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INTRODUCTICN

The bridge selected for analysis is located 1.8 miles
northwest of Reed City, Michigan, on U.S.10. This struc-
ture is a single sran, rolled beam, deck type highway bridge.
Tt was designed for F-20 locading and width of roadway to be
of sufficient width to accomnodate three lanes of traffic,
although a two lane ravement exists at the present time.

The design of this structure was governed by, "Specifi-
cations for the Design of Fighway Bridges®™ adorted by Mich-
igan State Fighway Department November, 1236. As in the de-
gign of most etrucfures, there are a few instances where ex-
perience and practical aprlication of construction methods
has permitted a deviation from strict application of the
specifications. Such instances will be made a note of in the
analysise.

The bridge providee a crcesing of Johnson Creek, a
stream which drains a basin o f arrroximately 12 sq. miles.
The basin top soil is composed éf a very sandy loam with a

low runo ff coefficient.
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SYMENLS ard NOTATTON
area of tensile reinforcement
width of rectangular beanm
distance from extrere fiber to compressive resultant
effective depth of flexural members
eccentricity
eccentricity measured from gravity axis.
compressive stress in extreme fiber
ultimate compressive strenth of concrete
stress in tensile reinforcement
moment of inertia
ratio of distance (jd)
ratio of distance between extreme fiber & N.A. to eff. d
3f, Jk (Reinforced Concrete--Sutherland & Reese, p. 520)
length of span, length of anchorage of reforcement bars
external moment
ratio of modulus of elastiqity of steel to concrete
neutral axis
sum of perimeters of bars
external concentrated load

spacing of reinforcement bars

bond stress

ahearing st ress

total shear

permiesible soil pressure; uniformly distributed load
distance of moment arm of a horizontal force resultant

distance of moment arm of a vertical force resultant






ANALYSTS of CHANVEL QOPENINC
Specifications:

Art. 1l1* Tn genreral, the waterway rrovided shall be suf-
ficient to insure tre discharge ¢f flood waters with-
out undue tackwater Lead and at a velocity which will
not increase the erosive acticn of the stream to such
an extert as to endanger the structure, or cause dam-
ages to upstrear rroperty.

Art. 13+ Fridges prcposed over streams where future
drain projects are a probability shall have footings
at a sufficiernt depth estimated to prevent instability
or underrining when the drain prcject is carried out.

Art. l4* VYatural obtstructions, such as islands, rocks,
trees ard rrush which retard or deflect the stream in
the vicinity of a tridge shall be removed and such
portions ¢f the channel shall te cleaned out as are
necessarv to straighten out the strear at the bridge
and prevent eddies or scour.

Art. 15t The clear width of all openings and the clear
vertical distance between the superstructure and the
flcod water elevation shall be sufficient for the pas-
sage, withcut damage to the structure, of ice floes and
of the largest drift or debris which may be expected.
Ordinarily a minimur of one foot vertical clearance

shall be provided above extreme high water.



A. Computation of the Cross-Section needed:
Area of basin = 12 s8q. mi.
Coefficient taken from Fighv;ay Map .25
Talberts Formula:
a=127 C Amj where;
a=area in sq. ft.
C=Coefficient taken from weather map.
A, =Drainage Basin in square miles.
a =137 (.és) 13" = 203 sq.ft. needed
B. Area vaidéd by Channel Opening:
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x= tan. ‘26 30' (5.17')= .498 (5.17')=3.67!
2. Area provided:

A= (30+30,33)(2.67)# 30.33 {7+18)=3583.3 eq.Ft.

Tt is obvious that sufficient channel area has been
provided as flood areas and other drainage facilities in
the area have not been discounted from the 203 sq.ft. needed.
The clear width of 30" 4'' provides sufficient width for pas-
sage of largest drift or debris to be expected. Abutment
footing is 4.3' below channel bottom which is sufficient.
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SLAR ANALYSTS

Specifications:

Art., 18¢: Tn no case shall the roadwav on a bridge be
made less in width than that provided for traffic on
the bridge approaches and preferably the width of road-
way should be not less than the following:

Two lane highway (pavement) 24 ft.

Three lane highway 33 ft.

Art. 20¢ Substantial curbs shall be built on each side
of the roadway and they shall have a width not less
than 6 in. and a height of mot less than 9 in. measured
above the wearing surface at a point adjacent to the
curb.

Art. 2332t Approach grades shall rreferably mot exceed
4 ¢ and intersecting grades shall be joined by a par-
abolic vertical curve.

Art. 84* The rcadway shall be crowned to fit the ap-
proach paverent and slored to provide effective drain-
age of the roadway surface.

Suitatle gutters or previsions for drainage shall be
constructed at the ends of the approaches adjacent to
the bridge so as to prevent erosicn of apprcach shoul-
ders and fills by water drairing off the ends of the
structure.

Bridge roadway surfaces of 40 ft. width or less
shall be constructed with trarnsverse parabolic crown of

height nct less than given by the following formula:
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¢ = n.n0187 R? where:

Crown of roadway in inches.
R = Width of roadway in feet.

The minimum crown shall be three-fourths (3) inch.
4

Art. 25t Substantial railings shall be provided along
each side of the bridge for the protection of traffic.
The top of railing shall be not less then 3' -0'' above
the tcp ¢f the curb, and when on a sidewalk, not less
than 3' -0'' above the top of the sidewalk. Railings
shall contain no opening of greater width than eight
(8) inches. Ample provision shall be made for inequal-
ity in the ratio of moverent of the railing and the sup-
porting superstructure, due to terperature or erection
conditions.

Art. 26t Vhere nc separate wearing surface is provided
on concrete floor slars, an additional slab thickness
of ore-half inch shall be provided. This one-half inch
thickness on the tcp of the slab shall be disregarded
in oorputing strength of floor slabs.

Art. 29: The dead load shall consist of the actual weipht
of all materials and construction comprising the com-
pleted design.

The following weights of materials may be used in
estimating dead load:

Steel 490 1b./cu. ft.

Concrete, plain or reinforced 150 1b./cu. ft.

Loose sand and earth 100 1b./cu. ft.



Art. 30t For structures with concrete slab floors with-
out separate wearing surface, a minimum allowance of 20
pounds per square foot of rcadway shall be made, in ad-
dition to the weight of any monolithically placed con=-
crete wearing surface, to provide for future wearing
surface.

Art. 31: The live load on roadways shall consist of a
train of standard motor trucks, in each traffic lane,
as pictured in Figure 2.

The truck trains shall be assumed to occupy traffic
lanes, each having a width of © feet corresponding to
the standard truck cleararce width. Within the curdb to
curb width of the roadway, the traffic lanes shall be
assumed to occupry any position which will prcduce the
maximum stress, but which will not involve overlappirg
of adjacent lanes, nor place the center of the lane
nearer than 4 feet 6 inches to the roadway face of the
curb.

All trucks in the same, or adjacent, traffic lanes

shall be assumed headed in the same direction.

Fig. 2 Roadway Loads
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Art, 32+ The Standard Motor Truck, as specified above,
is a motor truck with dimensions and weight distribu-

tion as shown ir Fig. 3.
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Art. 33. When roadway provides for two lanes of traffic
or less, the design shall provide for the maximum load
that can be placed simultanecusly in all traffic lanes.

When provision is made for three lanes of traffic,
the design shall provide for 90% of the simultaneous
maxirum loading of all lanes.

Art. 35. Railings shall be designed to resist a horizon-
tal force of not less than 150 pounds per lineal foot,
applied at the tcp of the railirg, and a vertical force
of ncrt less than 100 pounds per lineal foot. For rail-
ings adjacent to the roaiway, the bottom rail shall be
designed for a horizontal force of 500 pounds per lin-

eal foot of rail.
Art. 36. Curbs shall be de.;i.ued to resist a force of

not less than 500 pcunds per lineal fooﬁ cf curb ap-
plied at the rop ¢f the curb.

Art. 37: All live load stresses., shall be increased by an

allowance to prcvide for dynamic effect. The impact



allowance shall be deterrined by multiplying the max-
imum live load stress by the coefficient determined
by the following formulas
T= L+230
8L +30 where
1= Tnpact Coefficient

L = Span Length

54 General Assumptions in concrete Structure Designt
Calculations are rmade with reference to unit working
stresses and sa‘fe loads, as elsewhere specified here-
in, ratter than with reference to ultimate strength
and ultimate loads.

A section plane before berding rerains prlane after
bending.
The mcdulus o¢ elasticity of concrete in compressions
ie constant within the limits of working stresses;
distribution of compressive stress in flexure is
therefore rectilinear.,
The ratio "n® of the nmodulus of elasticity of the
steel to that of the concrete shall be taken as fcl-
lows (applies also to comrression members)

" * Tooorrs = 249 '2'5 -
Concrete shall be assured as offering no tensile re-
sistance.
The bond between concrete and metal reinforcement is
assumed to rerain unbrec ken throughout the range of

working stresses,






g. Tnitial stress in the reinforcement due to contrac-
tion or exransion of the concrete is neglected.

he WNomenclature and formulae for design shall be those
common usage as given in the Standard Specifications
for Concrete and Reinforced Concrete of the Joint
Cormittee.

Art. 58. The naximum spacing of principal reinforcement
in walls and slabs shall mpt exceed two times the thick-
ness of the slab or wall, nor nrore thar 24 inches.

Art. 59. For slabs the distance from the surface of the
ooncrete either top or tottom, to the center of the
nearest tar shall be mot less than one and one-half
times the diameter of the bar nor less than one and
one-half inches.

Art. 6l. The length of tar added for anchorage may be
either straight cr bent. The inside radius of bend
shall not *e less than four diameters of the bar. A
standard hook as referred to in these specifications
shall consist of a semi-zircular bend, whose ingide
radius is four bar diameters, and a firal tangent
length of four bar diameters.

Art. €4, Vhere reinforcement is used to resist tensile
streeses developed ty beam action, the bond stress
shall be taken mpt less than that computed by the fol-

fowing formula:

u= v_
7%; d






Art. 66. Forizntal reinforcemenp for shrinkage and tem-
perature stresses normal to the principal reinforcement
shall be provided where the principal reinforcement ex-
tends in one direction only. Such reinforcement shall
be placed at exposed surfaces and shall provide not
less than one eighth square inch of reinforcement per

foot of width of surface.



Crown Analysis® (Spec. Art. 24.)
¥idth of rocadway 38 Ft.
" = N,00187 R3

c 0.00187 (38)2 = 2.7 in.

C 23" = e (Parabolic Curve)

4

Crossecticn of FRoad Crown

Fig. 4

Computations: (quarter-sections of a right triargle)

ff'= 2 e free = e
dd' = (3) 2e = 3e d'd" = (3y2 e = _Qe
r 5= (7 =
cc! = (1) Be= e cle" = (1)3 e = £
3 2 3 4
bb!' = (1) Be= ¢ b'o" = (}_) e = e
4 3 ' 4 ~186

Crown Dimensionae
Pbb" = e - ¢ e =(2.75)7=1§_"

-_— - =
2 16 16 16 16
cc"=e-¢e =_3 = (2.75)3 =23 1_"
4 4 4 16
dd" = 3e - Se = 15 e = (2.75)15 = 2 5"
] 16 1 16 8



Veiw Shewirg Roadwav ¥idth ard Slab Surrort:e

-3 T _ 1
1 9_1 . 38! - 0" Rdwy. 1'6"
"l 7" Kinimum Slab ’ 10" Curb F‘I
; 22" Modified Parabolic Crown 7
L 8 - Spaces @ 5' 2" 41' 4" 27 WF 94 ’]
- A}
Fig. 5

Maximum Loadirg en Slab occurs when rear wheel is over

rcint midwav betweer stringerse
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5' 2" S' 2" 5'2" 5' a"

Fig. 6



A.

B.

Effective widthe Spec. 41: Wheel concentration shall be
assumed as uniformly distributed on a line perpendicular
to the main reinforcement over an effective width not
more than the value given by the formula:
B=0.75+2 where:
B Effective width of slab in feet.
S Span of slab, center to center of supports.
B=0.7 (5.17')+ 2=5.6"
Maximum Dead Load Moment:
1. Dead load per foot c¢f slat:
Depth of slad

design depth 7.00"
crown 2.75
camber ;19

wearing surface SC
total depth 10.441?
D.L.=10.44_ (1) (1) (150) = 131.0 1b. per 1ln. ft.
12

Extra allowarnce 20.0
Total D.L. 151.0 1b. per 1ln. ft.

8. Maximum D. L. Moment:

Max. Mo .= _1 Wwl. (151) (5.17) (12)= 4000 1b. in.

12
Marmimum Live Load Moment:

B-20 loading used in analysis. The beam is regarded as
a continwus lcaded team and maximum positive and negative
mments are conputed ueing formulae in Kirkham's "Fighway

Bridges"™ page 74.
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1.

Max. positive noment:

M=_1 Pl=_1 (16c00) (5.17) (12)= 198,000 1b. in.

5 S

¥ax. negative moment:

M=_1 Pl= _1 (16,000) (5.17) (12)= 165,000 1b. in.
8 6 :

Maximum is due to positivé moment. Tnasmuch as the
steel in the slab is the same in top and bottom, we
will consider analysis for positive moment only.
Max. L.L. moment for 1' width of slabs

Max. Mo.= _198,000 = 35,400 1b. in.

5.6'
Impact:
1= _L+230 -_33.58420 = .24
- 8L+ 20 6(32.5’8.5+20
Inpact = 35,4000 (0.24) = 8600 1lb.in.
Total Moment:

Live Load 35,400 1b. in.
Impact A 8,600
Dead Load 4,000

Total Moment 48,000 1b. in.

St eel needed:
d=7 -1.8=5,5
pg— b d'
f Y
d Y
1%-' d kd
y

. T -Fig. 7 fe
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F.

G.

1. To find jd 3

x = 1200 (5.5) = 3.3"'
3000

2 =2.8 =.73""!
3
jd = d-z = 5.6 « .73 = 4.7}
3. To find A, ¢
A_-_X - 48,000 — .56 8q. in. per ft.
=7, (70 ~ 18,000 (4.77)
Steel provided: (per foot of concrete)

§'' round bars spaced at 6.
8

Ag = .307 sq. in. (2 = .62 8q. Tn.

Check #tress:
o= 2M - 3) 48,000 = 775 1lb. per saq. in.
(o) zjdf (xd) 12 {4-.775’ (2.2) less than 1200 p.s.d.

f._-_. M = 48,000 = 16,500 1b. per sq. in.
A, (3d) ez (4.77 less than 18,000 p.s.i.
Check Sheart

Formula for maximum shear from Steel Construction Manual

of AISC 5th edition 1947 page 376.

V= % wbye 11 P25 (151) (5.17) 0 11 (18,000)
16 8 A 1 5.17

. V= 487.5 4+ 2130.0 = 3617.5 1bs.
v = - 2618 - 46.2 po Boi.
b ;33)‘ 12 (4.77) less than 60 p.s.i.

U = 8V

w=—3 =.__..8 (2618 = 133 p.s.i.
Lo TTH"{BTTF%S‘ST‘ less than 150 p.s.i.
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H. Temperature steel provided ncrmal to principal rein-
forcement:
4 in., circular bars equally spaced at (5,17')
As = 1.963 = .114 sq. in. per 1n. ft.(gop)

@ ‘o -

1.72

As= 1,963 = .157 Sq. in. per 1ln., ft.(bottom)
1.29 :

As required Spec, art. €6;
.125 sq. in. per 1n, ft.

Temperature steel in top of slab is .0ll sq. in.-
less than required. Since it is desired to maintain
one bar directly over a stringer, it was necessary to
space the bars as they are, This deficiency is so
small that it is negligible. Temperature steel in bot-
tom of slab is more than sufficient. Maximum spacing

is 20.in. which is within specifications.
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STRINGER ANALYSIS
Specificationse:

Art. 43, The bending moment carried by each interior beam
or stringer shall be taken mot less than that deter-
mine& by the following formulae:®

M = Pending moment for one traffic lanes.

N = ¥idth of Traffic Lane (mt to exceed 10')
Sracing of stringers or beams

C = Coefficient rased on type of floor.
M'= Rending moment on one beam or stringer.

v'= c(u)
N

Value of C is one for reinforced concrete slab.
Tn determining the end shear on longitudinal beams
o stringers, the floor slab or flooring shall be as-
sumed to act as a simply supported beanm.
Art. 47, Structural steel:
Axial tension (net section) 18,000 p.s.i.
Tension on extreme fibre in flexure 18,000 !
Shear on powor—dri§én rivets and pins 13,500 '!
Shear on gross areé of webs of beams &
girders ,‘f, where thq clear distance
between flanges is not more than 60
times the thickness of the web 13,000 !
Art, 79. Depth ratio of rolled beams not more than
1 /25 of the span.
Art. 80. Rolled beams shall be proportioned by the mo-

ments of inertia of their net sections.






Art. 88. The minimum thickness of structural steel
shall be 5/16 in. except for gusset plates, fillers
and railings. Gusset plates shall in no case be less
than 3/8 in. in thickness.

Art. 93. The diameter of rivets in angles carrying cal-
culated stress shall not exceed one-fourth of the
width of the leg in which they are driven,

The minimum distance between centers of 3/4 in.
rivets shall be not less than 23 in.

The minimum edge distance for 3/4 in. rivets shall
be 1% in.

Art, 97. All connections shall be proportioned to de-
velor not less than the full strength of the members
connected provided that the full strength does not ex-
ceed the maximum computed stress by more than 50%,
in which case the latter shall govern.

No connection, except for lacing bars and handrails,
shall contain less than three rivets. Connections
shall be made symmetrical abput the axes of the mem-
bers in so far as practicable.

Art. 110. Provision shall be made for expansion and con-
traction, to the extent of 1/8 in. for each 10 feet of
span. Expansion ends shall be firmly secured against
lifting or lateral mvement,

Art. 111. Spans of less than 70 feet may be arranged to

slide upon metal plates with smooth surfaces.






Art. 117. Superstructure steelwork shall be securely
anchored to the substructure. Anchor Bolts shall be
not less than one inch in diameter embedded not less
than ten inches in the masonry and shall be swedged or
threaded to secure a satisfactory grip in the masonry
or otherwise suitably anchored.

Art. 124. Diaphragms shall be provided at the third
points 0of all T-Ream sepans of forty feet or more.
Art. 127 (i). Sole plates shall each ve not less than
3/4 in. thick and not less than the thickness of the

flange angles plus 1/8 in. Preferably, they shall
not be longer than 18 in.






A. Vaximum Nead load Moment:
1, NPead Load per 1lpn. ft. of stringer
(diafance between stringers - 5 2'!)
151 1b. (5.177) 780
wt, per ft. of 27 WF 94 Beam _94

Total dead load 874 lbs. per ft. of
stringer

2. U= 1w13_ 1 (874) (32.67)%g 117,000 ft. 1b.
8 8

B, lMaximum Live Loading. (H-30 loading)

1. Maximum loading on stringer (A) will occur when two
trucks are side by side with the wheel of one truck
directly on the stringer and the respective wheel of
the other truck 3' to the side of the first wheel.

. (shown below)

je— 6! -—1-——3—'-.1:4—6—'—.-1

[ *& L a
| ! J
1 o 51 o 5' o 5' "
; 7

Fig.

Maximun load rear axle:

Ry, = 16,000+ 3 (16,000) = 16,000 + 6,720= 22,720
5.17 1ba,

Maximum load front axle¢

R, = 4,000+ 3 (4,000) = 4,000 + 1680 = 5,680 lbs.

a =
5.17






Maximum Live Load Moment:s

loading to produce maximum live load moment on stringer

will occur when rear wheels of the two trucks will si-

multaneously reach a point the distance (a) passed the

center of the span. (absolute moment)

22.72k 238.4k

o
R 5.6k

o 1

L

1.

-8

3.

4.

Fig. 8

To find Ra ard Rb!

Ry = 22,720 (5-82;)52'5.680 (2.29') _ _ 11,750 1bs.

Rb:' 28,400 -« 11,750 = 16,650 1lbs.
To find x¢

x= 11,750 (32.58') = 13.5°
38,400

To find at

a= 16.29' - 13.,5'= 2.79!

To find Absolute'Maximum Moment: (Formula from
*Structural Theory" Sutherland & Bowman, 3rd. edition
1944, page 116)

M= R 2 -~ L 2 « Rr
Bh? - neg?] -ne

M= 28,400 [,23.58.2 - 322,58' (2.79') 4+(2.79:23]
32.58° E-g_a) 3 &)

M = 196,000 1b. ft.






5. Spec. Arto 433

M'= C My= 1 (135,000 1b.ft.) — 156,000 1b.ft.
() 9 5.17

M' above is much less than the moment computed in
4 above. Therefore 1 will use the larger moment
in this analysis.

D. Beam gize:

l. Total moment on stringere

Dead Load moment 117,000 1b.ft.

Live Load roment 196,000 "

Tmpact (196,000 x .24) 47,000 .
Total moment 360,000 1b.ft.

2. To find 1 (section modulus)

Q

T_ M- 360,000 (12) = 240 in.°
8

€~ s~ 18,000 psi
37 WF 94 beam has I of 243.8 in.> Therefore the
beam is suitable toccarry the maximum loading on
the bridge.

3. Depth Ratiot Spec. Art. 79.

Ratio = __. 1 -1
33.58 (13) = 37 — 14

The ratio is greater than specifications call for

(%3)' Therefore the beam is satisfactory for depth.

4 Check Sheart Spec. Art, 47.
387 = .49 = 58 (less than 60 times web thickness)
vV = 16,650 (1.24) 4 874 (32.58) = 34,900 1lbs,
’ 2

8= 7=_34,900 = 3650 p.a.i1. (less than 13,000
- ey e - » . . L ]
A .49 (26.9) therefore 0.K.)
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E. Diaphragms: Provided at 1/3 distance of span.
Spec. Art. 124

Connection angles 4 x 4 x 3/8
Forizontal angles 3 x3x3/8
Diaphragm plate 18 x 3/8

Force resisted by Diaphragms: Spec. Art. 38
Area of substructure = 9(27) ;30.33} = 307 sq.ft.
Area of side elevation=5(30.33)(1.5) =_2283 "
Total area 535 sq.ft.
Lateral force, wind on structure-535(30) %® 16,050#
Lateral force, wind on Live Load-150(30.33) =_4,600#
Total force 20,6504

Area steel required:

18,000 :
Areca steel provided: (2 plates)
A'= 2 (18) (3) = 13.5 sq.in.
8
This is much more steel area than is necessary.
Stress in rivetse

s = _20,650 = 4,700 p.s.i. (allowed is 13,500)
2 (5 .442)

F. Bearing Plates:®
Plate size: 12" x %" x 193"
Bearing on concreters
f » 34,900 1b, = 149 p.s.i. (this is very low)

Z
¢~ 12 (19.5)
G, The ends of the stringers are not connected but are em-

bedded in concrete a depth of one foot, with two steel

bars passing through the web of the stringers. This
gives the necessary stability.






ARUTMENT ANALYSIS
Specifications:?

Arte: 39. Retaining walls, abutments and structures built
to>retain fills shall be designed to resist pressures
determined in accordance with the "Rankine" theory of
rressure distribution in non-cohesive granular mate-
rial, provided that no structure shall be designed for
an equivalent fluid pressure of less than 30 pounds
per square foot.

To provide for live load an equivalent earth sur-
charge of four feet shall be applied over all surfaces
subject to highway traffic.

Arts 59. TIn footings and other principal structural
members where the concrete is in direct contact with
soil, the reinforcement shall have a minimum covering

.0f 3 in. of concrete measured to the center of bar,

Art., 63. (b) 1In cantilever footings all bars shall

be anchored by means of standard hooks at the outer

ends of the bar.
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In analysis of the Abutment, four types of loadings will

be considered as follows:? ‘

Case 1t Abutment before stringere are placed and only
pressure is due to retained s0il without allowance
for live loading over fill. |

Case 23 Pressure due to retained soil With allowance
for 1ive loading over fill and stabilizing moment
due to dead load of bridge.

Case 3¢ Pressure due to retained soil mot allowing for
live loading surcharge and stabilizing moment due to
dead and live loading of bridge.

Case 4t Presgsure dus to retained soil with allowance
for livo-loading surcharge and stabilizing moment due

to dead and live loading of bridge.

Total Feight of Fill:

Surcharge live load 4' O"
Sﬁrcharge (12* pavement) 1' 6"
Distance,pavement & abutment 2' 6 5"
Total surcharge ?—%_'i- (Call it 8') 8' O"
Felght retaining 15 17"
SR
Total height of fill 33' 17°
8
Weight of reinforced concrete 150 1b. per cu.ft.
Weight of 2111 100 1b. per cu.ft.

Angle of repose of fill 30 degrees
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Case 1
Abutment before stringers are placed and only pressure

is due té retained soil without live load surcharge?

433" 233 364,
pA A
e P\
N R X %‘lﬁ RN
| ————> --__I \
EQ N {~ ;Eg \\
1 I .
J"e [@’g 5 \
ke
- =
P'= Cwh= .33 (100) 15.17= 504 1b.
P = 504 (15.17) = 3820 1b.
? . arm roment
¥ = 1350 (2.33) (12.75') = 4460 1bs. 5.5 = 24,800 1b.ft.
¥, = 150 (2.50) (10.5) = 3940 5.25 = 20,660 "
vz = 100 (3.84) (13.75) = 4900 8.58 = 42,000 "
Total wt. 13300 1bs. Total Me. 87,460 1b.ft,
To find "x":
x = 87,460 = 6.57! : . oo !
13,300
To find "e"
e'= 5.06 (3820) = 1.46! 8.57 -« 1.46 = 5.11"

13,300
e = 5,25 - 5,11 = .14"
Earth Pressures

P=1 :lso,scsac‘) | £‘1:4_- 5‘4,14§'= 1370 Q1+ .08) 21370 4/eq.ft .
. C & p Ocs 1170#/8q.ft0
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Overturning Factor:

Ratio = 87,460 1b.ft. = 4.4 (very safe)
3,820(5.08)

Sliding Factor:

Ratio = 13,300 (.50) — 1.74 (Just on the borderline of
3,820 . being saf eg

Tt is obvicus that the resultart intersecte the base within
the middle third since "e" is only .14'.
Stem Vomente |

p=C'h = .33 (12.75)(100) = 421 1bs.

M=(421) (12.75) (12.75) = 11,400 1b. ft.
3 3

Toe Moment:

F= 6.17 (355) 4+ 1090 = 12% 1bs. (earth pressure at
10.5 edge of stem)

Moment urward due to earth pressure:
12399 (4.33)(4.33) =123,050 ft. 1t.
146 (4.33) (é?(4.33)=____8_§_6, "

: Total l?omemt = 12,946 ft. 1lb.

Voment downward due to concrete in tcoe:

¥= 150 (4.33)(2.5) (4.33)= 3,470 ft. 1lb.
2

Toe Moment = 13,946 — 3,470 = 9,47€ ft. 1b.
Feel Moment:e
3.84 (355)= 130 1b./sq.ft. (earth gresaure at edge

10.5 em.
Upward ¥ = 1090(3.84)(3.84) 4+130(3.84)(3,84)2= 8369 ft.L.
2 2 3
Downward M= 3.84(2.5)(15¢)+ 45¢0 x 3.84 = 13,180 ft.lb.

3

Feel Moment = 12,180 - 8,368 = 3,811 ft. 1b.






Case 2
Pressure due to retained soil with allowance for live

load surcharge and stabilizing moment due to dead load of

bridge. ==

r%I &l __L\_\_\P’
L) F /4 i \\
ERIF
. XY ! \
N Q -‘__"3 : P \\
y V{\” Sy PN

1L <

To find horizontal force:

.33(100)(8) = 364 1b.

P"= CWh= ,33(100)33.35= 768 1b.

264 (15.35)_(_;5_53,5_)_ = 30,700 ft.lb.

P'= Cwh

(1-6-‘3-43:-?-5:“)(15.35) (;.5.3915.) = 19,550 ft.lb.

Total Moment = 50,350 ft.1lp.
P= 364 (15.25)+ (768 - 364)(15.35) = 7870 1b.
3

y= 50,350 ft.1b. — g.4!
250 T = 6.4

Dead Load of deck per foot of Abutment:

D.L.= 874 1b, (33.87') _
3 (5.17! — 23860 lbs.
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To find Resultant Vertical Forces
D.L. = 2860 lbs. 5.48' = 15,600 1b.ft.
WI 150 (2.33)(13.75) = 4460 " 5.5 ' = 24,800 "

v =390 " 5.25' = 20,660 "

3
¥, 20.75 (3.83)(100) = 7950 8.58' =_68,250 "
Total weight 19210 1bs: Total M 129,310 1b.ft.

x= 122,310 1b.ft._ '
19,210 1bs., ~ 6.72

e'= 6.4' (7870) = . L .
19, 210 2.62' ¢+ B.73' - 2.682'= 4.10

e= 5.25' - 4,10' = 1.15!

Earth Pressure: Pressure greater at toe.

P= 19,210 (1 # .e6) = 3030 1b.
YW B = = 30 .rer s8q.ft
10.5 620 1b.ver AR

Overturning Factor:

Ratlo = 129,310 1b.ft. _ .5 ( this is satisfactory).

Sliding Factort

Ratio= 10 1b. (.50) -
7870 1b. = 1.2 ( this is unsatisfactory)

Check if Resultant intersects base within middle third:

10.5 = 3.5'> * 3g5

3 = l'7'(greater than 1.15' therefore

within middle third)
Stem Moment: (tending to overturn)

P= c"h= 20.75(120)(.33) = €25 1b.

2684 (12.75) = 3370 1b. 12.75' = 21,500 1b.ft.
2

1685;260(13.75): 2680 1b. 12.75' =11,400 1lb. ft.
3

Total wt. = 6050 1b, Totsl Mo.=32,900 1b. ft.



Stem Momente (tending to stablize )°
2860 (1.125') = 3210 1b.ft.
4460 (1.165') = 5300 1b.'ft.
Total M~.= 84Y0 1b.ft.
Total Stem Voment:
M= 32,800 1b.ft. « 8410 1b.ft.= 24,490 1b.ft.
Total Toe Moment:

p= 6.17 (2400) + €20 = 2040 lb.per sq.ft. (earth pressure
10.5 . . at edge. of stem)

Moment due to Tarth Pressures

arm ‘oment
2040 (4.33) = 8780 lbs., 4.33 = 18, ‘6"'?? 1b,
2
(2400 - 2040)(4.33) =_795 1bs. 2(4.33) = 2,280 "
e 3

Total weight = S575 1lbst Total ¥o.= 21,160 ft.lb.

doment due to toe concrete:

S ——

150 (2.5) (4.33) = 1615 1bs. 4.33 = 3,470 ft.1b.
~ 2

Total Moment = 21,160 « 3,470 = 17,650 ft.lb.

Total Shear = 9,575 - 1615 = 7,260 lbs.

Total Feel Voment:

P= 3,83 (2400) + e20 = 1570 1bs.per sq. ft. (earti
10.5 pressure at edge of sten)

Farth Pressure Vement urward:

620 (3.83) = 2370 1b. 3.83 = 4,550 ft.lb.
2
= 1685 1b, 3,83 = 2,150 ft.1lb.

(s80) (3.83)
3 3
Total wt#& 4055 1b. * Total Vo.

g, 700 ft.1lb.
Farth and Ccncrete licment Downwarde
7950+ 1435 = 9,385 1bs. 3.83 = 18,000 ft.1lb.

3
Total Moment = 18,000 - 6,7000 = 11,300 ft. 1lbs.



T




Case 3
Pressure to retained soil without allowance for live load

surcharge. ©Stabilizing moment due to dead and live loading

f deck. T— --
of dec l‘ L.L*a*L:r ?\\ P
$ A P
| 3 b
:: :g \%L W,
N 9 X L: X
4l--
|
152 W |
g,
P'= .33 (4)(100) 2 132 1b.

pe= .33 (19.235)(100) = 638 1b.

To find "P": horizontal force due to earth pressure.

132 (15.25) = 2,015 1b, 15,25 = 15,400 1b.ft.
2
(836_- 132) (15.25)= 3,840 1b. 5 = 19,500 "
2 15"53-
Total P = 5,855 1b. Total Mo. = 34,900 1b.ft.

y= 34,900 1b.ft.= 5.96"
5,855 1b.

To find Resultant of vertical forces:

D.L.+ L.L. of Deck= Es,eso+ §74(33.ss§l-;- 5.17= 6200#/ft .
3

arm moment
D.L. L.L. of Deck = 6300 1lb. 5.46' = 33,900 1lb.ft.
L2 = 4460 " 5.5 = 24,800 "
¥, 100(3.83)(16.75)= 6430 " 8.58 = 55,000 "
v, 23940 " 5.35 = 20,660 "

Total wt. = 21020 lbs. Total No.=134,360 1lb.ft.






X= 134,360 1lb.ft.= 6.4!
21,020 1bs.

e'= 5,96 (5,855) = 1.68" 6.4 - 1.66 = 4.74"
21,020

e = 5025 - 4074 - 051'
Earth Pressuresr earth pressure is greater at toe

P= 381,020 (1% .29) = 2580 1lb.per eq.ft.
10.5 1430 1b, per eq.ft.

Overturning Factor:

Ratio = 34,360 1lb.ft. _ 3.8 (satisfactory)

34,900 1b.ft. —
Sliding Factor:

Ratio = 21 gzgsépﬁ.umz 1.8 (Satisfactory)
’ [ ]

Tt 1s obvious that the Resultant intersects the base within
the middle third as "e" is very srall.
Stem Moment:

p= .33 (100)(16.75) = 552 1b,

Overturn Moment: (Due to earth pressure)

420 {13.75) = 2,680 1b. 12,75 = 11,400 "
. . 3
Total wt.=4,365 1b. Total Mo.= 33,100 ft.lb,

Stablizing Moments(Due to loaded deck and wt. of stem)
6200 (1.125) = 7,000 ft.1b.
4460 (1.165)=_5,200 "
Total Yo.=12,200 ft.1lb.

Stem Moment = 22,100 - 12,300 = .9,500 ft.lkt.

Toe Moment:

p= §.17 (1160) 4 1420 = 2100 lb.per sq.ft. (earth pres-

10.5 .
sure next to stem edge)
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Moment Upward:

2100 (4.33) = 9,100 1b. 4.33 = 19,700 ft.1b.
| 2
g_gg (4.33) = 1,030 ~ (4.33)2 =_2,980 *
3
Total wt.= 10,130 1b. Total Mo. =

23,680 ft.lb.

Total Toe Moment:
M= 22,680 - 3,470 = 19,210 ft.1lb.

Heel Moments

P= 3.83(1160) 4 1420 = 1843 1b./sq.ft. (pressure next
10.5 to stem edge)

Moment Upward:
1420 (3.83) = 5440 1vb. 3.83 = 10,400 ft.1lb.

3

423 (3.83) = 811 " 3.83
]

1,035 v

-
Total wt.z €251 1b. Total Mo.= 11,435 ft.1lb.

Moment Downwarde

M = 6420 4 1435 = 7855 1b,. (3.83 = 15,030 ft.1lb.
Total Momert s 15,030 - 11,435 = 3,535 ft.lb.
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Case 4
Pressure due to retained scil with live load surcharge

and stabilizing moment due to dead and live lcad on deck.

I o z.L.mf.E" IR, o

PR
: ! l ” 7K
H) W, | \
D: & X ‘n *4: \\\
| N = [
i e ~ Y
2 [ N
Yy : b |
IR pwe | %y PN

Resultant Forizontal Force= 7870 lb, ¢ y = 6.4"

To find Resultant Vertical Force:

arm moment
D. & L. load on deck--8200 5.46" 33,900 ft.lb.
L5} = 4480 5.5 24,800 "
L = 3940 5.25 20,660 "
v, =_7950 8.58 68,250 "
Total weight = 223550# .Total Mo.=147,610 ft. 1b.
X = ;47J610 ftclbc: .55'
22,550 1b. 5
e'= 6.4 (7870) - 3 231 6.557 - 2.23'= 4.33!
22,550

= 5.2 - 4.323 = .93"
Earth Pressure: (greater at the toe)

P= 33,560 (1 #+ .55) = 3330 lb. per sq.ft.
10.5 965 1b. per sq.ft.

Overturning Factor:

Ratio = 147,610 ft.lb. _ 3.0 (eatisfactory)
: 7870 (6.4')
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Sliding Factor:

Ratio = 22,550 1b. (.50) = 1.4 (this is unsatisfactory)
7870 1b.

1t is obvious that the Resultant intersects the base within
the middle third as "e" is very small.
ftem Moment:
p = 685 1lb.
Overturn Moment: 32,900 ft.1lb.
Btatlizing Moment: 7,000+ 5,200 = 12,300 ft.lb.
?etal Stem Moments 3¥2,900 -12,200= 20,700 ft.lb.

Toe Momentte

P= 83!;3 56o17 + 965 = 2345 lb.per sq.ft.

Upward Moment:

2345 (4.33) = 10,150 1b. 4533 = 31,800ft.1b.
975 (4.33) = 2,110 1b. (4.33)2 = _g,100 "
2 3

total wt.= 12,360 1lb. Total.M.= 37,900 ft.lb.
Total Toe Momente: 237,900 - 3,470 = 24,430 ft.lb.

Feel Moment:

p= 2355_(3.83) 4 965 = 1823 1lb.per sq.ft.(earth pressure)
10.5

Upward Moment:

865 (3.83) = 3700 1b. 3.83 = 7,070 ft.1b.
' 3
858 (3.83) = 1645 1b. 3.83 = 2,100 ft.lb.
2 . . 3
Total wt =5345 1b. Total ¥o.= 9,170 ft.lb.

Tctal Voment = 18,000 - $,170 = 8,830 ft. 1b.

Total Shear = 92,385 - 5,345 4,040 1bs.
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Results of the Invertigations of the Four Cases:

TTEM CASE 1 |CASE 3 |CASE 3 |CASE 4
Eccentricity .14 1.15 .51 .93
Earth Toe 1,370 3,020 2,580 3,320
Pressure
1b./sqftle Heel 1,170 820 1420 965
Safety |Overturning 4.4 2.6 3.8 3.9
Factor Sliding 1.7 1.3 1.8 1.4
Toe 9,476 17,690 | 19,310 | 24,430
Moments
Beel 3,811 11,300 3,595 8,830
ft.1lb.
Stem 11,400 24,490 9,900 | 20,700
Toe 4,291 7,960 8,505 10,635
Shear
Heel 1,892 5,330 1,604 4,040
1bs.
Stem 2,690 6,050 4,365 6,050
Conclusions:
l. Maximum Stem moment occurs at Case 2 loading.
3. Maximum Toe moment occurs at Case 4 loadings
3. Maximum Heel moment occurs at Case 3 loading.
4. Greatest Excentricity occurs at Case 2 loading, which is
within the middle third.
S. Lowest Overturning Factor , 3.6, is satisfactory.
6. Lowest Sliding Factor, 1.2, is unsat isfactory.







Resistance to Sliding:e

#
~—1 7870 #

Stee/ Sheel P/,
________{:‘ /1779 §§1

oy
Rl )
N
: i |
© 2 §
g//
) &

Lowest Sliding Factor occurs with case 2 loading®

To secure against sliding there is provided steel sheet
piling driven to a depth of 6' 8" and a secure bond be-
tween footing and piling (fig. above) exists by means
of an angle iron welded to piling and a length of re-
inforcement bar hooked through angle and embedded in

the footing.

Sliding Factor = 19,310 (.50) # 3030(2.5) = 2.3
7870

This factor is satisfactory.






STEM ANALYSTS

Forces acting on Stem:e

24

2

-

1165 ;gr-u St (Btem Toad) 4460 1b.

: l 3II
. N
//35__ " 1 D.L. (Dead Load of 2860 1b.
structure)

l-q-—jl?- P (Earth Pressure) gnsg 1b.
E A
__j_ ')
Fig. 9
To fing "ja"s
fo = 1200 pei. kd = 1200 (25) =10 in.
3000
fs = 3000 psi. at = %_0_ 3.33in,
n = 10
jd = 35 - 3.33 = 31.67 in.
/2" :
SR o
£
: # *oI S
o xy AA4
N
Lo} ,‘0
X »
ST | #
_________ — £

Fig. 10






Stem Analysist (moment Cage "3")
M= 24,420 ft.1lb.
V= 6,050 1b.

Depth required:

d= M = \[24,40 =11" ¢ (gtem is 28"
X b Vg: 208 % 2 ( )

Area of steel requireds
M = 24,490 (12) = .75 8q. in.
T_(7d) - 18,600 (21.67)

Area of steel provided:

Ag=

_ ‘3" circular bars, spaced at 8" and 1'4" alternately.
4

Ag = .443 %—2-)-'- .663 sa. in.
Check fge

f. - M = 24,490 (12) = 20,500 1lt./sq.in.
8% ¥ 73Y” 682 ‘(E'I".'E’f% ’

8
The steel above seems to be overstressed; however

Mr, Puffer of Michigan State Fighway explained to me

that it is their policy of allowing a 30% over design
stress because they feel that the bridge will probably
never be fully etressed. Als&,they feel that the rigid-
ity of the structure resists the force caused by the
loadirg sufficiently to warrant this policy. The problem
above is beyond the scope of this paper, therefore 1 will
only mention that the stress above is well within the 3¢%
allowed. This same condition occurs in the steel placed

in the toe.
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Check fe!

f = ¥ = 2_{_..4.9.}0:#7.(18)8 = 226 1b./sq.in.
¢ _jdg (o) (xd) ~ 21.87(12 ) /e

(1200 psi.allowable)

Check shear:

v= -V = __6050 = 23.2 psi.(60 psi. allow-
b (7d) 12 (21.67)
able)
Check bond:
u= 8v = 8 (8050) = 104 psi. (150 psi. al-
7 3q 0 TIZT 3 (7r) 25
8 4 lowable)

Anchorage is sufficient as a standard hook is provided
which is hooked over arpther bar and embedded 27",

Stem analysis lhe
3

M = 13,780 - 8410 = 5,370 ft.1lb.
Thickness of stem is constant throughout.
Check fgs

f, = _M - _5370 (12) = 9,000 psi. (18,000 psi
Ag (Jd) 331 (21.67)

allowable)
The amount of steel used above is just half of the
steel provided in bottom of stem. Every other bar is cut

off 1'8" above the %.h point taken above, therefore

sufficient steel is present.
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Forces acting on base of Abutment:

A. TForces acting on Feel (Case 3):

V2o -
g3
GF A .3’767,“1

RNz

3
/

B. Forces acting on Toe (Case 4)

2’6"

|
i
J
620
2l

Joz2 o

o 06

e
£ 47 l.?&Q?"

T 2
) W 4

;———"’—————J

C. To find "jd": kd = 27(1200) = 10.8 in.
3000
jd= 37 - 10,8 = 33.4 in.
3

26"
r_d?

96 5

\/azo

JI20

g |
Y

e

3
"

-
-

Jll
(4

i
Va0 I s

—~—————— ——— 3]
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Beel analysis® (moment Case "3")

M= 11,300 ft. 1lb.
V= 5,330 1b.

Depth required:

d:Vil,soo (12) = 7.4 (30" ig provided)
308 (12)

Area of steel required:

Ag = 11,200 (12) = .322 sq.in,
§,000 (23.4

Area of steel provided:

3" circular bars, spaced at 1'4"

Ay = .44 (12) = .33 sq.in.

Check fez

fg = 11,300 (12) = 17,500 pei. (18,000 psi. allow-
.33 (2 '3'.'43‘

able)
Check fos

f = 11,300 (12) = 45 psi. (very low)
¥ 23.4 (12)(10.8)

Check bond:

u = = 43 psi. (150 psi. allowable)
7 fgii‘rr%zs

Check shear:

vV = r%‘%%%'ﬂ = 19 psi. (very low)

Anchorage:

L = 17,500 (2) — 22" required (33" provided)
4(150) 4
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Toe analyeist: (moment Case "4")

M = 24,430 ft.lb.
v = 10,€35 1b.

Depth required:

d= \/24,430_ = 10.8" (30" provided)
208 (1

Area of steel required:

Ag = 24,430 (12)

- . 885 Sq.ino

Area of steel provided:

3" circular bars, spaced at

8" and 1'4" alternately
4

Check fsz

£y = 24,430 513; = 18,900 psi. (18,00 psi. design

stress allowable)
The overstress here is alrost negligible.
Check f,

f.= 2_(24,430) ;g = 193 psi.
23.4 (12)10.8

Check bonde

(verv low)

u = 8(10,635) 8 = 137 psi. (150 allowable)
7 T7Y 25

Check shear:®

‘v = 10,635 = 37.8

T 12 (23.4)

Anchorage:*

(very low)

L = 18,200 (3) = 24" (34" provided)
150) 2






WINGWALL ANALYSIS

The wingwall serves only to retain soil with a 26 degree

/0
surcharge. 43{',,5’ 84
R
Ny 1——*-1”‘
\ 'JWW‘: \\\
~ | £
lk?) L'f\) W|! \./4: \
Nl 3 IR
N N ‘—&‘ . | P X F\\Pb
A R Y
o} T B
v A we N \
dle
/0.5

Angle of repose taken as 30 degrees.

c= .o46 [[946 - (;9 - .755Y2 [ = .4
[FF (5= .755)

Soil pressure against footing:

Regultant Vertical Force:

arm moment
¥, = (12.75)(1.5)(150) = 2870 5.1' = 14,800 ft.lb,
Wy = (13.75){.23)(150) = 793 6.1 - 4,840 "
vz = (13.75)(.83)(100) = 5% 6.33 = 3,370 "
3
Wi = —

F (12.75)(3.83)(100) = 4880 8.58 = 43,000 o

W; = (10.5)(3.5)(150) =3840 5.35 = 20,700 "
Vg = (4.67)(2.3)(100) =_537_  8.94 f;_g4§gg_ "
¢ Total wt$13450 Total M380,310 ft.lb.
x = 80,310 = 5.96!
13,450

Resultant Horizontal Force:s
p= WCh = 100 (.4) (17.55) = 703 1b.
P = Y08 L17.58) 2 8,170 1Y,

3






Py = 6,170 (.9) = 5,550 1b.
Py = 6,170 (.44)= 2,72C 1b.
To find V!
y = (10.5 - 5.28) tan. 28 = 2,22!
y'=5.85' - 2.22' = 3,63
To find e

e'= y' (Pp) _ 3.63 fssso) = 1.25"
R-/-Pv ’

5.98' - 5.25' = ,71! (eccentricity of Ryp)

e = 1.,25'- ,71Y = ,54' (Distance R intersects base
from base center.)
.54' less than 3.3' ;(therefore R intersects base
P

within middle third)

Earth Pressure on Base?

P= 16,170 (1% .309) = 2020 1b./sq.ft.iat toe;
10.5 1065 1b./sq.ft.(at hee

Moment against overturninge

F - 16,170 (5.96) = 4.8 (good safety factor)
5,550 53.63%

Moment against sliding:
F—- 18,170 (.50) = 1.48 (This is a little low)
Sliding fastor is a 1ittle low but there is sufficient
fill over toe to provide passive resistance sufficient

to keep wall from bsliding.
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Stem analysiss

p= 100 (.4)(15.058) = 602 1b.

P= £02(15.05) = 4,503 1b,
2

Py= 4,503(tan 26°) = 4070 1b.
Overturn moment: 4,070 (5') = 20,350 ft.lb.
Stabilizing mcment:

M.= 12.75(1.5)(150)(1.5) 4 .83(12.75)(150) (1.92)
2 "3
M = 3,670 ft.lb.

Total Momente: 230,350 - 3,870 = 16,680 ft.lb.

d= Vls 680 (12) = 10" (30" provided)
208 (12)

A = 16,680 = .512 8q. in. (required)
18 ooo(zl 677

Steel Area provided:

3" circular bars, spaced at 8"

4
Ay = 442 (12) = .663 aq. in.(provided)
8
Check fg¢

fo = 16,680 (12) - 13,900 psi. (18,000 psi.

.663 (21.87) 1 lowable)
a
Check f,°*

t. = __2 (16,680) 119 psi. (very low)

0.8 2) 21.87
Check shear and bonde

v = 4,070 — 15.8 psi. (B0 psi. allowable)

T I BL.eTT

e
|
o
~3
)
©
|

52.7 psi. (150psi. allowable)
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Check steel 4' above tase:
o= 11.05 (100) (.4) = 442 1b,

P = 442 (11.05) = 2,450 1b.
2

Nverturning Moment:
M = 2,450 (11.05) _ 9,030 ft.lb.
Total Moment: ’
M = 9,030 - 2150 = 6,880 ft.lb. (allowing for
stabilizing moment)
To find "“d":

d= L/6,88O (32) = 6" (narrowest portion of stem
208 (12

/8";therefore depth is 0.K)

Steel profidedz half of the steel in bottom of stem
is cut off 1' 8% above lh, therefore we will use one-
half the steel providedsin ottom of etem in deter-
ming the steel stress.

Check fs’

fs = 6,880 (12) = 15,000 pei. (18,000
.331 (.87)(19.1

psi. allowed)

Sufficient steel is present in the stem.






Eeel Analysist

P= (2020 - 1065) (3.83)+ 10685 = 1415 1lb/sq.ft. (pres-
10.5

sure next to stem)
Moment upward:s

1065 (3.83)(3.83) = 7,840 1b.ft.
2

250 (3.83)(3.83) = 633 »

3 3 -

Total Moment = 8,473 1b.ft.

Moment downward:
¥ = (42804 1440) (1.92) = 11,360 1b.ft,
Total Moment:

M = 11,360 - 8,473 = 3,887 1b.ft.
Total Shear?

V = 6320 - 4575 = 1,745 1b.
- Steel Provided:

3"circular bars, spaced at 2' O,

4
A, = .g:g (13) = .23 sq.in. (provided)
Check fs’

fg = 13(3887) = 675 psi. (very low)
.22 (33.4

Obvious that Bshear is satisfactory.
Check bond:e

u = 745)6
27

2.8 psi. (150 psi. allowed)
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Toe Analysise

P= 955 (8.17) 4+ 1065 = 1635 1b./sq.ft. (earth presure
10.5

edge of stem)

Mcrent upward:
1635 (4.33) = 7040 (4.33) = 15,100 ft.1lb.
560 (4.33) = 1210 2(3?_3_3_) = 3,490 "
.z‘rotal wt. = 8350 ‘rotas.l Mo+ 18,590 ft.1vp.
Total Moments

M. = 18,590 - 3,470 = 15,120 ft. 1b.
Total Shears

VvV = 8,350 -« 1,615 = 6635 1b.
Tepth is obvicusly satisfactory.

Area Steel Required:

138,000 (8&.4;

Area Steel Provided:

3" circuar bars, spaced at 1' O".
4

Ag = .442 sq.in.
Check fsz and fc e

f,= 15,120 (13) = 17,500 psi. (18,000 allowable)
B """443"('21"3 . 4';'

f, = 2 (15,120) (12) = 240 psi. (very low)
23.4 (12) 10.8

Check v¢ and u:

vV = 635 = 23.8 psi. (very low)
2 33,4’

u - 6,635) 8 = 85.6 psi. (150 allowable)
7 §9$ 7Y 25

Anchorage is sufficient (same as abutment)
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CONCLUSTON

The analysis of this structure has shown that it is ad-
equately designed and meets all specificaticns with the ex-
ception of the overatressed steel in the stem of the abut-
zent while undergoing maximum bending moment. |

The policy of allowing a 30% overstress, if justified,
places the atress of the stem steel well within the limit.

Thus the structure can be expectead to aserve safely and
adequately all the traffic that may te passing over it and

at the same time rrovide free paeaége of all water that may

be expected to flow 4P Johnson Creek,
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