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Introduction

This thesis covers the complete drawings and design for
a bridge on M 39 near Grand Ledge.

At the present time there is at the site a 25 foot by
18 foot reinforced concrete bridge. It is at the bottom of
two comparatively steep slopes and is too narrow for the
present volume of traffic on the highway.

It is my object in this thesis to design a bridge with
improved approach grades and wide enough to carry the present
and future volume of traffic,

Keeping in mind future road work the grade vf the bridge
was esteblished as shown on drawing number 1, No attempt has
been made to show the future road work but when the highway is
improved it can be tied in very readily with the designed bridge
approach.,

Both slab and girder bridges were investigated and it was
deeided that the proper bridge for the existing conditions is
a slab bridge. The span of the bridge was controled by the
existing conditions and was established as 25 feet clear,

nSpecifications for The Bceoign of Highwey Bridg s" adopted
by the Michigan State Highway Department, November, 1936, were
used throughout.atAt times it was deemed advisable to wry a

small amount from these specifications. This variation is noted

in the designe. p .
& 136095



I wish to take this opportunity to thank Mr, Martin of
the Portland Cermnnt Association and lir.r:Shuttleworth of the
Michigan State Highway Department for their valuable aid and

adviee in the preparation of this thesis,
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Design of Slab

width of Roadway -

For four lane highways, the Michigan State Highway

Department specifications suggest 44 ft. curb to curb,

measured at right angles to the longitudinal centerline of

the bridge.

,,”

240" e

2 ft. 8 in,
1 ft. 8 in.

from the curb to the edge of the btridge allows

clear distance from the curb to the railing , 1 ft.

assumed for the railing.

Effective Width for the Distributicn of Concentrated Wheel

Loads on the Slab -

The specifications, Article 41, states:

B= 0,78 # 2

where B = Effective width of slab in feet.

S ® Span of slab, center to cemter of supports.

ascume 12 in., atutment wall.

s:
B =

25 £ 1 = 253 ft,

0.7 x 23 # 2 = 18,2 # 2 = 20.2 ft.

max, B =7 ft (specifications, Article 41)



A rticle 31 of the specificaticns assumes that the
traffic lanes will not occupy a position in which the center
of the lane is nearer than 4 ft. S in. to tue roadway face of

the curb.

acssumed effective width of
wheel load B

With traffic lanes as shown, two wheels can come within 3 ft,
of each other, and their effective widtns overlap and a new
distribution must be calculated. The specifications, Article

41 also gives @

effective width = Eé_g

where ¢ = distance center to center of loads.
effective width = 7 f 3 = 5 ft,.

2
distance from curb to edge of distributed wheel lcad
B = 4,5+ 3,0~-3.5 = 4 ft,

assume d = 13¢ in.
depth of slab = 13§ #2# % = 15 3/4 in.
Article 59 calls for a protective coverage of 13 diams,
(min. of 1} in.) from the surface of the concrete to the center

of the nearest bar, but after investigation it was decided that



a protective coverage of 2 in. clear would be better for this

bridge deck.

Dead Load

slab - l%§1§ x1 x 150 =196.75

future wearing surface (Specs. Art. 30) = 20.00
4 in. wearing surface (Specs. Art. 28) Q.5 x 1 x 150 = 6.235
12" 223.00

lbs, per eq. in.

2
dead load moment = %l

1/8 x 223 x T5° x 12 = 209,000 in. 1bs,

Live Load
Rear wheel in the middle of the deck.

12000~
£g02
/2°4" /2°6"
4000 # c000*
J S
Try both wheels on the deck,
/2000  /3Q09 . 4@3532

9 = v /g0

Maximum moment occure when the 12,000 1b. wheel is at the

center of the span, and is:
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000
Live load moment = é*;—~ x 12,5 x 12.0 = 180,000 in. 1lbs.

Impact
Article 37 of the specifications states that the impact

coefficient shall be:

Impact coefficient = I = L 200

L = Span length

I = 25420 45

0,26
6 x 25 %20 = 170 °

0.265 x 180,000 = 47,700 in, 1lbs,

Impact moment

Total moment = 209,000 # 180,000 # 47,700
= 436,700 in.1lbs. per ft. width of slab.

Calculate depth of slab
Use: f, = 3,000 lbs. per sq. in. and n = 10
intermediate grade steel fg = 18,000 1bs. per

sg. in,
’ ‘4-42005%"
é { &d
M5
— ;g' - DNy —
| A
o | 7

/8000 &~/
%?*- -ja;—'r/Ziﬂa,A;



ko= _d_
1200 3,000

kd = O.4d

sa = a -5 = o.867a

e ¢ = 2299 x 4ax12
M= Tzx jd

4,36,7000 = 2880 x .867d

436,700

a% =

2830 x .867

d = 13.22 in.

use d = 13%F in. as was assumed

2,880 x 13.25

= 28804

175

= 2,12 sq. in,

Ay =

18,000

use 1 in, square bars @ 5.8 in, A = 2,18 sq. in.

Check Shear /2000

yo.

3000

Live load shear = VL
Impact shear = Vi a

Dead load shear = Vp

Dead loed unit shear

12,000 £ 3¢ 3,000 = 13,320 1bs.

0.265 x 13,320 = 3,535 lbs,

223 x 12,5 = 2790 1lbs.

V5

\')
bJd

2790
12 x 0,867 x 13.25

20,25 1lbs. per sq. in.



There have been many attempts to establish a formula

for the effective width for shear distribution. Xirkham in

"Highway Bridges", page 118, assumes that the end shear on

simple slabs due to live load and impgct may be distributed

transversely over 2.5

Caughey in his book "Reinforced Concrete", on page 149,

gives the results of an experiment at the Iowa Engineering

Experiment Station in which the formula was found to be as
follows:
E = .75 £ 1.2t £ x
where t = slab thickness in feet
X = distance of load from unsupported
edge of slab in feet, never to be
assigned a greater value than 1 £ 2.4t
. o2
¥ = 1 A2t = ¢ 2h§213 2 = 3,68 Tt. wnich

is less than the distance to the edge of the slab for the

point at which we are figuring the shear.,

E then becomes L = .75 # 1.2 X lzi%i £ 3.68

The specifications do not limit their effective
of slab formula, to figuring moment so it is assumed
can be used for shear,

There are many other formulas advocated for use
compare favorably with the last two shown above, In
all this it was decided to use the same distribution

that was used for moment, namely 5 feet

= 5,76 ft.
width

that it

which
view of

for shear



Live load & impact shear = 16,855 1bx. distributed
over 5 ft. transversely

\'A
v, % “oJd

16,855 _
12 x 5 x 8687 x 13.25

2L.4 lbs. per sq. in,.

Live Ldad Impact unit shear

total unit shear

v BVL/ VD

2L 4 £ 20,25
= LL,65 1bs per sq. in

allowable V 60 lbs per sq. in,

Check Bond

v

A £,7

v = 16855 /4 2790 = 6161 1bs.
5 -

6161
//V = L X %g_ x 867 x 13.25 = 61.4.1bs per sq in.
Hb)

allowable M = 150 1lbs,
per sq. in,

Special anchorage is not shown to be necessary but good
practice will require a standard hook on the main longitudinal

steel.



Crown of Roadway

2°6| 20| 20.0 [ 270 2%

/¢$ JJ//Z" ——

/43"

(Note - 3" wearing
surface 1is not
included here.)

Bottom of slab
edge of effecient width for distributed wheel
load. See fig. page 2

.00187R*® (for middle 40 ft. - Specs. Art. 24)
Crown of romdway in inches
Width of roadway in feet

== ,00187 x T0° = 3 in.

Q ™ a
n

The two feet outside of the middle 40 feet is tangent to the
curve with a slope equivalent to 3 inch vertical in 10 foot
horizontal.,
E = x
2
x - 1

= .6 use 5 inch



Determine crown 4 feet from the face of the curb.

ho - h == 36 fto
C = .00187 x 36° = 2.4,2 in.soy 2.5 in.
3 - 2.5 = 0.5 in.

Temperature Reinforcement

"Temperature reinforcement shall be placed at exposed
surfaces and shall provide not less than one eigth square
inch of reinforcement per foot of width of surface." Specs.

Art. 66.

1/8 sq. in. reinforcement per foot of width of surface =

L in. round bars @ 19 in.

Use % in. round @ 18 in. logitudinaly in the top of the slab.

There is no restraint of the slab transversely in the

middle of the span so that except for tie bars, no temperature
reinforcement is necessary. There is, however, restraint
transversely near and at the abutmnets and transverse

temperature reinforcement should be used.

in, round @ 18 in. transversely in the top of the slab
feet next to the abutments. and

Use
for

U1 -

Use % in. round @ 30 in. transversely in the top of the slab
for the middle 15 feet.
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Transverse Steel in Bottom of Slab

There should be steel in the bottom of the slab to take
care of the moment perpendicular to the span of the slab., It
may be argued that there have been no feilures in slabs due
to this moment, but this is not due to the fact that the m
moment does not exist. Putting steel in a slab does not mean
that all of the moment is in the direction of this steel. Tor
a balenced design, steel should be added perpendicular to the
main reinforcement.

For spans of this length the Michigan State Highway
Department uses 15% of the main reinforcement in the outer
£ of the span and 25% of the main reinforcement in the middle

4 of the span.

1 in. sq. bars @ 5.5 in. A = 2,18 sq. in,

s
2.18 x .15
2.18 x .25

327 sqg. in.
545 sq. in.

Use % in sq. bars at 9 in. in the outer % span.

Use % in sq. bars at 5.5 in. in the middle % of the span.

k)
<

Check the 8tresses at the Centerline

Depth of slab = 15 3/4 # 2% = 18% in,d = 15 3/4 in.
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e
%
U
- Xy —
§§
N\
—
£
n
- o .
A, = 2,18 in,
Transformed erea steel = n x A; = 10 x 2,18 = 21.8 sq. in,

Take moments about neutral axis.
X

12 xXx 2 = 21.8 x (15.75 -x)

6x2 £ 21.8x - 344 0

6% /6° - Lac
2 a
- 21.8 ¢ /476 £ 8260
12

= 5.98 in.,
5.98
ja = 15.75 - 3 = 13.76 in.
Dead Load
slab - l§i%i— x 1 x 150 228,00
future wearing surface - Specs. Art. 30 20.00
% in. wearing surface 6.2

25L. S. per
sq. in,
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w 12
Dead load moment “E{""

1/8 x 254.28 x 252 x 12 = 239,000 in. 1lb.

Live load and Impact moment = 180,000 # 47,700 = 227,700 in.
Total moment = 237,700 # 239,000 = 466,700 in. 1lb. Lo
u = Lo xkdxbxjd
466,700 = fg x 5.98 x 12 x 13.76

f = 244 1lts. per sq. in.
allowable f, = 1,300 1lbs. per eq. in.

f
fhg = _a%%—- xkd xb

944 5.298 x 12
fs - 2 x 2018

= 15,550 1bs, per sq. in.
allowable f_ = 18,000 1lbs. per sq. in.

16855

v = -5 4 254,25 x 13,5
= 3371 £ 3180 = 6551 lbs,
v =Y = _6551_ = 39.6 1lbs. per sq. in.

bjd 12 x 13.76
allowable v = 60 1lts. per 8q. in.

a4 = Y __ = _6551 = 54,6 1lbs.
=qid 4 x éas x 13.76 per sq. in.

allowable , = 150 1lbs. per sq. in.
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/e

Depth of slab = 15 3/4 -
S 1l 1/8 in.
4’,2_/50" = 14 5/8 in.

d = 12 1/8 in.

Transformed area steel = nAg = 10 x 2.18 = 21.8 s8q. in.

Take meoments about neutral axis.

12 x X x %— = 21.8 (12.125 - X)
6X° £ 21.8X - 264 0

x = P £{b2—4ao
2 a
- 21.8 £ 176 # 6340

12

= 5,05 in,

5.
jd = d - -%Q— = 12.13 - -—39§-— = 10,45 1n,

Dead 10%2 63

slab - e l x150 ’ 182.75
2z

future wearing surface - specs. Art, 30 20,

% in. wearing surface 625

209.0 1bs.
per sq. in.



Dead load moment = =)
1/8 x 209 x 25° x 12 = 196,500 in. lbs.

Effective width for concemtrated load
Max, B is 7 ft., but the distance from a wheel at the curb
to the edge of the slab is less than -%— so the fopmula;

eff, width = -§-¥ distance to edge of slab, must
be used.
Assume the wheel at the curb,.
, 75
distance to edge of slab = 2.5 ¢ —{5—
where —%%é— = distance of center of tire from face of

curb in feet.

effective width = -%— # 2.125 = 6,635 ft.
Live 1dad moment = -390 x 12,5 x 12 = 136,000 in. 1bs.
Impact moment = .255 x 136,000 = 36,100 in 1lbs.

Total moment =. 126,500 £ 136,000 £ 36,100
-- 368,600 in 1lbs.

lal

aJéﬁaJQ

M = x kd x b x jd

368,600 = x 5.05 x 42 x 10.45

]

¢~= 11685 1lbs per sq. in.

Lhg = fg xkd xb

. 1165
f = =5 x5.05x12 416,200 1bs. per sq. in.

8
2.18 allowable = 18,000 per
sq. ine.
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16,855 / 209 x 12.5 = 5,550 1lbs.

= TB.625
5,150 = 41 lbs, per sq. in.
- - B e——
bjd 12 x 10.45 allowable v = 80 1lbs,
per sqe. in.
v 5,150 56,5 1bs. per sq. i
- = 12 = . e P Q. 1n.
TE,IE T 4 X g2 X 10445 Ty nies= 150 1bs

per 8q. in.
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ITI

Design of Railing

L4

7:0" /¢
/00 7H/
— 1507 /# Rlorlet’
A —#J Y C/enr
N
b Y
A e
[N
]

Assume a 12 in, railing with 4 in. round bars

@ 16 in. vertieally.

Check Shear

If only reasonable care is taken with the Joint at the

bapse of the rail it may be expected to develop at least 50%

of the shearing resistance of monolithic concrete,



- 17=

150
As the unit shear is only; —yz4 = 1.05 1lbs. per sq. in.,

the railing of course ig safe in shear.

Check Railing for O¥er Turning About Point A

150 x 3 - 100 x «¢5 =150 x 3 x 5
450 - 50 - 225 = 175 ft. lbs,

Moment about A

Area of steel needed to withstand this moment per ft. of
175 x 12 =
railing = Ag = 48,000 = 117 sq. in.

4 in. round @ 16 in, have an area of .20 x -%%-

= ,L15 sq. in. per ft. of rail

Use 4 in round @ 16 in. vertically in each face. Use
4 - 3 in. round horizontally for temperature steel in each
face. The moment and shear are hoth less on the curb section
and 4 in. round @ 16 in. vertically may also be used. Use

§ - 3 in. round horizontally as shown.

Check the Slab For a Wheel on the Curb

/or"’

7
\ {74/
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Dead load
railing 3 x1zx 150 == L450
curb and slab 9 £ 145 x 1 x 150 = 294
12
load 100 = 100
84) l1lbs. per
ft. of curb
w l2
Dead load moment = -
= 1/8 x 844 x 25% x 12 = 791,000 in. 1bg.
. _ 6,000 _ .
Live moment = =45 X 12.5 x 12 = 360,000 in. lbs,
Impact moment = L,265 x 360,000 = 95,400 in., lbs,
Total moment = 791,000 £ 360,000 £ 95,400 = 1,246,400 in,
" 1bs,
J0
X Y
B 3
3
N
- 4

A 2/82.5-5 57"
Transformed area steel = n Ag = 54.5 sq. in,

30x X X % = 54.5 (21 - x)

15%x% £ 54.5% = 1145 = O

-6 L6 i
2a

= ~ ohes fj{é97o £ 68700 = 7,1 in,
30




T - ———

o



- 19 -

s 18,6 in,

. 7el
d o L=
Jd = 21 3

f
T = = —%- x 30 x 7.1

f

M=Cx Jjd=1,2,6,,00 = _%_ x 30 x 7.1 x 18,6

fo = 630 lbs. per sg. in,

allowable f, = 1,200 1bs per sq. in,
Ay fgx Ja = M
. 1,246,400 = 12,300 lbs per sq. in,

s 5.45 x 18.6

allowable fg = 18,000 lbs per sq. in.

T

Check Shear -
Dead load shear Vg = 8L x 12,5 = 1,0550 1lbs,
11
Live load shear V, = 12,000 £ %7 3,000 = 13,320 1bs

=_Y__=_2_Lﬂ0_ = 523 1lbs per s in
¥V = %5d 2.5 X 867 x 21 3 P 1

The curb is not designed for a wheel load on it,

_ . 19,500 = 231 1b . in,
Dead l-ad Vv 5.5 x 807 x o1 3 s per sq. in

The allowable unit shear with special anchorage and web
reinforcement = 270 lbs per sq. in,
v = 231 1lbs per sq. in,

Ve = 90 1lbs per sq. in,

Vg ® V -V, = 141 1lbs per sq. in,
ag Tg

v s .
5 b 8 sinot

Nl

in. round bars ag = ,20

g = 20 x 18,000 = 10 # inches
2.5 x 1 x 141




"

m
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Use 9 inch spacing. Try shear at £ point.
V = 844 x 12,5 = 844 X 6,25

= 5,280 lbs.

v o 22280 = 115 lbs per sq. in.
2.5 x .867 x 21

Vg = 115 - 90 = 25 1lbs per sq. in.
S = «20 X 18,000 - 50 in.
2.5 x 1 x 25
_ 454 - L5 X2 = 22,5 in.
max. 8 T o« £ 7I0 100 ’

Use 3 in. round stirrups at 9 in. in outside % of span and

%3 in. round stirrups at 18 in, in middle half of span.



Design of Abutment Walls

- 21 =

JES
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N
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Design of stem

JSurcharge|| %

Favemen? -_.-__-/é? )
Je 0 ’/ wa//; X _ o

\\ R L
\ R
\\\ Y P ad A
a
[
Y ¢

Max pressare o o Ferm,

"Retaining walls, abutments and structures built to retain
fills shall be designed to resist pressures determined in
accordance with "Rankine" theory of pressure distribution
in non cohesive graniilar material provided thgt no structure
shall be designed for an equivalent fluid pressure of less than
30 1bs per sq. ft.", Specifications, Article 39.

An equivalent earth surcharge of four feet 1s used as the

live load.

Values of Ce = ,33 and W = 100 1lbs per cu. ft, are used

by the Michigan State Highway Department for soil conditions

similar to those on this job.

. x 150 _
.75 ft. of concrete = -2%66——3— = 1.13 ft. of earth
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2

wh® 100 x 21.63° = 7,730 1lbs.
P = Ce 2 - 033 2 ’
[ M— = 7.21 ft.
3
100 x 5.88-
p = .33 X o = 570 1bs.
.88
be = 232 £15.75 = 17.71 7t

P-p = 7,730 = 570 = 7,160 lbs.
Take moments about A

7;730 X 7021 - 570 X 17071 -
C - 7,160 - 6.38 fto

Moment at base = M = 7160 x 6.38 x 12 = 548,000 in 1lbs.,.

g = f

for £, = 1,200 1lbs per sq. in.
and fg = 18,000 1bs per sq. in.
K = 208

_548,000 = 14.82 say 15 in,
208 x 12

o
1

Depth of slab = 15 £ 3 = 18 in,
M =Ty Ay jd

1 1 .
k= -, % = 18,000 Oek
1’"'}32;‘ 1 #7310 x 1,200
k

J= l"'.3' ..867

A = 548LOOO - 2.31_|_ Sq' in.
s 18,000 x .867 x 15



Use 1 in, round @ 4 1in, A = 2,36 sq. in.

V =(P -p) = 7,160 1bs,

. ¥ 7,160
max. v.= Bjd 12 x .867 x 15

allowable 60 lbs ﬁer sq. in.

- 4,5.5 1lbs per sq. dn.

v - 7,160
/d= Ja 1 17 w 45.3 1bs
Zo 3.lb x 23 x -867 x 15 per sq. in.

allowablg[[= 150 1bs per
sq. in

Check Stem 5 ft. Above the Footing

7;,: ‘/'J

Sbcéan/b
be chockedy

Zopof Figg

100 x 16063 - L|,,560 lbs.
1 i 033 2
16163 = 5,5, ft.
3

8.1-

.88
P = 570 1lbse. by -2~3"— £ 10,75 = 12,71 ft.
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P =P =14,560 - 570 = 3,990 1bs.

l;,,jéo X 5.54 - 570 x 12,71 w L.,50 ft,

C =
1 3,990
M= 3,990 ¥ 4,50 x 12 = 215,500 in 1lbs.
215,500 )
- -_,_—_— = L] []
=/ 208 x 12 925 1n

Depth of stem needed = 9,25 4 3 = 12,25 in,

Depth of stem avaidable = 12 # 6l§.%2°7 = 16.1 in,
d = 13,1 in,

Assume that 3 the steel will be terminated 5 ft. above

DU 4 S
[
}I
- <
R
¥
N
y
X

12 x X x 35— = 1.18 x 10(13.1 - X)

6X% £ 11.8 X = 154.5 = 0

- 1.8 £ y139.5 £3.700
12

X =

kd =X = L,17 in,



- 26 =

ja = 13.1 - &4%2_. 11.71 in.

215,500 = gg x 4.17 x 12 % 11.71

fc = 735 1lbs. per sq. in,
allowable £, = 1,200 1lbs per sq. in.

fgx 1,18 = 232 x 4,17 x 12

fg = 15,600 1bs per sqg. in.
allowable fs = 18,000 lbs per sq. in.
Check for anchorage 2

TT a
allowable tension in a round rod =

x 18,000

Bond developed in a bar = "Il x a x 1 x 150
IEaE_ x 18,000 = TT al x 150 1 = 30a

Anchor % of the bars 30 diameters or 30 in. beyond 5 ft.

-~

above the footing.

Temperatire Steel in the Stem

The specifications call for 1/8 sq. in. of tecmperature
steel per foot of surface.,

Spacing for % in. round bars.

ngiu = +20 s = 19 in,
12 s ? £

Use 3 in. round @ 18 in, horizontal and vertical in the

front face and use 3 in. round @ 18 in. horizontal at 18 in.

in the back face.
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Determine Dimention for the Abutment

The cross-section will be analysed using three methods of

loading.
Cas€ I - No superstructurec load
o live load
Case II - Superstructure dead load

All liwe losad surcharges

Case III - Superstructure dead load

No surcharges

Case I

for dimension see sketch

22 x 1 x 150 x 1,575
Wt. of stem - 15,75 x 1 x 1 x 150 £ >

= 2,360 # 591 = 2,951 1lbs.,
Wt. oB base = 10,5 x 1 x 2 x 150 = 3,150 "
Wt. of earth = 5,25 x 15.75 x 1 x 100 = 8,275 "
Total weight 14,376 1lbs,
Distance of resultant of vertical forces from point
B =X
2,360 x L.75 4 591 x 4,08 £ 3,150 x 5.25 £ 8,275 x 7.875

X =
14376

= 6.63
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TTTER
Earth pressure = P2 = .33 100 : * = 5,200 lbs,
a2 = 17575 = 5.92 in.
/4376"
5 s200"
/|
/3
R
/ I 9
¥t I

551 = %ﬂ%%%E
y = 2,14 Tt.
Toe distance to resultant = 6,63 - 2.14
= L.49 T,
Eccentricity = e = 5.25 - L.49 = 76 ft,

_l%;i_ = 1,75 ft. Resultant passes through the middle

third of the base.,

Sliding factor of safety = f = lh;BZSOX ok = 1,105
b

5,200 X 5.02

Overturning factor of safety

Earth pressures = p == f%%__ (1 ¢ 6bR o

= 1#1376 (1 £ b x .76
L] 10.5
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= 1965 1lbs per sq. ft.

= 775 1lbs per sq. ft.

Case II
Wt. of deck = 1.5 x 1 x 13,5 x 150 = 3,040 1lbs.
Wt. of surcharge on deck = 4 x 1 x 13.5 x 100 = 5,400 "
Wt. of stem = 2,360 £ 591 = 2,951 "
Wt. of base - 3,150

Wt. of earth and surcharge = 21.63 x 5.25 x 100 #11,350

Total weight 25,891 1lbs.

Distance of resultant of vertical forces from point B = X

. (3,040 £ 5,400 £ 2,360) 4.75 # 591 x 4.08 £ 3,50 x 11350 x 7.875

25,891
= 6,17 ft.

k - <
:\ g
Z@oolzwﬁffvl\ P by

\

\ |4 ‘;Q
\ R
\ N

|
4+

'9¢\Jb
N

Bothof flyal Y

100 x 23.632
P3 = 033 Xz
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= 9,210 1lbs, ay & 22;92_ - 7,88 Tt.
D = 570 1lbs. by - 24§§_; 17.75 = 19.71 ft.
Py - p = 9,210 - 570 = 2530.12s.
9,210 x 7.88 - 570 x 19.71
€3 = 8,640
- 7.10 ft.
Y . 8,640
7.10 25,891
Y - 2.37 fto

Toe distance to resultant = 6.17 - 2.37 = 3.80 ft.

C = 5025 - 3080 = 1014»5 ft.

Sliding factor of safety = 25gziox L 1.20

Overturning factor of safety = 25,891 x 6,17 = 2.61
8,640 x 7.10

6 x 1.
Earth pressures = gi%§%i (1 ¢ ““%075&2“

4,500 1lbs, per sq. ft.

= 427 1lbs per sq. ft.

' Case III

Wt. of deck = 3,090 lbs.
Wt. of stem = 2,360 £ 591 = 2,951 "
Wt, off base = 3,150 "
Wt. of earth = 17,63 x 5.25 x 1 x 100 = 9,250 v

Total weight 18,391 1bs.
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Distance of resultant of vertical forces from point B =X

- (3040 £ 2360) 475 £ 591 x 4.08 £ 3150 x 5.25 # 9250 x 7.875

18391
= 6,39 ft.
75/0 o/rva//q_}\ _ 8 -
\
\ .
\ §
\ N
T
6%7640/7192 \ oL
00 x T9.63°
P, = 433 100 x - 6,370 1bs. a = 22283 _ 4.5,
2 L 3
Y = 6370

6.5, 18391 Y o= 2.27 Tt.

Toe distance to resultant = 6.39 - 2,27 = 4,12 ft.

e = 5.25 - 4.12 = 1,13 ft,

18 .
Sliding factoreof safety = 2§;Ox b w 1.155

Overturning factor of safety = 12%3% § g:%z £ 2.82

Earth pressures =p = l%%%%_ ( 1 é 615.2.12 )

2 2,940 1bs. per sq. ft,

56l lbs. per sq, Tt.



Design of Toe Slab
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Maximum moment occurs under Case II

X . 6.75
4,073 10.5

= 2620 lbs. per sq. ft.

4,500 - 2620 - 427 = 1,453 1lbs. per sq. ft.

Wt. of concrete = 300 lbs. per sq. ft,.

Moment about a - a

= M

M= 30h7 X 3.75 X 3'75 % 1#53 X 375 X 2 X 3,25
2

2 3

- 300 x 3.75 x 3575 ® 26,150 ft. 1lbs,

26,150 x 12 . .
- 11.2 in, say 11,5 in.
d =Y 208 x 12 = Y 2

Depth of toe slab

Check s ear

V = 3047 X 3.75 £

11.5 £ 3.5 =15 in,

1453 x 3.75

5 - 300 x 3.75 = 13015

1bs,.
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v = — - 13015 = 109 1lbs. per sq.
bjd 12 X .867 x 115
0 .
d needed = lg%- x 11.5 = 20,9 in. say 21 in.

Depth of toe slab = 24.5 in.

The 24 in, assumed checks.

L4

“___L—d,
]
A
]
N
N
L
1200
c= —H5 -~ X 12 x kd
1200
M= 26,150 x 12 = *29%x 12 x kd (21 - kd_

3
21,00 (kd)? - 151,200 kd # 313,800 =0

il = £ 151.2 f{ré,zsé,lub - 301,248 g
L8

1512 - 1409
= ‘l’s = 2.15 in,

ja = 20.283
T =m C = AS fs j o= W97

_ 1200 12 x 2,15 .
- 2 X 18,000 - 086 sqo ln.

S

in.
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Use 3/4 in. round bars @ 6 in,

As = ,88 sq. in.

Check Bond

_ 13015 - .
/L{- L7l % .97 % 21 135 lbs. per sq. in.

allowable A = 150 lbs. per sq. in.

Design of Heel Slab

Determinetion of maximum moment.

Case I
15,75 x 1 x 1 = 1575 1bs. per
Sq. éo
. 300
#Jf“’“ ] 1875 1bs. per
a Sqe. fio

L ]

| i IL,T’ 775

o
1965 %%

1965 - 775 = 1190 lbs. per sq. ft.

X = l%%%g X 5.,25 = 595 1bs. per sq. ft.

loment at a - a = I

T25° 775 X 5.25° _ 595 % 5.25 x 5.25
3

2 2 2

M = 1875 x

= 12,410 Tt. 1bs.
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Case II

21.63 x 1 x 100 =

~ 2163 1bs. per sq. ff
[*-f‘--—- — 300
-] 2463 lbs. per sq.

a I
| £+,
Q
| _=,j
T —= >
X 27 ‘
, [
L’/’
s’

L500 - 427 = LO73 lbs. per sq. ft.
X = %%Z% X 5.25 = 2036 1bs. per sq. fte.

Moment at a-a = M
2463 x BoB2 427 x 5.25° _ 2036 X 5.25 5 5425
M= > - ) 2 3
M= 18,760 ft. 1lbs.
Case III

17.63 x 1 x 100

1763 1bs. per sq. £¥.
300

2063 1lbs. per sq. Hif.

_._._T_
J

l [ e
- ¢ﬁ(4f%;

— —
l B

—

2940 %%
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2940 - 584 = 2376 1lbs. per sq. ft.
X = %%%%— X 5,25 = 1188 1lbs. per sq. ft.

Moment at a-a = M

2063 x 5.25° 56l x T.5E2
o - x _ x - 11882x 5.25 x 5,25

= 15,170 ft. lbs,

Maximum moment = 18,760 ft. lbs,

18760 x 12
d =4 208 x 12

= 9.5 in,

Depth of heel slab = 9,5 £ 3.5 = 13 in,

Check Shear
2036 §A5.25

V = 2463 x 5.25 - 427 x 5.25 - = 5370 1bs.

= 2370 = 54,4 1bs. . in.
V¥ 12 x .867 x 9.5 obek 1bs. per sq. in

Use the same effective depth for the Heel slab as was

used for the toe slab - 21 in,

o”

/2

2/

Lo/

C = ;%QQ_ X 12 x kd
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0 kd
M = 18760 x 12 = S92 x 12 x kd (21 - <5)

2,00(kd)? = 151200 kd # 225120 = O

_ 35320 £ 228614400 - 21,611,520
1,80

= 1.53 in,

kd

T=C=Asfs

1200 % 1.
A x 12 x1.00 - 613 sq. in.

s = 2 18000
Use 5/8 round @ 55 in., Ag = .67 sq. in.
jd = 20,49
J o= .97

Check Bond

_ 2370
/‘7' 1.96 X =5 x .97 x 21 = 61,7 lbs. per sq. in.

5¢5
allOW8b19/4(= 150 1bs. per sq. in.

Check factor of safety againgt sliding

—_—
l
£eeg - 5200™
= J ) -
sLazy -

Factor of safety against sliding is smallest in Case I
f = 1.105.

passiye Ce = 7%3 = 3 to be safe use Ce = 2



L 100 x 7552

> 5260 1bs.

P =2

Wte = 8270 £ 2951 # 5.75 x 5.25 x 100 £ 3075 = 16266 lbs,

_ 16266 x Wb £ 5260 = 2,26
= 5200
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