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INTRODUCTION

The purpose of this thesis is to check the design of a
Michizan Stete highway bridze. Only the actual designed
portions of the bridge will be considered and not the checking
of a standard set ﬁp by the Michigan State Highway Depart-
ment,

The structure design is completely of reinforced con-
crete, covered with thirteen feet of fill, a road slab, and
railings. The superstructure is supported on reinforced
concrete abutments, which in turn are supported by three
rows of wood piles for each abutment. Borings taken at the
site indicated that piles were required and due to elay, and
non-supportable materials, the piles had to be driven to
bed rock,

This bridge is located on Highway U. S. 41 over Carp
River, approximately four miles west of Ishpeming Michigan,
and was built in 1947. In considering the characteristics
of Carp River, the Highw=y Departrent evidently saw fit to
change the course of the river to meet a lesser cost of

building the bridge,.



T-BEAL] DESIGN

The T-bear will be checked for the worst possible

loading conditions and checked at points of maximum stress,

Dead load:

road slabe--===w-

Total Dead Load

Maximum dead load shear:

366,250 / 2

Maximum dead load moment:

2

M 1/8 wl

M o= 1/8(366,250/22.5) (22.5)°

Live load:

(Using 10' lane loading)

(1) (22.5) (1.5) (&)
(10) (22.5) (.75) (150)
(10) (22.5) (13) (100)
(10) (22.5) (.834) (150)

183,125 1bs,

(Assume HR0 S16 loadinr)

(150)

1lbs,
20,250
25,300
292,500

28,200

366,250

1035 ft. kips
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Load distribution diasgram for

two rear wheels

L = d+3 =13.865 + 3

feSeHeDo

= 16,865

Art . LI'5
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Loczd Distribution Diagram for

Truck and Trailer H20 S16 Loading
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Load Distribution: (One lane)
For ecch wheel
16,000/16,865%= 16,000/284.5 = 56,3 1bs. per sq. ft.
Overlap for 10 ft. lane =
(2) (56.3) = 112.6 1bs. per sqe. fte
Uniform load
(112.6) (10) = 1126 1bs, per lineal ft,.

Live Loacd Moment:

M 1/8 w1 4+  P1/4
1/8 (1126) (22.5)% 4+  (1126) (2.865) (22.5)/4
89,300 ft. 1lbs.

2



Total dead load and live load moment:
89.3 + 1035 = 1124.3 ft. kips
Maximum moment per beam for single lane loading:
M' = cM/N
M.S.H.D. Art, 43
1124,3/10/5.,66 = 636 ft. kips
Allowable 733 ft. kips

M'
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Multiple lane loading distribution
diagram
From this diagram, three lanes will give the maximum
loading regardless of any number of added lanes,
Load distribution: (two lanes)
Uniform load =
{56,3) (3) (10) = 1689 1lbs./lineal ft.
Overlap load -
(56.,3) (4) (.88) = 198 1bs./lineal ft.
Total 1887 1bs./lineal ft.
Live load moment:

M = 1/8 w1®

+ P1/L



)2

=
n

1/8 (1887) (22.5 4+ (1887) (2.865) (22.5)/L
119,400 <4 30,400

149.8 ft. kips

Total = 149.8 =+ 1035 = 1184.8 ft. kips
M' = cli/N
= 1184,8/10/5.66 = 670 ft. kips

Allowabie 733 ft. kios
Load distribution: (three lenes)
Uniform lozd =
(56.3) (3) (10) = 1689 1lbs./lineal ft.

Overlap load =

(56.3) (4) (.88) = 198
(56.3) (&) (2.88) = 648

Total live load = 2535 1lbs,/lineal ft,

M = 1/8 wl?® + Pl/L

1/8 (2535) (225)° 4+ (2535) (2.865) (22.5)/h
201 ft,. kivs

Total = 201 <+ 1035 = 1236 ft. kips
M* = /N
= 1236/10/5.66 (,90) = 630 ft. kips

Allowable 733 ft. kios
A A, S.H.0. 3.2.9
Improbable coincident maximim loading for three lanes
is ninty percent. Therefore, the maximum loading condition

for this bridge is for two lane loading, or 670 ft. kipse.






Maximum Live Load Shear:

225"
| I, 7 72 4 L§.£E5° X
2854}
M = 0
22,5 V3 = (15.433 + x)(182.7)(2.865)
(22,5 —x + x )(22,5 — x)(188.7)
2
Vi = 24x + 462 — 8,38x2
av, = (24 — 16.76x) dx
vk av,
x T 24/16.75 = 1.432 Tt,.
22,5 V] = 16,865(188.7) (2,865) + 11,966 (188.7)(21,068)
V; = 57020/22,5
= 2530 1bs,

2530 1lbs,/ft. of abutment

Live load shear

Dead load shear 18312 1lbs./ft. of zbutment

20,842 1bs.,/ft of abutment

Total L.L. shear



Check T-beam for allowable strcsses:

68”

1
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Allowable unit stress for Grade B concrete:

n
fc
Ts
kd

kd

Ja

fe

= 30,000/fc’

1,200 PeSe.
18,000 p.s

- 2nd As <

= 30,000/3,000
ie
Wi

pt2

2n As <+

(2) (10) (

2bt

= 10

AAS.H.0. 3.7.3

52.,5) (10) + (68) (9

)2

(2) (10) (
11,25 in,

10) -+ (2} (68) (9)

2kd t

3kd = 2t %%%

= (3) (11.25) — (2) (9) .
(2) (11.25) — 9 %

= 3.64 in.

= 4d —1z

= 52,5 — 3,64 = 48,86 in,

Mkd/bt (ka

-= 380 p.s.i.

-—1/2 t)ja

6¥0,0$Q (11.25)
9) (11.25° — 9/2) L8,86

Allowable 1200 p.s.i.

IlieS.H.D.

Table 1
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Shear diagram
Computations for shear diagram:
Vv = 20,842 (5.,66) = 118,000 1bs.
L.,213 (10,287) = 43,300
2,865 (10,287) = 29,500
2,865 (1067) = 3,050
14 (10,287) = 144,000
1.432 (9220) = 13,200
Total = 233,050 1lbs,
1i8,008 1ug,ooo 115,050
3,30 42,150 118,000
72,700 101,850 233,050

12350

x/101,850 =

X = 9,9 ft,

13,200
11%3056

14/14k,000






Stirrups: (M.S.H.D. 51)

Meximum v' = 135 — 60 = 75 p.s.i.

1

S 11,25 — 1.55 = 9,7 ft.

52,5 in.

d
fv = 18,000 p.s.i.
fe' = 3,000 pe.s.i.
1/2 in, round U-stirrups used
From diagram 17 (Reinforced Concrete Design Iand Book)
for fv = 18,000 and 1/2 in. round U-stirrups:
Avfvy = 7,200
Maximum 1/s = (max., v') b/Aviv
75 (18)/72,000
«137

=
n

number of stirrups = 6S (max. 1/s)

6 (9.7) (.187) = 10.9 stirrups
Index = 1,5S/max.(1l/s)

1.5 (9.7)/.187

= 80 wuse 76

Spacing from diagram 17
L at 6 in,
3 at 8 in.
5 at 12 in,.
11 used in plans
As the stirrups take all the diagonal tension, it is
not necessary t5 check the bent up bars., However, the bent

up bars do take some of the tension, therefore, less stirrups

are needed,



ABUTLIENT DESIGN

Loading: (Office practice Li.S.H.D.)

Superstructure dead load:
Total concrete = 205 cu. yds.
205 (27) 150 = 830,000 lbs,.
830,000/2 (1/98.5) = 4,220 1lbs./ft. of abutment
Dead load above superstructure:
Earth £i11 = 10 (24) 100 = 24,000 lbs,
24,000/2 = 12,000 lbs./ft. of abutment

Concrete road slab

.834 (24) 150 = 1,500 lbs./ft. of abutment
2
Live load = 2,530 lbs./ft. of abutment
L (100)

Live load surchargce

L0OO 1lbs./ft. of abutment
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Rankine's method:

p = cwh ¢ = 1/3 (Rankine coeff,) (Office Practice)
pl = 1/3 (100) (10) = 333 1bs./ft.2
p2 = 1/3 (100) (5.,17) = 172
p3 = 1/3 (100) (10) = 333
phk = 1/3 (150) (.834) = 42
p5 = 1/3 (100) (&) = 133
Overturning Thrust r:oment
Pl = 333 (10/2) = 1666 (3.33) = 5,550
P2 = 172 (10) = 1720 (5) = 8,600
P3 = 333 (10) = 3333 (5) = 16,665
P, = 42 (10) = 420 (5) ox = Koy = 3%?%%%
P5 = 133 (10) = 1333 (5) - _6,665
Moz = 39,580 ft. lbs.
Stability Weight Moment
(a) 3 (11) 150 = L950 (5.,5) = 27,200
(p) 2 (7) 150 = 2100 (2,25) = 4,730
(e) 2/2 (7) 150 = 1050 (5.16) = 5,410
(a) 2/2 (7) 100 = 700 (5.83) = 4,080
(e) 1.5 (7) (100) = 1050 (7.25) = 7,610
(g) 5.17 (3.5) 100= 1800 (6,25) = 11,250
(h) 10 (3.5) 100 = 3500 (6.25) = 21,900
(1) +834 (3.5)150 = LLO (6,25) = —2,730
Wl = 15,590 1bs, lig] = 84,910 ft, 1lbs.
(f) D. L. superstructure 4220
Earth fill 12000
Road slab 1500
Total D,L. 17,720 (3.75) = 66,500

Wl - : Msk T 15T LI0
(j) L. L. surcharge 1400 (6.25) = 8,750



w2 = 34,710 1bs, 1is?2 = 160,160
L, L, - 2,530 (3.75) = 9,200
w3 = 35,840 Ms3 = 160,910
Case I: MNo superstructure load or L. L. surcharge
Msl = 84,910
Mol = 32,915 R1 = 51,995 = 333 ft.
M1 = 51,995 %5-:-5—9—6

Case II: Superstructure D, L. and L., L. surcharge
Ms2 = 160,160
Mo2 = 39,580 R2 = 120,580 = 3,62 ft,

34,710
M2 = 120,580
Case III: =  Superst. D. L. and L. L. No L. L. surcharge
s3 = 160,910
Mo3 = 32,915 R3 = 127,995 = 3.57 ft.
- 35,840
M3 - 127,995
Ca ‘
Case IV: Superst, D.L. No L. L. or horizontal earth thrust
Ry, = 160,160 = 4,62 ft,
34,710

ABUTL.ENT DiSIGN (PILES)

Y .
< '..__LE_L..‘
o -0 < ——— —
q
© -6 — o o— -
‘4,
< © - —e o— -
N
o




Piles: (Main Wall)
Maxinum abutment loa: W3 = 35,840 1bs./Tt.
Piles / ft. - 35,84,0 = 897
10,000
Bearing capacity of Piles = 20 Ton = 40,000 lbs,
1/.897 = L/6
L = 6.7 ft.
L/2 = 3.35 ft.

This spacing asswies C.G, of niles and location of
the resultant are coincident. This condition rarely
exists, therefore, reduce spacing. From plans L/2
has been reduced froum 3.35 ft. to 2,66 ft.

C.G, of Piles: (L= 5,33 ft. )
Back = 6.5 (2) = 13
Middle = 4 (2) = 8

1.5 (2) = 3

2L

2L4/6piles = L4 ft. resultant

Front

Total

I (Moment of inesrtia) = Ad®
Back = 2 (2.5)% = 12.5
Middle = 2 (0)% = 0

Front = 2 (2.5)% = 12.5
I =25
Load on Pile = P Mc
i T
Case II,
34,710 (5.33) ~+ 34,710 (5.33) (2.5) (.38)
6 25

30,800 <+ 7,040 = 37,840 1lbs. (front row)
30,800 — 7,040 = 23,750 lbs. (back row)



Case III.

35,840 (5.33)
6

25
’ 31,850 + 8030 = 39,880 lbs. (front row)
31,850 —~ 8030 = 8,030 lbs. (back row)
Case IV,
3313106(5.33) + 33,310 (5.33%5(2.5) (s 62)
29,600 <+ 11,000 = 40,600 lbs. (back row)
29,600 — 11,000 = 18,600 1lbs, (front row)

ABUTI.ENT D.SIGN

Reinforcement: (Main Wall)

M.S.H.D. office practice uses a minimum of 3/L4 in,

round b.rs at 2 ft. centers,

Toe Toe: Case III., (AASIO., 3.7.3)

| N
s Y
1+ |C
) ==
YL
nl ”
Pile load = 39,880 1lbs. (spacing 2.66 ft.)
Load/fte. of wall = 39,880 = 14,950 1lbs.

“2.66

Less weil nt of concrete

2.5 (3) 150 = __ 1,150

Moment

Shear

13,800 lbs./fte
14,950 (1) =— 1,150 (1.25) = 13,512
13,800 1bs.



Heel:

As M/fs jd

13,512 (12) = ,385 in?
18,000 (.867) 27

Use 3/4 in. Tound at 1 ft. centers

As = 44 in.® = Zo = 2.4 in.
D = W4l = ,00136
12 (27)
k = \]2pn + (pn)2 — pn
= ,1519
j =1 — kx/3 = .949
fs = 13,512 (12) = 14,400 p.s.i.
il (4949) (27)
fc = 14,400 (,152) = 258 p.s.ie.
848
v = 13,800 = L5 p.s.i.
12 (.9L9) 27
u = 13,800 = 225 p.s.i.
2.4 (49L9) 27 :
Special anchorage pnrovided.
Case IV,
C
~--7
[ T
] 1

Pile load = 40,600 1lbs. (sm. cing 2.606 ft,)

L)

Load/ft. of wall = 40,5600,2.%7 = 14,100 1lbs,

Less flange and dead loads above
3 (2.5) 150

(a) = 700

(c)

1125

1050



(a) 1800

(h) = 3500
(1) = _4ko
Total = 8615 1lbs.
Total pile load = 5,485 1bs,
Moment = 14,100 (24) — 8615 (21)
= 101,000 in. 1bs,
Shear = 5,485 1bs,

As the values of moment and shear are much less than
those of Case III, it is safe to assume all stresses are
within the allowable for Case IV,

Reinforcement: (lMain Wall)

Heel: Case II. (Top steel)

Pile load = 23,760 1lbs,
Load/ft, of wall = 23,760/2.66 = 8950 1lbs.

Less 8615
Shear 345 1bs,
Moment = 8,950 (24) —~ 8615 (21)

34,000 in, 1lbs, upward

no top steel needed.



ABUIMENT DESIGN

Reinforcement: (Wall)

28
J-Zi"

pp = 1/3 ( 100) 7 = 233#/rt?

P, =7/2 ( 233)= 1166#

p; = 233

p, = 172

p3 = 333

P, = k2

ps = 133
P, = 1166 X 2.33 = 2510'#
Pp = 172 (7) = 1204 X 3.5 = 4220
P3 =333 (7 =2331 X 3.5 = 8150
Pp=42 (7 =29 X 3.5 =1030

P; =133 (7 =931 X 3.5 =_3260
Shear =5,836# Mom.= 19,170'#



At base

19,170 x 12 = ,328 in? /rt.
18,000 (.876) L5

19,170 12 = 447 in? /ft,
Iéfﬁﬁﬁ‘“??%??ﬁ“?? -

AS

As

ATea used 130 bars = 1-3/4" bar/{t.
130 ft.

Area  3/4L" bar = LLin%

D= As = _LL = .000815
od 12 (L5)
kK = ,136
j = ol‘/’/;S
fs = 19,170 X 12 = 12,300 #/in%
olly (.955) L5
fc = 12,300 X ,136 = 194 #/in®
8.6L}¢
v = 5836 = 11.9 #/in?
12 X .955 X L5
u = 5836 = 56,5 #/in?



.

/70’

= a1/ (1e0) (7)) (/%)
= 016
.= 1, X /N = 7
to = 7.0 X7/ = 17

s = 1700 x 1z

l:,"\JOU X .‘)7

3 1 -
1-3/4 b ocrca Gl

X L5
in,



SPECIFICATICHS
American Associatlion Tor Svate Highway Officials
3e2.14— Loads.
Structures shall be provortioned for the tollowing
loads and forces.
(a) Dead lozd.
(b) Live load.
(¢) Impact
(d) Wind load
(e) Other forces when they exist, as follows:
Longitudinal rorce, centrifugel force, thermal
forces, earth pressurec, buoyancy, shrinkage
stresses, rib shortening, ersction stresscs, ice
and current pressure, and carthquake stresses,
Upon the stress shects a diazram or nota-
tion o. the assumeda live loads shall be shown and
the stresses cue to the various loads shall be
shown sepcrately.
3eRe2¢e— Dead Load.
The dead load shall consist of the weicht of the
structure corvlete, including the roadway, sidewalks,
and car tracks, pipes, conduits, cables and other
public utility scrvices.
The following weishts arc to bc used in com-

puting the dead load:
vieiszht per cu. ft.

(1bs)
Steel or cost steel Lu0
Cast iron L50

Aluiminunm =1lloys 175



weisht per cu. £t. (1lbs.)

Timber (tres:ted or untreated) 50
Concrete, plain or reiniorced 150
Compacted sand, ecrth, gravel or b llast 120
Loose sand, earth and gravel 100
Macuadam or gravel, rolled 1L0
Pavement, other than wood block 150

3.2¢3¢— Live Load.

The live load shall consist of the weight of the

O]

apoplied movin? load of vehicles, cars and pedestrians,
3eRe5.=— Highwiey Loadings.
(a) Gencrnl
The hi~hwey live loadings on the road.ay of
bridses or incidental structures shall consist of
standaerd trucks or of lane loads which are equival-
ent to truck troins. Two systems of loading are
provided, the H loadings and the H-S loadings,
the corresponding H-S loadings being heavier
than the H loadings.
(f) For truck highvieys, or for other hishweys which
carry, or which may carry, heavy truck trairic,
the minirum live load shall be the H1l5 - S 12
desi nated herein.
3¢2,6=— Trafiic Lanes:
The lone locdinzs or st.ndord truclzs shall be assumed
to occupy tra:sfic lanes, each having a width ol 10
Tfeet corrcsponain’y to the stand.rd truck clecr:cnce
width, Within the curb-to-curb width of the roadway

the traiTic 1 nes shall be essumed to occurny cnd position



which will nroduce the raxurum stress, but which will
not invelve ov rlz»ping ol adjacent lanes, nor place
the center of the lane less than 5 fect from the roaduay
iace of the curb.

3¢2+s7e— The wheel spacinz, weisht distribution, and clear-
ance of the stand rd H and H-S trucks shall be as shovm
in I'izs.l and 2 and corrcsvyonding lenc louds shall be
as showvn in Iir-s. 3 and 4 .

Each lazne loading shall consist oi a uniforuw
load per linear Toot cof traflfiic lane combined with a
sinagle concentr:ted load (or two concentr ted loads in
ths casz of continous spans,) H loading, so vnlaced on
the span as to prcduce maximurm stress, The concentrated
load shall be considered as unifor.ly distributed
a cross the lane on a line normal to the.center line of
the lanc. For the couputations of moments ard shears,
girfcrent concentrated loads shall be used as indicated.
The lishter ccncentrzted loads shall b: used when the
stresses are prirarily bending stresses and the
h ezvier cincentrated lcads shall be used when the
stresses are orimarily shecring stresses,

3eR2.8¢=— Application of Loadings,.
(a) Trafiic Lanc Units,

In computin; stresses, each 10-foot trafiic lane
loading, or sin~zle standard truck loading shall be
ccnsidered as a unit, occuwying 10 fect of width.
Fractional lane widths or rractional trucks chall

not be considered.



(b) Number end Position, Traffic Lane Units

The number and position of loaded lanes, whether
lane loading or truck loading, shall be such as to
produce maximum stresses, subject to the reduction
specified in article 3.2.9.
(d) Loading for maximum stress

The type of loading, whether lane loading or truck
loading, to be used, and whether the snans be single
or continuous, shall be the loading which nroduces the
maximum stress. The moment and shear tables given in
Appendix A show which loading controls for simnle spans.
The axle spacing for H-S trucks shall be varied between
the specified limits to produce maximum stresses,

3¢2.9.— Reduction in Load Intensity

Where maxinw: stresses are produced in any member
by loading any number cf traffic lanes simultaneously,
the following percentages of the resultant live load
stresses shall be used in view of imorobable coincident

maxXimum loading:

One or two lanes 100%
Three lanes 90%
Four lanes or more 755%

The position and number of loaded lanes used
shall be such as to produce maximum stresses in all
cases.

The reduction in intensity of flocr beam loads
shall be such as to produce maximum stresses in all

cases, nsing the width of roadway which must b: loaded

to produce maximum stresses in the floor beam,



3.2.,12,— Impact
Impact shall not be applied to items in group B.
Group B
() Substructures, including abutments, retaining
walls, plers, piling and other parts of structures
subject to static loads.
(b) Foundation pressure.
(¢) Timber structures.
3.,2.,13.,— Longitudinal Forces:
Provision shall be made for the effect of a longitudinal
force of 5% of the live load in all lanes, using lane
loads, with concentrated foad for mcment, and no impact.
The reauctions in lcad intensity of article 3.2.9.
shall apply. This force shall be considered as acting
four feet above the floor. The force assumed is based
on all traffic headed in the sare direction.
3.2.19.,— Earth Pressure

Structures designed to retain fills shall be
provortioned to withstand pressure as given by Rankine's
formula: provided, however, that no structure shall be
designed for less than an equivalent fluid pressure of
30 1bs./cu. ft.

When highway traffic can cowre within a distance
from the top of the struéture equal to one/half its
height, the pressure shall have added to it a live load
surcharge pressure equal to not less than two feet of

earth,

Where an adequately designed reinforced concrete

approach slab supported at one end by the bridge is

nprovided, no live load surcharge need be considered.



3.7.2.— Standard Notaticns.
(a) Rectangular biums

f. = tensile unit strcss in longitudinal reinforce-

s
ment

f, = compressive unit str2ss in extrerme fiber of
concrete

Es = DModulus of elasticity of steel

EC = Modulus of clasticity of concrete

n = Eg/Eg

M = Dbending moment

Ay = effective cross-sectional area

b = width cf beam

d = effective depth

k = ratio of depth of N.A, to effective depth d

jJ = ratio of lever arm of resisting couple to
depth d

ja= d — z = arm of resisting counle

p = 7ratio of effective area of tensicn

reinforcement to effective area of concrete
in beam = Ay /bd

(b) T—beams

b - width of flange
b' = width of stem
t = thickness of flange

(c) Beams reinforced by comnression
z = Depth froii compression surface of beam to

resultant cf comwvressive stres es.
(d) Shear, Bond and Web Reinforcerent

V = total shear



A external shear on any section after deduct-

ing that carried by concrete

v shearing unit stress
u = bond stress per unit of area of surface of bar
o = perimeter of bar
o = sum of perimeters of bars in one set
Ay = total area cof web reinforcement in tension

within a distance, a, of the total area of
all bars bent up in any one plane.
fy = tensile unit stress in web reinforcement
3.7.3.— Design Formulas
(a) Rectangular beams

Position of neutral axis

k = Jépn + (pn)? — pn

Arm of resisting couple = 1 — k/3

Compressive unit stress in extreme fiber of concrete

£, = 2:i/jkpa® = 2pfg/k
tensile unit stress in longitudinal reinforcement
fy = L/Asjd = IL/pjba®

(b) Flexure of reinforced concrete T-beams
Computations of flexure in reinforced concrete
T-beams shall be based on the'following formulas:
For neutral axis in tne flange, use the formulas
for rectancular bearms and slabs,
For neutral axis below the flange, the following
formulas neglect the compressicn in the stem:

kd = 2ndAs -+ bt2

2nAs -+ 2bt
jd = 4 — 2z
z = 3kd — 2t

2% A o 4+ s‘tx'z




T
c

Ts

Ikd/bt (kd — 1/2t)jd

I./Asjd
(c) Shear, Bond and Web Reinforcement
Diagonal tension and shear in reinforced concrete
beams shall be celculated by the following formulas:
v = V/bja
fy = V's/Agid
u = V/s55id
3¢7ele— Span Lengths
For the analysis of all rigid frames, the span
lengths shall be taken as the distance between the centers
of bearings at the ton of the footings,
L.5.1,— Bar Reinforcement
All bars shall be of the deformed tyve unless

otherwise specified.



SPECIFICATIONS
Michigan State Highway Departrent
10 Classification of Bridges:
Bridges carring hishway tr ffic shall be classified
asz follows:

Cluss AA Bridges Tror specially -heavy traffic

units in cities and other locaticns wherc passage

of such loads is frequent.
29 Deed Load:

The d=zad load shall consist oif the actual weisht
of all materials and construction comprising the com-
pleted structure and wuopnorted thereby.

The following weichts of materials may be used in

estimating deuzd load:

Material Weisht in lbs. per cubic ft.
Concrete (plain or reinforced) 150
Loose sand anc earth 100

31 Roadwzy Live Lozads:
Class AA Bridges -—---=--- H20 Loading
L3 Longitudinal Beams ---Strincgers:
The bending moment carried by each intsrior beam
or stringer shall be tuken not less then thst determined
by the following forumulae:

M= Bending ioment for one trzffic lane.

N = width of Traffic Lene (not to exceed 10 ft.)
devided by snacing of beams.

C = Coefficient = 1 for concrete,

M

- .
Bending roment on cne beam or strinzer,



L5

51

27

Distribution of Concentrzted Loads Throush Fill:
Concentratel loads on concrete pavement may be

asswicd as uniforrly distributed ovsr an zrea below

the pavement which lateral and longitudinal dimensions

are given by the following formula:

t
n

d +3 where

=
"

Lateral or lonzitudinal distributicn in ft.

d = Depth of ©ill below cavement to vlens ol' distribution.
When the areas thus det. rmined for adjzcent con-

centr:ted loads overlap, the pressurcd on overlanping

portions shall be taken as the corbined pressure from
each such lo=d,

Allow:ble Unit Stress in lbs, per sq. in. Shear:
Without special anchoruge of longitudinal steel
Ve = 0.02 f'c

Reaquirenents for T-beans:

(2) In T-beam constructicn, the slab shall be
built as z2n integral nart of the beam and
cere shall be taken to secure effective and
adequate bond and shesr resistunce a«t the
junction of bcam and slab.

(b) The effective flange width to be used in the
design of syrmetrical T-beams shall not exceecd
one-fourth the span length of the beam, and
its overhanging width on either side of the
web shall not exceed eizht times the thick-
ness of the slab nor one-half the distance

to the next beam.,

(c) For beams having a flanze on one side only,



the effective over-hanging flange width shall
nct excees one-twelfth of the span length of

the beam, nor six times the thickness of the

slab, nor one-half the clear distanc: to the

next beam.

(d) Where the vrincipal slab reinforcement if
parallel to the beams, transverse reinforce-
ment for nmegative bendinz moments, shall be
provided in the top of the slab in the amount
of not less than 0.3% of the sectional area
of the slab, and shall extend across the
beam into the slab not less than two-thirds
of the width of the effective overhang,.

(e) The flange of the slab shall not be considered
as effective in computing the shear and

diagonal tension resistance of T-beanse.



Table I

Allowzble Unit Stresses (in lbs. per sq. in.) for various

strensths of Concrete wheren = 30,000
f'c
f't¢ = 3,000
n = 10
Flexure:
Extreme unit stress in compression 1200
She'r:
Becrs with proverly designced web
reiniorcenent
Without special anchorage longitudinal
steel; v = 180
With special anchorage longitudinal
steel, v = 270
Footings with special anchora-c 90
Bond:
In bears end slabs and one woy footings
delorred bars M = 150

Note: Where special anchoraje is pro-

vided these values may be doubled.



Surriary and Conclusions

The specifiic swimaries have bcen covercd in. detail at
the conclusion of each suction by the comparison of actual
stress valucs with the zllowable values included in the
specifications. Throushout the analysis of this bridge,
it is apparent that all the requirements of the specii'ications
are well within the allowable limits. In many cases the
Michigan State Highway Department has set up standards
whereby more steel h:s been added than is really necessary
for safety.

As the purpose of this thesis is to check the designed
portions of the bridge, there has been no detail concerning
the stcondards set up by the Michigan State Highway Depart-
ment, for beauty or the necessary requirements, other than
those which actually prove the bridge stable and safe.
Results show that the T-beams, abutments, and pilings have
been designed by analysis,.while the rest of the bridge has

becn designed to meet standard specifications,









