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TTIN T N NPT 8N T
ST OoDuSTION

r. ninney of tne Buliding and Grounds
Denartment expressed & cesire for & storace bin
for a reserve gtock of coal. A reserve stock is
now in existence between the Forge Zulliding and
the Red Cedur River. This stock pile 1is unsétis-
factory because it is unsightly, the guantity of
coal cannot Le estimated accuritely, and rewoval
of coal by clamshell is édifficult.

Five thousand tons of coal is the quantity
deslred in the vroposed storage bin. A ovin in-
coruorating the design of retainiang walls would
alleviate the present difficulties.

The heijht of wall required for such a obin
1s about twenty feet. Tihils hei_ ht brings up the
question of whether a cantilever or counterfort
vwall should be ueed. Desi_ ns are shown for both

cases wlth cost estinetes inclucded.



PROFPOSED RETA/NIN &
WALL TO PROVIDE STORAGE
FOR 5000 7OMS OF COAL.

LEGEND:
—_—— G ROUND < ONECCES

coal PILE CONTOURS
PROPOSED RETAINING WALL

SCALE: I"=20'
DATE : 3-29-48
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COMPUTAT/ION S FOR
S/ ZTE OF B/~

Armount of coa/l to be sfored =5 OO0 Tons.

SOO00T 2000 /6/r = /10 000 OO0 /b ofcoa/
Coa/ weighs 70/b /FF*
Ceo. £ regd = % %iqoaoz [F3 000 £+=

Size of bin=55%1/0 ~C 550 1=
(£3 002 _ 22’ ((f piled £/laf)
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@ Bottorn [4x55x[10=9/ GO0 £+2
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& 253 x /0
& 2Zx//0 = ZZ0 £/
@ 535575 /325 =<FQO00 £1°

- 23,800 F+5

GO S3*x2c.5

=
@ lfrxS55<//0 - 3030 F+3

16 7,250 +3oco=/702Z50

170, 250 70 = 7
W‘ (74 SI9& © ons

.’.ﬁz)z%?g co=5/7/707Tonrs

o
’—7?0:5%% ~RS5O=R22& O Tons

A//awiny for variation inw o ¥ coa/l
Frorm 70/6 /{3 to S5O /5/F£43
This bin secerms +o be of adeguate size
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ASS UM FIONS

Angle of Pepase for coal =45° "
Angle of Friction, coalen corncrefe =30°
WH# of coal/ For design purposes=70/6/ £+3
WHtofF earth 1] = 100 16/ £+3
Angleo f repose, carth . ¢ =3¢°
Angle of Friction, carth ornn corcrete = S=25°
Concrete weighs /50 Ib/ fts
Z8 day strcngth of concrete = 2000 p3/i = Fe
Oesign strength of corncrete = SO0 psi = £ _
Concrete Shecar= ve=40psi (COpsi with Shccial
Cornicrete Bond < 4 = /OO0 s/
Stee/! Strength= 5 = /8 OOOp s/
Modvliar Patio %:n: 75
R= (40 = *Z

L

Anchorage)

bd =
Stcel/ ratio p =009
Lesign constants J- &

Y TaKen Froem “Walls, Bins, and CGrain
ELlevators by Mile S Ketclurr.
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CASE T -
Leve !/ Svrcharge, Inert Frism, Omit
Back Wal// Eriction.

£-7Z Loading, allow 157

3
l For impact
.l /2 '|. s l EguivalentSurcharge =
- 2 7z,00%, , -
7 Sx/8 - )
" 00 ‘ —520ﬁ&/ ord 2
.:.: N 2 I—J/ﬁé
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CASEIT - "

Leve/ Surcharge - Inert Wedge -

Full Back Wz /! Friction

+S5+¢p=93°45"’

Base Pressvres.: Moments about Toe

w
W, + W, = 690D /b
Wy =515 Zx/0D 30390
P = /1, 000
z/,0390
Fh = &zoo

Toec 4 Heel Pressvres:
p= 2/,090/: “057
s~ /900/(/1* zrz.)
Q=2420P57¢
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N g Mo rm.
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1z CAsSLE T -
.. Whee!/ Concen Frations - Inert Wedge-
& Full Friction
<% 8z80™ az80%
b 8280 L o280 §
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S, , 000 13,000 /
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o 9
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23390 NMe- 162, 600 1654 pn=1E2F psf
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STEM DESIGN

gfz pr ,397’

B« 7800+4(, +.3975)
ps 800 p.s.f

Max Sheer é B.M. on Sod.’..EE'

Ve i2(730 +317)
v:7329*
M 317:12:6 +413-6-4
Ms 32,700'*

‘[LL'.( P T S _

" 800

de il s e 14" dry e 3R 153"

Use Stem 24" Thick at bottom

Railroad Centilever Wall
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STEM DESIGN

o P 1" ® 40°c-c
4 I"$ @20"c<
l" ol' -
. P @ 10" cc
.
‘ [ Y
| B
T — . |
.Oc) OL 0% 00} .05 46 o7 48 o fi0
0123 Seca o
At Any LCV!". . ‘3
Vs 37 e 33 M, . AR, 2R
STEM SCHEDULE
vV d v M R A, Rods
1545 5" 983 2307 107 0123 1be 40"
3640 I8 193 13100 40 0462 4@20°

7329 21° 333 32700 57 .099 %@ 10”

y” lf-ob-l-:“:-'ml 83 Mc’('”
L+ fd . 142054 45° (Hook Bottom)

Temp. Steel: .002:12:18= 44°"
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TOE DESIGN FOR CASE I
RAIL ROAD WALL

Q“ :
‘A
'}
1 n2e
1924
2526 '

F:7902 :
oy F (RS ) S

Max Shear § B.M. on B-B’
v=7902"
B.M.: V-ys 12,200'"
s ——1—3 _Z!QZ— s H
b s Thidda

Re Do 1222 276 (£ 15 verylow)

g—r,_: - .“u
Ays oo aafe; s 0368

Use & “§ at 6" coc  gies 04167

re -{—t—‘ = 2 = |20 pas.i. ( S pec. Anch.)

Railread Cantilever Wall
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HEEL DESIGN

D 6
. ~
“-l—‘t __Juee
ﬁﬁ/ L;j:’;/ 1424
|
R R
(IIZ"'G:!.)... ( 765'-.2.'.5,) - x( 1246 765'-3)
x=2.75'
R=:9045"

wt. arm Mom. .
R=-13400"- 32' « - 42900
WVye- 3090 - |45 s - 4480

-16,490 - 48,380
Rz49045 - 275+ » 24,800
V= 7445 M= 23580

d- ol . 3 - "
754‘_,_4%1:;1.‘5‘_2. 17.7 d 7‘2"\[27;5-’9-- '3
Keep Heel 24" Thick.

Refir= 534 < 140 £ 15 lo.

A« : ON3B74 Top  Use 1" atll"coc quves.07I8%%
s ’.éo_i&i%g_z_' op se 1" « c-c gquv

pr #_ = ﬂ’r-ﬂ_ s 118 p.i. }'00 . Spec. Anch.
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CUT OFF WALL

. — I .
Passive Earth Pressure = wh (—‘:—é}f—%,ﬁ.')

at C-C° wh* 2444 % o4t
Case 1L

Possible Earth Resistences 359 wh = 8650,,¢
Te maeke Shding Factors2 R=2-7800 . 46623330

» 4,700 reg'd
Min. h '%g 54’  Use h= 9"
d= 15° C-¢' V= 4700°
AT on 700,

M=V§=21,2007*

IF Ne Tcﬁuon Rein force ment

ds VZLZOO -45 _ 13.3"
12 - 60

Use Jl,_g_

Railroed Cantilever Well
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DESIGN OF TOPOF R.R. WALL

V= 2 500*
M: V-1e7': 4270'*

ds3270 , 55" 127 Supplied

a”u
A,.Z%.w%..ozze /

B.ndm, over |”® frem bottom spaced
«t 40" svpp lies .OZS_QZ'

Railroad Cantilever Well
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DETAILS OF RAILROAD

CANTILEVER WALL

’ EC rrack
et — /10'-0 2
.'1",{ l‘_a"
‘ L
1R
i |
Bend all Vert 3 1 L
Bars over fo 13>
opposite side
. 1" ‘af 3 lengths,
fd’lflzd% Hor ™ lﬂjl"ﬂaﬁs of 4 -
L, o ', 6/c Vert : '
M bt -18"</c Hor <0 40
P o —— ol "
le
]
20" | 20°
r 1 |
]
10710
20" y l—:‘ H
Y N
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4’0’./'/: ot
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3'—0’ 6"0
x s :
E ._‘El.—.- "L (2R |
W : 5
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Coa
12" f#5°

10,1307

S TEM BPESIGN,

- /nert FPrisrm

/ - Full Friction
TO®/f43 \ =t whicos P
at h=/85" H= o000 /b
at h=/2' H = 25205,
=Rk JERD (A A2 )

Be=nding Moments .
e/ 4 H acting at % At

ath=/85" M= 37000 /b. 7

Al M= 10,080 /b. £
at h= &' M= 1,260 /b £+
£or Mamenzd-f@ Por Shear
ZF =185 Slin b=
ath>12" d= 987" at h=18.5"cd=/43"
P TL D d=3.52" Mormen

controls

Make base Z’a-:’_/u/%fion ot sterm
and basc, stepmpr 127a¥* Fop.

As =g
/ , ath=185" 4. = L1125 n
/ 4 atfh= 12" Ay = .038%%n
2| LL &’ at h= o' Ay = .0062 “/n
N
‘\6 /? at 8 cc gives .125%%n
] (see chart on
Rl Grapltrical Construction hext page)
(222 o From Walls, Bins and
*0 GrainElevators ' by
i Ketchum.
n

Cantilever OQutside Wall

L
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STEM SCHEDULE For
STEEL

18'-3"

17 bars
at 32"co

8-C

s-o°
a—2_— Ay PROVIOAD

&RGO'D

v L] L 4
o2 08 -8 a 08 .10 A
Ag in in*/n

Bond.
-V 000 .

Anchorage .

L= Bad _ /18 000x7 .
P4 “Hs00 * 7?5

Hooks Regd.
Temperature Stee/.’

Front ef Sterm Back of Sterm
' MHor. z"""‘f/z’ 18 bers f¢.¢*24” "9 bars
Vert F# ot 30°

Contilever Outside wa/l
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FOOTING DESIGN

P's uh cos § = §:70-(£8)".707= 19,400

acting ot -i--Z&' 9.34'p.
P' combined graphicolly with fill weight+10,130° and
wall wu,lut’&,“o. to give resvitent bease pressore in
vertical direction s 32,400..
Resvitant cuts base .5 frem center of wall,

Toe ¢ Heel pressvres:
pe 22300 - 3240063
p‘g 3375 '...f.
p = 2025 pat

Heel Dbsign:

Mex. Shear » wesght of fill above heel « Ve 9440°

vl-;-)yz—-'--‘%s 33.3 psa. (c”owabk 40;
B.M.: 9440 -3.1= 29,300'*

As';ﬂ]"%- .069%7

Use ¥4 ¢ bars ot 8" c-c guvas .0703°74
it iy e ( etlowabla 100)

Cantilever Outnde Wall
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W ZTOR0. vig 3°d "8 ta tend $ONE 52U
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TOE DESIGN

‘ \ Pressure on bottom of

toe = 12,600%sV
’ v s--b—.'-vz-:'227/6 7= 43.7’&!.
205"  (allowable =60 5.
| —
33750 | — 2925 pst
12600*

B.M. ot toe =12,600-2.05'= 25900 *

deyH _2_%99_, 13.6 Toe 2kthick

N N L7
A"ﬁid 1'82%%-'27 - .0693%7
Use 34" # bars at 8" c-c gives .0703""/

Bond: r i#" .52%997. = 133 p-s. Spcc. Anc"n.

Cantilever Outside Wall
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CUT OFF WALL

Passive foo-ﬂn Pressure = wh( ,’_t_éu_g_) s wh(3.5)

. At front of cut-off Whs 2925 ¢
Possible Resistance s 2925-3.52 (0,250 psf

Make S.F. 22 R2 2-13700 - 466-32,400 -
: Rs 12,300
Mmin. h« :% ;g 3 ‘.Z'JQCP Use hsl'3"
v=10250"
L I
R ——> . h dz ‘2_%,“:24.3 Use d=2'
Overturn:

Resvitent gtriks 1n middle §nd. therefor wall 1s safc.

Shding:
R,z .707 - 19,400 = 13,700*
SF = 224900 -Tan 25°, |.
= =13,700 = 1O
Cut off well as above nesded

Cantilever Outside Wall

2
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PDETAILS OF CANTILEVER
OUTS/IDE WALL

/8- "

$%2
Hor

-z"fao"a/c

I"* of 3 Lengths
ingroups of 4~

8“cfc vert

ZI' “Car 24" Hor

g

/-4

g

S8 Sspacings
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DESIGN OF VERTICAL SLASB8

— e —

from case IT (cant.) Ps2800"

Y800 = ;'(pm’f‘ﬁ)l Paaoapsf
P for 10'ef walls 718000%

Mo = 78,000x7.2+56 2, 000* £+

3/7 psf

® <
V"“L

wr w
I 2%/2x 180x/0 26,000
IT 1é =l x| SOX]O 24,000
OI 7585 = /4% |00 985,000
¥ retursnisO 11,000
X /5 Enrni00 8400
XL 85,25 7x 100x/0 86, 000

210,400

Meoerm.

arm
&’ 2/6,000
‘.5 108,000
&5’ &or,000
7233 80,700
267’ &1,100
o5’ 206,000

1,598 800 =Mp
562000 =M,

200,400 (_1,936.85¢

<493 from tee

lo¢ and Hee! Pressovres.
2/2a, svo @reo07 '
P e — ('t &5 ) e 7’:’93
z /-
Pp= 2709 ps¥ orvertvrn: g 727
Mg /, 598000
- PR il hufielt K3
kh- 82/ #S‘F ﬁ.. Sea 2.88
Slide .
210, o0on. 466 Moment: .
E r36 v 73048.5" -
78 “‘M:,fAnclnr Tat-Msphow!= 22220 4400 2
Shear: os-X . Bl10e Ext: M"}‘b“’/" M‘: s270%£4
— b7 " iangaao” T . "o
be gl s100% o it s
270 .
@ [531%: c1s

lee!
.4,.-57

Tnt A, 2202
I‘,ma‘-af

Ext o, e T27%70 w
d .l‘ooo:za'=~“/’ 7n

*.03/1%7n

ounlerfort Laslroad s/l
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DOES/IGN OF STEEL 1N VERTICALSLAS.

‘ .
‘I“i' \ Steel for top of wall

N ‘l, N
4 * M Same ag cantilever Ral/road »
| D Warl. 34 "* at10” will provide 0257 Yrow

<<
w
L
/

\\ T —I a.af'Pa' /)
\ ‘/5 (Ext Pana
N

/¥tat €&°

‘\ i_ . (Ext.Panal)
A

4at /2
(Int Penel)

o'

/&

r2%~0"

/12 af 7;’-"
Tnt Pane’)

iz e 9 8
BaorSpacing-/nNehes

DES/IGN OF CUT-OFF WALL
Passive Earth Pm;urcs/,% whs3Swh
J' At A, whs2/80psF
[ A B possible resistance@<3.5§x2180« 7630 st

—1{* I1£ S.F»2 R 257800 - 466~ Z/,040
|d| R='5 600 -9770
R=5830"

5830
S —_ .76
h 7630 ¥
For Sh . make h=1-0"
or car.
. ¥ . I830
ol bjv - /2.:.3.4-9’

ks 2b CTTECEIEN vy

g=r711"

/1,“

make g- 18"

Cocunter-Lort Bailrood INe//
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TOE DESIGN

L

? 82)
215 /4,{

2709 — | ¢ Ve 9778%

078 M=215-v:- 21050'*
ds = %5 156"

VR V3 <1237 A, - f--28%0, . 0635

Use 1'$ at 12"ccc gies .0655"%

HEEL DESIGN
Veaghf of earth + surchargc above | section end of heel:= 24'20‘/
Vedwl=4$-1520-85+ 6460*
M=% wl*=%-1520(8.5)" 9150 "™
2420% M=i5 wi' 5 1520-(8.9 11000

2420% .
d-yuge - el

d= - iﬁ-fg-",—o 154"

Keep heel 24" thick.

— e w—f o —-——

82|

-

900* A2l - 0276°% It
2001 1520 A =1000 . 03327 E,t

a19° 18000 % 2|

Counterfort Railroad Woll
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HEEL DESIGN

M=z 419-(8.97- 2520 ™ Int.  M=-5-419-(85 3020 Ent
V- 4- 915-8.5: 1890*

d* iegs 4.5

0 ) ok ) )
A hasga + 00767 Tnt A 23285, - 0092 Eut

4@ 75"

0092
.0076

TENSION STEEL
Heel 64'60‘242,920*
A, - 12,920+ 18,000 =.718 °%
Ave 2189, .269 har L0002 29" long

Hook -g:'# bar every one

Vertical Slab 730-8.5=7060
A, = 7060 +18000 = 59254
Ag- 332:8.- 131
L - 18000-.5 -400-22.5"
Hook -g-.u bqr every other onc

Counterfort Railroad Wall
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COUNTERFORT DESIGN

Use 4 1"¢ bhars

ot 8'

at 4'

27

at 12°  V=3(730+317)-12:10~ 62800 *
M= 62800-5.2 = 327300 "™
A,~f8—ogg9,gi 312°"

p =25 56 pusi

V= 3-(590+317)-8-10- 56280*
M:36280-3.6/<131,000"*

AS'E%O%‘ 1797

V=4(453+317)-4-10 - 15400

M- l5'400 .84 +-28,300""

g! 30‘2 an
" Bodo-75 26~ 67
o
£d . "
L3+ = 45
“T&—1I bar +
q' - ——==
|
: T2 2bars
|
8} - — - —q-
| '6" |
I ¢ ! f . a—4 bars
| : 2'6
12 ! ! s }
R3] .79 3.12

Use 1"$ bars cut off as shown.

Counterfort Railroad Wall
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DETA/ILS OF RA/ILROAD
COUNTERFORT WALL
INTER/IOR PANEL

10" 'clc Vert
20 "/c HM

% "%bars
12" efc Hor:
26 "c/e Vert.

LA, 1

’8

/" @bars
7i’"¢/¢ Hon
2L 6" /e toort

|

K S

40_00-

~

7R

<+ Drain@10 io"e./e\

1o0'-0~

28

Track

2bars 1"?

-

’

@

L
t 4 "ve 2.0"efe _2""

1-01

ré@ szl

"” *.-q__;o -

+-0"

-

. L
=

/120"

I1'-C"anchorage
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OETAILS ©OF RA/LROAD

COUNTERFORT WALL
EXTER/IOR PANEL

29

K 10" 3”
5 |
; gt iy
RN
Track
3
s o S
v ’ ~
/1O0—-0 .
. y @
L T
f'* bars
— 2°6" e /e Vart.
@" <lcHor: 1“6" c/c Hor.
2L et Vort
cfe Vor e =) /54,._/"#
R )
\ =
: ||
g >
N
o 2bars-1"*
2-0"
{"‘bar_;
6"0/6//0’: § F :
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" /6 1
H
-~ v
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DESIGN OoF VERTICAL
SLAB Coal WF

coal W,z Z8xm70% 10 = 68, 600%
ctt W= 185 Exi50n = 9720%
coal Wa = /8.5311’:‘ 70x9 = 4/,800‘

Fota lcoal: [10,400* c.q.

876
from foe

arm Mom.
2.33" 1,208"°
stem 18.5x/x150 = 27,750 45° /25 000"
Cr+'Ffts 12" basc /2x28 =/50x 45,000 é' 270005
i TP R 852,470 | 966,200

365’
from foe

<.cr.of Wall
Py 9720*

e /scaled)= 0.4

Vert Pressure =330, opo /6.

5.6 from
palerh toe

at 18.5' p=.707x70%18.8= !5 psf

3 at 12" p=.707%x708/2" = 594 psf
v 1 at &' p:z.7071%70x6 =297 pst
: & Shear: = —“:—_!
§ at 185" y=9/5%1.5=4120 Ibs.
% at 12' V=594 952670 /bs.
: at &' V=297<45-1340/6s.
: Moment:

/nterior Panc/ M.-,-é- wld®

. - FIEXSBIX12
at B85 M: Z==="'% 94100 1b-1n.

at /12" Mz 59458/ = 48,200 /b-1n.

aft &' M: 29728/= 24050 1b:in.

/ £ xterior Pane/ M-‘)'b“'l g
atl/8.5' M=z B35000 1b-in.

at 12" M=z=57, 800 /b-in.

at &' M:24050 lb.-in.

S0, 000¥
2063 psf

\ 29795bsF
:

Sz ssF

Graphical Construction
From Ketchum “Wwalls
Bins ¢ Grain Elevators”

Counterfort Outside Wall
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For Moment: d -7%’5

ForShear.

DES/GN OF VERTICAL SLAB rconr)

/nt Fanelel = '/ 74,000 _ _ 5*

1408_ ’Z

Ext Panel d-¥ 22699 -7 28"

d=-Y 2 *Z0

/40x/2
= 654" (S pec. Anch. reg'd)

&jv 122260
Stee ! Reg'd:' A= :,.":'7
e/
/nt Pane/ Ext Panel
at (8.5 Ay 2043 %n. A, s. 0524 “%n.
at /12’ Ag=.0283%%n, Ay =.034 = in.
at & Az . 0/42% n. Agz.017%%n.
o x— - — All 4 #bars.
ke
I
N \ | 4‘#455 at 14°:56"
N\ I Exterior
. \ Pane/
V| Sspaces |
at /365" \ |
- \ '
) \ -— )
\ i G shaces at 17= 64
[N
* %
N Sspaces \\
E S ars/0o=50" \ l_
e N
N Interior \ l /0spaces até 60"
FPenel Sspaces \
\N— — =
¢ N\ 10sp3588 4o
Bspaces at \ |
. ‘l "’4"" .
in * N
9 « T — * - + - t— - ~
”»% ol on 09 0¢ 08
A4 Required
Bend. | 4/20 ;
I 'q'}:]l" 8rF~7" &5.6 bs/

. de ! N delida 72y
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HEEL DESIGN

Shding: s 112 Must Anchor

4000-.7

Overtorn: R Strikes within middle 379 wall 15 safe.

]

Heel design:

Weight of coal above I’ section at end of heel
Coal 25.5-70: 1785"
Concrete «_375°

Total * 2,160% on end of heel (at point
of overturn)
M =5 wlts75-2160-(9)" 14,550""  Interior Panel
Mefswl® +75- 2160-(9)*17,500"  Exterior Panel

V=% wl s §-2160-9 - 9,700*

For M "'\,1;—',{89- . 12"

For Shea: d 23' 27" Supplled

/8
,m . 7 /

l l|745' psf IZI 60 psf
A, Tnt. - .U.ii.n - .03492°%%
18000-78-27

/JOOOP‘-" “A{ point of overturn
““p‘t ' |

U
12’

Counterfort Outside Wall |
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HEEL DESIGN

At base of heel V: 3000 -/745 = 1255 p.sf acting up.
!‘1-,—}—2—4255-(9)Z= 8500'*  Interior Panel

N'% 1255-(9)?= 10,180'*" Exterior Panel

Ag = = .Ozny' Iht
18000 7527
As- 10180 _ 024"/ Ext,
8 78
Hee|l Steel:
Use 3% bars.
4@‘"C-C E:t
( = = .0411E.t
_ : /7 0342
; | 5@7c-cInt.
3@I0°E. | /
This steel ,-—/—— R Int.
[Ty ] boﬁom ﬁ " i
: 3@12c<] |
|
: I
]
( g B
-+ 3@[2" Int.
This steel T‘"{' L
in top Loz | R
i 4@'0 Ext
5 e N T
»= -42%—?"}—7 = ’oz pP-se.

Couni‘erfm-t Outs:de WG“

33



T

“aleia J3IiH

qu et ¥2.q22SI = THTL-000T =V I99d Yo send JA
Isned vomelnl  ™'0028 ‘S{\Q)'EESl'E']'N

lsnsd <or1stx3  "'08I 01 +(e)-2281- 5+ M

j“I ':\l"nso = *zA
$BY 0008
H3 NXUpso. - 0%\0\ WA
X .B . 8\ z
: 9ot |99H
2ied +"*_:~: 22\
iﬂ )")‘.;@}
T1$0 —_ e
313"‘“; ] \
$2E0. S\ | _
153 Y9T \ .
. ')
ITANDE — — | Loste 2T
| |
l"'*.l ).;S\Qt_ MOH& ™
|
l -
|
T v \
jalsl0T 41
| \ lasta a:dT
‘ | qot m
113 O‘I@P\s <0.
L —S psol

Hb\n‘ 9\u21u0 '.ho*ﬂ:j rnuo D



3¢

DESIGN OF TOE

V=12,832 /bs.
M= /2,832%2.08

M= 26,700 [b.-.

-’ /'
26"
A "
“ e é
: : i
L 2.20 7oe 8§ Hee! Pressures
| - 380,000, &6x3830,000 x.5
12832% P 12 %x/0 /4-40
p=27502c87
pp= 3437 pst
Shcar § Moment bn=2063 psf
Y= I4B7+2974
2 For Shear:

gV = 12,832
bjr 1z=gab0

d=204"
kaec.Anch.)
For Moment:
V. ., /2& 700
g gb " /740
d=s 138"

A ‘és;' . 26,700
S"4jd " /8000-F~27

=2.0628°%7n

$ ”
U ar 9% c-c.
> % Bottom

Covnterfort Outside Wall.
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COUNTERFORT DESIGN
At 18.5'

V=--215:10-18.5, 84600°*
M: 84600-1%°: 520,000'*

e .. 520,000 - (2 2
As fid ~ 18000 - %-90.37 4.39

6-1"4 bars qives 4.71°"
S \
At 12’

e
\ V- 599-10-12 5 35-’600"‘

/)99/ \ M- 35600 -4+142,000'*

(394 —2'
‘ 142000 .
)91)\ A+ Tgooo %16 L9
K-) LL‘.J/ : At 6'
V. 23L10:6.. gg00*
. e M= 8900-2=17800'"

L] O [
buici A 289 52
G R | Use G-1"¢ bars cutoff as
I shown below.
} Cut of f 2- 56" above base.
I SN
|
} | : Cot off 2-2'G" above base.
‘ { I G- 1"¢ bars
esl | ||
" 37 197 704 439 471

N

Counterfort Ooutside Woll
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CUT OFF WALL

Passive earth pressure = 3.5 wh

At A" Wwh=2950

Possible resistance=3.5:2950+=10,300 psf

A If S.F:2

R=2:19400:.707 -.466 -33000
R=12,000
h:129%8 - 117" Say I'3"h

V=12,000* M-12000-7.5:90000""

. 12000 " J=\/e-90000 "
d:25205,-28.6 ! \/gg_qw_ . 27.4
Make d- 30"

Tension Steel:
Vertical Slab
P=915-9:8220%
Ag» 2220, 456 °%4t. (bottom strp)

Ag= A3 . 095" bar

P =
A, =

Use

Use 3"$=.20"" hook on every other bar.
Le i 1B000L . 205"

Heel Slab

9700-2 = 19,400 * A,=i,§gigg-=:.ra°'m.

LI8-6 _ e . fd u
|z.2'—' .27 /bar L. —4‘;— 29

‘5'"4> hook on every har

Counterfort Oulside Wall
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DETAILS OF COUNTERFORT
OUTSIDE WALL - INTERIOR LANEL

3!-1* 12" 45.
a / \ ) ?
5@
13° 2
-z'—“'ﬁbars
2-0"c/c
ZL"¢ barg
N
z bars{ 515 a
- >
0
\'
N
l"‘ bars
cutoff 2 {
bars
3 2
..L"a_"— % ‘bﬂ-” cutof¥ 2 ‘y
e barls L)
b
G bars 9
"ty

/-6" anchorage
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DETAILS OF COUNTERFORT
OUTSIDOE WALL - EXTERIOR PANELL

st 2
S-Sl k 1.
57
4 ¥ i i e —J.
4 &®
Y7 ¥
E'.*bars., " -
zl ou‘/‘z J A
B L"® bars )
~h
-ZL bars 6;9
- 4 & ;»);_J&: o
L [ 2 g
0 k1l N
8 1" bars
ket 7 93 cutorFr 2 .Y
bars
o
cutof £ 2 M|
bars )
651-!.// Kﬁ
Y|
a.//sz“ﬁbars
m heel

</2G" anch orage
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Assumec for Pur.ovces of wstiuate

aterial costs:
Uil costs 54/1(C s8q ft of form surface

Foria lumber costs $1CC./1lCC £ b m (507 selvage
velue,

Bolts and neils cost 6&¢/1b
Ready-nix concrete costs $1C./yd delivered at jo.
Steel costs ,2.65/1CC lb (incl.chairs,spacers
ana ties,
Labor costs:

Unsxilled labor averige: ¢l.2¢/hr

3=

"achine operators: 2 1.5C/lir

Foremaun: ¢2.C0/hr

Carpenters: ¢2..C/nr



.

Cost Lestimate for vantilever viall

Taterials:

{a,.Forms

R.R.vall

35.3x250 foin/1l sq ft or ¢82C fbm reqd.

16x11(x2 or %2520 sq ft of wall

?5.2x3 los/1CC sq ft or £72 1lbs nails recd.

Lumber < $5C./1C0C, 2.82x5C or
Bolts s 6¢/1b 282x.C6 or
0i1 =+ 55/1.C 35.3%x.05 or
uutside VWall 13.5x2x22C or 314
81.4x250 or 2CZ5C fbm reqd.
81.4x3 or 535C 1lus reyd.

Luiver + ,5C./13(C, 2C.35x5C or
Nails » 6¢/1b

Uil « 3¢/1cC E1.4x.C5 or

() Concrete

122 yés in X.R.VWall

51C yds in outsicae wall

:

65Cx.C6 or

Bhi1.

(@]

Co
o o o

iy

- 10.

B]

].

+459.6C

sq ft of forms

g1o17.5C

7C2 yds total (347 in base, 215 in stem)

z1C.CCxTL2 or

40



‘c) Steel in 1C' of well

1" ra bars (2.67 1b/ft,

3.75 bars, i8..' long or & .4

.c' long or of.5"

‘O

-~

.5 bars,
i2.5 bvars, 7T.C' lon, or 7.5
224.4'x2.67 or 532 1os

1/2% sq bars (.85 1pb/ft;

4 Dbars, 13.3' long or T4.C'

26 bars, iC.C' long or Z60.C'

474 ,C'x .35 or 362 1bs

2 /4" g¢ pers (1.21 1p/ft)

e —

2.C.C'x1.81 or 222 1bs.
1349 1bs/1C!'

134Cx33 or 445CC 1b total

Total for Steel = 445x,2.65 or _11¢C.CC

Total = terial Costs o72C. 1T
2. Labor

(a) hxcavation

| Forenan ¢ 2.CC/hr.x64 hrs ,123.CC
2 Trimnersd §1.CC/hr.x16%2 & 32.CC
1 Cat.Oper.s,;1.5¢/hr.x64 hrs § 96.CC
1 B'hoe.0Op.4, 1.5¢/hr.xi6 hrs L 24.(¢

(v rorus
116(C sq Tt of form surface
15 lavor hrs/i1lC sy ft
Lnit cost 3C¢g/sq ft

Totul for forus 11E7Cx.3C or 42501.CC
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\c, Loncrete
Buses 227 yds s dhr/i2 yds or 22 hrs
Y en x 32Zhire X 41.20 or 2uf.lC
Stems 315 yds « iar/@ yds or 158 man hre
7 men toxe 4 days to plece
7 x 8 X 4 x 4i.2C or we89.(C
Totael for concrete  ;528.CC
(d) oteel
25 hooizs/I1C'  332x25 or 225 lwoks

9 venas/iC' 23x 9 or 237 bends

Bending: 2 hrs/10C bends x 27 or 7 hrs
ookings 3 hrs/I{C hooxs x 825 or 25 hrs

Flacing:
]/r:-" bers [T & S ST/ o~ !
a= Co cHXJ0 Or C.C unwer I\;
& 5 /il or 42 hrs
45x33 or 125C under 2L
4 & hr/i.C or 9l hrs
1" burs 3.75x.3 or 124 under 2('
4 8.5 hr/I{C or 11 hrs
1

183.5x23 or 61C under il

s 6.5 ur/1.C or 47 s

215 hrs
Total for steel 215x,1.2C
N 2"‘28 .40

Total Lavor Costs 4577 .4C




3. riant
[ R PR a4
(&) —xcavation

N |

Nesove i (' ALnLlraci - 1.50/1lin. Tt

“elastall iZl'AWl.ireck = 2.C0/Lin

otrip off ' over bia floor

~r
73
[

55x11/27 or Jus
—xenvate aions 2.il.
19%I2K12C/27 or (850 yus
C3(4 jus
Lee 2 Zulildozers & 81C yoo/ucy

T4 or 3 days

l—-»»

or

(]

L37.0C/duy x 2 X

~1.; for bice

o
2 O6x4xi2/27 or 545 yds
Zacclive - 4G yds/Gey

545 or 2 cuys x ,27(.lC or
4.C
Totzl for
{0, Foras
1 povier saw cnd hand tools-scy
(c) Concrete

5 vu__les =

o

o)
S or

g i feigx 4 G

1 Vivrator - 687/dey x 8 woys or

Tisc. emeell tools

cxC

<43

@ 15D.CC

ft,2.C.CC

-
4
(@)
(@)

ir

avoation

(G, vteel
Zenaing and Sutting macliines

el L, Uiy X 4 duoys cr

Toteld

slant Cousts 2 1213.50

C.CC
. 12,00




Lotald eost of L aterlois, Lioor fnl Jiont
4. Qverneod

15, of totsl coct

5. rrofit
¢,s of total (incl. ovarhedad,

!,

GRacl Lorad

[N

xt“ 42 . &.L

wiolCo. 1D



i.

oust stl.vihe for Sounteriort wall

ceterieds
(e, Foris

wall

oulsice

EC ct'fte x 7 x 18.5 or 2..¢ sg It

LOA25C fo/iCl gy I't or Ol fem

Neils ete. 2028 or 208 lus

Luitoer = .5C./10CC, 6.3x,0 or 4.25..C

Soils e 6¢/1u, 2u€x.l8 or w 12.40

Olls 5 /1Ll, 20x.l5 or v 1.3C
cet'fte cione, gz 8.7

Roleniadd
1o ct'fts % 7 x 12 or J4( sy It

L4052
[ a“ke I

fu/i1l0sy 't or 2iCC T

waiils ete. C.4x3 or E71bLs
Luer v o5, /iliC, 2.ix3( or
Jails o« 6. /ib, €7x.l6 or .
01l = Zg/10(,8.4x.C5 or
{ct'fts lone)

“n i»ll

Total for fornms

\

(b, voncrecte

102 yas in R.R.wall
455 yas in vutsice w1l @nd ct'fts

€57 yés & ,1C./yd or



2 vers, 256.5' loa, or 353

ic.5 vers, 2' lon, or 2!

r A ~ o - Sl |

(.5 wvars, 2° 1017 or 15
Eo'x2.07 or 2.8 1us

]

53C'x .05 or £3X2 1bs

73.3'x1.90 or 14C ius

1137 1us/iC!
1i37x23 or 375CC 1lis

Totzl for Steel - 375x.2.635 or c4,CC

Total latericl Jogts $9512-25
2. Lavor
(a; wxcavition
vurie as for Cantilever w 22C.CC
{b) Forus
i5.7C s¢ £t of for.u surfice

15 lebor lirs/ICC sq 4 or 20./sy ft

Totel for rorms 15H0;Cx.30 or 52

i
-
o
@]



(¢, Concrcte

- £

Zoser 406 yde s ahir/i2 yds or 25 hrs

7 wmen % *6 hrs x .1.2C or [ ZZ2C.

Ltems 25) yds & /2 yis or 1E5 nén hrs

7 men toke 3 wiys Lo ploce

7 x 8 x 3 x ,1.2C or wol2.CC

Total for concretve

(d) Steel

47 hoois/ct'ft x 3C or i4.1C 1/2" ra hooks

i3.5 x 33 or 445 3/4" sq h.ous
2.25urs/1CC x 445 or 1C hrs
2 hrs/i1.C x i41C or 22 hrs

11 x 3C or 24C lends

2 hrs/iCC x Z4C or 7 hrs

rlocing “ars
IC hre/icC x ZC or 3 lLrs
& hrs/ilC x 120 or iC Ire

€.5 Lrs/I1CC x 12C or 3 hrs
6 hrs/1CL x 3175 or 135 hrs
4 hwrs/1CC x 422 or 1/ hrs
262 hrs
Total for vteel 280 x ,1.2C or

Totcl lLasor Costs 53645 .EC




3. I'lant

/ R I SN
\ﬂ.) LXecadvavtlivn

Liune as Cantilever w ViTi.CC
(v, iorms
vane ae Cantilever w 2C.CC

(¢) Concrete
5 vu,._.les i .1./cy
3 x ¢V.0C or [ 3.0C
1 Vibrator =z 6C¢/duy
7 x .6C or  4.2C

I"ise. tools L1C.CC

(@, ctecl
Sencing and ovutiing iw.chines
.- o

s ¢q.0C/dey x 6 deys or g 6.0C

Total rlont Costs Z1214.2C

Total cust of Iwterials, Labor wnd Ilint 416372.35
4. Uvernead

154 ol tolali cost o 2455.25

5. rrofit
84 oi total (incl. overhead) w 1506.25



o s N 5, MR N &
(SRR ,f Ve Lo d o
1

Cantilever Countverfort

Materials

Foras g 122C 7 $1°62.25
Cunerete +7C2C.CC 637C.CC
Steel ;llfﬂ.CC 9 ST&4.1C
Ror20.07 w$312.35
Loor
_xcaveulion 4 22C.C § 22C.CC
Forus w50 1.CC LE4520.CC
gonercte w BZd.CC « 522.CC

GASTT . 4C 5045, &C
1oy

Licavation 4 ia71.(C FUI1.CC
Forus @ aC.cC ¢ ac.(l
Soneicte v 18,80 + 17.2C
vteel = 4..¢ " 6..¢C
L I212.8C s 1 214,28

Uverheed

15,5

Froiit

8% - _1427.C5 w 1208.235

alweNo Tl ¥ 10265, 15 42C334 .45



00M USE ONLY










