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I
Introduetion
This thesls covers the complete drawings and design for
a timber bridge on C=-533 at Delta Mills, Michigan.
At the present time there is at the site a steel through

truss bridge which was bullt by the R. D, "heaton and Compeny
of Chicago, Illinois in 1891,

Present Structure

The bridge wes one of the best in this section of the
state when it was built, but at the present time it has a
load 1limit which inconviences the use of the road as a class
A county road whieh it is. Also the bridge 13(@mow for
the present and future volume of traffic as it carries only
one lane of traffic., It is my object in this thesis to de=~
sign a bridge wide enough to carry the present and future
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volume of traffic.

ﬁev Looking North
Several types of bridges were investigated and at the
time this was designed there was o war priority on steel and
therefore I decided to design one of timber, Concrete was
@lso considered but due to the amount of steel reinforeing
and the cost of concrete as compared to timber it was de=- Q
Glded to be constructed of timber., Timber bridges at the



present time are being recognized as one of the foremost types in
use in the west and have been experimented E\t_;l_u__ a great extent,
The Forest Products Treating Company at Portland,Oregon has

a method of treating the timbers as they will last as long

as steel if painted and csred for properly.

Speeifications which were followed are General Specifie
cations for Timber Eridges and Trestles by lNilo S, Ketchum
unlecs otherwise noted,

I wish to take this opportunity to thank kr, Ce. Je« Hogue,
in charge of Technical Service of the Vest Coast Lumbermants
Association for his valuable aid and advice in the preparae
tion of this thesis,



Computations for 20'x240' 4 span timter Iridge
Datae Live losd
E-15 load (Michigan State Highway Specification)

Impact = 59 used throughout design,
Dead load: iZ¥E;5
Floor- 13" Shect #sphslt, ;renite chip rolled in ~ 14
1bs/sq.ft.
Douglas Fir ¢ 12% moisture alr éried - 151bs/sq.ft.
Specificatlionss
General Specifications for Timber Fridges by I'ilo 8.
Ketchum, except as notede.
Strecses: .
fa=16,0.0 lbs/sq.in.f ; Lorizontal sh.err 120 lbs/
fe = 2,000 1lbs/sq.in, {i pe! Fasine
CL= 325 \ ’\
Cl= 1,406 Vo
H = 120 T
Et=1,6 0,000
Tempereture:

No asccount lLas becn taken to the temperature vhich

hes very little effect on timber, Concrete es noted.

Design of lam‘nated wood floor covered vith 13" of sheet

asphrlt with granitechips rolled ine.



RN - Asphal?
N\ 2%6
x‘:‘— 214}D°'f7/°5 Fir
: 4 Asphalt
thm_,:r /E/ Average Thickness

( /at eqdge -2 “at Cener

Frg- / Lammnated [/oor

Dead Load Found/sq.ft.
Asphalt 14
Larinated wood base 15

Total 29

Then, assume stringers spaced 2' - 6" C=-C
M= 1/14 WL°
21/14 (29 x 2.5%) 122 155,35 ine=1bs.
Tor maximum positive moment due to de~d load. This moment
occurs in the panel.
Next,
M=z =1/945 V12
z =1/945 (29 x 2,5°) 12= =229 in,~1bs.
for maximum ne;ative moment due to dead load. This moment
ocours at the first intermediate suprort from the end of

the span,



Live Load: K=15
¥=1/5 vL
£1/5 x 12,000 x 2.5 x 12 =500 in.-1bs.
for maximum wnositive mowent cue to vicel loads. This
moment occurs in the .snel,
Ilext,
M=-1/7,7 'L
= =1/7.7 x 12,000 X 245 X 12="325 ine.-1lbs.
for maxirmm negative moment due to wheel loads, This
moment occurs at the first intermediste support from
the end of the spane.
For the coefficlent of impact

C= 50 _ 50 _
L 125 2.5 125 0392

Then, for the maxi—um poesitive live-load moment and impect,
L=5C0 1ine.-lts.
I1=106 in.=lbs., (50U x &92)

Total = 696 1ine.-lbs
which occurs at the center of the end panel, end for the
maximum nezative moment and impact duec to wheel loads,
= =325 1in.=-lbs,.
I=<128 1in.-1lbg. (325 x «392)

Total = =453 4in-lbs,

which occurs at the first intermediate floor beam from the

end of the span.



Distribution of ‘l.eel Loncs

A whecl load may be ascurmed distribnted by the asrchirlt
over a retangle with the sides b#2h parallel to the wheel
axle and 2h at right angles to the wheel axle vhere b=width

of wheel and h=thiickneas of asvhalt,

4

h Y /\ ¥ Asphalt
| 6 F———4

T{ e “ P—‘(__’ Wood base

Fige. 2 Vheel Distribution

Since the wheel load is dlstributed as shovm above the
load vill be carried by,

h=1" the minirum thickness of asphalt, therefore,

worse case Z=2h= 2"
this load is ca:rled by one nlank (2%") but maybe assumed that
it carried by two planks due tire arrangement and farctenling
of the laminated floore, The flooring is built in the field,
the strips being spllred to cach other with 20d. spllies
spaced about 1ft. centers and then toe-nailed into the ctring-
er with one 2Cd, crlke for each plenk croecing a ctrincer,

For the moment of inertia of twc planks
tnke h= 4+6+2=5" everage h of two planks

1/12 bhd

I

= 1/12 (4) (5)3 = 500 2 41,7 say 42 in. units
1z

N

Then, for the fiber stress on two planks, when supprorting thre

€ntire wei_ht of one wheel,



S A 15062.2(53.5) - £949 say 30 1bs/cq.in.
‘."hez{e I = maximun moment in inch-pounds plas impact, y =half
the thickness cof the plan''y, and I= moment of incrtia of the
crosa-scection of the planks. The allowable value of £ =2000

ag glven in specifications. Thercfore, the wood hase is safe.

Stringers P

IA L
3

Fronl Wheel! Rear

O Whae/
4 .3

L=/2'

(a) Rear ‘heel at Center of Span

. T

Fige 3 (b) Loment Diagram

The maxirmm moment is equal to PL/4 vhere F denotes the
effective load in pounds and L is the panecl length 1n fecte
The panel len;th 1s 12ft., so that the front viecl load will
be in the adjncent ranel, This live-load rioment rust be in-
creased for irvact s«d rust then te added to tle dead=-load
moment RL2/S.

Agssume stringer 4" x 8" «14'-6"

Dead load



Asrumed wt., of ctringer

wte.of floor

Iioment

Live load. 1200x12x12 _
4

Impact= 45,200 (4392)

6.5 1lba.rcr.ft.ocr 2'=-6" wide
72¢5 1bs. crefte.-cr 2'=6" wide

————

79 lbs.rer.ft.per 21=6" wide

45, 2C0 ine=-l1lLs.

16,520

17,064

Dead load = 79x12%%12 -
8
Total

77,174 in.-1lbs,

say 77,200 in.=1bs,

Maxirnun Verticel Shear

—

Fige 4

/Zoo‘

79 %/ fr.

3

B

/]474‘

47fi/

Ix

Flge (5) 12 00*
Live load 1,200 lbs,
Inpact 1,20 («392) = 470G 1bse
Total Live 1,670 l1lbs,.

Dead load 79 1bs./ft/

¢ z 12 = 248 1bs,
Total load 2,618 1lts,



G4 %6 = 121
Rl = 474
Ko a N018=474 = 2114

Laxl-um shear Ss. F _ 2144 . ¢u 1bs./s5q/ina
B

Allowalle 400 1bs./2q.ié% ;
The Outer ftringer

The maximum loading of tie stringer ;:laced uncder the
curb ordinarily is lers tlan for the other ctringers, but
this outslde usually 1s made equally strong becauce of the
high impact stress to vl:ich it :1»ay be cubjected of a truck

should strike the curbe

Yaxirmm Horizontal Shesar

T

The neaxium l:orizontal shear stress in & wood beam is

Fige 6

calculated by means of the forrmla,

H- 37 _3(618) _ 63 1bs./sq.1n.
4T -

0K allowablc 120 1bs./sqe1ine

For moment of inertia of the rtringer

I:1 bhd
12

1
*IZ (4)(2)%= 171 in. units say 170 in. units

Then, for the fiter ctress of the riringer

f1y
I

-
-~

77,206 (4) = 1,505 1bs./cqein.
171

10



oK, 2llownble f£= 2,0.0 1lbs,/2q.1in.

Use 4" x L" stringer

Floor Deam
The floor bcamjL111 ke spaced 12 c¢-c., Lence, they rust
be ceaigned for a live lcad equal to the full value o»f the
rear vheels of two trucks (Fige.7)e Thc reactions of the

vheels c.~ considered as concentrated loads a plied to the

top of the bean,
e /4’
Frony Rear
Whee/ Whee/s

Ut £
F
! ) ! Floo r
/X - Geam

The cdend load 1s to be exnsidered as a uniformly distributed
over the floo>r beams This total dead load consists of cne
panel of the c mblned beam and a; . roximately L of a panel
load for en extericor beam, but I prcfer to use the same weight
of a becam to allow for the pcasibllity of a high i pact ctress
Cue to the hecaving of tle roadvay ennroach,

Maxi-mum “oment on Peanm

Span of Flocr Fean = 22187 Say 23!

11



, 12K g . ]
9 \ |
[ a
L=23"
R, K

Fige 8 Positlon of Loads for lMaxirmm Koment
Dend Lord
Wte of floor in jonel =29 1lbs./s7.ft.
29(20) (12) = 6,900 1 e,
Wte Oof Stringer in panel = 6.5 1lbs./in.ft.
6e5 (1446){(G) = 8T4 1bs,.
" te of floor Leam assume 2=7" x 24" & 74 1lbs./ft.
74(-3)= 1,702 1lts.
Totanl dead load= 9,810 1lbs,
Uniformly ¢istriluted- ££10.414 lba,./ft.
Live load 1cract “
12,0 0#12,.. 0 («792) = 12,470 lts,
€ Mpis o
4,75 (12,47C)*10.75 (19,470)+1E,75 (12,470)+19.75 (12,470)
+ 414 (20)(1145)=28ko =0
£8,0200*104,0 Ofl‘?l,2(;01»246,000*95,2:’)0::.;‘.:5R2
R;e7CE,600 » ©0,640 lba,
£ Liny « 6(12,4?8)*9 (12,470)+(414)(1o.75)ngélé)-lz.zs (30, 640)
37,4004112,0 0+25,900=376,C00 = 202,700 ft.-1bs,
Total load = 59,300 1lbs, use 14" x 24" for (3 ft.opan

Load for i.aximum Shear

12



g o' 3’ ¢’ 2% |
e [ ’ ' I_T
r 400" /FC.

. |
L= R3
(]

Fig.5 rosition of Loads for llaxiim Shear

= M=
= 3(12,470) + 9(12,47C) +12(1:,470) #18(17,470) - 23(Ry)
-+414(a3)(2%)= 0
37,4004112,0C0 + 149, 500 + 224,0.C # 10,950 =22R,
Ry = 5335250 - £3,400 lbs.
Ry= 59,300 = £3,400 = 15,990 1lbs.

Maximum Shesax

55,90
Sg-: -AF:= E'?J-YTT%}) = 107 lbs./sq. in.
Allowntle 470 1lbs./s3.1in.
AMesimum lorizontal Slear

3

H_ -
T Z(o)(h)

Sli;htly Ligh but C.K. lccausc this formula indicates

=127 lts./sq.1in,

& reater ctreaces in e wood tean tlirn ere usually present,
Pearticulqrly 11t moving or concentrated loads near a support .
For moment of "inertia of tre bean
I=1/12 bhd "’ _
=1/12 (14)(¢4)3 = 16,128 inches?

Then, for the fiter stress of the berm

f- ¥y _ 202,700 (12)(3.8) - £26 1lts./cqein.
1 T 16,148
O0.K. Allovatle £=2,C.0 lbs./sq.ine

13



Use 2=7" x 24" beam

Desiin of a vOU-ft. iony-Truss
The rordw~y 1ls to be 20ft. wide., The truss vi1ll bve

S

12' - " deep at mid-cpan and 8' - C" at the hip, snd t!ere
v'ill te 2 5 ;anels of 12' « Q" cach. The livé load vill te
H<15 loading.
Dead=-Load Strésses

“te of floor per fte. = 750 lbs,
per foot of truss for trhe dead load on each trucss cdue to the
Lfloor system,

Agsume wt. of timbter in one truss= v,0 .0 lbs,

and per foot of truss ve lave

6,000 = 100 1lbs,
€0

An additional 10 lbs./ft. 18 added for wt. of fastenings
Tren, the totel wte. per foot of trusc is
1G0+10 = 110 1bs,
thien totel dead wte. per foot for 3 thie Lridge
110 + 750 = 860 lbs.
The total dead wte. per panel is
800 x12 = 10,320 1lbas,
Live =-load ftresses

The equivalent H=-15 loading chovn in (Fig.lC) will be

used,

14



/3, Soo for Mrorren’

d d
Comcen 7rated Koa {/" 500 for Jhear
vniform /oad 45’0"/1‘73 of /a_ne

Fige. 10
Thre moxirum load on tle truss will ocecur when the load-

ing 1s in the rosition shown in i'1g5. 1l

& 7rvss
T‘{;‘Uss, 20!
Ié 9 ’ 9; 2' / !
) ”1“““!
A | 1
A R o000 . &
226" 39,000 l

Flg. 11
Taking morents sbout B (Figell)

(470 x 2) 12425 . 520 lbs.

2;4.5

for the maximm uniform live load per foot of truss., Then,
Tfor tre nanel load,

P =520 x 12 = 6,240 1bsa,
A ain, taking moments ab-out B

Fl_ (2 x 17,500) 12,25 _ 14,648 1bs. Say 14,700 1lbs.

XAl
[y ey ]

T or the panel load due to the c¢oncentration to be used in
Ceterm.ning moment on truss., In the samc > ~nox,

Fl1 (2 x 1,950) 12.25 _ 21,031 1lbs. ‘ay 21,270 1bs,

£2eO

Tor the panel loed due to the eoncentration t» te used in

Ceterminin; cheer on tle trucs,
I-zact 18 esdded to tre live and (ead load stresa and the

total :anel lo~d le 7,890 1lbs, L7 means of "mcthod of loints"

15



the followln_ stress tabtle vas ret upe

Stress Trble

U,Lsg = LgUy CCy 300 ¢ compe
L4L5 = LoLl 7E,S¢0 ° ten.
L,U,; = UlLl 08, 0130 1 tene
LzLgy - L1L2 75,960 - Len,
LV, - UjlLo 19,0.0 . comps
1C,¢10 ; ten,

U=zUygq = UjUp 77,770 # compe
Uzlz - Usls S7,740 . tene
U2'U5 T5,7.:0 7 compe

LoL3 £4,710 P ten,

U2L5 = L2U x 2,140 ! compe
14,270 » tens

['_ 3

»
9¢,4s50” 38 5807 38, 580" 3§ 580

Flge 12
7he truse 1s small end a chort s.an tlerefore no wind-

load satresces wcre taken into secount.

16



‘amber

The carber 1s calculeted on the basis of 3 1:cles riae

of Tottom chord at center-line tle cs:ter curve to ke :orag-
bolilic.

Scctiohs and iletalls

1he end rost }as tie lar_eat force acting upon it, thecre-

Tore deslgn for Lo Uy (Fige.12) and use tkis design for whole
of top chord.

K= .641[ J3 C =1,4u6
C N
= ,641 [1.6 x 10Y 6
1.406 It = lob x 10
- 231.2

L ~2ume the top chord to te bullt up of 3 timers so the

resisteance t~ bternding 18 incrensed vhich is neccssary due to

the fact the top crhord 1s in corurersions

It is also bullt
Qup for construction jurposes,

Assume it to be made of a

meailn team 6" x 6" vith a &." x 14" tirber fartencd to the two
81des of the main beam (f1g.13)e

__—]:r'“
- B

SNTT U TY P

Fatio 1/d4 vhere 13 Cpan in irches and 4=

lesnn
viidth in iwches,.

¢imcension in

d_6+14 _10"
T2

17



1/d = 174 . 17.4
~10

For bullt up columns vith a s an - betwcen eleven tires
the lerct dimension ond K tires the least dimenslon ere
cl -~ 21 ~2 ntermedliate columns, They depend for strength
on o combination of crushing strength and resistence to late-
ral osuckling.

Use the foilowing concdltion in dealyn far the col mn.
i:hen connectors in mlddlc timber sre placed at o distance of
I,/20 from the cnds of this timber,

Kz=K x 1,752

=21l.2 x 1,732

23648
P/A = maximum load per u it of crors-sectlonnl area,
P/A=C E-l/s (L d) 4
P/A = 1,406 El-l/l:;? 174 ) 4\]

7 6eB X 10)
P/Az 1,466 (+983)
P/A =z 1,440 1bs,./s3q.in. ellowable
Cxoss-sectionel Area of end post

386 x 14 x 2+ 08

6 x 636
134 8q.1n0
P/A . 90,390 .674 1bs./3q.1in. 0.K. allovabl: 1,440
154 1o8e/8Ge1in.

The maximum load vhich tie column cen cerry without bosklinge

I,- 6z (6)°_108 in
1- = *
x{--—]—x 2

I,- 25 x (14)°_ 801 1n.*
12

13



I= 108 +:C1 = OG2 in,?

L -
Per. 7 EI__ _ 9,06 x 1.6 x 10 x 509
4 L~ 4(14,0)2 x 142

Per= 121,0.C 1bse 0.Ke cince the load is 90,390 1bsa
Deflection
J _ 112
= ObI

90,300 X (14.5)2 x 144
2(1let x 10Y)(50G)

¢939 Ainch

D3 g onsals

The dlagonals ghall te rectan ular solid colwms all of
the same cdimensions, therefore design for the largest stresse
© s in the members vhich would be UjLs (igel2) for compresc=
i1 on end UL, (Flg. 12) for tension. The size as~umed will be

& "™ vide for c¢ nstruction purposes and 10" deep for ctrengthe

1/4_193 _ 33
6

K=8"me = ©1l.2
L.ong: (1/4 radios equel to or _reater than"kK")

P/A.+274 E _ 4274 x 1,6 x 10%
~(1/d)° 1069

P/A = 403 1bs./sqe.in. allownble
Cxosr~sectionnl Area

6 x 10 =60 s8Ge. 1ne.

P/A 19,000 = 217 1lbs./s3ein.
Oe+K. allowable 403 1bse/sq.in,

19



The max:imum load which the column cean carry without

bucklinge.

Per= 77"'1‘ I

N R

50,00 1bse OeKe since the load is 19,00 1us,

Deflection
J',_ F12
2hl

219,00 x (1645)¢ x 144
T2 x 1.6 105 x 5.0

= ¢47 inch
I7or direct tension the same valucs as for extreme fiber stress
iIn tending 1s used,
Crocs=-cectionnrl area
6 x 10=60 8q. inclies

P/A . 14,270 _ 233 1bs./cq.in,
60

0.K. rllowable 2,0 C 1lbs./s0.1ne
Verticnls
The verticsls shall be a tullt up column for constr-

Lction purposes. The design will be for the vertical ¥yI3

%wwhich has the lar_est load of any verticele 7The crosg=
section srsumed will be a 4" x 12" main timber with a 4" x
14" timber factened to the two 4" sides of the main column,
(rige 14) 2 *

124"

/4”

(2]
£~



Since tle verticals are rlways in direct tension tre
szune values an for extreme 1 iber stress in bending vill te
used.

Cross-cectionsl arca is

2 x4 x14:=z112

4 x 12 = 80
Total = 162 83. inches

r/A_ 2,570 _ 233 1ba./sq.ine O.K. nllowable 2,000 1lbs./
lo2 fGeine
Lower Chord

The 1l wer cliord slall te assumed as macde of 2 = 4" x 10"

ve s 6" apart to allow for construction st jolnts, Since
the 1 wer chord is always 1n cirect tension it vill bc de=-
sl sned ro the verticols weres The design vill te for LoLy
vhich Las the lar_cst stresse.

Cross cectionel area 1is

2 x4 x 10 * 80 8q. inches

P/A = 75,960 = 950 1bs./cdeine

0.K. siﬁge allowable ls £,0 O lbr./sq.in.

A tongue rmade of 1 - 6" x 12" x 5' timber v c vsed at
joint Lo for constructions Also a1l - 6" x 10" x 4' timber
was used as n splice block in the btottem chorde Four foot
was to allow for co:i.ectors.

Lue to the trusz being 1low and of short srnan no vind

stress will be calculated but a knee brace will be plece

at joints Ly Lo #nd L3 running from the joint to the floor

beam at a 45 2 en;lee



Lecign of copllt rings in Joints and boltse.

Bolt holc chall ltc of a clo-eter er itting bolts to
be driven essllye. DMinlmum 8 acing 18 [foar times the bolt
disveters Foccin, ToUvc . roio of muld te ot lenct five times
the bolt dlameter, The end mar_in should be five tlres tlie
bolt diamecter in tension and { ur til.es in cornyressione The
ed e mar;in in tension or comprecsion chould be, et leact one
arnd oneé half times the bolt diameoter. iar;in neerert the
ecde towsrd vhich the lsad 1s ecting 1s to be ot lenct four
tLmes the belt diameter,

Joint L2
Chx ords to dla_nnels
An_le of load to _roin of dia;onal is 5%, Allowable
load in pounds rer connFCtor and bolt at angle of &5° 6812
Se Ils load is 37,3540 1lbse
8 x 5,512 44,096 value of 8 = 4" SR's,
Resultss wuse 4 = ¢" S,Ke's with 3/4" x 14." bolts with 2 on

each bnlte All bolts are spaccd sccording to specificatlons

steted.
Vertic-l to chords
Anzle of 1 ad to _rain of chords 1s CCO
SeRe 1load 1a 13,670
4 x 4,675 18,700 value of four 4" “.,Re's
Recults: use 4 - 4" S,R. with 3/4" x 28" bolt, The 3/4" x
28" bolt cerries 5 = 4" S.R.'8; 2 between vertical and clord,

2 betwcen dia_onvl end chord, and one betwecn tho kneebrace

and vertical,



Tlie rest of trhe Jjolnts were decl ned b tle sa-¢ method
vv1th the followin:; results:
Joint io
¥nd post to botlum clhword tonue
12 = 4" S.Re's vith 3/4" x 14.." bolts
2 = 22" S.Re's vith 5/8" x 141" bolts
Ebttom chord toni ue to bottom chord
12 = 4" SeRe's with 5/4" x 14" bolts
2 = 2" S.Re's with 5/3" x 141" bolts
Joint L3
Fotiom chord to vertical
4 = 4" S,Re's vith O/4" x 27" bolts
2 = 4" SeRe ... T2 b1t between kmeebrace and vertical,
Joint U3
Between chord ond vertical
8 = 4" SeRe's vith 3/4" x 2: " bolts
Tetwoen chiord end diegnonal
4 = 4" S,Re'8 on 5/4" x 2_" bolts shove
2 = 21" SeRe's with 5/8" x 22" bolts
Joint Ug
Between chord and vertlecal
8 = 4" S.Re's vith Z/4" x 2:" bolts
Fetveen chord arnd Cle;eonal
4 = 4" S.R.'s on 3/4™ x 20" bolts above
2 = 2" S,Re's vith /8" x 2:" bclts
Center line bottom clhiord s lice

04 = 47 “.Re's vith 3/4" x 14" bolts



onn the tc> oord and tire verticrls that are made up of thiree
tirmbers, connectors will Le used as a rmeans of fartening.
Iy 81l verticals sand chords five conncetors is sufficlent,
except tlic verticol betveen joint Ly Uy ond LgUs in vhich
thixee 1is sufficient,

The f1 «r Leams wlll slso bec fartened by means of conn=-
ec tors, Using the met! od above it was determined trat 10-5/8"
X 229" bolte with 2 = 20" S.R.'s tn each bolt., Due to the fact
tlaat the floor beam fastens to the vertical 2" rings had to
be used. The standard wosher made b the Tlmber Lnglneering
Compary is used under all bolts tlr ushout the whole structure,

At joints tliere are end bearings of wood on wood. Vhen
w>cd embers are sauared and butted end to end, the end tends
to bed themselves into each other and the mexlrum etrength
will to less thean tl:e ¢o rresgive strength of clear wood,.
The smount of erbedrent vill vary with the perccntage of ~curmer
wood and for unractical purpose it is not =safe to court on rmore
tran 75% of tho compressive rtress for clear wood. Uhere such
erd are butted use a -iccc cf 16 gan e (elvanized sheet iron.
These bearing plates tetween ton chord se _ments to te placed
in tho fleld in & sowout thiru thie joint made vith a finishing
hand saw,

Atutments

Both atutments viill be of tle rame desi_n due to the
rfact they ere ti.e came Lel ht ond rame loadinge

The load on the abutment due to dead and live load and

impact per truss is 197,900.s This load will be consicdered
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to be dlstributed for 10 ft. along the wall, 192,900 . 19,290

7”/ft. __,',55|_;_o

Design of ¢ .tllever wall

3
earume base = 7 h )
<

toe = 76 b '1')

Br/{]e 3r¢1-_u
3
v
\l
N
~
- o 5' 271 N
b=e7 x 20 14 ‘J_ | 'I_j_
toe dlrte =36 X 14 = 59 & B
? |- /e’ :!

The surcharge due to the live
load on the fill will be taken
as 6"

rarth irecocure

Ce. whe
2

= e27 .1_.9.2.(&1.2. = 5,4.0 1bs./lin.ft.
act 1/3 up fro: Lottom or G.5 ft.
wvt. of carth
(7.7 x 18) 100G = 13,360 lbs.
wte of bare alab
(2060 X 5)150 + (1e69 X 747) 150 = 3,910 1lbs.
wts, of stem .
(1e2 X 19457) 150 = 3,764 1bs.
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l.oment of forccas of bace ond (erth
Z 1l toe=o
(LT, 60+ 7,704 +7,910+ 10,000)%

(7)+ 19’( ./\) (\).(.4)‘* ’7U4 (\.J.b4)

4," 5_14 1- ‘ 1’176

X = 7430 ft. from to® to 25,30 1lbse resultant.

Re sultant of Larth prescure ond wei 't hit base at

2 £ AN
Y e 2 00

Y =497 fte
7.:30 - '97= G.SSft. '
eccentricity = 7 = 0437 = o467 Lt

Soil Pressure

SP. (1t 6e)
b o
40,704 (12 €x.67) 4,520 1bs./sq.fte
RS SaCH 2L ’
12 12 = 2,200 1be,
Sliding £=.4
factor of safety _ 47,024 X.4 _ 2455
6,400

Stenm
Larth rressure

= +27 200 x (13)%_ 4,370 1bs.
2

nn.ft.

Oe.Ke

act 1/5 un or 6 ft,

18’

Benéing Yoment

4,370 X 6 = 206,2:C ft. 1lbs, ’i“ﬁﬁvvr

use 3,0 0 lts conerete

= 17,60 (10,15) +,510

£3700™



fc=1,G.0

fa=20,0.0

n = 12

K= lo4

U= 100 - 125 1bs./éq.1n.
P - o094

V= 50 = 60 1bo./8q.1in.

a- I (26,00 x 17
bk - 12 x le4

d= 12,6" use 2,9" of -rotection over dbars

thierefore D= 15,5" §ay 15.,5"

As= # 1d

n

«0.94 x 12 x 12,5

1.51 s8Qeine.
Use 7/8 in round rodC 4% inches

As = 1,00 83.1ine.

Bond . \'f _ 4,370
so Ja - Te.Cu x12)7/8x12,5
:.'..5

= 49,45 lbs./in. OeKe
Unit Chiear

v=_V__ 4,510 ___  _ 33.2 1bs./c.eln. O.K.
bid 12x7/8 x1%+5

Temperature changes

Termperature ntecl to keun the wall from eracking on
sgiarface to crre for stresses due to temnerature changes.

Stecl ratlio of temnerature o U3 or . of area of
concrete, Plece 243 on front face and 1/3 on back.

12 x 12,5 = 150

150 X +003 = 445 2q.in. 6f temperature stecl/ft.
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front = 1/2 sguare rod © 6 irches

back = 1/2 cquare rod ~ 12 inchces

Toe bLesign
.f’
A 72’
£520 P 2240
————/

x=4,520 = ( 4,520 - 2,260) 5=7,570 1bs,
( 12 )

S YA - 5,5;0 x 82 950 (5)(5) -2.5 (5)(150)2.66
lox BelMe = 44,660 f:. lbs.o
Lecesrary to satisfy chenr tle following
d= 25"
D = 20"
Ao = 41094 x 20 x 12 = 2,62 sje.inches

Use 7/8" round bars © 2.5 inches 2489 sqe.incles

Bond
fl._ 44,600 212 O«Ke
(2.75) 12 (7/8)25
240
Hecl Derign
77’

1950 . 1150

4

e

8



18 x 100+1 x 150=1,950 1lbs,

X=2,260 4 ( 4,520 =2,260) 7,7 = 3,723

3

( 12 )
ZMy=2,260 x 7,7 x vév + 1,463 x 7,7x7.7
2
77 = 23,800 fte 1lbse
I

d = 17" nececzrory for slear
D=17+3 =20 inches

As= +0194 x 12 x 17 = 1,92
Use 7/8" ¢ 3" = 2406 8q.1n,
V=3,00 (7.,7) = 1,950 (7.7)
V= 8,100

Unit Shear

v _ 9,100 = 50 ok
- 12 x 7/8 x17
Bond
= 5,100 - 58 ok
— RN — =
M 2 75 (12)x 7/8 x17
Ving Valls K3

I
Ce = ,71
o Lép . :
£ p=eZl 100 x 165 . 2,062
2
4 Lorizontal force of P = 3800 #
¥ I _
s et 1/5h = § )8 £toup

bace = 47 h

Te X 16 =11.,2'" Say 1ll.5 fte.

Toe distance . b _ 11,5 _ 348 ft,.
3 3

Pv = (054

Surel:ar;e angle

- 1,950 x 7.7 x

160



wte of earth including stem
(7.7 x 14,67) 100 = 11,300 1bs.
wt. of base sladb
(1e3 x :1e5) 150= 2,350 1lbse
€ ¥toe = O
(11,50 +¢,,5<A Y& = (11,3C0) 765 +2,300 (£475)
= 7,24 ft. from tow to 13,600 1lbse.

resultent

¥ _580
p 13,600 51/37 15,650
5'3’- Y =1.49 pte vhere R hits base

3?00

7e34 = 1,49 = 5,85!
Eesentricity = 5475 = 5485 =.1 fte

Soil prescure

4Z=13,bCQ_rl tle x .{) 1,190 1bs./sq.fte
11.5 \ 116 1,120 wooow
€1iding £f=.4
factor of safety = 15,6 0 X «4 143
5,800
Stem
13"
/760
100(142/3)%
R loP.".?}l Jj(z / )
% 965
t 3"30 - u,5u0
4;/’0
ih=2,350 X 4958 = 3,190 1bs.
/J7 acts 449 fte up

00



EM = 5,190 (4409) = 15,600

5090 > - . S < 1t
& [Lo.800 Jo5 9475 Say 1C
D= 13"

As= ptd
= o0094 x 12 x 10 =1,13 81.1n,

use &/4" ¢ 4% = 1,18 sq.in,

Bond Zy 0 _
2650 X 12 x7/8 x10

445

= 69 O.K.

Unit “hear._ 3800

" 12x7/€x10
= 3645 0.Ks
Temperature Steel
10 x 12= 120
120 x eCUB = 436
front 4" ¢ 63"

back 4" © 13"

Toe design
Zoo 200
7.9 y A
/120 t* /,/zo

1190 - (1190 - 1120) 3.8
115

b
]

T 1167

£ Ma_ 1167 x 3.8 .23 X 3.8 X 2(3.8) - 200(.8)2
2 2 2 2

BeMe = 7,110

dg‘,*i 110 . 646" = 10"
oz - ’ P

Say "
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AB = o0L94 (7)(12) = 79 8Q.in.

use +" ¢ 3" = L79
Shear = 1173 X 3.8 = 5¢8(2006) = 3,710
Unit l.ear

_ 3710 51 O.K.
12x7/8x7

Bond - 3,710 - 10 . O.Ke
1.57x12x7/38x7
3

Heel design

/682
275 etz
! A

1190 ~ 1/ 2o

x=1120_+(1190 - 1120) x 4,88 = 1150

11.5
15,17 x 100 + 4833 x 150 = 1642
S ha= @
= 1642 (4,58)(2e44) + 1120 (4.8f)(2.44)+.§9 (4872)(Red)

2
2 6,030 tension in to; of footing

d_ [6030 - 6,05 Say 7"
164
D=10"

AB = 494 x 7 x 12 = 79 8eine

Use 2_ ¢ 3" = 479 s3ein,
Shear

= 1135 X 4433 = 1042 x 4.83 = 2,460

Unit chear

v 2460 = 35 0eKe

= Tex7/exT

£
a}



Bond

P: 2460 = 06O Ok,
1,87x12x7/3x7
3
Plers

Desi/n tle yiers to be 21! = 6" Lich, Assume that the
allowable ;ressure on the footings con be 9,0 © 1bs./sqefte

The type shown below will be usged,

TracZe
ié Tress £' 22 ,"6" ¢7'f”63 ﬁ%— »

/92,900
(024 1r) 3
[
3w 20’6~ of
] vy | t
1c ,. K
\
/ce LY
, 720, 000" "
1777 266" X
é e
fc
z-o[a ]e | é
e za-6” |

The cap lc arsumed to te 3' = O" wide nnd 1' - 0" thick,

Consider tle main shieft to be 2' - 6" thicke The base will
be assumed to be 6' - 0" vide, 2' = O" tlick and 28' = 6" long.
The ;:ortion thet su::crts tre stringers wi'l be acsumd to be
20! = 6" 1 ng and 1' = 6" wide with trhe a cap 20' - 6" long,
2' « 0" wide and 1' = O" thicke
Total wt. of pler
Base
2865 x 6 x 2 x 150 = 51,307 1lbs,.
Shaft
20e5 X 245 X 1746 x 160 = 175,0:.0 1lbs,
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Cap

3x1=x 27 x 150 = 12,150 1bs,
U-per shinft

2065 X 1eb x 26492 x 180 = 13,450 1bs,
Cap

20,5 x 2 x 1 x 150 T €,150  1bs,

Total = 253,080 lbse.
For ice pressure (sssumlng the ice to be 20 inches tlick)
200 x £5 % 20 = 120,000 1bse
For maxl um c(irect lond on the bottm of the base
£5%,C50 + 192,900 x 2 = 643,550 1bse
Pividing tiis by the area of the base

647,080 - 3,760 1t
LleD X ©

for uniform rressure over t..e base., Next, teke moments

cbout yolnt e on brse of 1ce rrearure,
120,0.0 x 12 = 1,440,000 ft.lbs,

for the rioment @ue to this load tendin: to overturn the pler.
The moment of lnertlia of the bottom surface of the base,
1/12 x 6 x (2846)%=11,700 ft. units

Then,

£_ 1,470,000 X 14425 _ 1,750 1lbse
11,700

for the positive rres-ure per squrre foot at e ard the

negative pressure per square foot at a " the base due

to ice jres-ure, Adding this to the utiform lcad,
e=37¢0 + 17585 = 5I1%
= 3760 T~ 1755 = 20CH
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Next, consider traction (Fige. 15)s. The trnction force will
be

2 x 40,000 x 06l = &,0L0 1ba,
Taking moments about the bottom of the base

8,0°0 X 2092 = 215,360 ft./1bs,

for the ﬁaximum norment due to traction.
For moments of interie of the bottom surface of the fo-ting
ebout axis K _

= 1/12 x 28¢5 x 69= 513 ft, units
Then
= 215,350 x 3 . 1260 1bse/s5qefte

13
for the meximmm pressure on the footing due to traction. Add-

ing this to the 58515 1lbs. obtalned due to dend wt. and ice
pressure

5515 +1260 = 6,775 1bs,

for the total maexlimum pressure per =quare foot on the
footingse O0.Ke 8ince allowable ascumed was 9,000 lbse

For the moment con the footing along ceetion CC (FigelS)

[(e775 x 7/4) 7/8 - (300 x 7/4)%]12 = 119,0 = ine-lbs.
Taking d= 21", J= 0,87

F . 119,000 _. 6,520 1lbs,

21 x 87

Then, for the steecl required in the bottom of the base

6520 = 16,000 = 4407

Use 5/8" ¢ bar ¢ 9" = .41

Ind bearings
The expanslon of each sion vi'l bte aunroxliately o018

of a foot vhich will te taken ty the timbter scan itsclf,

1
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Lherefore, botl: ends of each sopan willl bLe cceurely fantened
b means of a lin_ e arran_cricnt,
Verticol 1»ad on ench 1lete =¢$6,450 1lbs. aranme 2" pin
koment on encl: yin
15 x 48,2:5 = 60,200 in.-lbse O0.K. allowskle ©5,000
in./lbs.
Shear on rin ‘
4,91 x 47,0{0 =z 216,00 1bs. allowalble;actual 96,450 0.K.
Bearing area on mosonary
96,450 + 6004 = 160 8q. inches

Use 10" x 16" = 160 sy. inclies
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