- 1 4 '
Y p &
: b (2
5 Ai y - L > 2}
: 3 - I brisee @
Sl iy . SR
EW DS : 2 : 2
5 S : =i o |
=t 1157 Shin i IN 133 b i 4 Wil
o o' pissl ssatlodaws ik b s £ :
i3 BT 10 i bt g ) 2
; KN v
Léds B d Al >
{ e
: b s o4 LN et ‘
. % [ i j
. 3 ' IR Ty ' »- - §
™ : 4 3 E B i 'y -l =2 §
- i» g A g N : ¢ Ty e s
§ 4 . $ o i 3 A TREs S J . Ly o ioey
s 3 ST aate b 1 g i . i g =ty v M (A | . PhR $ 9
: .l I - S 1 44 = 9 iga e i 4
sy ARGt vy - VR - vl . . i -
| ¥ IR I * N 3 4 b ‘

s

e

’

: REYIR
LW sl Lo 0 budindinnuifontd i aus 24

LLEGE

M
TE

.bﬂ,ﬁﬁﬁ@i.
A

1

ANSING

TREE
o

UDRD §
A
Thesi

ST

- the

BER

MICHIGAN
\N STATE COLLEGE
am L. Shoemak

}

)

Thesis

mcaﬂ;ﬁm
l

i

i

1

g%

o
18}

J

'

|}
D e e LY SVYR S N VRTINS

Tt pumaeTiy (| g g f §1H

Sliale LS P L s i £
RS = —reial i B
NS o i

B p et T



TER:AL

IN BACK OF BOOK




PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES return on or before date due.
MAY BE RECALLED with earlier due date if requested.

DATE DUE DATE DUE DATE DUE

2/05 p:/CIRC/DateDue.indd-p.1




Judd Street Timber Bridge,

Last Lansing, liichieen

A Thesis Submitted to
The Faculty of
MICHIGAY STATE COLLEGE
OF

AGRICULTURE Al'D APPLIED SCIENCE

by

¥illiam L. Sho:maker

Candidate for the Vegree of

sachelor of Science

June 1943



THESIS



Introduction
Appreciation
Deta

Allowable Stresses
Floor lesign
Stringer “esign
Floorbeam Desion
1russ Design
Camber

Bracing
Deflection

Bibliography

lable of Contents

148235

Page



TNTRCDTCCTION

1his thesis covers the complete drawings end design for a timber
bridge to connect Judd Street and East ialemazoo Street located in East
Lansing, lichigan.
lhere is no actual need for a bridge at this place since there is
a bridge across the Hed Cedar River two blocks east on Harrison Road,
however for the purpose of this thesis it will be assumed that a bridge
is needed at this point and is to be built in the near future.
pecause of the war priority on steel a timber bridge weas chosen.
A steel bridge would be out of the question, and it would be difficult
to obtain the necessary reirnforcing for a concrete structure. The use
of timber to-day is becoming vwide spread and is being recognized as one
of the foremost substitutes for steel in roof trusses, bridge trusses
ard in meny other structures. The use of timber connectors has greatly
increased the strength of timber joints, and the methods of treating
timber have reached the point where if painted and cared for »ronerly,
the timber structure will last almost as long as steel.
The advantages of timber for use in bridge construction are many.
Below are listed a few.
l. Low first cost.
2. Maintenance cost is low.
3. Simple erection saves time and costs.
4. Less material and hardware is required.
5. Re-use and salvage value is high.
6. MNaximum amount of locel labor and material is

used.



The rapid developrent of our highway system, resulting in constant
changes in location and capacity has caused the consideration of 40 to
50 years as a reasonable life for most bridges. Since past history
shows that wood bridges have a life of from 50 to 100 years their
economy is quite apparent over a 40 or 50 year period when the above
mentioned advantages are given full consideration.

Since this bridge is to be built in lichigan the }Michigan State
Highway Department Specifications for Highwey bridges were followed
unless otherwise noted.

The preliminary survey included in this thesis was carried out

more for the purpose of determining the span necessary and the position

of the bridge relative to the river than for construction purposes.



I would lire to express my
appreciation to !'r, Charles A, Liiller
of the Nichigen State College Civil
Engineering Department, !r. Gleason of
the Michigan State Highway Department,
Bridge Design Division end to Mr. E. S.
Lank, structural engineer for the
Tirber Engineering Company for the
advice and cooperation given to me during

the preparation of this thesis.



CCLPUTATICI'S FCR TFE DESIGH

0F THE 72" HCOVI TRUSS.

DATA: Live load.

H-15 (Michigan State Highway Department Specifications)

Impact

liost all of the latest theorys on timber desicn stsate
that no account need be taken of impact since the
resilience of the wood is supnosed to atsort the shock.
To be on the safe side the !ichigan Stzte Fighway
Department's impact forrula for steel structures was
used in this desien with I= 30% as a maximum.

14 20

] = ———

€1 + 20

Deed loed.
Timber 1s assured as weizhing 60 pounds per cu. ft.

Steel as weighing 490 pounds per cu. ft.

Specifications.

Unless otherwise noted the lichizan State righway

specifications for highway bridzes were used.

lemperature,

Mo account was taken for temperature differences as

the coefficient of expansion for wood is very srall.



Stresses.

The unit stresses used by the Michiran State Fighway
Department are those recormended by Forest Products
Laboratory, U. S. Forest Service, for meterial
complying with structural grades of the American

Society for Testing Materials.

The unit stresses given are for three different
conditions of exposure during use. 7The exposure in

this case being occasionally wet.

4" and thinner 3" and thicker
fs= 1,370 #/sq. in. 1,515 #/sq. in.
fo= 265 #/sq. in. 265 #/sq. in.
H= 105 4#/sq. in. 1C5 #/sq. in.

Where fg= Allowable stress in extreme fiber due

to btending and axial tensione.
f.= Compression perpendiculer to grein.
H= lorizontal shear.

For compression parallel to zrain see table below.

RATIO OF LENGTH TO LEAST DIMENSION
\-\0 |12 14 16 18 20 |25 | 30
LEeS | 1,139 | 1,118 | 1,083|1036 | 97/ | 702 | 487

Fig., 1



l'odulus of elasticity = 1,600,0C0

These values are for Douglas Fir-dense select
structural grade. All lurber shall be of a
structural grade (S4S). All lumber shall te
fabricated before treatment and then pressure
treated with creosote by the empty cell process

vwith a retention of not less than 8 ; per cu. ft.

Truss.

lyve - Howe

Span - 72' (Four pernels)

hidth - 23 ' Center to center of trusses.

Feizht - 15°',



DESIGN CF FLCCRII'G:

15 Ton truck of H-15 loading has rear wheel as shown.

| —— J 1 T T
W\ 1‘-3}

- Fig, ¢
g

oay use 2"x6"

Live moment - (occuring at center of outer two stringers)

M= 7/40 x PL= 7/40 x 12,000 x 3= 6,300"#

Impact.

3+ 20 _— 0.5~ so use 30%

1€+ 20

.30 x 6,300 = 1,800's
Deed lo=24 -

15 x 6 ” R

(TAIZ") x 60 = Z7.5%

2 17

M= 1/14 w1°* = 1/14 x 37.5x 9 = 24.0

Total -

6,300 + 24 + 1,890 = £,214"'4

Fow M= §€,214 x 12 = 92,500"%

c= 3"



3

I — bh” _ 15 x 216 __
= === - o2 = 270
12 12

S = 1,5155/sq. in.
S_ 98,500 x 3 = 1,100;/sq. in.
A 270
Sinee the allowatle is 1,515 #/sq. in. and the negative morent

will be less, the 2"x6" flooring will be safe.



§TRINGER DESIGN:

In accordance with the Michigan State Highway Department
Specification, timber stringers shall be of sufficient length to
take bearing over the full width of ceaps or floorbeams, except
outside stringers which mey have butt joings. Preferably they
shall be of two penel lengths placed with staggered joints. ‘lhe
lapped ends of untreated stringers shall be separated at least
%" for air circulstion. Stringers shall be adequately secured to
caps or floorbeams. Stringers shall be adegquately breced by cross
bridging in each penel. The bridging shall not be less in size

than 2" x 4", The stringers will be arrainged as shown telow.

N MW FLOORBEAM \r‘l

/0x/8

’

- 2 -3

’

12x/8 Strimger e

-] | 2 -~

’

s £

"]

’

- F ——-21-’{ - 2

Fige 3



Bach stringer is nailed to the floorbeam and cap with 4-ZCG neils.
2"x6" bridging at panel points end mid panel points is neiled to
stringers with 4-164 nails.

The maxirum riorent for this 18' stringer will occur when the
rear truck wheels are at the center of the panel and the front
wheels in the adjacent panel. The rear wheel load for H-1l5 loading
is .4 of the totel weight of the truck or 12,000#. The morent due
to this load is pl/4 where Pis the load and 1 the lenzth of the
stringer. This moment is increased for impact and the dead moment

of 1/6 w1® is added.

®

M

3

i i

L=18'

LOAD AT CENTER
OF FLOOR

B

MOMENT DIAGRAM
Fig, 4



Dead load
Ascurme the strincer as being 18" x 10". Then the dead load per

foot per stringer will be --

(19.75 x 525 x 60) x L= 90.57/rt. (flooring}
12 6

10 x 18 p

— = r/fte ins

( Tad ) x 60 75r/ t (strinser)

Total = 165.5 7/ft.

p=1/8 ¥1® = 1/8 x 1¢5.5 x (18)% = 6,700"'#

Live load

The live load is equal to =--
r1/a = 12,000 x 18 __ 54 000'#
4
To which impact is added.

I= le+20 _
108+ 20

.20 x 54,000 = 16,200'#

30%

Total moment = 54,000 + 6,700 + 16,200 =— 77,200'#

le
I

Ui
Il

~

1“33,—_— 456w
12

cC=9

14
I

S: 9.1{

4€6
¥Yig. o
or

=9 x77,900 35 711.4" So use a 12" x 18" strincer.

11



Check the above designed stringer for vertical shear.

P

-

7

Fig, 6

Place the rear wheel just on the strincer as in fig. /7 .

12,000

165.5%/rt.

90
\

Fig, 7

Ry= 165.5 x 9= 14907
Py
Rp— 1490 + 12,000 + .3 x 12,000 = 17,0907
Shearing stress = 17,090 - 797/sq. in.
le x 12
0.K. Since less than alloweble.

Check for horizontal shear.




Fig, 8

The maximum horizontal shearing stress in a wood beam is found by

the formula --

q= %% Vthere Q= laximum horizontal shear stress.
V= External shear.
I= Yorent of inertia of section about
neutral axis.
t = i.idth of beam at neutral axis.
Q= Stetical lMorient of section adout
neutral axis.

Q= ;Z«;g?’g 3{2440 = 107.07/sq. in.

This is satisfactory even thouch 2 pounds above allowable, since

the stringer is actually continuous for two spans of 1&°'.

Fence it is satisfsctory to use a 12" x 18" stringer. The
end stringers, thet is the ones placed beneath the curbs,
normelly receive less loesd than the center stringers =nd could be

rade proportionslly smeller. This is seldom done thoush because

of tre high irpact stress they would receive if @& truck were to



strike the curb.



FLOORBEAM DESIGN:

In accordance with the Michigaen State Highway Departrment
Specifications, timber floorbeams shall be sized at bearing points.
In floorbeams composed of two or more members, the timbers shall be
separated by at least 2" for air circulation.

Because of the rather long panel lengths, the floorbeams in
this bridge take a larger load than usual. In view of this fact I
believe that a built up or trussed floorbeam will be lishter and
more satisfactory in this case than a single wood beam. The floor=-
'beam truss was desizned so as to give adequate support to the
stringers resting upon it. Impact was computed using the formula
given under Data, using for 1 the length of the floorbeam with a
maximum of 30/,

Dead losd. Consists of flooring, stringers, guards, bridging,
reiling, railing posts, hardware, bracing and weight

of floorbeam itself.

‘S RAILING + POST

STRINGER
\\,f mscw\no o FLOORING

i - BRIDGING
-

%

INZANZ

o T FLDORBEAM”
M TRUSS

Fig., 9



“he load is transmitted to the floorbeam by the strincers at

points 1, 2, 3 and 4.

Flooring - (l€' x éig x 19.75') 60 —9,770%
(2x6)
Stringer - (18' x 12X 18 49 = 1,620
(12x1g) 144
*  Gyards - (18' x 10 x 10 ) ¢ = 7507
10x10) 144
Brideing - (3.3 x 2X6 Jx2x6x2x 60 = 4007
(2x8) 144
- % 3 x 8 — =
Reiling - (18 x =2 ) x 2 x 60 = 3607
(3x8) 144
*  Reiline Posts - (5 x £ X € ) x 2 x 60 = 2007
(6 x &) 144

Hardware - Tallen into eccount in rouading out loads.

Bracing - (25.4 x 2 X &) 60

V'eight of floorbeam itself -

Say g..x_lé x 3 x 60
144

Distribution of Dead Load.

At (1.) 1/6 x 9,770

1/6 x 400

® Only apply to end points. - (1)

= o547

= 1607 /ft.

= 1,6307Flooring.

- 1,6207Stringer.

- 750° Guard.

= 675Bridging.
pras

- 2607 Reiling.

- 200/ Reiline posts.



1/7 x 254 = 37" Cross Bracing.

8 x 160 — 4gpi Tloorbeam.

Totel 5,144 Say 5,200

|
()
(o2}
\
Q

Sk

At (2), (3) & (4) flooring.

[}
=
(o)}
n
O

5=

Stringer.

'
o
~3

Xk

Bridging.

1
(&3]
~J
=

Bracing.

Floorbean.
Total 2,634% Say 3,900




Distribution of Dead Load Stressed,

8,200 3,900 2,900 3, 900
a 1) b (2)l < d
(&) @
L ) A ) o YUz ) - ﬁLbﬂi ) — luﬁz
l
/
A \ |

|

14,950

Section a-a

Vert. comp. of U0L1==

— 2,92 =
Stress U L) = 14,950 x ==

Joint U3
Stress U.Ll==

Section b=-b

Vert., comp. of LiUs= 14,950-5,200=
12 !

Stress LijUs= 9,750 x

Section c=-c

Vert. comp. of UsLp = 14,950-5,200-3,900 =

Stress U2L2

Section d-4

5,850 x

5,2007# comp.

2 =

7 =

14,950

9,750

5,850

19,500 ten.

13,8007 Comp.

g,300% Ten.



.ert. comp. of LyU, = 14,950-5,200-2x3,900 = 1,950

Stress LyUy= 1,950 x \/2 =
Joint U3
otress Uzls =
Joint Ul
o v — T — 2.5 —
Stress U U; = U Up = 19,500 x ==— ==

3.92
Joint U2

Stress UsUz= UzUy = 12,420+9,750+ 8,300 =

Joint Ll
Stress LjLg = 12,420+9,750 =
Toint Ly

Stress LgLz= 22,170+ 5,850+ 1,950=

2,7605 comp.

3,900 Comp.

12,4207 Comp.

30,470, Corp.

22,1704 Ten.

29,9704 Ten.



Live Load

pid

3

with the truck as in Fig. 11 the distribution of the live lozd will be
as follows.

floorbeam and 4/18 of the front wheel load.

fiz. 11

\—

The entire reer wheel loads will be transmitted to the

These loads will be

trensmitted to the floorbeam by the stringers at points 1, 2, 3 end 4 as

shown below,

Impact

23+ 20

(1) =-- 6,234y
(2) === 6,234#
(3) === 6,334y

(4) ===12,6675

say 6,400,
say 6,400#
say 6,400;

say 12,700#

23+ 20 _ s 30%.
1ze+20  ° use <&

(1) --- 6,400 x 1.3 = €,320f

(2) --- 6,400 x 1.3 = &,320#

(3) === 6,400 x 1.3 = €,320#

(4) --- 12,667 x 1.3 = 16,5107

20



Distritution of Live Load Stresses.

\,a 8320 \L l 8,320 \C 8,320 \J J 8,320
A
) Y
292'< 7’; / 6' [ - I8
sszus la [ b ( e d
Fig., 12
Section a-a
Vert. Comp. VoL = 33,215#
Stress VoL = 33,215 x E:;f’_z —43,400i Ten.
Joint Uy
Stress UyL, = €,320# Comp.

Section b-b

Vert. Comp. L,Uj= 33,215-8,320 = 24,8957

Stress L,U;=24,895 x / 2 = 35,2007 Cormp.
Section c-c

Vert. Comp. UpLy=33,215-2 x €,320 —-16,5757

Stress UgLo= 16,575 x /2 = 23,4005 Ten.
Joint Us
Stress UzLg = 8&,320# Comp.

Section d-d
B
Vert. Comp. LgU4=33,215 - 3x£320=¢,2557

Stress LpUy=8,255 x/ 2 =— 11,6807 Comp.

21



Joint U,

Stress U U,;=TU,U, = 42,200 x 2:52 = 26,900# Comp.
Joint Up

Stress UpUz=UsU; = 26,900+ 24,895 +16,575 = 68,370# Comp.
Joint L;

Stress L,L,= 33,215+ 24,895 — 58,1104 Ten.
Joint L

Stress LoLy=5€,110+ 16,575~ 8,255 =82,940# Ten.

22



Floorteam Data

Uo Y, Ce Us Ve
Lo 4, g
Fig. 13

Member Total Stress Length c-c Area
VL 62,9007 Ten 2.921 42 sq. in.
VL, 13,5204 Comp 3,001 12 sq. in.
Lle 49,0004 Cormp. 4.241 44 sq. in.
U,L, 31,700; Ten. 4,241 21 sq. in.
UL, 12,220 Comp. 3.00% 11 sq. in.
LU, 14,440; Comp. 4.241 13 sq. in.
U Uy 39,320# Comp. 2,501 55 sq. in.
A 39,3204 Comp. 3,001 35 sq. in.
U,Us 9€,840# Corp. 3.00 87 sq. in.
USU; ge,e40# Corp. 3.001 87 sq. in.
LoLl 0 2.501 0
LyL, £0,2e07 Ten. 6.00l 55 sq. in,
1,1, 112,910# Ten. 6.00% 74,7 sq. 1in.



27/2 Bloaes
Vs

Y
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3
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Fig, 14

the floorbeam is to be constructed as shown in Fig. 14. Split

ring connectors are to be used in all stressed joints.

The table below

gives the No. and size of connectors to be used. For details of the

joints see the drawings accompanying this thesis,

I'ember No. Rings Ring Size Bolt Size
VL, 5 4" 3/4"
LU, 10 4" 3/4"

UL, 3 4" 3/4"
LU, 4 [ Sl 3/4"
Truss 8 4" 3/4"

The floorbeam is checked for shear.

50,000
—560 — = 250 1lbs. per sq. in.

The bolt holes for the 3/4" bolts shall be 11/16".



DESIGI CF 72' EOWE TRUSS:

In the truss design the loading shown in Fig. 15 was used.

CONCENTRATED LoOAD
V=19 500"
M =13,500"

L a80YFT OF LANE ]

Fig. 15
The dead load transmitted at the panel points will be the dead load
figured in the floorbeam design plus the true weight of the floorbeam.
The dead load stresses are figured directly and the live load stresses
are figured by reans of influence lines.

Dead Load Stresses.

Vo v, U’_
bo L, La x Ly
T (Foco 15,000 Ig0es
R=22s00 Z
Fig. 16
Stress L U=22,500 x 23.42 = 35,3007 Comp.
oo =
Stress L .U, =7,500 x 23.42 =11,7107 Comp.
171 5
Stress UyL,=15,000 + 7,500 = 22,5005 Ten.
Stress L L,~35,300 x 18 = 27,200+ Ten.
23.42

Stress LjLg-27,200 +11,710 x,7 7, =36,200; %en.
Stress Ule =15,000;; Ten.

Stress U U, = 35,300 x 18 = 27,2005 Comp.
ol —_—
23.42



Live Load Stresses.

The 1ﬁfluence lines used in finding the live loed stresses are

shown below.

‘ L L 4\:18 -7’ ————J

STRESS L.U, = £52-

IN COMP. (SHEAR aa)

[

S~

Y4156

STRESS L,U, *VALUE SHOWN ~ 1.5¢ ( SHEAR bb)

. V4156
T N . -
\ c
T Yoxl56
24' - 48' —

26



STRESS UL, R, (SHEAR cc)

. 34

VERT v L,

STRESS 0,0, = R,» % comp (Mom.L)

STRESS L,L, - <M,

/

STRESS L,L, * R, ~¢/s

9o

o

27.



Oy means of the influence lines the live load stresses listed

below were found,

Stress L U =72 x 1.17 x 1/2 x 480+1.17 x 19,500 =43,100%# Comp.
no reversal
Stress L,U;=48x .78 x 1/2 x 480 + .78 x 19,500 = 24,250# comp.

=24 x .39 x1/2 x 480 + .39 x 19,500 = 9,870% Ten.

Stress U0L1==72 X .75 x1/2 x 480 4 .75 x 19,500 = 27,700# Ten.
no reversal

Stress LL =72 x .90 x 1/2 x 480 + .90 x 19,500 = 33,200# Ten.
no reversal

1/2 x 480+1.2 x 13,500 == 37,000# Ten.
no reversal

b

Stress L1L2==72 x 1.2

Stress UjLp=36 x 1/2 x 480 + 19,500 =28,150# Ten.
no reversal.
Stress U U, =72 x 1/2 x .90 x 480 +.90 x 13,500 = 27,800# Comp.
ol

no reverseal
Using the impact formula and adding dead and live load stresses the
table shown in Fig. 17 was computed. Since the dead load corpressive
stress in member L,U; is greater than the live load tension obteined by
the stress reversal no counters are needed. '1he compressive members must

be designed as colurns keeping in mind the ratio of (1/d).

28



Member Total Stress Length c-~c Ares

LU, 89,3007 Corp. 23,42° 114 sq. in.
LUy 43,3105 Comp. 23.42" 63 sq. in.
UL, 56,000# Ten. 15.00' 38 sq. in.
L,L, 69,0004 Ten. 18,00 46 sq. in.
L,L, 83,0007 Ten. 18,00 56 sq. in.
UlLZ 51,8005 Ten. 15.00" 35 sqg. in.
UoU1 57,2004 Comp. 18.00° 122 sq.in.
oo 27

The date shown in Fig., 19 is determined from the above stresses, taking
into account the angle of the load to the grain. The number of rings

shown is the minimum and in most cases has had to be increased in order to
balance the load. ‘The cross sectionel area of the members given in Fig. 17
has also been increased to allow for net section, plecing of connectors
and in compression members to obtain & 1/d ratio of less than 30.

\

Us _ 572 ™ v,
5
Op ° a@ Q
/’ ; Vs {g
* .
as*  »¢9.0 +~ 8320
i, L, L. L 1q
Fig, 18

in ficuring the connectors for LOUo the vertical component of the stress
vas assured as passine directly to the reaction. The horizontal component
is equal and opposite to the stress in LoLl,. Using 4" Connectors the

Strencth per conrector in timber 3" and thicker is as follows.

Argle to grain strencth
co 6,4C07
40° £, 2004
50° 5,4007
90° 4,600#

29



l'ember
LU

Lo

UoLl

LoLl
L5y
UL

U U

Jetails of all joints znd splices are shown on the drawings accompenying
this thesis.

greatly reduced, since the floor beam load is applied above this joint

o. HRings

16

&

12

11

13

12

Fig. 19

and the member is in tension.

30

Angle to grain

40°

40°

Bolt size

3/4"
5/4"
3/a"
/4"
3/4"
3/4"

3/4"

ihe nunber of connectors in the vertical at joint L; may be



Cember:
The bridge is to be cambered as follovs:
Increese the lengths of top chord rerbers UyUp each by 1/4".
saise floor beam at LoU; by 1/4"7,
Lover end caps by 1/4",
Bracing:
There is no need for knee bracing since the floor besm acts as a
knee brace itself. OSince the truss is shallow end of a fairly short
span the wind load will be small. 3"x8" bracing as shown is used as

wind braces.

Iruss Yembers:

Vembers LUy, UgUy and LU; cerry compressive loads and will be
designed as columns.

lake mzmber LoUo first., Sirce this rember carries quite a large
stress it will be built up of three tinbers and designed as a solid
column., lember L Ug will be considered as an intermediate colurn vhere
the 1/d ratio is between 11 and K. K is a constant depending on E and

G of the tirber.

K= .64 /% Where E =lodulus of elusticity 1.6 x 106
C:rAllowablg unit stress parallel to grain
= 1,1007/sq. in.



For intermediate columns
P/, - _L_’_‘K
7 "I‘ 7 (%3)

According to the data in Fig. 17, computed from unit stresszs, L U,
should have a cross sectional area of 114 sq. in. Two 3" x 14" and
one 6" x 8™ would give on area of 119 sq. in. and a 4 of 14",
Rearranging the above formula we get.

1

H:P.————_—-

<J1- ()7

Solving for A we get

4=116 sq. in. which is satisfactory.

16 connectors will be reeded between the center rermber and the
outside merbers to devslop the full strength of the member.

Merber LyUj has a K of 24.4 and trying two 2" x 12" and one
6 x 8 we have a d of 12", Substituting in the above formula for
A we get.

A =50 sq. in. which is satisfactory.

I erber UoUl will be designed as a spaced column as it would other-

wise collect water.

For intermediate spaced colurms

1
A = p=
<] 3(&)

32



lihere K2= 1.5811 x K = 32,6
iry two 6" x 16™ timbers senarated by a 8" block. d=6" Then for

A we get A = 60 sq. in. Wwell within limits,

The remaining members carry tensial stresses and the areas of Fig, 17
must be adhered to. ‘lhese timber members as wecll as the compressive
timber members may have to be increased in size to allow for connector

spacing at the joints and slso for net section reduction due to Lvolt

holes.
Deflecfion:
P1°
For deflection of the corpressive members: 8 SET
for LyUg
S - 89,800x (23.42)%x148  _ 0.
2 x (1.6 x10°)x3,200 ' :
for LUy
43,310x (23.42)2 x 144
S = =,404"
2x(1.6x100)x2,640 .

for UyUy

$- 57,200 x (18)° x 144
2x(1.6 x 10%)x 2,050 = .406"



'lhe floorbears are to be connected to the verticals by split rings.
The maximum floorbeam reaction is 50,000§‘requiring 8 rings.

411 bolts ¥ill have washers under the heed ard nut in accordance with
Vichigan State Highwey Department opecifications. |

ror general notes see specifications for the Design of fighway
Sridges adopted by the lichigen State Highway Departrent, Jenuary, 1936

numbers 129 through 149.

A
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