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This paper describes the development of a general computer method for 
design of single-cell, precast reinforced concrete box culverts. The 
method uses the loading requirements of the American Association of State 
Highway Officials and the ultimate strength design approach of the Ameri­
can Concrete Institute. The user describes geometry and loading condi­
tions, and the program analyzes many loading cases by the stiffness matrix 
method and determines the design forces by appropriate combinations of 
the results of those analyses. Based on the design forces, reinforcing steel 
is selected to provide adequate strength to resist the bending moments and 
axial forces. Shear stresses are checked to determine whether slab thick­
nesses are sufficient without shear reinforcement; no shear reinforcement 
is included in the design. A crack-control provision based on work by 
Gergely and Lutz is included. Culvert spans of 3 to 12 ft, rises of 2 to 12 
ft, and burial depths of 2 to 100 ft are permitted. The top and bottom slabs 
of the culvert may have different thicknesses, and the side walls of the 
culvert may be a third as thick. Linear haunches may be specified and are 
taken into account in both the analysis and the design procedures. The 
computer program and its applications are discussed, and 2 sample prob­
lems are included. 

•CAST-IN-PLACE, reinforced concrete box culverts have been designed and used for 
many years because of special waterway requirements or unusual load conditions at 
certain locations or because of designer preference. As labor costs continue to rise, 
so do the costs associated with cast-in-place reinforced concrete. As the volume of 
highway traffic increases, so does the cost of inconvenience and delay associated with 
cast-in-place construction methods. Therefore, attempts have been made to develop 
and specify precast concrete box sections, but they have been unsuccessful because the 
approach was local in nature or confined to one project. 

In early 1971, the Virginia Department of Highways and the American Concrete Pipe 
Association (ACPA), with financial support of the Wire Reinforcement Institute (WRI), 
began a cooperative venture to develop a manufacturing specification including standard 
designs for precast reinforced concrete box sections that would be used primarily by 
the Virginia highway department but could be adaptable as a national specification under 
the auspices of AASHO or ASTM. From the beginning, both groups believed that the 
same production and construction methods used with precast concrete pipe could be suc­
cessfully applied to precast concrete box sections; in other words, these could be con­
sidered as precast concrete pipe of rectangular cross section. The proposal was that 
standard box culverts be plant-produced, be manufactured under strict quality control 
procedures and subject to inspection, and be installed by rapid cut-and-fill procedures. 
The venture quickly evolved into 2 efforts-the manufacturing specification and the 
standard designs-although certain parameters were important and common to both. 
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PRELIMINARY STUDY 

The objectives of the preliminary study were to determine the effect of parameter 
variation and to give some indication as to what sizes should be selected for publication 
as standard designs. The infinite number of cross-sectional dimensions and of designs 
possible with box sections was the main problem. In plant production, the capital cost 
and inventory of forms are critical items in determining product costs. Obviously a 
producer cannot be expected to maintain infinite numbers of forms and sizes or forms 
for sizes rarely used in his area. 

The initial sizes selected for study were a compromise reached by interested pro­
ducers representing all parts of the United States and Canada. The slab and wall thick­
nesses and the steel design stress were varied to produce 384 designs that were ana­
lyzed by the ACPA Technical Committee. 

After the analysis was reviewed, it was evident that, although final design param­
eters could be selected, the existing computer design program was inadequate for de­
signing precast reinforced concrete box sections for several reasons. The existing 
program could not properly handle the high-strength, welded-wire fabric considered 
for use in the manufacture of the box section; the program was set up for covers over 
the steel as normally used in cast-in-place design and not the lesser covers that could 
be maintained through plant production as evidenced by those used in precast concrete 
pipe; and the existing program did not include haunches in the design and analysis pro­
cedures. 

It was necessary, therefore, to develop a new program. It was proposed that a 
general computer method be developed for the design of single-cell, precast reinforced 
concrete box sections. The method would take into account the close tolerances, the 
quality and high concrete strength capabilities of plant production, and the characteris­
tics of high-strength, welded-wire fabric and would include haunches in the design and 
analysis procedures. The remainder of this paper describes the development, criteria, 
and applications of the computer program. 

GENERAL CAPABILITIES AND LIMITATIONS OF THE PROGRAM 

Application 

The program designs buried precast reinforced concrete box culverts in accordance 
with the loading requirements of AASHO (1) and ultimate strength design provisions of 
ACI (2). The program is general, can be-used to design any rectangular culvert with 
or without haunches, and gives the designer the capability of specifying the following 
information: 

1. Culvert geometry-span, rise, wall thicknesses, and haunch dimensions; 
2. Loading data-depth of fill, density of fill, lateral pressure and effective height 

coefficients for soil, truck loading, and internal pressure loading; 
3. Material properties-steel strength, concrete strength, and concrete density; and 
4. Design data-concrete cover over reinforcement, diameter of reinforcement, and 

minimum spacing of reinforcement. 

Only the span, rise, and depth of fill have to be given as input data. Specification of 
additional input data is optional with the user. Standard values are used when specific 
input data are omitted. 

The program has the following limitations: 

1. Only single-cell culverts can be considered; 
2. The range of burial depth permitted is 2.0 to 100.0 ft; 
3. The range of spans permitted is 3.0 to 12.0 ft; 
4. The range of rises permitted is 2.0 to 12.0 ft; and 
5. Only those loading cases that are discussed below can be considered. 

The limitations on the range of culvert sizes and maximum burial depth are arbitrary 
and easily modified, but modification of the other limitations listed above would require 
major programming changes. 
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Design 

The design capabilities of the program are based on the ACI ultimate strength design 
method. The area of required tension steel is selected by taking bending moment, axial 
forces, and cracking control into account, and the shearing stresses are checked. 
Welded-wire fabric will be used iri the standard designs; therefore, in addition to the 
area of steel that is required, the maximum wire spacing that is consistent with con­
trolled cracking is computed. However, the design produced by the program is also 
valid for culverts reinforced with bar reinforcing, provided the correct yield strength 
is input. 

The following limitations apply to the design in the program: 

1. Only transverse reinforcing is selected; 
2. Anchorage lengths are not computed; 
3. The program does not design wall thicknesses; 
4. The present version of the program does not design shear reinforcement, but it 

does print a message when shear reinforcement is required; and 
5. Maximum wire spacing is determined based on the assumption that a single layer 

of reinforcing is to be used for each of the reinfprcing locations. 

Cost 

When the design of a culvert is complete, the volume of concrete and steel used in 
the design is computed. The cost per unit length of culvert· is determined based on input 
unit costs for materials. Only material costs are considered; consequently, other 
costs such as transportation and installation must be added to determine the cost in 
place. 

STRUCTURAL CRITERIA FOR ANALYSIS AND DESIGN 

Notation 

The notation used in this section is defined below. 

A. = area of steel; 
b = width of unit strip (12 in.); 
d =depth from extreme compression fiber to centroid of tension reinforcement; 

dt =depth of fluid in culverl; 
f~ = compressive strength of concrete; 

foL = load factor for dead load; 
fLL =load factor for live load; 
f, = stress in reinforcement at service luads; 
fy = yield stress of reinforcing steel; 
h = height of fill; 

H~ =horizontal length of haunch; 
H. = vertical length of haunch; 
L1 = length of distributed wheel load along span; 
m = f 1/0.85 f~; 

Mu = ultimate design moment; 
PM = 0.5 Hv Hh /lei 
Pu =ultimate design axial force (positive for compression); 
R =rise; 
SQ = spacing of longitudinal wires; 
S =span; 

s' = s +ts; 
tb = distance from centroid of tension steel to outermost concrete tension fiber; 
ta = thickness of bottom slab; 
t. = thickness of concrete cover over reinforcing steel; 
ts = thickness of side wall; 
tr =thickness of top slab; 

Vu = ultimate design shear; 



wr =load intensity on top slab; 
Ws =:load intensity on side wall; 
we = load intensity on bottom slab; 

Wsr =load intensity on side wall at top; 
Wss =load intensity on side wall at bottom; 
w., = reaction intensity at left; 
WrR = reaction intensity at right; 

a: = coefficient for lateral soil pressure; 
f3 = effective height coefficient; 

'Ya = density , of concrete; 
'Yt = density of fluid (water); 
y, = density of soil; 
p = pressure head; 
~ = nondimensional fraction of s'; and 

<P = capacity reduction factor. 

Structural Arrangement 
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Figure 1 shows the s tructural arrangement. The top and bottom slabs may be dif­
ferent thiclmesses, and the side walls may be a third as thick. At the user's option, 
linear haunches of arbitrary dimensions may be specified. The steel anangement is 
shown, and the steel areas designated ASl, AS2, AS3, and AS4 are to be designed as 
well as the cutoff lengths L and Ls. Design forces are evaluated at the cross sections 
ind1cated; the design based on those forces is discussed in another section of this 
report. 

Loadings 

The loading cases that are analyzed are shown in Figure 2. The loadings are sep­
arated into 3 groups: permanent dead loads, additional dead loads, and live loads. 
Load cases 1, 2, and 3 are the permanent dead loads; load cases 4 and 5 are the addi­
tional dead loads; and load cases 6 through 19 are live loads. The distinction between 
permanent and additional dead loads is made so that maximum force effects may be 
evaluated. Additional dead loads are considered to be acting 'only when they tend to in­
crease the particular design force under consideration. 

In load cases 1, 2, and 4, the soil reaction is assumed to be uniformly d1stributed 
across the width of the culvert. Load cases 3 and 5 have no soil reaction on the bottom 
slab. In load cases 6 through 19, the soil reaction on the bottom slab is assumed to 
vary linearly across the width of the culvert. It is assumed that no soil reactions are 
imposed on the sides of the culvert. 

Load cases 6 through 19 are truck loadings. Load cases 6 through 12 are for an 
AASHO truck, and load cases 13 through 19 are for the truck loading required on Inter­
state Highways. Depending on the culvert span and depth of burial, as many as 7 load 
cases are used to simulate different positions of a wheel load as a truck traverses the 
culvert. The 7 cases are obtained by selecting different values of the parameter ~in 
Figure 2f. The truck load design force that is selected at each section is the maximum 
force that occurs at that section under any of the truck loadings. 

The length of the distribution of the wheel load in the direction of the span (length L1 
in Fig. 2f) is determined in accordance with the AASHO standards (1 ); however, a modi­
fication of the width or the AASHO distr~bution is used in the direction of the axis of the 
culvert. The maximum width over which the load from a truck is distributed is the 
width of 1 lane, i.e., 10 ft. This modification is made because distribution of loads 
along the length of the culvert will be discontinuous atthe joints between culvert seg­
ments, and, with multiple traffic lanes over more than 1 culvert segment, the modified 
load intensity represents a maximum design condition. Thus, the length of the culvert 
does not affect the design requirements . 

The AASHO standards (1) allow the use of 70 percent of the soil weight in culvert de­
sign and allow the designer to neglect truck loads when the depth of overburden exceeds 
8.0 ft. However, they allow this reduction in load on the presumption that the concrete 
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design will be in accordance with the AASHO working stress design approach, which 
leads to conservative steel stresses. In the method described here, the ACI ultimate 
strength design approach is used rather than the AASHO working stress design approach; 
consequently, 100 percent of the weight of the soil is used, and truck loads are consid­
ered for all overburden depths. 

Method of Analysis 

structural analysis is performed by using the stiffness matrix method. A 1-ft slice 
of the culvert is analyzed as a 4-member frame (Fig. 1). For each member of the 
frame, the flexibility matrix is determined and inverted to obtain the member stiffness 
matrix. The member stiffness matrices are then assembled into a structure joint stiff­
ness matrix, a joint load matrix is assembled, and conventional methods of matrix 
analysis are employed. 

For simplicity, the fixed-end force terms and flexibility coefficients for a member 
with linearly varying haunches are determined by numerical integrations. Analytic 
integration is possible, but the algebraic expressions that result are cumbersome. The 
trapezoidal rule with 50 integration points per member is used, and a sufficiently high 
degree of accuracy is obtained. 

Method of Design 

The design procedure consists of selecting the steel that is required to r esist the 
design bending moment and axial force, checking for crack control, and checking shear 
stresses. The wall thicknesses and haunch geometry are input parameters that are 
selected by the designer. The equation that is used for steel selection is based on the 
ACI ultimate strength design approach for combined bending and axial compression 
where the cross section is proportioned so that its ultimate strength is governed by the 
tension steel. Three-quarters of the steel corresponding to balanced conditions for 
bending alone is the maximum percentage of steel that is permitted. 

Design forces resulting from the design loads multiplied by load factors are evaluated 
at the cross sections shown in Figure 1. The load factors are input parameters that 
may be specified by the designer; if they are not specified, load factors of 1.5 and 2.2 
are used for dead loads and live loads respectively. The maximum design forces are 
obtained by summing the permanent dead load forces, the additional dead load forces 
when they tend to increase lhe design force, and the maximum force resulting from the 
live load cases. 

The four steel areas designated ASl, AS2, AS3, and AS4 in Figure 1 are designed. 
The area ASl is the maximum of the steel areas required to resist M4 (i. e., the moment 
at the cross section labeled rv1 .• , Fig . 1), :Ms, l'vh, or l'v1a. AS2 is designed to resist M1, 
AS3 is desigo.ed to resist Mu , and AS4 is designed to resist M5. V3 (i.e., the shear at 
the cross section labeled Vs, Fig. 1) is used to check the shear stress in the top slab, 
the maximum of Vs and V7 is used to check the shear stress in the side wall, and V9 is 
used to check the shear stress in the bottom slab. Moments M2, MJ, and M4 are used 
to determine the theoretical cutoff length Lr for ASl in the top slab; and moments Me, 
Mg, and Mio are used to determine the theoretical cutoff length La for ASl in the bottom 
slab. Linear interpolation or extrapolation is used to determine the point at which the 
negative moment envelope is zero. 

The following ultimate strength design formula is used to select the bending re­
inforcement: 

bd A = - -' m [ 
2b Mu _ P u bd + ( Pu )

2
] 

<(J C1 m 'I> f 1 m cp f 1 

The derivation of Eq. 1 is given below: 

(1) 

1. Figure 3 shows the forces acting on the cross section of a reinforced concrete 
flexural member at ultimate strength conditions when subjected to flexure plus axial 
compression. 
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2. Writing equilibrium of the forces in the vertical direction and imposing a capac­
ity reduction factor leads to 

Pu= c,o(0.85 f~ ba - Aafy) 

3. Writing moment equilibrium about the point x = a/2 leads to 

Mu - Pu ( d 2 a) = Cf) A, fy ( d - ~) 

4. Solving Eq. 2 for a, substituting the result into Eq. 3, and rearranging terms 
give 

A.2 _ 2bd A.+ [2bMu _ Pu bd + (~)
2

] = O 
m cpfym t,pf1 m <,0f1 

5. Solving Eq. 4 for A, gives Eq. 1. 

(2) 

(3) 

(4) 

The crack-control criterion that is used is somewhat more conservative than the 
crack-control provision given in the ACI code. It is based on tests by Lloyd, Rejali, 
and Kesler (3) of slabs reinforced with welded-wire fabric. Essentially, the research 
determined ffiat the semi-empirical equation presented by Gergely and Lutz (4) may be 
used for slabs reinforced with smooth and deformed welded-wire fabric. -

Using the Gergely and Lutz equation leads to the following requirement for the stress 
in the reinforcement when a single layer of reinforcement is used and the maximum 
permissible crack width at service load levels is 0.01 in.: 

f, :> ~+5 (5) 

~ 

The derivation of Eq. 5 is given below: 

1. The semi-empirical equation proposed by Gergely and Lutz (3) for relating max-
imum crack width to other design parameters is -

Wb = 0.091 X 10-3 3J1;A (f, - 5) R (6) 

where R = (h - kd)/[ (1 - k)dJ; f. = reinforcing steel stress, in ksi; t =thickness of slab; 
tb = distance from bottom of slab to centroid of tension reinforcing; and A == area of con­
crete surrounding one bar or wire. For slabs with a single layer of reinforcing, A = 
2tb Se. 

2. Maximum crack width is limited to 0.01 in. at working stress; thus, Wb = 0.01 in. 
when f. = frcp/avg load factor. 

3. R.ax = 1.34 is used for typical culvert slabs. 
4. Then, 

0.01 = 0.091 X 10-3 ~th 2t~ Sq (f. - 5) (1.34) 

which is the same as Eq. 5. 

f.-5=~ 
~tb 2 

S2 

(7) 

5. Equation 5 is compared to ACI crack-control criteria for ordinary exterior ex­
posure (wb = 0.012). 
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max f. 145 
=---

~d, A 

145 max f, = -
3 
---

~ 
(8) 

115 
max f, - fy 

2 
tb SQ 

Correction is made for reduction of maximum crack width from 0.012 to 0.01 in. 

(9) 

The conclusion is that max f, obtained by ACI criteria is significantly higher than max 
f, obtained from the Gergely and Lutz equations for use with typical slabs. 

Shear reinforcing is not required if · 

(10) 

where cp = 0.85 and b and dare as given above. Equation 10 is obtained from the re­
quirements of ACI 318-71 ~. paragraphs 11.2.1and11.4.1). 

Assumptions and Limitations 

Although the design and analysis procedures that were developed in this work are 
intended to be as general as possible, there are inherent limitations to the applicability 
of the design program due to the assumptions that were made in developing the design 
procedure. The major design assumptions are given below: 

1. The moments M1 and Mu (Fig. 1) always cause tension on the inside face of the 
culvert wall, and the moments M4, M5, M7, and Me always cause tension on the outside 
face of the culvert wall. 

2. Critical sections for shear and moment do not occur within the haunch. 
3. Based on the notation in Figure 1, SPAN~ 4(t8 - t0 ) + 2Hh, SPAN~ 4(4 - tJ + 2Hh, 

and RISE ;;., 2(t5 - tJ + 2Hv. 
4. A single layer of reinforcement is used. 
5. For welded-wire fabric made of smooth wire, the maximum cross-wire spacing 

is 6 in. For welded-wire fabric made of deformed wire; there is no cross:..wire spacing 
limitation. 

Assumptions 1, 2, and 3 are valid for culverts with "normal" proportions; however, 
for unusual conditions where some of the assumptions are violated, application. of the 
design procedure may give erroneous results. For example, if very flat haunches are 
used, the critical section for shear or moment or both may lie within the haunch, and 
unconservative results would be obtained . The designer-user should be aware of those 
assumptions so that the design program is not used for cases where the assumptions 
are violated. 

Assumptions 4 and 5 affect the crack-control criterion. If more than one layer of 
reinforcing is used, the wire spacing computed by the program is overly conservative. 
If smooth welded-wire fabric is used with cross-wire spacing greater than 6 in., the 
longitudinal wire spacing that is computed may be unconservative. 

The conclusions of Lloyd, Rej ali, and Kesler (3) state that welded smooth-wire fabric 
and welded deformed-wire fabric are equally effective for crack control in slabs. How­
ever, it i s well established that cross-wire spacing influences the effectiveness of 
welded smooth-wire fabric for crack control. Because no limits for cross-wire spacing 
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are given by Lloyd, Rejali, and Kesler, the above limitation restricting the maximum 
cross-wire spacing to 6 in. requires further confirmation. 

COMPUTER PROGRAM 

General Description 

The program using the design method presented in this report was written in FOR­
TRAN IV and implemented on an IBM 360 model 65 computer. The input data require­
ments for the program are flexible because many data are optional. The amount of in­
put data for the design of a particular culvert ranges from a minimum of 3 cards to a 
maximum of 15 cards; standard values for optional input data are assumed if specific 
data are not input by the user. 

The output data consist of an echo print of the input data and a 1-page summary of 
the design. (Figs. 5 and 7 show typical designs obtained from the program.) The 
first line of output identifies the culvert size and the depth of overburden. These are 
required data items and must be supplied to the program by the user. The material 
properties, soil data, loading data, and concrete data are optional data items; when 
they are not supplied by the user, values are assigned by the program. The reinforc­
ing steel data and the weight and cost data are generated by the program. 

Standard Designs 

The program has been used to generate data for culverts that will be proposed for 
standards and incorporated in a specification by the ACPA Technical Committee. Table 
1 gives the standard sizes that have been designed. . 

In Table 1, "span" and "rise" are as shown in Figure 1, and the column headed 
"thickness" applies to top slab, side walls, and bottom slab. Also, the proposed stan­
dard sizes have 45-deg haunches with a leg dimension equal to the wall thickness. De­
signs were made for each standard size at many burial depths· the depth of overburden 
was increased from 2.0 to 6.0 ft in 1.0-ft increments, and then increased in 2.0-ft in­
crements until a depth was reached where shear reinforcing was required. Designs 
were made for culverts with no truck load, AASHO HS20 truck load, and Interstate 
loading. About 1,200 designs have been generated for the ACPA Technical Committee, 
and in every design the area of steel designated AS4 in Figure 1 was not required· 
therefore, the standard culverts that are included in the specification may not have AS4. 

Special Designs and Parameter Studies 

The program can be used for designing or evaluating speeial nonstandard culverts. 
Many geometric quantities may be varied including the span- rise; depth of overburden; 
thickness of the top, bottom, and side walls; horizontal and vertical haunch dimensions; 
and thickness of concrete cover over the reinforcement. Also, steel and concrete 
strengths can be changed and soil parameters can be varied. These freedoms in de­
scribing a problem allow the user to design a nonstandard culvert for a special con­
dition or to evaluate the adequacy of a proposed design. Further, by making several 
runs, the prog1·am can be used to evaluate the maximum or minimum burial depths or 
both that a given culvert design can sustain. 

Another application of the program is its use in performing parameter studies. Of­
ten, a designer would like to determine how changing one or more parameters affects 
U1e final design, particularly the cost of the design. Making several runs and varying 
a particular parameter allow the impact of that parameter on the design to be evaluated. 
For example, U1e program could be used to study how cost is affected by wall thickness, 
and the designer could readily establish the wall thickness that optimizes the culvert 
cost. 

Sample Problem 1 

Sample problem 1 demonstrates the use of the program for the design of a culvert 
when all input data are specified. Figure 4a shows the culvert geometry, and Figure 4b 
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Figure 4. Geometry and input data for sample problem 1. 
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E I G H T A N 0 C 0 S T 0 A T A 

i.e11;HT nF CIJLVEKT. KIPS/FT. 
WEIGHT UF STEEL, LB./Ff. OF CULVERf LENGTH 
UNIT COST llF CONCRETE, $/TON 
lJNJr CllST OF STEEL, $/LB. 
cusr tlF STEFL. SIFT. OF CIJLVERT LENGTH 
COST 1JF CONr.REJE, SIFT. OF CIJLVrnT LENGTH 
TUT~L cnsT. SIFT. OF CllLVFRT LFNGTH 

2.090 
38 .154 
6.250 
o.135 
5.151 
6.412 

11. 563 



Figure 6. Geometry and 
input data for sample 
problem 2. 

Figure 7. Output for 
sample problem 2. 
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12.0' ~.J 
SPAN 's 

(a) Culvert Geometry 

S4MPLE PkOHUM 2 - MINIMUM DATA 
1 SPAllt.RISF,nFPTH 12,000 7.000 2.000 

q9 END QF OATA 

(b) Echo Print of Input 

17.0 FT. x 7.0 FT. PRfrAST (O'<rRHE CULVERT Wirf' 2.000 FT. OF OVFNRllROEN 

~***•••·~······•******•****•*••••*•••••••*********•······················· 

MATFRIAL P R 0 P E R T I e S 
------------ ------·-------

STFFL - MINIMUM SPEC!FlfO VIEi 0 STRESS, KSI 
cn~CRFTF - SPECIFIED CO~PRFSSIVE STRFlltGTH, KSI 

S 0 T I D A T A 

65.000 
5.000 

---------------------------
LIN IT WF I GHT , PC F 
RAT!n flF LATERAL TO v<RTICAL PRESSIJRf 
FFFfr.TIVE HFIGHT COEFFICIFlltT 

0 I'\ I) l f\J I~ 0 A T A 

LOAD FACTOR - OfAO LCAO 
L1J•11 FAOOR - LIVF LC·AO 
TQllC:K I flAD, 
IJNTFORM I '<TFRNAL PRESSURE, PSI 

CllNf,RETF !lATA 

TOP ~LAR TH!rKNES!\, IN, 
RflTTnM Sl~H THICKNESS, IN, 
Sin~ W'ALL THICK~rss. IN. 
HORI lONTAL HAUNCH DIMENSION, JN, 
VFRTICAL HAIJNr.H ll!ME~SION, IN, 
CllNCRfTF COVER OVER 5THL, IN. 
WIRF UIAMETFR USE!l FOR COMPllTING llFPTH U~ STEFL. IN, 

O fl~FORCING 5 T f F L ll A T A 

120.000 
0.330 
1.000 

l.500 
2.200 

AA SHO HS-?O 
u.o 

12.000 
12.000 
12,00U 
12.00D 
ll.OUU 
1.000 
0.600 

-~---~-----------------------~------

AR Eh 
SO. IN, 
PER FT, 

Ml'I. 
WIRE 

SPAC 1 G 
1111. 

'IA X. 
WIRE 

SPAC•G 
JN, 

~~---------~---~------------~---~--------~~---
TnP SLAA - INSlllf 
KOTTOM SLA~ - TN51DE 
srnE WALi - OUTSIOF 
!\TllE WALL - INSIDE 

F ACF 
FoH 
FACE 
FACE 

*PROGRAM ASSIG~tD VALUE 

0.494 
0.354 
0.36] 
o.o 

7.0• 
z.o• 
2.0• 
2.0• 

9,3 
r. 1 
8.3 
o.u 

fHF <IOF WALL OU T SIPE FACE SfEfl I~ AENI Al IRE COLVER! CORNERS AND 
fXTENDEll INTO THE OUTSIOE FACE OF THE TOP AND ROTTOM SLABS, THE 
TRl'l"flH:TICAL l:lJT:.n1'F UNGTHS Rn,!;.URffi FRD"f TITT "lfEIW,,-OTNT 
ARF l6,Q ANll 37.7 IN, AT THE TOP AND BOTTOM RESPECT IVELY, 
ANr.HORAG~ LENGTHS MUST RE ADOED. 

WfTGHT A N D C 0 S T 0 A T A ----------------------------·-·-----------
WF11;HT OF LllLVERT, KTPS/FT. 
WEIGHT OF STEEL, LR,/FT. OF CULVERT LENGTH 
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shows the echo print of the input data for the problem. Each line in this echo print 
gives the information that was input on a data card. The first card is a title card for 
the problem, and the remainder of the cards are data cards that contain a comment 
field that is convenient to use to identify the data items on the card. Data cards 1, 2, 
and 3 define the culvert geometry; the comment field on each card identifies the data 
items. Data card 4 gives the densities of the soil, concrete, and water. Data card 5 
gives the soil parameters to be used for the analysis: 0.400 is the coefficient for lat­
eral soil pressure, 1.100 is the effective height coefficient, and 0.0 is a code that in­
dicates that the lateral earth pressure will be considered as a permanent dead load. 
Data card 6 gives the code that indicates that the Interstate truck loading is to be con­
sidered. Data card 7 gives the depth of water, 4.00 ft, and the internal pressure, 0.0 
psi. Data card 8 gives the yield strength of the reinforcing steel and the ultimate 
strength of the concrete. Data card 9 gives the concrete cover over the reinforce­
ment, and data card 10 gives the load factors for dead load and live load respectively. 
Data card 11 gives the unit prices for steel and concrete in dollars per pound and in (\ol­
lars per ton respectively. Data ca.rd 12 gives the reinforcement diameters that are to 
be considered for the design of the steel areas ASl, AS2, AS3, and AS4 in that order. 
Data card 13 gives the minimum wire spacing that will be allowed for the 4 steel areas; 
the spacings that are printed as 0.0 indicate that the minimum wire spacing was not 
specified for those steel areas. Data card 14 indicates that the end of the input stream 
has been reached. 

Figure 5 shows the summary of the design that was obtained for sample problem 1. 

Sample Problem 2 

Sample problem 2 demonstrates the use of the program with minimum input data. 
Figure 6a shows the culvert geometry for this design, and Figure 6b shows the echo 
print of the input data. Only the pxoblem title card and 2 data cards are necessary; 
the first data card gives the span, rise, and depth of fill, and the second one indicates 
the end of the input stream. Figure 7 shows the design that was obtained fox sample 
problem 2 and the standard values that are assumed for materials properties , soil data, 
loading data, and concrete data when those data are not input. AU of the concrete data 
with the exception of the concrete cover over steel are determined as a function of the 
culvert span. The weight and cost data show only the weight of culvert and the weight 
of steel; because no unit costs were input, no culvert costs are determined. 
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