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Behavior of ASTM C 850 Concrete Box Culverts

Without Shear Connectors

RAY W. JAMES

ABSTRACT

Two ASTM C 850 7 x 5 reinforced-concrete box
culvert sections were fabricated, assembled
without shear connectors, and loaded on both
the 5- and 7-ft spans with simulated service
and ultimate wheel loads. The load was ap-
plied at three points along the culvert cen-
terline on either side of the joint and at
one unsupported edge. Measured deflections
and reinforcing steel strains are compared
with predicted deflections and moments.
Crack patterns are also reported. It was
found that the 7 x 5 box design is conserva~-
tive, and that 1live-load stresses and de-
flections caused by design service wheel
loads are acceptable without shear con-
nectors,

Precast box culverts have been extensively used to
economically span smaller drainage channels., Cur-
rently, design standards exist for two categories of
box culverts: ASTM C 850 establishes standard de-
signs for boxes with less than 2 ft of cover subject
to highway loadings, whereas ASTM C 789 establishes
standard designs for other precast box sections. The
C 850 standard requires shear connectors between top
slabs of adjacent box sections, a requirement that
is also adopted by AASHTO.

CURRENT DESIGN STANDARDS
ASTM C 850

ASTM Standard C 850 (1) establishes design standards
for precast concrete box culverts to be used with
less than 2 £t of cover. The standard specifies
minimum steel and concrete strengths, areas, and
geometries for 42 standard culvert sizes subject to
two loadings. The design criteria, computer pro-
grams, and standard designs are based on studies and
tests gponsored by the American Concrete Pipe As-
sociation, the Virginia Department of Highways and
Transportation, and the Wire Reinforcement Institute
(2,3). The required transverse steel areas are based
on two-dimenaional computer solutions that use sev-
eral simplifying assumptions, including the follow-~
ing assumptions regarding wheel load distribution:

1. Wheel loads are distributed parallel to span
over a length equal to 8 in, + 1.75 H, where H is
the height of soil cover (in.); and

2. The effective width of the top slab resisting
wheel load is taken to be 48 in. + 0.06 (SPAN-
HAUNCH) .

Figure 1 shows the reinforcement detail and
cross-section geometry for a C B50 box section.
Figure 2 shows the assumed simplified wheel loading
specified for the two-dimensional analysis and de-
sign methed.
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FIGURE 2 ASTM C 850 design wheel load distribution, no
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o design procedure used to develop the standard
ections (2) limits the crack widths at service
W‘sto 0.010 in. by limiting the design service
;mle1 stress to a value given by
st

- (65/3/t8 8¢) + S(ksi) (1)
‘s
is the distance from the centroid of the

""erion steel to the outermost concrete tension
£ens (in.), and sg is the spacing of the longitudi-
fibe:einforcing steel wires (in.). This equation is
aaled on studies by Lloyd et al. (4) and subsequent
5teria developed by Gergely and Lutz (5), and is a
s conservative limitation than the American Con-

e Institute (ACI) crack control criteria (6) and
ets AASHTO crack control criteria (7); but the
Chiess allowed by this limitation may be greater
s:,n the AASHTO fatigue stress limitation of 21 ksi
:B! or the ACI allowable service load stress of 36
k;i (1), For example, the two 7 x 5 boxes tested
nere have tp = 1.16 in., and 8y = 2.0 in.; thus the
Laximum steel stress to limit cracking is approxi-
aately £5 = 52 ksi.

tn addition, ASTM C 850 specifies that the joint
ocovide a smooth interior free of appreciable ir-
’{equla:ities. and that the joint be designed or
wodified to transmit a minimum of 3,000 1b of ver-
pical shear force per foot of top slab joint. Shear
connectors used to satisfy this requirement must be
spaced no more than 30 in. on center and with a
sinimum of two connectors per joint. These require-
gents are intended to provide continuity of shears
and deflections across joints to reduce culvert
stresses when loaded near a joint and minimize rela-
ive displacements of culvert and cover.

el

MsHTO Standard Specification for Highway Bridges

the AASHTO specifications (7,8) include minimum re-
quirements for design and methods of analysis for
highway bridge structures, including culverts. These
requirements are essentially satisfied by the AST™
¢ 850 standard. At longitudinal edges of reinforced-
concrete slabs, AASHTO 1.3.2(D) (8) requires an edge
beam, additional reinforcement in the slab, or an
{ntegral reinforced section of slab and curb. Be-
cause edge beams and curbs are not acceptable, and
to provide continuity of deflections as well as
shears, ASTM C 850 8.2 specifies that shear connec-
tors be used to tranamit the calculated shear across
joints between culvert segments. This requirement is
also adopted by AASHTO 1.15.7(D) (4) (7).

THEORETICAL ANALYSIS

Predicted Internal Moments

The PORTRAN code SLAB 49 (9) was used to predict the
Internal moments in the top slab of the model shown
in Plgure 3. For simplicity, the slab is assumed to
be isotropic, neglecting the difference in distribu-
tion and flexural steel areas. SLAB 49 uses discrete
elements that simulate linear, small deformation
Plate behavior. A 2.0 x 2.0-in. mesh size was used.
The symmetric boundary conditions along the center-
line were approximated with zero vertical restraint
and essentially infinite rotational restraint along
the centerline. Edge support at the side wall was
iproximated by a simple support and an elastic
fotational restraint simulating the rotational

tiffness of the uncracked side wall. Membrane reac-
tlons and forces were neglected, which is consistent
vith linear plate theory simplifications.

105

==
.

SYMMETRIC BOUNDARY ABOUT CENTER LINE

' | 8" CONCRETE SLAB
510" [
\ ) '

| LOADED AREA

|
i
|
ELASTIC N |
ROTATIONAL ' g
RESTRAINT g B T
K:886n-b/in & ! )

O
\ ‘ r PLAN Ly
—— 208 X
8" @ : : 200 n
 — =104 PSI
1
/" END ELEVATION.
"SIMPLE
SUPPORT

FIGURE 3 SLAB 49 model of 7-ft top slab.

The predicted internal moments are shown in Fig-
ure 4 for two basic plate stiffnesses, The result
labeled "uncracked®™ is the predicted moment distri-
bution, which assumes that the stiffness is equal to
that of an uncracked 8-in.-thick concrete plate,
thereby neglecting the reinforcing steel that would
change the stiffness by only approximately 6 per-
cent: The result labeled "cracked®” is the predicted
moment distribution neglecting the contribution of
concrete in the tensile region. The stiffness of the
concrete is reduced in the span between the haunches
because the moment capacity of the haunched region
is greater than the capacity of the 8-in. slab, and
because joint rotations will reduce the stress at
the haunches below that in the slab. The change in
wall stiffness caused by cracking or interaction
with adjacent sections was not modeled. It is note-~
worthy that although the cracked stiffness is only
23 percent of the uncracked stiffness, the predicted
maximum flexural moments are not significantly dif-
ferent. In addition to predicted moments, vertical
deflections are also predicted, and Figure 5 pre-
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FIGURE 4 Predicted top slab flexural
moments, centerline of 7-ft slab.
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FIGURE 5 Predicted vertical deflections,
centerline of 7-ft slab.

sents the predicted top slab vertical deflection
along the culvert centerline.

Predicted Steel Stresses

Steel stresses are calculated from predicted slab
flexural moments as follows: By assuming isotropic
elastic plate behavior, the flexural stress in the
reinforcing steel is

fg = NMy/T; (2)
where

n = Eq/F, = modular ratio;

M; = flexural moment per unit length;

y = distance of the tension steel from the
neutral surface, and

I; = h’/[12(1 - v?)] = moment of inertia per unit
width for a slab of thickness h and Pois-
son's ratio v.

By using n = 7.44, h = 8,0 in,, v = 0,15, and y = 3,0
in., the moment of inertia per unit width becomes
Iy = 43.6 in.*, and the steel stress is given by fq =
M1/1.96 in.?. This calculation is based on the as-
sumptions that the stresses are linearly distributed,
and that the reinforcing steel areas may be neglected
in computing neutral surface location and moment of
inertia.

If cracking occurs the concrete stresses can be
assumed to be nonzero in the compression region
only, with the resultant tensile force provided en-
tirely by the tension steel. By using this assump-
tion, the calculated equivalent concrete section has
a depth of ¢ = 1,765 in., and the equivalent con-
crete section moment of inertia 1is approximately
I; = 10.22 in.'. The distance from the neutral
surface to the tension steel is approximately y =
5.235 in., and the resulting relation between flex-
ural stress and moment becomes fg = M;/0.262 in.?,

Steel gstresses calculated from predlcted top slab
moments are shown in Figure 6. Although the pre-
dicted maximum moments in the uncracked and cracked
section models differ by only approximately 2 per-
cent, the predicted maximum steel stress in the
cracked section is approximately 7.5 times the pre-
dicted steel stress in the uncracked section.

The maximum predicted steel stress of 37 ksi in
the cracked section exceeds the 21 ksi AASHATO fa-
tigue limit stress and the 36 ksl service load limit
stress of ACI, but is less than the crack control
limit stress for this geometry used in the ASTM
C 850 design procedure.
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FIGURE 6 Predicted reinforcing steel
stresses, centerline of 7-ft slab.

STRESS IN REINFORCING STEEL (KSi)

EXPERIMENTAL PROCEDURE
Test Sections

Two 7 x 5 precast concrete box culverts were fabey.
cated at the Gifford-Hill and Company plant i{p ®
Worth, Texas. The geometry is described in Figure 7,
The design and materials met ASTM C 850 minimum e
quirements, with the exception of reinforcement arey
Agl. Standard 5 x 5 box requirements for Agy way,
given precedence over 7 x 5 requirements for Agye e
steel areas were in accordance with C 850, except ¢,
the 5-ft slabs, which were more heavily reinfor
in order to approximately simulate behavior of stu.
dard 5 x 5 box culverts by using the same 7 x g
specimens rolled 90 degrees (see Table 1). The mes.
sured concrete compressive strength was 5,725
which exceeds the design compressive strengt
5,000 psi. The reinforcing mesh is grade 65 (65 ky
yleld strength). According to ASTM C 850, the yield
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yinimum reinforcement area is specified.

strength is taken to be 60 ksi for purposes of
m,].ysis.

m,uumentation
_—-———"———-—-

the culverts were instrumented with strain gauges
ponded to the 8 gauge main transverse reinforcing
steel wires in theoretical maximum tensile stress
regions. Strain gauge 1locations are described in
pigure 8. Six gauges were installed in each culvert;
however, 2 gauges were damaged during placement of
concrete, leaving 10 serviceable strain gauges.
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GAUGES I-6-1) ANO {-7-11 WERE DAMAGED DURING
CONCRETE PLACEMENT

FIGURE 8 Strain gauge locations and nomenclature.

Installed gauge resistance was checked at the
time of installation, and gauge isolation resistance
vas measured after testing had been completed and
after gemi-destructive measurements of concrete
tover had been made. Measured gauge isolation resis-
tances were approximately 150 M 0 or greater, which
Indicates acceptable isolation (10,11) at all but
three gauges (see Table 2). Gauges at stations 1-7-
$2, 2-7-11, and 2-7-43 all indicated unacceptably
/%% gauge isolation resistances. Strain gauges at
¢ritical stations 1-5-73, 1-7-73, 2-5-73, and 2-7-73
Al indicated open circuit gauge isolation resis-
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TABLE 2 Measured Strain Gauge
Isolation Resistance to Reinforcing Steel

Gauge [solation

Gauge Designation Resistance?
1-5-11 NA
1-5-42 >100M
1-5-73 oab

1-7-11 NA
1-7-42 20Ma
1-7-73 )

2-5-11 L]

2-5-43 oa

2-5-73 L

2-7-11 S0Ma
2-7-43 1LMa
2-7-13 o

Note: Data taken in March 1983, 6 months after
testing.

’Usinl snalog ohmmeter, resolution 100 M 2.

b reported resistance can be interpreted as greater
than approximately SO0 M Q2.

tance with the analog ohmmeter used, which can de-
tect resistances less than 150 M Q. The strain
gauge at station 1-5-42 had a marginal isolation re-
sistance,

In addition to the resistance strain gauges in-
stalled on the reinforcing steel, the culverts were
instrumented with deflection dial indicators to mea-
sure vertical deflection at three of the top surface
strain gauge locations.

Test Procedure

After curing, the culverts were transported to the
test site and assembled in the fixture, as shown
schematically in Pigure 9. Concentrated loads were
applied to the top surface of the culvert through a
1 x 10 x 20-in., steel bearing plate and 0.5-in,
neoprene pad (Pigure 9), The lower surfaces of the
culverts rested on 0.5-in., plywood sheets over
doubled 0.75-in. rigid foam thermal 1insulating
panels that rested on the steel reaction frame bed.

HS20 WHEEL LOAD 1210 x20 IN. STEEL BRG. PL

CENTERED ON ON 1/2 IN. NEOPRENE PAD

BRG. PL. ON CULVERT §
—

Z

oo

A

FROM JOINT (TYP)

BOX | BOX 2
FEMALE MALE

\ :l/2 IN. PLYWOOD

1-1/2 IN. RIGID FOAM PANELS

FIGURE 9 Test configuration schematic.

The culvert sections were aligned and fitted to-
gether snugly without grout, joint filler material,
or shear transfer connectors, The fit of the top
slab joint was qualitatively evaluated by inserting
a sheet of paper through the top slab joint. The
paper could completely penetrate the joint at sev-
eral places, but interference between the two faces
prevented drawing the paper along the length of the
joint. The visible joint was generally of uniform
width, with no significant variations,
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The reported test loads represent HS20-44 16-kip
wheel loads multiplied by a 1.3 impact factor speci-
fied by AASHTO for a design service load of 20.8
kips and a l6-kip wheel multiplied by factors 1.3 x
1.67 x 1.3 = 2.82 for a design ultimate factored
load of 45.2 kips. The 78.0-kip load reached in test
9 represents the limiting load on the test fixture
compression members, which indicated impending lat-
eral instability. The testing sgchedule is given in
Table 3.

TABLE 3 Actual Test Schedule

Test Maximum

Test Configuration Test Load
Date No. Code? (kip) Repetilions
7-29-82 1 1F2 20.8 2
7-29-82 2 MI 20.8 2
8-17-82 3 SF2 20.8 3
8-17-82 4 SMI 20.8 3
8-17-82 5 SM1 45.2 20
8-18-82 SA SMI 45.1 3
8-18-82 6 5F2 45.2 3
8-19-82 7 TF2 45.7 3
8-19-82 3 TMi 45.5 3
8-19-82 9 ™M1 78.0 |
8-20-82 10 ™2 45.5 3

3The first digit in the test configuration code denotes the span in feet, the
letter M or F refers to the male or female end, and the second digit refers to
box 1 or 2.

bRepIaced 0.5-in. bearing plate with 1-in. plate.

TEST RESULTS

Measured Stresses

Figure 10 shows measured steel stresses for test
configurations 7M1, 7F2, and 7M2 for test loads of
20.8 and 45.2 kips. Critical loading occurs in test
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FIGURE 10 Measured reinforcing steel stresses, centerline
of 7-ft slab.
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7M1, and maximum steel stress for the design Sery
loading of 20,8 kips is 6.4 ksi in the top
steel at gauge location 1-7-73. For the design
mate load of 45.2 kips, the maximum steel s
17.2 ksi.

Figure 11 shows measured steel stresses for .
configurations SM1 and SF2 and for test loadg
20.8 and 45.2 kips. Critical steel stresses oceyr
test confiquration 5M1; however, stresses are 1
than measured stresses in tests of the 7-ft span,
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FIGURE 11 Measured reinforcing steel stresses, centerline
of 5-ft alab,

Measured Deflections

Measured top slab deflections are shown in Figure
for test configurations 7M1, 7F2, and 7M2 and
test loads of 20.8 and 45.2 kips. Test configurat
7M1 is critical with respect to maximum absolute
flection and relative deflection across the jo
Maximum observed absolute deflection in test 7Ml
0,021 in, at the service load (20.8 kips) and 0.
in. at the design ultimate load (45.2 kips). Max
observed relative deflection across the joint
teat 7M1l was 0.021 in. at the service load and 0,
in. at the design ultimate load. (Point 2-7-11
observed to move upward approximately 0.002 in.)

Measured top slab deflections are shown in Pi
13 for tests 5M1 and 5F2 for test loads of 20.8
45,2 kips. Maximum absolute and relative deflect
occur in configuration SP2. In test configurat
5F2 the maximum observed absolute and relative
flection was 0.013 in. at the service load. At
design ultimate load, the observed absolute def
tion was 0.036 in., and the observed relative
flection across the joint was 0.036 in.

Discussion of Results

For test loads of 20.8 kips, which represent the
sign service wheel load, all measured steel st
are well below the C 850 live-load fatique .
stress of 21.0 ksi. The maximum measured stress
6.4 ksi in configuration TM1.
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FIGURE 12 Measured vertical deflections, centerline
of 7-ft slab.

por test loads of 45.2 kips, which represent the
design ultimate wheel 1load, all measured steel
stresses are well below the C 850 ultimate total
load yield stress limitation of 60 ksi. The maximum
seasured steel stress 1is 17.2 ksl in configuration
7M1, Dead-load stresses have not been calculated
here.
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FIGURE 13 Measured vertical deflections, centerline
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Significant load transfer across the joint is
obvious in the data from test configuration 7F2
only. Load transfer occurs apparently through con-
tacting irreqularities in the dry joint. Stress data
for test configuration S5F2, in which load transfer
is also possible, does not indicate any significant
load transfer, although deflection data does indi-
cate some minor load transfer is occurring; the
observed deflection of gauge station 1-5-73 is about
0.001 at design ultimate load (45.2 kips). As ex-
pected, no load transfer across the joint 1s ob-
served in test configurations 7M1 or 5Ml. Although
maximum measured stresses occurred at gauge loca-
tions 1-7-73 and 1-5-73, maximum deflections oc-
curred at stations 1-7-73 and 2-5-11. The deviations
in actual cover from the design 1.0-in. cover may be
the cause of this observation. The observed cover at
station 2-5-11 is 2.24 in., and the corresponding
uncracked moment of inertia at that station could be
as much as 43 percent less than the uncracked sec-
tion modulus corresponding to the design 1,0-in,
cover. Deflections at this station are therefore ex-
pected to be somewhat larger. In addition, the
stiffness at stations 2-7-11 and 2-5-11 is expected
to be less, neglecting shear interaction across the
joint, than the stiffness at stations 1-7-73 and
1-5~73, respectively, because of joint geometry.
Both stations are located 11 in. from the joint
line, but the male connection of stations 1-5-73 and
1-7-73 has more concrete outhoard of the point of
load application than does the female connection at
stations 1-5-11 and 1-7-11, The vertical deflection
in configuration 7F2 is less than the deflection in
configuration 7M1 because of the significant shear
transfer that occurs in configuration 7F2. Withouc
significant shear transfer in configuration S5F2, the
deflection 1is slightly greater than that of con-
figuration SM1 for the reasons previously given.

A comparison of the measured stresses shown in
Figure 10 and the predicted stresses shown in Figure
6 suggests that the top slab is behaving essentially
as an uncracked section. Measured maximum service
load, steel stresses are approximately 6.1 to 6.4
ksi, approximately 75 percent greater than the pre-
dicted steel stress of 3.6 ksl assuming the section
is uncracked, and well below the approximately 32
ksi predicted steel stress in the cracked section.
Measured vertical deflections shown in FPigure 12
more closely agree with predicted uncracked section
deflections than predicted cracked section deflec-
tions shown in Figure 5.

Interaction from adjacent box sections in the
tests, a factor that was not modeled in the numeri-
cal solutions, 1is not thought to be a significant
factor in comparison of theory with test results,
Test 7M2 was conducted without any contact by an ad-
jacent box, and the predicted deflections for the
uncracked slab agree well with measured deflections.

Another potential source of measurement error is
the variation in actual cover from the specified 1.0-
in, cover (Table 4). With the exception of the strain
gauge at station 2-5-11, the deviations in cover do
not significantly affect the conclusions., The theo-
retical section modulus at the tension steel for
specified 1.0-in. cover was calculated earlier as
1.96 and 0.262 in.%/in. for uncracked and cracked
sections, respectively. By using the tabulated values
for actual cover from Table 4, and excluding the
gauge at station 2-5-11, these section moduli can be
shown to deviate no more than +2 percent, =21 per-
cent (uncracked) and +8 percent, -1 percent (cracked)
from this value. The measured stresses more closely
agree with predicted uncracked section stresses.

Cracking was not observed in the top slab at the
service load. The first observed crack in the 7-ft
slab appeared at a test load of 27 kips. Two other
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TABLE 4 Measured Concrete Cover

Strain Gauge Measured Cover Design Cover
Designation (in.) (in.)
1-5-73 1.387 1.00
1-7-73 0.950 1.00
2-5-11 2.240 1.00
2-7-11 1.375 1.00
2-7-73 1.600 1.00

flexural cracks opened at test loads of 50 and 55
kips, respectively. These three cracks were the only
observed cracks that have planes that might inter-
sect the instrumented tension steel. The width of
the central crack was measured with a graduated
reticle at various loads. The observed crack widths
were 0.010 in. at 50 kips and 0.013 in. at &0 kips.
The iLield sketch of observed cracks 1is shown in
Figure 14,
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FIELD SKETCH OF OBSERVED CRACK
PATTERNS IN TENSION SURFACE OF
7FT SLAB -80X #1 - TEST 7M1.

FIGURE 14 Field sketch of observed crack patterns.

The effects of the progressive cracking are ap-
parent in Figure 15, which presents steel stresses
and vertical deflection histories at gauge station
1-7-73 during repeated tests in configuration 7M1.
The steel stress per unit load increases with re-
peated testing, apparently because crack development
causes a change in the neutral surface location and
a reduction in the effective moment of inertia. The
stiffness of the top slab is also reduced for the
same reason. The observed effects of the cracking
are still significantly less than would be expected
if the section is assumed tc be fully cracked, ac-
cording to the design philosophy of the ACI Building
Code Requirements for Reinforced Concrete (6). This
is interpreted as an indication that the observed
cracking at the strain gauge section is not fully
developed, in spite of the large overload applied,
and that the fully cracked section design philosophy
is overly conservative when applied to the rein-
forced slab with the concentrated load considered
here.

The limiting crack width of 0.10 in. was observed
at a test load of 50 kips. The maximum measured
steel stress at that load was approximately 21.7
ksli, which is considerably less than the 43 ksi
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FIGURE 15 Repeated load deflection data,
station 1-7-73, test configuration TM1.

limiting stress given by Equation 1. Thr~ atr
gauge station is close to the observed c
shown in Pigure 14.

HS20 AXLE LOAD STRESSES

The live-load stresses caused by two wheels of
HS20 axle can be approximated by the superposit:
of measured wheel load stresses. Because the |
locations of tests 7P2 and 7M2 are approximately
ft 8 in. apart, superposition of measured s
stresses in these two tests will allow a conse
tive approximation of steel stresses caused by

HS20 wheels spaced 6 ft 0 in. By such superposit
the maximum steel stress expected under a des
32.0-kip axle with a 1.3 impact factor |is

proximately

6.1 kei + 0.3 ksl = 6.4 ksi.

This maximum stress occurs at gauge station 2-7-
the male joint end of the culvert.

The maximum steel stress due to a design ulti
axle load of 90.4 kips is

14.0 ksi + 0.4 kel = 14.4 ksi.

CONCLUSIONS
The following conclusions are drawn from the resul

1. Maximum reinforcing steel stresses in
C 850 7 x 5 box culverts subjected to a design
load of 20.8 kips are significantly less ¢t
AASHTO 1.5.26(B) design allowable service
stress of 24 ksi. The maximum steel stress meas
was approximately 6.4 ksi,

2. Maximum reinforcing steel stresses in
C 850 7 x 5 box culverts subjected to a design ul
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wheel load of 45.2 kips are significantly less
gate the design yield strength of 60 ksi. The maxi-
o | easured steel stress was approximately 17.2
i

x8: . acking caused by the application of the de-
‘sltimate wheel load is relatively insignificant
sid respect to cracking in a fully cracked section
‘nnian specified by the ACI design criteria.
cond prelative deflections of adjacent spans, in
"absence of shear connectors, are relatively
"Mn. less than approximately 0.020 in. at design
:::v’_c'-g wheel loads.

se-load stresses caused by other forces and dead-
1088 gstresses have not been investigated.

RECOMMENDATIONS

the following recommendations are offered.
1. ASTM C 850 size 7 x 5 reinforced~concrete box
sections appear to be conservatively designed due in

(t to design assumptions and simplifications re-
arding load distribution. A three-dimensional anal-
gis and experimentally measured stresses support
the use of these boxes without shear connectors.
2. A field trial of a C 850 box culvert in-
stalled without shear connectors is recommended.
qufficient instrumentation should be installed to
gecify the presented test results for 7 x 5 boxes
or, in the case of boxes of other sizes, to extend
the test results. Particular attention should be
given to absolute and relative deflection measure-
gents and long-term crack pattern ohservations.

3., The results of the present study, and future
rest results, should be presented for consideration
to the AASHTO Rigid Culvert Liaison Committee, to
the AASHTO Bridge Committee, and to ASTM Committee

c-13.
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