete box
culvert having single cell so that space structure for culvert
barrel transformed to the plane structure represent segment
of one meter length.

Plane structure is subjected to the various type of

loads and supported on bed springs equivalent to the soil
interaction according to Winkler's model.
Closer of spacing between springs, mean more accurate
values that can be obtained for outputs of STAAD.Pro
such as bending moments, shear forces and support
reactions.

Finally, the author believes that he is able to
create a simplified method which is quick, accurate and
optimal solution for design RCC box culvert by using SI
units, ACI-Code 2011 and software STAAD.Pro.

NOTATION AND DEFINITIONS

Qo rate of discharge each 10 years, m3/sec.

\ flow velocity Of water, m/sec.
A cross sectional area, m2.
D outer dimensions of culvert section, m.
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d depth of earth embankment, 3m.

Ly width of road or width of top earth embankment,
8m.
L, width of the base earth embankment or effective

width of dispersed loads, as a result of assume that
the angle of dispersion and side slope of earth
embankment is the same and equal to 2:1. So, L, in

both cases is equal to L, =d +L; = 11m.

Ye density of wet soils, kN/m?3.

W distributed live load, kN/m?.

P concentrated wheel loads. According to AASHTO
the load of vehicles (HS20-44) is equal to
(16000Ib=70kN ) and the distance between two
wheels centers, (6ft=1.8m).

a width of double wheel, (2ft=0.60m).

(0] angle of soil friction, for sandy soil taken 30°.

vw  density of water, KN/m3.

da allowable bearing capacity for the soil, KN/m?.

S.F  safety factor depend on type of soil. For sandy soil
taken 2.

KFY spring stiffness for supports as denoted by
STAAD.Pro, kN/m.

f specified compressive strength of concrete, MPa.

fyspecified yield strength of steel, MPa.

b width of concrete section, mm.
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