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Introauction.

The work undertaken in tiis thesis is thLe examinaticn of
each ana every ChLapter;, tie aevelopement cf such equatiQns as
may seemr necessary to a clear understaniing of the subject mat—
ter; the discovery of errors, if such exist; and the solution
of all prooless and designs, acconpanlied oty complete drawings
for each case

Ihe notation usca tircuglout this thesis, in the soluticns
ana upon the crawinis, is tne notation reccrmena=d in the revisea,
c¢r second repcrt ot thu Joint Cennittee of tie fnerican lociety
of Civil wonzireers, Jmerican Soclety for Testing katerials,
Anerican rallway cngin—ceriang anc Meintenance of Wway Association,
and thLe Associstion of Arerican Portlana Cewment wanufacturers.
The pucvlic presentation of tils report ceing nace to ithe Arer—
ican lociety of Civil cnginzers on January lo, 191G,

Thie stancara notation anc .le formulas for cesign, as recon—
renaea by the Joint Cormritiee follow:

(2) .tenoard hotstion
1. rectangular z-ans
£.= ters.le unit stress in steel

s
oS ccmpressive unll siress in concrete,

f‘_
.= roculus ¢f rrusticity of steed,
.= 1oaulus ¢l _iasticliy cf concrete
R
w =S
L =—
ae
. = rnoren. of resislence, cr tenaing nerent in ceneral .
A= sterl arra (cesolea Lu Lils LLesls vy as)

U = wreaaun of vearn
1= coeptho ol Loar ¢ oventaer of cleep
k = ratio of depth of meutral axis to effective depth da.
z = depth of resultant compression ovelow top.
J = ratio of l2ver are of resistini couple to deptn d,
Ja = d—z = arm of resistini couple.
p = stecl ratio (not percentase),.
¢, l-pears, |
v = wiath of flanze.
v'= width of stem,
t = thickness of flanse.



S, Beams reinforced for Compression,
A'= area of compressive steel (denoted in this
thesis by a'g).
steel ratio for compressive steel.
f'.= compressive unit stress in steel,
C = total compressive stress in concrete,
C'= total compressive stress in steel.
d'= depth of center of comgressive steel,
z = depth of resultant of C and C',
4, CShear and Bond.
V = total shear.
v = shearing unit stress,
u = bond stress per unit area of par,
o = circumference or perimeter of oar,
2o= sur of the perimeters of all bpars,
5., Columns,
A = total net area.
A= area of longitudinal steel,
A .= area of concrete,
P = total safe load.
(b) Formulas,
1., kectangular beams.
Position of neutral axis,

k =/ 2gn +(pn)® — pn (1)
Arw of resisting couple,

¢ = 1= (%)
(for £g= 15,000 to 16,000, ana t.= 800 to 690,

K tay te Lak=en al F.)
Fioer stresses,

T (2)

S Rjd piroz

£ = iy = Lpfg 4
¢ Jkuvu® k (4)

-



Steel, ratio for balanced reinforcenent,

=4, 1
2 fgf s (5)
=_ + 1
fot nf,

%z, T-Beans,
Case I. When the neutral axis lies in the flange,
Use the formulas for rectangular beams,

fo— - —b— — — —

k

+

—_— = .. .

T

Figure z . ) )
Case II. Vhken the neutral axis lies in the stem,

The following formulas neglect the compression
in the stem:
Position of neutral axis,

kq = <ndA _+ pt? (5)
<nlA + Zot '
Fosition of resultant comgression,
z = ©okd = <t .t (7)
<ka — t o
Arr of resisting ccuple,
Q= a - 2z (&)
Ficer stresses,
fo= g
sT Mg ; (2)
= YK d = '3 K
f.= 2 T = (10)

otékn - %ti;a
P4

(For agproxirate results, tte forrulas for rectansular
bears are us=d,)

The following formulas take into account tie corpression
in the stes; tithey are recornended where tle flanie is snall con-—
pareua with the ster:

Pecsition of neutral axis,

o = S Endb r (o-p')tz EnA . (o-o')t;’
] ] )

o (@

nh + (v—p')t
= (11)



Position of resultant conpressicn,

Ekdt*— {t’;o + t(kd-i)@{t + i(kd_t)jip'

® 7 TTi(Zke—t)u * (kd-t)®o" (12)
Arm of resisting couple, |
jJd=d - z (13)
Fiver stresses,
fo= M 14
S Aja (14)
£ = zhkd : 15
¢ T(zkd-t)bt + (kd-t)2b'ljd t10)
S. Beaws KReinforced for Compression,
Position of neutral asis,
/-
k = ¢2n§p*p'§'; + n2(p+p')? — n(ptp') (1€)

Position of resultant compression,
dk3d *+ 2p'nd'lk - a 1
z = - - (17)
ke + Zp'nlk —% j
Arm of resisting couple,

jd=d - 2 (16)

Ficer stresses,
£ = Chi

c . (19)
s -2

t, = (<0)

£ = (21)

4, Shear, Bond, and Wweb keinforcement,

In the following formulas, 2, refers to the bars
constituting the tension reinforcerent at the section in
question, and jd is the lever arm of the resisting couple
at the section,



For rectangular bezams,

v = X (2%)
pja :
= -1.._ s
u = Ja3a (23)

(For zporoximate results, j mazy pbe tzken &s §.)

The stresses in web reinforcement nray be estinatea oy
by tne following foraulas:

Vertical weo reinforceanent,

o= s (

ja
keb reinforcement inclinea at 42° (not oent-uo opars),

=

2¢)

P o= 0.7L8 (25)
jd

in which P = stress in sinsle reintorcing mcaoer, V = anount
of totezl sheer assurea as carried oy the reinforceament, anad
s = horizontal soacing of the reintforcing memoers.

lne sene formulss zpooly to besas reinforced for com-
oression &s re&Zaras shsecr and oond stress for tensile steel.

tor i-ocexs,

v

vV = —g== (%9)
o'ja
u = —=2-- (<)
JA2,
(tor zooroximets results, J rcy oce tohen es §.)

. Lolurns.
lotel setfe losa,

v o= P (4. tnkg) = i 4(1vln=1l0) (s3)

unit siresses,

ey Le)
tg= ni, (50)

Tne working stresses &as recomnenoed oy the Joint Com-
mittee, which will oe used tarcugnout this thesis, follow;:
KORKING SUkESNER
1. General fssumotions.
The following workin:g stresses zre recomnended for static

losas. Prooer allowances for vioration snd imosct are to oe



O.
adaea to live loaas where necessary to oroduce sn eouivalent
static load before sppolying the unit stresses in proportioninz
oarts,

In selecting the oermissiole working stress to be allowea
on concrete, we should be guioed oy the working stresses usuzlly
allowed for other materials of construction, so that zll struc-
tures oi the samne class but composed of diifferent unateriels mey
be zoproximately of the szme aegree of szfety.

The followins recommendations as to csllownable stresses ars
given in the form of vercenteses of the ultinste strensth of tonce
oarticular concrete which is to be used; thnis ultizate strengtn
is to oe develooed in cylinders 3 inches in odisneter and 18 inciss
long, of the consistency descrioed in Section C, Part « (&), moos
znd stored under lsooratory conditions, at the age of «3 deys. I
the sosence of aefinite knowlesage, in advence of construction, =s
to just wnat strendtn mey oe exoected, the Coxnitiee suowmits tinse
following vslues s those which snoula oe ooteined with materials
and workmanship in accordance with tne reconrenaations oif tnis
reoort. -

Eltnougn occesionel tests mey show nigner results than tanss
here ziven, tne (omrmittee recormenas tnet thnes¢ valuss snoula oc

the psximurp usea 1in oesizn,

PTropq o Slxbadins ob plrpooziol SLXLUKEY
O CONCRLIx,
(In oounas oer souare inch)

Ligresate 1:1:e | 1:1%:c| 1iz:4 | 1izd:0 | 1:c:0
Grenite, 1rso roCK.ceeesescaeed <3V 2500 2200 1560 1euy
Gravel, hzrd lirestone znd

hara sanostone.......s. <000 2 (0 2000 15C0 1edu
Sorft limestons end hard sand-

StONE e eeeeeeinneioamans 2clU 1509 12CU 1200 VN
ClNOEBrSeeeeeeesoeecansasonne s <l 70U B0 el )

NedSe. loOor veriztions in tns uwoauli of elesticity
sge Jection o, Zart :=.

o

z. —serinz.
nhen cozoression 1s @oolieca to a surfece of concrete of &t
least twice tne lozusa sres, & stress of ci.o oer cent of tne

a
comnressive strenztn mey og elloned.
S. £xisl {omoression.
For concentric coxoression on @ olasin concrste column or
vier, the lenztn of whicn coes not exceca lz dizmeters, Zz.6 ocr




7.

cent of the compressive strength may oe allowed.
for other toras of columns the stresses obtained irom tns
ratios given in Rection Ff, Part 3, may govern.

4. Comoression in bkxtreme fioer.

The extreme tioer stress of & bean, calculstea on the
assumotion of a constant moaulus of elasticity for concrete
under working stresses, may be allowed to reach c«.& oer cent
of the compressive strengtn. £Lajsceni to the suovort of con-
timuous beams stresses 12 oer cent nidher amsy o0& used.

‘ €. <Shear and Lisgonzl lension.

In calculztions on beezms in which the maxinrun shearinsg siress
in a section is usea &as the mesns of measurinsg ithe resistance 1o
dizsonal tznsion stress, the following zllowsole values for toc
paxicum veriical shearing stiress are recorienasa;

(a) for oesns with norizontsl overs only and without weo
reinforcenent cslculatea oy the wzthod Ziven in rorsula (zz):
z oer cent of the cororessive sirenztin.

(0) dor oecens ilhoroushly reinforcea with weo reintforcemsni:

-

the velue of tne sncarins stress celculatea es for & (thet is,

o+

using the total exiernel vetticsl spear in borwuls (z2z) for uni
sheering stress), nust not excssa O oer cant of the comoressive
strenstn., Ibhe wed reinforcenent, exclusive of bent—uo bars, in
this case, snhall or orooortionsga to resist two-tniras of the
external vetticel shesr in tne rorrulss (xé) or («&).

(c) tor oeems in whicn oert 2f tne Jongituainel reinforc:zi=rt
is used in tne forn of venl-up oszrs aistributea over & oortion ofF
the pezuy 1n a wey coverins the reoulremsnis 1or this tyoe of weo
reinforcemnent: the lirit of maxinun verticecl shesring siress
(the stress cslculatecd as tor &), < oer cent of the comoressive
strensin.

(a) ‘%nere punchin:g snear occurs, thst is, shearing stress
uncomoinsd with cororessicon nornel to trs sneering surfescs, ana
nitn sll teunsion norzsl to ton: socering olane oroviaeu far oy

reinforcsusnt: & shserin: stress or o 2&r cent of toe comores-

sive strenzth Tey be allowsd.

1lnhe oona st concrets eno olein reinforcing bers
T

r n
ney be& assumsd at & ocr cent of the conoressive stirensth, or «



oer cent in the case of drawn wire.

7. keintorcement.
lhe tensile or comoressive sirength in steel shoula not
exceed 15,000 pounds ver soquare inch.
In structural steel memoers, the working stresses aaooted
oy the £imerican kailway bEndineering Lssociation are recoasmenaca.

g. Modulus of Glasticity.

Ine value of the moaulus of elssticity of concrete has a wios
ranges, aeoending on the saterisls used, the age, the range of
stresses oetwsen which it is considered, as well as other
conditions. It is recommended that in coamputstions for the
position otf the nsutral exis and for the resistingd aorent of ocoiuns
and for tne coampression of concrete in coluanns, it oe assumesa ws:

(a) One=fifteentn of that of steel, when the strensin of
the concrete is teken as 2<J)U oounas oer souare inch
or less.

(0) OJOne—twelth that of steel, wnen the strength of the
concrets is taken as grsater than zxU0 pounas DEr
sousars inch, or less than «3JU pounds ver souare
inch, ena,

(c) One=tentn of tnet of stecl, wnhen the strenstn of tine
concrete is tsken ter then «2JUU pounus DEr

souere incin.

Lltnougi not rizorously cccurcte, tnese cssunntions will
give sefe resulis. #0or ianc agilectlons 2f oeers wnich are fr:zc
to more lonzitudinelly &t tns su ig, in usin3 forwmules for
asilection wnich 00 not te<s 1in count the tensile strendgtnhn
aevelovea in tae concrets, & nodulus ons-eizht of that of ste=l
1s recomrnendeda.

ine reoort of tne Joint corrnittee, witn the exception of
worZzind stresses, notation ena formuls, which heve elreaay odeen
steted, 1s ecittechea es Looendix [1 of tnis tnesis.

In tne solution 2i orcoblens ena 1in tne desizn of structur:s
reference 11 oe mers to verious taoles numosrea irox 1 to 13.
Inese teoles ars given in hool's volume 1 znd eoocer in this
thesis as fLooenaix 1.



ORLLA OF PAUC2LUA:.

ine order in whicin the various ooints will be taken

uo for consideration are:

1st.

<nda.,

nemsrks on the Cheoter and dlscussion oif errors,
i1t any, oiscoverea.

Leveloonent of equitions, where aecmed to pe
necessary.

Statenent of ezci oroolen or assign tollowea oy

the solution and necessery arswinss.



10.

CHAPIER I.
L discussion of earth pressures,
fluid pressure,

stability and eoguivalent
in which Rankine's Theory is stated and methods
for arriving at equivalent pressures as used in designing rein-
forced concrete walls are develooed.

The assumptions ana the general equation of kankine's
Theory are;-

Let P = resultant earth e e ound on ga
vert%a surface 5 Waff eouaY fe gtﬁ 1.
h = total height of surface in feet.

w

weight of earth

ver foot.

angle of surcharge.
angle of internal friction of the earth.
Then the total oressure P upon the wall is given by

D

N

0s € = ¥ cos?p - cos?yp

This theory assumes the filling to consist of an incom-
pressible homog grenular nass, without cohesion, the
vparticles being¢ held in position by internal triction on each
other: that the mess is of indefinite extent,
thet on no olane passing

eneous,

o

having a opléene
thru a given point does tne

obliquity of stress exceed the angl:c of internal friction: on
one vplane it is just equal to it:,

on a vertical wall is

top:,

that the resultant oressure
parrsllel to tne too surtface.

A Let tne stresses caused by torces acting
/
>a ine fne (D end G20 .
&ZZ uoon tre olene iz, and S8, po.ye the in-
Pe—i
poum tensity o ena ¢. Jonsider these inten-
um | sities of stress ororen uo into overts so
4
~— a
(yam toat o+ ¢ 0 -0
Po—i S 4 S . .
re—] 0 = - + - , e ldentily
"1 TS \ -
+ -— , .
91??L L g = 8-2-8 228  an identidy
Fig.1 % 5
These oarts of o and ¢ zway o¢ consiaered ss two stresses of the

same kind;- and two simi,sr stresses of unlike sign.

Gromo the similsr stresses of szpe sign together and the
D sirilsr stresses of unlike sign together.
' + 0 S
drew Lr = 22&x(E,
S z
arew t1 = 2X0xis)
/9] o

- “lo*ol L i
ten o = 28 = __2_____ = £2
L fo*alyc v

F< E <

H}an



lneretfore o = znsle 40 ena [P is | to £C
Le2 = Lp2 + fp2
(929xC3)2 + (230x43)2
+ o .
= (939)2(C32+A:2)
+ ;~
:(9_;9,)2 iCe2
LF = R29xig

lnerefore itne intensity of stress an £(, a e to tne ecual
stresses acting on £3 and 2C, 1s ecual to tnhes intensity of tae
stress on these olanes snd is nornal ©o Lo,

Now arsw 28 = ZR=9x(;5

2
I H
drsw 51 = 2=28xig
2
T 0=0yx -
ten g = L& = ZEZZico = L2
ge TRzExC: Lo
\) N
Hfs- Si o = 0 = andle £z ana Gl mekes an
an2le = 10 o out on k3 oooosite sius
of tne verticsl torouzn the point of anolicsition,
cl2 = HG2 + 712
= (= R2=Ex_-)2 + =0x;-)2
(- 228xC2) ( 838xiz)

= (- 2=9)2(Cc2 + iz2)
= (= 2=8)2 (2

2:2‘/ o
2

RPN

Soo WS Intinsity of firess oan A€ due to tne
anlixs sivilar stresscs an Lz ong = = = 559
\ei%
\ . PR B N - . . N *
[ 0 fina o resultzab ol
40 0=0 =
—)'-EL* = I'1 Z100 - 'O--‘:'C- = Tr,
Lrow Lz odn sid. 2 ozrzllel to £C in
. O
cize & wzy 0t oo = ory = 228 porael
0 L. iros L oraw Ll = r, = — 228
- 2
orreilel 1o = 228 in ris. 4
LUy 20 = r = rzsaltent of r, zna rg.
vibte Lofs & centsr u=scrioe &n erc,
o = |3 = ;. = QiQ =
.IA[;VQ Lo La L. 2 rl
Suo= QX8 4 2=C = >
2 2
P+ [ R dll O — 4
A = —J—-O. - 2_2 = S
2 2
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.
\-wh

ingle DCID = obliquity of r =

A% the plane LE moves through all the angles about the
point C, the point will aescribe a circle about C with radius

9%9. I'he locus of T will be an ellipse. .
Let x ang y be the ccoruinates of =, referred to C as
orizin in Fig. &.
3% = sin a , GL=7?, s x/? = sin o (a)
Ty/EF =cosa , YF = Q. & y/0 = cos a (b)

square (aj and (L) and aad

(x/Pj2 + (y/<Q)2 = sin2a + cos?a = 1, the eguation of
the path of the point Z. '

The mexirum value of ¢ will te when DT is perpenaicular
te CH. At tkis instant andle D°FC is a rifnt an

Then =C2 cD2 - D2
D+Q -—
r2 = 2_2)2 - (- Qgg)z

r=vpg
sin ¢ = - 820 = QEQ = - £=¢
2 o¥q
sin ¢ (p+q) = -p*q
0O sin ¢ + q sin g = =p+*Q
D sin ¢ + p = -q sin ¢ *

fhus where o renresents tre roricontul Intensity of stress
ana ¢ tre vertical int-reity cf stress in en unlinited Tass cf
n

romc enecus, srenlar ratire; ohe retio of wte pcrizontal inten-

sity ot stre.s ic tre verticol will te do=-31D &
1+ sin ¢

te1 ecuvilorive the Crol= - cer never be yreatver thaon the

enzle ¢ repcse, or wrpice of invernal fr ction; tris is our
angle g
J 1+ sy

vhere ¢ 1s vre wr 1= of interncl “ricticrn of tre ratericl wna=r
concsideration,

consiacr o retoinin, vall, vertical veclk, earth surface
rorigsonial. “te sresure, coetin. rivilar te fliiu pressure, will

be wprlieu along, the verticol svrfuce X, witn value frow € at

(=

A

2 to tne raxioum whool o oonostov sravbically as @ triungle.  The

tetol pressure F owili be ine cres cf the triancle, or 2wh-h



-
e

. ana is assumed to act through the
, A center of gravity of the triangle
wl\ at 4h above the vase,
T\ If ¢ is the angle of internal
b \ friction focr the earth tehing the
-T-&———*——-—P wall, ana the ratio of the horizon-
| . tal intensity of stress to the vertical
l L E::::jx intensity of stress is given by
' r l —_sin
wh c ——— e | —
1 + sin ¢
Fig- €. then the total actige nressure on the

wall will be
» = gwyz-lo=_sin ¢

Now ceonsiaer the same tyoe of wall with
with a surcharge ¢f earth at an angle
&. 1he line of action of &Y is now
assumea narallel to trhe surfece of
the surcrarge..

f11 the units of material veninuy
tre wall ure Lela in equilitrium by
vhree ferces; the vertical; the

-

rernal te Lhe plane ¢f runture, ana

)

the active ~ressure =,
vt v, e intencgity of vertical stress,

r, intensity <1 stress P

.‘).
the ratic rust ve foura,
.wnoany 1ine ¢ oaraw AC muving the
angle o with .

cay ot o=y

1]
]

“ iike 2 the rianle soint if D ana

e
e ~No N \ .
o AN L ooreoce the [0S0,
R H < Jrav S0, (L oant arce HolI
Fre N
2. = oos o
A
F AN
O — -:-:: — = '&LJ’-‘+"; /i._ = .\__:.-._r:
LSy cos ¢ 400 S
+C - -
tut LG = 935 fror 1., ¢
ooonieo= MAr (")
) 2 CcCSsu
n2 o= Ve 2



702 = (=M2L.)z o (Y¥ID)2 o
2C0osg” PR
= TX:E-)2 - Vvr
ZC0S8¢G"
D =/ (ZXIL)z _ yr
Zcosg
but GD = 359 frorm Fig. &
v B8 = S(SXEL)e _oyr
z £C0S0°
square (1) (R2Q)2 = 7!i£7)
' < «CO Sy
scuare (&) (2=8)2 = (XirL_)
L &LCOSso-

o
<

()2 + (1)

(2=2)>2
+0°

1

s

14

V=r

-

3

)2
(2)

(2)

2

2 — vyr

when the ecarth is just in equilibrium

Sinq = 2=¢
v*Q
oo osin?g o= 1 - L¥reosfyg
(v+r)2
in2g = BYrcosic
1-b1n29 = —¥v¢?f?*
Cf\qz- = :VLCQ ¢ - \L;)
cs2, , :
(verj2 = (&)
subtract -vr from botn sides of (&)
, . i OS24 -
(v—=r, 2 = -vr ;9=7& - 1)
: cO 3%y :
R P 27 _ Amc 2 .o
(vep 2 = . p(&828382s = 20574 (F,
2 : :
ces?y
alviae (€) vy (o)
v=rjo = =vrlecs®y — ccs®y ., _€0s2¢
vire cos®, svrcos?u
(Y=L z = vos2g = ccaly
vEr cos?y
. LAY aroyrews P
y=I = ZVLRS e . ELQ8NY
yer Zcos O
reauce Ly corpesition ana division,
. ot —— - + -
LVIL??:;COST—VPCS‘c - 2C3%, FoeosuFCcsEL - ccs2¢
. + - ”
Y o= FGC8g = v CRST oz LS ) (7)
r - ccs. ¥ /ocesfo - cog?y :
Squation (7)) recresents botr th- wevive trhrust of the
rass of earth ana tre opaosive resistonce ¢f the retaining wall.,
Since r is less tiaurn v for tre zetive forces, vcullibrium will

take place when toe terms are

Siven the

upper signs,



Invert the proportion,

r _ cos o = v cos®c —_cosig
v cos 8 + vV cos?y - cos?g
r = veosg = ¥ _CcoSfg = oS4y
~ cosc + vV Ccos%C - cOs4y
v = whcosé. for wh acts | to BC
. L~ 7o — Z.
eir = whcoSbcos¥ Y_CCS=%uy cosy
cosu *+ v COSZC = CcOS®y
value of the intensity of B

? = _é N h? COS(&‘ _C_Q_:‘EQ - / Cng_g - C_O__Sf&
cosc + v cos?c - cos?g

3

t-f;tﬂ

bl

raximumn
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Chanter II.

A chapter uiscussing the principal types of reinforcea
retaining walls, cauntilever, counterfort and cellular, unuer
conaitions of horizontal ana surcharged filling.

In determining the maxizum and mininum foundation pres—
sures, it seens to me that the pressure foroulas reccmmendea
by the Committee of the ‘Zmerican Railway Znginecring Aseociation
are simpler of application than the equations proposea by Prof.
Hool.

The recomrencation of the Cormitte ise
hnen P ecquals the vertical cqomponent qof
the r Sf tant pressure on the base;: s the full
wWidth f the base 1n f§~t, and is the alsta?ce
from tr. oe to where uts the base; then 1
0 is equal to or gfreater than /5
) ~y P
“ressure at toe = (45 = €8) £—
b2
- ia is}
Pressure at heel =(8¢ - ZB) -

when & is less than /3

2ressiure atl toe = —

YY)
|

el

Cn page 35 of this volume of Fool's apnears an errqr
ef. “Yhe ecuaticon is :iven

Hi

-

this shoula ce " R
1 Tea =/<S%%””( —— = . 2" cr €" inctes
4 (3%
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2 reinforced

to have the sane

New York, Central

26 feet high, 12

is to be 16 feet

12 inches thick,
back.

sign 1, Page &

6'

17.

concrete ceontilever wall is to be designea

stability as the standard

and Hudson
tfeet
high
vertical fron

34 inche

Xiver Kallroaa
The

s wide,

above the grouna.

t face,

£l
¥
—
”

9

L Lt
. ._“¥J 1
- A

" Y
S Y

.0 &
e Y

4 A

Pars

. N

ey . n
LA 2 'F k.
n

23R} W S
A
-2 N

4 2@0"__

plain concrete
retaining wall,
cantilvere wall

“nds of cantilever

Standard
NoT.C,
and

..
BLH. R
B R,

Luta for center grovity wall
ection Area Sq.rt. | Mowent lfrm Moment lrea
a I
b 420 A Z-fLé A/-ﬁig

. : [ FE
C 26 0y (;_v PN Y] L/'x_’ DR r:.
d 12060 SPP §lq.;;;
Do £le5s cli6uk
f el £.457 trorE
£ B3 L4z’ di e (6D
g 7.7y L8 6ie b
i RN U g i :(d-$/§
i el AR (0745
J 2z.0l Coleo __Lu. 7€
“La.2€ 1280 .,044
< v ] * o A ? " Al o -~
c. £. wall from 2 l§%9;2§2 €.21 feet
Az.90
weight of welil linear foot (2Cs,&e}(1:0)=
Lrata lor c.g. etarth
Jection Lrea sg. {t.| Mcment arr | doment area.
- L g .:‘ rre, - o)
% LA vemld A bl
Liewr, f'J._/‘UE_{ ‘/g.f:t(;
W 1.0 4 AL 6 VIS
n 11,44 i.é(? 2).eT
0 Tt 4600 1G4
D C.€g deale [ oA
q —sexd Levis ——dael
TT.TE ieg.€61

unifore batter at



c.g. of earth fror A4, 1€2.6€61 = £ 15 feet
77.75
weight of earth per linear foot 7776 lbs.
Take moments about 1/3 point 6f base,
«;whz(%_) = Wl K, + W, A,
w = equivalent weight of fluid,
h = height of wall,
W,= weight of earth, 1CC lbs. per foot cubic,
H,= weight of concrete, 18C lbs. per cu. ft.
A,= area cross section of ecaecth, 77.88 sq. ft.
£,= area cross section of wall, 2Cz.¢€ sq. ft.
[2= lever arm of earth raxs about B.
¥.,= lever arm of concrefe rass about B.
Wohp= 7778.0 1p5.
WA= SC444.0 Jbs.
y(&g2®= (7778.0)(6.03) + (ZC424)(z)
SBuB.6Ew = 4€8(23 + €CEEE
w= 772l o, 4 lbs per cu. ft., th i—
cefe.e6 T o7 ! - tbe, LBCoEQUL
valent weight, use SC lbs.
Using the equ;&izn gizzn onlpage 12 Fool;-
WClTEys * tan T 3T
= 1:p(Z23012,31)2 4 (8)(iz.81) _ _1 )
iCe (o) (84)(2¢8) 216"
= 17.0(C.12C7 + C.CGaC€ - C.TC4€)

= zo,0C Ibs equivalent flaia pressure
ACSUMPLIONS

w =00 lts. equivalent fliia pressure,

W

cantilysr ends 12 inches thick,

allowable soil pressure «(CCC lbs. sg. ft.

ceefficient friction earth cr concrete (,<C

angle of friction, %229 apnroximate

weight of eartn, 1CC lus. cu. ft.

weicht of concrete, 17C ibs. per cu. ft.
cenerete 2(LC lb, lsz:s

S 3 . Q0T v A PP S .
Vorkine Fearing 2.8 £ ccmpressive strength,

5 . Db . - < 7e :
stresses. xtreme fliber stress, c2.8 (,C compressive

‘hear € per cent cerpressive, 1z(Clbs.
iiond, < per cent comprecsive, 8@ lbs.
Iteel stress, i€CCC lbs. sq. in.
concrete, €40 lbs. sqg. in,

n=19%



t = width of base,

h = height = 2C' high.

for w = 30, t+h = C.4&5, [rautwine's emperical ratio
of width to height.

t = C.4€5h = (0. 185)(46) 9,7C feet, use 1C°',

then t/8 = 84, middle thlrd point under stem.

éaob"

IS o S

Assuming an 1&" footing at stem

""

gives a wall 1¢&'
footing.

hich above

« 513398 - .
: [otal pressure on wertical stem

= 4wh2 = $-3C-(18.85)2 = $133.75
applieu at 4°18.% = ©.16 feet above

fcoting.

“ending roment at top of footing,
=56153.75-€.1€--12= 372,4E6.8 in.pds.
c=67C, allowable compression

1¢€CCC, allowable tension in steel

1]

'O'—*;'-’:’

stee¢l ratio.

3 .
p = —mmm o .0 = €.00762
fs 1, Leccc( 16CCC
- (=% .41) et ‘Tz-eic * 1)
¢ nf, :
k= v 2pon + (pn)2 - pn
=/ B(C. cc,eoj(is) + (C.CC7€8-15)2 — (C.oe768-1

Lal = CLEC sq. in.

unit length cf wall.

7.1" thickness recuirea at base.

[TERY Bk

L5 i
or sfvvl covsring, use 1&.4"

wu w
1]

LCTC8 - 1217.8 = 1.08 sq. in. required per
linear foot cof wsll.

& 8/¢ " € rcas give 1.77 sq.in. per linear foot,

ce at " c-c.

' from top,

= 4-2C* 66)2*; 1z = 20200 in. pas.

at 1C' frcm tco,

steel requirea rer vertical reinforcement.



M = $-30--(10) 2§ 12 = 60CCC in.pus.

at & feet fror top,

v =‘¢-so-(5)2-§-12 = 75C0 in.pas.

Consider a section at 15 feet, Table 3, gives

= (.0C3€4, which is one half off o at foot.
at 10 foot point, p = C.C0133, which is a little
less than one fifth of p at the bottom. Therefore
for the vertical reinforcing, carry four rods up
to 15 feet from top, 2 roas to 10 feet from top ana

one roas top.
Maximumr shear on vertical stem is at top of footing

V = 5133.7¢ pas.

. £ qme
nit shear v = —4- = ——_2122.70 £t .63 pds. fafe
4 va jba o 1z-C.e738-17.1 U0 F bafe)

- _£12037¢ 54
jond stress u = =X : =2 Lo = 36,40 pus.
bon gid 42.006°C.E6756-17.1 O %o pus
enbedment iSl = A60CCC. 70 - a7, &", the Comrittee
u

recormends the use of more length
to take care of strain anu temperature cracks use

C.4 per cert of steel

ag™ Lolldllerds.s 15 = (.56€ sq. in.
use #"8 rods 4"c—c on outer face
enq' footing.
section| weisht |moment arm.] moment weight
a S$ogd. b 5.04 10713.72
1% o &8 . CC 1.37 657,860
N - o o ~ ~n ) \
kY c Cu6. 0 c.08 1153.€85
~ - - - e - - N
. P a 110e.25 6,68 7E77.el
F a ¢ ~ P .
3 % { s > 147.:0 £.03 114,43
g f (141,00 €.5% 82, 34
0 pileooo” sompunetl E N Bt
) . 17C1%.C0 1C0275.756
. . . e = - .
. Lever arm of ¥ 1009’”L79 = J.6¢"' from A
o 17(19.0
b Py - ol ’ e 2 . -
- z : fan o = s = L.O0 ( (“02 = (,Ce284
w 1/( C
—+ - 17T
e Lan 3 =
RC = €4°0,0800¢ = 2.l 1.
.02 = 2,00 = C.84' 1 cuts base from A
‘= cu$s buse & .04 - 5.08 = C.el' inside midale
third point of base.
Loooo .
Cverturriny factor %A%k = 2,0

1 . ~
Averaze pressure per foot 17 g== 17C1.2 pas.

Precsure aue to benaing Py= €¥x
t 2
§ - Ipbdg 128 - quco.ee




Naximum Pressure 17C2 + 14¢0. = 319Z lbs. at toe,
Minimum Peessure 1702 - 142C = 210 1lbs. at heel
Factor against sliding (,4:1702 - . 13
3182
¢nnfr cantilever,
shear alony x,
V = 11662.00+11Ce, 25-(1282.42211) ¢ ¢
€536.07 lus. ©
il Moo= [(11€€2.0-2.79)+(1106.55°2.78) -
Q
N (64382.1€-5.14)]) 1x
= 261771.6 in. lbs.
»¥in, aepth to steel
J/ £€1771,6 - 14 gv
- 12-107.5 h
acpoth to satisty bona .
- 86356,C7 o 1aogm )
a = - - - 14.4 use 1425
(173.8)x.0ue-eC-C..e7e, "0 2
34" rods at 8.5" c-c
tctal depth 14,2 + 1.6 = 16"
C, 44z ;
D = o = (0.0114 -
- (1o+ .u)14 ) -
from [able Z, j.= C.Eo4
u = - ?:36 (76 ~——-<=——— = 77.8 lbs. sq. in.
(12%5.8)2.806°C.004 14,0 allowable
v o= o—=fect.l7 = 028 lbs. (A0 los, allowgble
1z U, Cnd 14,8 accoruinz to finzl
report of Committee)
M f = - ..'4{‘1771%{. _ C(‘)b' L8 b . .- .
s” TTC114-C 8547 12(34.0)2 wheef.i lbs. sq.dn
erbedment nécessary
_,;,Lu Lo

“rear arna precssurs

dlefran.

N !
< T T N T R
~ ~N N Q N { PN
Tv\\ A ] N\
. L]
N ~ b : \
Bt @ o 1 . \
wlh W N [
N ’5 §
P Aid r'e” r'c0” 2°0% VAL 2 200
- S 3
] : :/
° N |
1y . o 2 /
N ; t /
Q ~ /




1 < 3 4 o) €
verage Deleht ) 1e se| 1e,e7s| 1e.78| 1s.788  1s.ed  16.24
Weignt ecarth 1EC€.00 | 18E7.,8CC | 1e7¢,.C0 [ 1876, 5CC| 1leek,.COf 1eec. e
fverase deoth | pcal  1.ze| 1.l 1.284 JBE| 1,46
Veight concrete 1E€.3C| 165.¢CC| 1€1.:C| 184,.1CC, «08,7Cf 187.1C

Zz loaas 2C52.,30141C2,7CC | 612,20 |€£36.6CORCEC2, ECIc18E, 0
7 pressure SE5.50[1651.00C|I086.50 [2242. 000, 4777, 50| €423.80
Shear 16£6.eC|3277,7CC|1£172.70 451,60 | £522.0C] 722, 3C
'hoas not maxlmur shear as the triangle of
earth along back of wall is neglectea.
OUTIR Cantilever,
weight of concrete 480.CC los
—ever corn about point E.
2,5€ + Iy .
; (411+ l%: ) = 1.1¥
.40’ 105"
& { Moo= g8C-1.12+15 = €804.4 in. 1bs.
y H Upwara pressure at B2,
L 21120280 (3C=2.88) - 2832.4 lbs

1C

lbs.

lts.

ner
outer

¥ of upwaru force
p,'_.»r ;+r. C< [ B .
|(2252.4223182,8 )0 16-0,c8) 1 = 51644 in.
) ) K
Total roment, :1%hq = €cid.d = 4o(zE.€ in.
deoth necessary for nmoment,
R .
Vo Zheziaso = 0 inches
4O '.I.(u/.‘?
a.= C.CO77- 1L .¢ = (C,id. s¢. in.
C; a
in the vertical wall there is 1,77 sq. in.
feot so that benaing wll the reds inte ine
cuntilever ives rmore ohut the recuirea arew of
steel. Tenu o cach tlternzte rco.
SALZLIFeliien) L0 - 0B o= RAF.
N “(
b = .+
0o lCCLETL
aentn
INNEx Cantilever
o= Sefua_ = (lccae
fro~ Tuble O, G = (,tcd
o - ~
- S s (, - oo
= - o —_—— = T s.
Y G S e




AW
S

= 6536.07 - 9.5 wbs.. .
Y 12-GC.£24+20 . zd 0 pEbs.  sq. 1n,

fo= 281,771, 0 = 12470 lbs. sq. in.
S 0.0049-C.684-12(2C) 2 i AR
ooy 1245C:CL75 _ .o

- . “a Y s >
enbel S=ommasia= = P, 1 dInches,
S ¢
ATIY T N s e e
“ P R VO S G, / .

(e}
1}
|
"_—l
I
: I\l
2N
n
(@]
~
D
-3
o

From Table 3, j = C.&67¢

4 2.356°C.876°20
- 6E45,55 - o . .
v = = 5%.0 los. sq. in.
1220876820
,';-;.’3 Vol
f = 22022,6 = 1347 1bs.
S C.0C74C.276,1-(C)2
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Concrete 1:2:4 = 13.47 cu.gd per 10’ length of wall
Steel 1966™ per 10" lerngth of wall.

Usa Ne. 16 wire #res,

lap longitudiaal veinforcement 2'0°and wrap
splice with wirs.

N

DESIGN Na),
CANTILEVER WALL.
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Chapter IIT.

o

2 chapter dealing with construction, is very short, in fact

sives very little information or discussion of the work necessary

XIX

to construction. The Chapter
regard to erecting and pouring forms.
Jesign Fo. 2.

Dcsfgn a cantilever
supporting an earth bank whose surface
frow the top of wall.

oroperty line and ti<c foundation is to

retaining wall 18 feet nizh

has an upward

The face of the wall is to be placed on

referred to is complate in

above JSround
14 to t slope

-~

a

sur face,

Sssumptions;:
1CC lbs.
Concret= 150 1

Tarth

bes 4 feet below the Srouna

oer so. i,

0s. oer sqg. ft.

Allc-sble soil nressure €CCC lbs, ver <q. {t.
Coefficient of friction, concrete on eartn, 0.4
Zauivalent fluid oressure, i lbs, noer ft,
G0 lb. concrects
Thickness of Teooning U0 incn-c
Yorking stresscs;
Searin.g, TL.o oo cent comarcssiyv: strep itk
nenr, § noroCoaY Cowpressd strenitn,
SONG, o omroo Tosnrossive =ironuh.
Mllowedle wtoer suroon, W00 1oL s da
llowaole concrete stress, S0 los. oo, in,
n = 17
' LT- Youdhd dop ow o= 5 1bs.,
X g
' L= *CL.eid = £.8" ) use 10 base
...... %_+-r_ top of wull 17"
| \ E:ff"“': o DT M i(18.0)f =TIl lbs,
| bl NI
|J | ) R N A NI
/o R PR ~
4 | s = ——ms L= 235100805 Sopcne,
\| b .
R s ¥=107 rron tatle o
A ' L= == = 15.3", use 18,5"
‘
1 ¢ ' cotul wepun 17, using 14" coners
over steel, tsoer to 1z" gt ton.
. p = C.0CC77 CroL Table ©.
{ 657 pEUSCLLOTT 10013, 521,084 sq.
s(o'o

e
] ’

te

in.



Diagram 3 ¢gives 44" rods spaced 2", area 1.55 sq. in,
At 10' from the top.
C#wnen = (E00012)° < 4186.85 ft. pds.
3 ~
voo M - 4166,66:12
baz  12(15.7)2

e
e
1}

16,9

)
t be used to find n.

K - _18.80___ - ¢c.cc1n C' fromn
75~ 16600-0 e at 107 from top

'g

NS

4 ‘ '
D = emmtEa—m - = C .COC 17 at 5 from too
. 16CC0G-C .86 :

4 of steel Q;%QZZ = 0.(C11

2 of steel 1, 00N

14 — - . . 4 4

Xun every seventh rod o 5' from top ani wvery léth rod to
top, stop six rois &t 1C' from top

Thear on vertical ctem i3 horicontul corponent of «urth

oressure, is waxinem ot top »f ooting = 2onl los.

from aiajram L, [ = €.-3C

)l 2221 PR
v = s zesd o = 00 71 los. porosq. inceh,
Gy 120 = 1o o
y . )l/ 1 - ‘A\hé
u = = = el —_— = .14 so. 1BS.
T S O F 16,4
) ‘s
cuch ro Ll must bLe cwmee tae b o luast
fsl e
- = dodL o= UL 00" cxusrt Tnle Tooting
+11 FRN

iige C.d per oent cpeel for socinvio. 2 rainforcespsnt.

a = (.(\C—}(l/:*'l;.’j-)-v, - o .

g7 vV E AL AL L R N 5. T,
Usre 8 — 4" rois nper Toot, rourd roas zive CLAS0P sq. inches,

r
space §" c—c on froat anua 13" c—c on back.

Zection Ve ght Lon. irm Mon. we2ight
1 TR T 2,287 3'2@2.898

2 e faede %‘ig;’%- GOG

g 17004, ¢ R T 20cl. o/

= __27CC CC 5.000 _Leiedieee
L7182, 75 1557 50, 469

r
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Total earth pressure on plane thru heel of footing

considerins slope of earth above top of wall equivalent to

a surcharge equal to onehalf of six, 6 being the increase

of h' over h.
P:ﬂ¥3=_i-25'(25)2 = 15625 1bs, acts parallel to slope
3

%;? 6.33"' from botton of footing.
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i tany = §, o = E3041'23"
A i A 4
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T Seedeeeiieaailll 4 AP = tanp+d = 0,€A366:5,0=3, 33"
; : a = 2009 — ¢ = 56018'37"
| | 32 = P2 + §2 + 2D%Weosq
—— | e
B ! 2 =/ P2+V2+20Vcosq
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I = 36383,82 1bs.
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. 3 | cglog T = £.4155510-10
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. 8.33 - 3,33 = 5.0
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Jactor safety asuir. R A
Ver., Comp. of T = fepuo= CEOENE2 0, 04050 = 04 15,0 1bs,
For, Tomp. of 7 = Bsini="020073,62-0. 0800871 = 1°CCC.C 1bs
Ver. lomp. of 2 = 2115 SVICE.TL = g0un.nn
Tactor safety ugainst sliding -ﬁaiééﬁggiéﬁ- = 1.11

PN VAY)

Tendency th slide 12CCC xus.
Frictional resistance 14448 ¢ los,

424 to heel as precaution 12"<1'6" cross wall

1 . 1 20211 ¢F e
baXxlmum nressure on pase =2 hajJ: ——= = 7523.58 1lbs,
L'(S"‘.L.‘:',)

Tafe bearing of tre soil Is €CCC Ibs, per sa. fi.

tse piles elons freont to increase Eeuring to broner valuye
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onhe pile every 4 feet, under renter of stem,
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[oai and shears,

/ 2 3 T S
Average belsht 2734 2a8C1)] =487 | 2234|2351
¥eight of earth [5488.6 | 52C2.0 | 4234.C | 4€68.C | 1125.56
Depth Concrete 2.0 2.5 2a8 2u 0 2.8
Weizht Conctete 756.C1 750.C| 75C.0| 7s0.C 7.5
Vert, Comp P 2105,5 | 2168.6 | 21985.5 | 21Ca.¢ 026,83
Z Loads 6355.616381.0 [2417C. 5 |831¢94.,C 335233, 3
Qoward Pressure|1254.0 ] 4270,0 |13187.C [22828.C |26280.7
Shears 7069,5111411,0]11(C3.5| 78€8.C| &502.8
r’f x = 3(C3) — BB=3-1.6-5.0 = C.4'
// . Y o= Vb?J'LrC‘ 120,875 15= 5040 at
ﬁ/r// - eni of cantilever,
at maxinmum part of curve,
1Y 11411 = 40--12+8.875-
32! ;1=;27.1"
oA W N % oepth required at A3 36"
Y 5 g ¥ 3 Vo= 40:12°C.E75+26 = 12120 lbs.
Cending moment at A o= Lending
} moment of esrth + bending noment
g § of concrete — mcment of uplifting
j i aressure,
i | o= [R50z 21000 4, 8)=05282. 5
f = i VC=(?.5'E.S°1€C°4.2R. = 1244d8,80
" % V=R 00AG Aef BeCedYmro a0 me
8 B AR rat Sei10.75
CLE0Z0E + IPFAA B8 L £3410.75 = f00s 22060 ft. lbs.
Pendin. moment Jue to vertical comoonert,
FRLBLLE 5,0 = 70043.125 ft. lts,

Totul moment 113C22.7eé t. 1bs.

Jenpth of steel rtou1r~4 for moment,
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4t maximus point of curve shear is 15463.756 lbs,

. . i 2% .
S3ond at this point, -t = 12:84.79 ¥ = 3Z.4 1lbs.

z. "J -
0% (12)(2.56)(3)(30.5)
If every clternate rod is stopped at middle point of base

u = ——-d2263.75 = 64.8 1bs., allowable.
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20.

Design Yo, 3.
Cantilever retaining wall 18' hijh above ground supporting

an earth bank w>th surface sloping upward at 14 to 1 from top of

wall. Bace of wall on property line. foundation 4' feet below i

Sround surface. .
Assumpticns;:

Garth 100 lbs. per cu., foot.
Concrete 10 lbs. per cu. ft.

earing pressure of soil 6000 los. oer sq. ft.
Coefficient of friction, concrefe on earth, 0.4,
¥s angle of internal friction of eartn, 450 ('
Nankine's formula for pressure to be useaq,
Concrefe 20CC lo.

rooting 3C"

o
(3]

searing, So.o per cent comopressive strengtn,

Yorbing stresses,

Shear, 6 per cent compressive strength.
Bond, 4 per cent compressive strength..
Steel, 16000 lbs. per sq. inch.
Concrete, 650 1tbs.

n = 15
-2 E
D:én 12005 803y CO05%y=C0S8 %y
k. 2\ 7] L < P —
05 20320=20527
= e
X . \
R 4 "
W\ co e
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) cos =G 70T co0s2, = C.00CC
cmee e - ~ys o=l o0l 08235 = (.02 50
Vinoed < noae = SO
AL V2. oo . o ; Ry
:.L_‘;__;.,J.'_;_;;_E_LA_L.'_‘LLL.(.'_L‘ pali=C. 538 ’L))
SR COrnals & GLenre)
— 1 N
= - I =
. T PLE PRSI I S (A L R
8 . 1o I3 o= il = £r
‘ 5 == 0.
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40D wonent wUTS, Se 0 8= 508486.73 ft.lbs
rom .dufran 1L, ‘pnen, U, T = 107.4
- A = .""..L_.-.,"q 7 1 "
a v v =z—xll = 14,7 use 18"
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at 15 feet from the top

<

¢ o .
N o= sé:—ﬁiilali- = 119:2.5 ft. pas.
at 10 feet frod %he top
Y 9 3 e .
1= 28:226,7(1C) CETSLE ft. pas.
(10 cYa ©
Coe )
oo oo 11823.% o
po= ko= 11223.5 - ane for 15 feet.
d2 (16.5)2
Come wr e .
Vo= sullaf = 15.F for 80 feet.
(1¢)2
-y * -
e - G S, C = . A 1 s
D T ==o = £S = (C,CCS1 fpr 15 feet
: fgd 1400
. [ . .
p = =128 = (.11 for 1C feet.
14060
4 of C.CC77 = C.CCcE, at 1f feet from top drop < bars,
4 of C.CC77 = 0.CC11, at 1C feet from top arcp 1 bar.
carry fach sixth var to top of wall.
Shear ct top of fcoting = <(76.4 ltes
] 176 Ca :
v = =X fL7“14 = 24,26 lbs. oer sg. ir,
bid 1z2-C.878+1€
M r
U T ot = 7—§%L54%7———— o= =4.0 lus. sq. in.
~"0.,-(1 C.'-LC":;;.JC'C'aE';;u‘
b i 1‘3((- /.’11 16 o 3 3 .
erbearent ze= = =2==s_z22= = 21,4, use 3€ inches.
«=U e
Use « 4" rous per foot rorizontiel toc provide for
shrirkage. 12" spacing front eno rear, alternatinyg.
viuth ¢! tase sssumea at C.&n at
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log 10, 582.45 = R.,0245863

log sin 56°18'37" = 9,9201513 - 10

colog 37,249.39 = 5,4288808 =_10

log sin a =19,3736184 - 20
a = 130 40' 24"

0s = on tana
5,93 x 9,24328 = 1,44

R cuts the bass at 11,00 = 5.45 - 1.44 = 4,11' from toe

one-~third base = 11+3 = 3,87

Therefore R cuts base at 4.11 - 3,67 = 0,44' inside middle third
Factor of safety against sliding.

Horizontal component o R = 8804.6 lbs,

Vertical component of R = 30,323.75 + 5879.9 = 36,193.75 lbs.

\J R x Coef. F _ 36183.75 x 0.4

QQIP. memTToTTeT : 1.64
R TEEGITE T ’

safe.

comp
Tendency to slide is 8804.6 lbs,
Resistance to sliding 14477.5 lbs.
Factor safety against overturning,
Co +# 380 = 5,55 » 1,44 = 3.85,
Pressure on base, -
(4(AC) - 6(Cs)] -&222_--

5 36159075
6x4.11] o

[6(03) - 2( Ac) ] __Qan‘-_--
[6x4.11 = 2x11) 36&98 75

safe

pressure on toe

[4x11 - 5784.98 lbs, allowable.

1]

pressure on heel

) —=—Ig7=-- = 795.66 lbs.
1] 2 3 ) 5 g 7_ 8
Hgv. | 2o.s| 245 23.8[ 23.3 22,5 218 2L.3 20.0
ﬁintn 51C0.0|2450.0]2383.0|2317.0| 4450.0| 2183.0| 1117.,0p3000.0
Dpt.Ccnéa 2.5 2.8 2.6 2.8 2.8 2.5 2.5 2.5
Wgt.Conc.| 750.0| 275.0| 375.0| 375.0| 375.0| 375.0| 375.0| 562.5
V.C.Pres.|1235.6| 617.8| 617.8| 617.8| 617.8| 617.8] 617.8| 926.7
2 Lpads |7085.8|Db28.4|B904.2(77214.0|D456.8|2632.6|8742. 40735, 2
2 U.P.  [2346.0|4269.0|6572.0[9427.5/12588.0|B437.0|2424,0(2436.0
Shears | 4739.6|6209.4|7332.2|7785. 5| 7868.8| 7196.6| 6318, 4| 3299, 2

d =

See diagram drawn from this table on Page 33,
V=vbjd= (40)(12)(0.87:)(13) =
at the maximum point ‘ ‘
7869 = (4v)(12)(0.87:)(d)

4840

at inner edge of contilever foot,

7862 + 403.33 = 19.3", use 20"
ab,

the depth will have to be
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(8.5 x 8 ) + 12 = 23.c", use 24" at inner edge of cantilever.
V = 40x12x0.875xz4 = 9680 lbs,
At secticn number &
40x12x0,87exd = 722%
. d = 13,1%, use 13.6"
At ab depthwith be, due to depth at section 3,
(8.5 x ﬁzé ) + 1z = 28.8", use 26"
Y ¥ 40x12x0,876x26 = 10486.:8 1bs,
Taking monents at absy,
M = (21800x4.37) + (3562,5%4,7b) - (<838xY,5x3.6)

= 168346 + 16921.88 - 28762.6
= 26438,%8
= ' 484938, 4§ 39, «
R R T P
= K = _.....‘324.2___ = Z8
P T YT 16000%778 0.0028

ag= pbd = C.CO«8x1sxx8 = 0.8736 sq. inches.
use 5/8 inch rods at 3" c-c gives 0.9204 sq. in,
embed i&l—-— = lggggi.b_éﬁ = 21, 4"", use 33"

4 4 x g)



Stor one rod at 5 feet from end of cantilever.

v = 1 = 733%

"bja  12x9.87-x18.5

g = =1 _ 7332

= 37.2 1bs., safe,

= 8b3.8 1lbs., to high

Zodd T (12+8)(1.964)(0.875)(18.5)

must carry all rods thru

1332

(1494)(1.964)(0.875)(18.5)

= 76.8 1lbs, allowable.

concrete 1:2'4 —16.98 cu.yel per 10’ 2 n.
Stc<! |98%4 )bs per /0’ wall, deformed bars

UseIMe.l6 wire ties. Lop 20" amd coire
wrap /onJHuln'ml splrces,
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Cesign No. 4.

Design a counterforted retaining wall SO0 feet high above the
ground which is to support a level bank of earth. The wall is
also to sustain an additional & foot surcharged The vertical slab
is to be placed so as to give & minimum amount of material in the
wall, Counterforts to be spaced 8 feet center to center. The face
of the wall is to be placed on the prop=riy liae aith foundation
4 feet below the ground surface.

Assumptions:,

Concrete 150 lbs, per cu. ft.

tarth 100 lbs., per cu., ft,

Bearing pressure of soil, 6000 1lbs, per sq. ft.
Coefficient of friction, earth on concrete 0.4.
Equivalent fluid pressure 25 lbs, cu, ft.
Concrete 1:2:4, 2000 1lbs.

Footing assumed for preliminary 30" deep.

Working stresses:

Bearing 32.5 percent of compressive strength,.
Shear 6 percent of compressive strength,

Bond 4 per cent of compressive strength,
Steel, 16000 Llbs, per sq. in,

Concrete, 650 1lbs, per sq, in,.

n = 5,
From table 1, ratios and equivalents,
% for w = Kb is 0,44
t =0.44 x 35

t = 15,4, use 18' 6"
t = 15' 6" was on trial faund to be too small and it
was necessary to increase the base width to 1%' for overturning,
Cepth of concrete in footijg being taken at 28.5%"
heizht of wall above fcoting SU- 2,390 = 27,625 feet.
Pressure on footing = wh, h being height ot wall plus

ig""‘IT" surcharge height,
ol TR P = 4bx32,625 = 815.6 lbs at top footimg
P'= &x25 = 1zb5 lbs at top of wall.
1 v Take a ene foot horizontal strip of
' p curtain at top of footing
? M= %éﬁ , continuous slab
$ .
v = 812.8. X 8% 5439,8 ft. lbs. per foot.

b - déﬂlo
| ¥ ¢

10"

¥
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From table z, K = 1V07.4 J = 0.874
p = 0.,0077 k = 0,378

d = %g%gzﬁ = 7,1%, use 9" f

ag= pbd = 0;0077x12x7,1 = 0.656 sqr in. steel per
ft. of width,
use " rods spaced 3" c-c
use 4" straight rods to take negative moment at the
¢ounterforts,

f
embedment —5- = 18000x4 - ..
4u . s
embedment must be not less than 4 of sppn
4 x8=1.,6', embedment safe,
Total shear on span, counterfort assumed at 1'4"

V= 2% = 815.6 (4,00-0.67) = 2815.9 lbs,

usipg the same size rods and spacigig over supports

,_1 471§x3 69.6
v T 37a ?2x1 571%0.874%7.1" los per im,

v jdb 1;480.5'/45'/.1 .5 lbs. per sq. in.

Making the curtian wall the same thickness throughout
increase spacijg of reiuforcement as pressure decreases,
at 4 height above footing space 3xg5A3= 4,7", 43"c-c

——————— at 4 height of wall ppace 3X%§‘§= 7" c=C

[} { - "

E e
% use 4" rods spaced 2'U" c-c for vertical reinforcing

TR T rootiing:
= gwh(b+zh') = §x2ox30(35+10)= 150001bs.

acts at hiiﬁhh;..= QQQ--—AQQ = 11,24 ft, above base
3(h+2h,)

|

3 Sectlon Wgt, W.Xr M.Wgt, |

y 3 3375.00 [0. 3% 1asq 83
o 'l 3 5739.06 [8.88 [51406.85
s : - 3 53015.63 |8,88 W0778.79
g <« p:15000 - T M

- 62179 .69 523451, 27|
Lever arms about A, 223401,.457 o
62170.60 - O-%% ft.

BD = t 11,25 x 42999 __ = » 779
5C tan BED = 62179.85 71
AD = 8,42 = 2,71 = 5,71"
R ceéts base at 0,71 - 42= @.04' inside mid.thira
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ractor satfety against sliding §§l%%088—5—9'4 = 1.86
8.42
2.71 = 3,1
Average unit pressure on base QZ%%Q‘ﬁa..q 3657.6 lbs, ft.

Factor safety against overturnijg

Pressure at toe (4517-6§5.71)§3%%%4§g— = 7259.16 1lbs.sq.ft.

This is to high, use piling at toe, single row, 4' c-c
Pressure at heel (6x5.71- 2*17)6217g4§9 = 59.04 lbs, sq. ft,
Floor slab:,
Slab assumed at depth of footing 28.5"
Considering a one foot section at the end of
floor slab, where difference of upward pres-
sure and load are at maximum,

'
[}
’ .
13 l._

' > P at end = 59.94 lbs. upward
Lo % P at 12" from end = 483.42 lbs,.

117 -7 Opward pressure 553‘45._-52‘24 = 271,68 1bs.
Wgt one foot of footimng 1x2,375x150 = 356.25 lbs,
Wgt. of one foot earth 1*32 825x100 = 3262.5 lbs.
Uniform load on end foot of slab,

3262,5+356,26-271,68 = 3347.07 lbs,.
Slab is partially continuous

M = 2947.8%8% = 21420.8 ft. 1bs.
From Table 2, K = 107.4

d = ,/&.1.240 8. = 14,1", use 18"

Shear at eége of counterfort,
3347.07(4.00-0.67) = 11140.51 1bs,
jJ = 0,875
.llﬁm.l = 2 " P "
d for shear 120.875%40 6.5% total depth 28.5

- ¥ . o21420,8 x 15 .
K= bd® 12(26.5)® 80.5
From Table 3, j = 0,9271

= ..K- = .....é_ QQ- = 0z
P = §,7 " Teooox0.z71” V%

ag= pbd= O, UOZXlexe o= 0.636 sq. in.
4" rods spaced 8"c-c sufficient at bottom

Use same size rods over supports,
Spacing over supports bujdi_ .80x12x2,36x0, 927x26 2 = 5*

1 4b —— L,
5" c—c over fppting at outer :t"oo-f.-sI

£ teffort -1.- ——111498.91
Bond at edge of counteffor SJ‘xZ 36x0, 9371*26

Bond 80.09 1bs per sq. in,
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For each strip toward the stem the unit load decreases
by —F#%88+d6— - 427.0 1bs,

The shear changes sign at 3%5;18 = 7.8' from inner edge of
footing?d

Place long rods at top here and short ones at bottom,

With thickness of sbab uniform, the spacing of the rods
increase as load decreases toward the stem,

At two feet from end-

. o_x 3347.0
Spacing ,  FmEmS 0-427.0 = ©.73", use §.6" spacing for
top rods
§£§§%BA%-— 9.)7" use 9" for bottom rods,
At four feet from end,
5x3347,9 =8,1" 8" for t
5397 0-1981.0 .1", use or top rods,
8x3347.0 " " _
szé_a. = 12,96", use 12.5" for bottom rods
At six feet from ‘end,
5*63&7.0 = 13.8" 13.5"
3347 0-213570 .8", use . for top rods
8*3347;0 = 220" 20"
1312.0 2.0%, wuse 20" for bottom rods

Use this spacing for the rest of the slab.
25 = 044 _ - .00
PS54 T aze.n . 01009
¥rom Table 3, j = 0.91

- 1600012 -
fs= 57 00332x0.91~12%36.5 o4 lbs.

Depth of embedment each side of counterfort,
ii = 7544 x 0,75 _ 17.9"

2 en * £510
Pne fiftn of span = -= 12.2", use 20"
11145 51 = 77 & o :
¥ = 3536-33;28 5 = 3.8 lbs per square inch,

N

shear at edge of counterfort.
COUNTEXFORD,
lotal force P = M-l = 2u:24.922228 = 106439 1bs,
M o= 106439 x 10,41 = 1108C23.99 lbs.ft,
ihickness of counterfort 1'

Lllowance Z" for steel,
= lever arm of maximum stress about .3,
y+2:16.625 == 27.625 : / 16.6202 + 27.5252
y + 8 = 14.24'
y = 14.24 - C.17 = 14,C7
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- M _1108029,99x12
K bd2 16x14,072 122

K = 27.6

20°

Faiess From Table 3, p = 0.0018
Ag= 14,07x12x16x0,0018 = 8,86 sq. in.
- use t = 13" rods spaced 2.4" c-c
at 20' feet below top of wall

20’

e} e 3 F = £28%8 = 62500 lbs,

~ % = 6B00x2.86 = 478750 f1. pds.
- y+2" % 12,0 2 20 : /2024122
ke \*” y+2" = 10,50

N 766"

. y =10,30 - 0.17 = 10.13"
?T/ K = 478750x12

16x10,132122= 24.5

815 Lrom Tabke 3 p = 0.00161
®
B .- 16.13%12x16%0,00161 = 2,13 sq. in,

; s
Y ¥ A
use 4 - 13" rods, or arop one at tnis

point,
£t 10 feet from the too,
P o= Z0X1BBXS o 00 1bs,

v = 23%00x4.16 = 93800 ft. ods.
V2" 16 1 10 : v/102 + g2
y o+ 2" = 5,11

Yy = 0.1 = C,17 = 4,97

23600x12 _

16x4,982 - 122

r.19.7 = 0.0014
3" 16000x6,875
ag= 4.97x12x16%0.,0014 = 1,24 sq/ in.
Use 2 - 14" rods, drop two at thus point.
HORIZONIAL COUNTSRFORT RARS.
Shear at footing too,
25Hx32,625%8,87 = 5440.% los,
Use 3" rods

; 440, 2
Yo. rods requirea, 2338.2. - 15
9 » 0.1856x16000 ,
place in pairs and hook around outsiqge reinforcing bars,

= 19.7

Spacing, l%:@ = 14.1"
o /!

Jse this spacing up to 20' from top of wall,

At 20 from top of wall,

Shear,_Zax25%6.67 = 4167.8 1bs,
o. 3" roas per ft, -4187.8 . 1.3 2 i airs
i { U.196$16000 4.3, place in pairs
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Spacing ;g;% = 18.4",
1,

Use 18" up to 19' from top, the use 22" to o

VERTICAL RODS.
At end of footing the déewnward tension caused by shear

on both sides, due 40 floor slab is,
3347x6,67 = 22324.5 lbs, on 12" length,
The 13" diagonal rods take the tension in first strip.
The tension decreases by 427x6,67 = 2848 for each foot

from heel to toe.
Tension in 2nd foot is 22324.5 - 2848 = 19476.5 lbs,

Use 2" rodas at %2§§%;?6600= 6.2, use 8 per ft,

Place 3 each side at 4" c-c,

Tension in 3rd foot, 192476.5 - 2548
j " " 18628.8 _ -
Use 37 rods , O S6x16000
Use 3 each side at 4" c-c.
Tension on 4th foot, 16628.5 -22848

16628.5 1bs.

5.3, use A per ft,

18780.5 lbs,

. " , 7 5 -
Usr " rods, %?38%:§6000 4.4 needed

Place in pairs at 5" c-c.
Tension in 5th foot, 13780.5 - 2848 = 10932.5 lbs,

Use ’w rods, 10_9&_5 = 3.4, use 4
. C.126x16000 t
Place in pairs at 8" c-c.
‘ension in 6th foop 1C832.5 - 2843 = 3084.0 lbs,
se §" roas 88242 __ = o spac
Use &% rods s:siidmac0” <0
lension in 7th foot, &(054.5 — 22348 = 5336.5 lbs.
Use 4" roas, —L2<8.i = 1.6, space at 1o" cac,
? ’ 0.196x18CCO 72 oF
Tension in 8tn foot, 5HZ3R.H - 23438 = 2288.4 lbs,
Use 4" rods £3€8,. 5 = (.7, space 24" c—c.
1 * 07196 x 186CCC » space. ¢
Carry this space thru to the vertical stem,
sxtend the diagonal rods o0 diazmeters into footiny,

hook vertical rods arouni rorizontal footing rods,







41,
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On page 79 of Volume 2 is stated the equation for the most
economical depth of cross beam, Thi® mquation follows

=/ I + %
M T

'Consiler the ierivation of this equation,
Let ¢ = cost of concretac paxr unit of volume,

r s ratio of cost of sseel to cost of concrete,
4 = depth of beam belor: slab,
C = cost of beam per unit length,

now 35:3, M

fg (d= %)

M = bending moment,

fg= working str:ss of steel,
a,= area of steel,

d'= depth of beam anic s:lab,
t = depth of slab,

b'= brsaith of stenm

—Id__ = r¥ ratio of cost of stael per unit
fi(d':§) f&(d‘z) length of beam to cost of concrete,

b'd' = volume of concrete per unit length,

-+

clb'd' + ff%ET %7] = C, the cost of beam per unit length,

Considering b' as fixeic th: minimum cost will be found by
placing the first derivative of the equation for C = 0 and solve
for d ’

clb'd' + ———IN . =
i e ol
colal s fs;(ﬁi:-&) - ¢
L
b'd'c + E-d-%-gi§--€-f; = C
jgg" b'c +# i%%é-'f-?ftftfﬂ_.-‘ refs = o

b'cf®{2d' # t)¥ - 4dreMfg= O

', = 4rcMfg = -
(2% v ) $E7cf§ 3¥¥3

(2d" +t) = 2/§¥éx
24" = z /LN

--t1
b'fs
d':/w_ ,.L
b'f 3.
3
but d = d' + t
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d
f

, the most economical depth
of T section.

+

o
Nofet+

S

Problex E. [esizn an interior floor bay with a l-inch

granolithic finish ., Live load <CO pounds per square foot.
Columns spaced 18' x 20' centers, Cirder span 13', cross bean
span 6' center to center,

As sumptions, plain rouni rods,

ratio of unit cost of steel in place to concrete

in place
1" finish not
thickness,

includea as effective part of slab
put weight is included in g#ead load.

Working stresses, bearing, 2.5 percent of compressive strenszstn,
shear, 8 percent compressive strength,
bond, 4 percent compressive strength,
steel, 1€0CC pound,
concrete, 1:z:4, <000 1lb., &850 1lbs comoression.
n = 18

[ o I~
E— = a——
J ' W |
{ .
! :
- . _.__200 B} -
o 1
| o l
') |
b — - - {, ——_—— - - - ——
L] Z 1
; 1 S I
+ +
B ' ju
| i
g .
—H Beam, |
—_— — § - - - ¢ -
; ; ;
! . i
o !
v Y
1 ! [
1 | I
i ——— = — — .
| S— | S—
SLAS:
Table ¢ shows tnat a 4" slac ( 4 = I4") soan €' will
carry c1&x1,2 = 732 los, ver so, tt, live ard dcaa,
slac weicnts &C los, per =sag., ft,
total loax from slab, 22C + &C = 220 los,
ag= U.,Z sq., in,
lable 4, fina tnat /5" roas spscea 4" 3Jive C,&3 so/ in.
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a

o = '2%3%%3 = C,0C24
From table 7, w = 324, this is more than loaa to be carried
ana is safe,
place 2 - 3/8" rouas transversely in each A' panel to prevent
shrinkage and temperature cracks,
CROS3 BEAMS,
Span Q'
Load per ft of lensth 3x2EC = 1E00 lbs,
Assumed load of stem 23C lbs oer lineasr Zoot.
Totsl loan ver Zoot 1770 Jioa
sheer Vo= 1232529- = 17200 1bs.
X

Vaximur moment , 2ZE2 ééglfxlz = 8¢:0C0 lbs.in.
£

Kequired cross section deterrined by shear,

<O .
A175CC = 1e4,78 sqg. inches
10¢
¢ =/ Li_ + 1% for economical depth
fsb z
r = 80
- crn
for o' = 8, a = 2C

[P ., - —

o 8, d

o' = 1C, a4 = 1z.,1"

p' = 11, a = 17.C"

usind A roas in two rows, spaced : 1/:" c-c a
16" x 1=" ceaxr hes zufficient zrea,

weizht ot stem, to center of reinforcment,
10x1Ex1:0 =

E3%ag Y Ral = 1:7.8% 1lbs per toot,
1a4

width of flangs ¢ tires thickness of slab + bl,
(zxd¢) + 1C = 4"
N - _222CC0 _
Azxiz%:%
4,0 zna t/a = 4/%z = 0,151, table 2 gsives p a
tween C,CCx ana C,C04

f. has & value pctween 501 ana

. LS . .

C.CCz + =222(C,CCz) = C.0Cz3
Ve

8,
0.2z4 f .= &1
s 42%x22x(,00x3 = «,1c s¢ n
¢ 8 — &/4" rods at 0,44)& = 1,284
e

u
use 3 = £/2" roas at C,:=C

e}
1]
-

w o .
|
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- &/4"™ in lower row o straight thru,
5/8" pentt up ant lap over support,

W o

L ) -
. :.'J u = 17300 = 67.1 1lbs, s.q. in
?é" . €x.1,964x0,82%
kods at top of beam ovar support have same

F—|
"
+t
|
4Pt

depth as. rols at bottom in canter of span.
d'= 3422 = 0,1477
4 22

p %sza . 0.01C2 = p'

From table 11 find,
L = 0.282%
K = 0,0000

fo= —£22000 = 6C7 lbs. xq. in.
110%23%0,235 2

= 6920 = 15836 1b .
fg= T0x22%%0 0090 15836 1lbs, s:q. in,

no nsunch or axtra tmml r:cquired

59( 1 -v §5E§Q§igg) 12. = 69.6" from center of
” © support bend up 2=3/8" rous

%QQ 1l -v ﬁ:‘gx----) 1< = 2228." bend up 1=5/8"roa

Rars over support
2x0,507x20x12 = 21,8" turn doan one bar at top

2.2 4H8x
éQi%. = 40" turn domn two bars
ch | - LA
T
L___.mw_yy"ftgl" RV RN k;—vmx |
B - 3 4 ) i . . \ N N N
_.r ~ 4 R . } t N N .
R 7 i b=
F_ L A

Lisstance to point ishsre weébb reinforcing is not needed

- 20 _ 40x10xQ,924x2Z . 5 3» gm
X = > 1750 52.,3"' or 8,6






e

Ayt =
: 3

(64 I\')

390__ = €15,7 lbs.,
Dx 2

. Xl(\)
) x

1

Tensile value of 1 - 5/8" rou, 0.307416000- 4312 lobs,
allowable distance tetween bent up rods,

3/¢d = 8x42 = 14, 5" 70—-2% = 47" , spacing to Jreat,
i= 2§s = g&%%ggggé = 0,464, max, dia, stirrups

use $/16" rouna rods,

3a_f_.jd
s = —%%—ﬁi—- , minimum spacing.for stirrups
S = 3x0,0767x2x16000%0,85%x22 3 gm
2x17300 °”

at 1/8, s = 4/3x3.0 = b,g"

at 1/4, s = 2xZ,¢ = 7,5"

place 1lst at 2" from ed3e of Zirder, the 5 at 4" c=c. 4 at
7" ¢c=c. 1 at 1'0", 2 at 1'8",

The bars over support shauld extend to the one-third point of
span or B'5" past center ot support,

Allowablc stress in comoressive rods,
*}38*2*- 1lv.8", use 20",
GIRBER?T
fpan, 12' c-z. concentrated loads at 2rd points,
Keizht of stex, 450 1 s, linear toot,

1}
o

Reaction of concentratead loaas 17500xz2

\
e ) 2AR)Dx G g :
tnifora load on team —ﬁﬂf——i + 1ny = %17 lbs. per ft,

~4
2 c 7 E A ~ A
M= %%- = 4£li§%jz e = £,014,07 in los.,
less 10 per cent = 1,212,724 in lns,
rfotal V = 4000 +ugxasC = 2320 los,
~_:~_‘.,4\ o .
cross sectipn of stem 22228 = 33 sqg. in.
iuo
4=,/ Lie_ + L 1or economical deptn.
to! X
c' d o'xy
1" 25,32 cul.ld
13", 24.5 222 8
ié: 44.C 333,07
2 z3.4 iz,C
3" 5,6 c21.%8
If ¢ is taxen at 12", e a at 31", 1sx31 = 572 sc¢. in.

| v
v. w

If o is taken at 14", uss d at 23.8",



)
<

Using d = 3,
h = (4x8)+:6,0 = bc,d"

flanze wiat
121878 __ =

K = S 44,1

bd¢ 58.5%x(28.5)2

for g%; = 44.1 and £ = —4- = C¢,151
d <6,0

Diagram 8 snows f.= 425 per dq, in. ana j = 0,83

. 181:373

4s” 16000%0.33%26.5 n.

= 4,89 sq.

8 - 7/8" roas total area #.31 sq. in, will be used.
Bond stress at top of team

= 32850 = 73.0 lbs
8x2,749x0,85%26,0 ’ ‘
I I S 1 1%
s
5
: L _:"‘;.:‘:'a
| = L 404204200204
j__ N ~ oo -0 3.
—
léi%%ilQQ =572.1 1lbs, per linear foot, assumad value safe
) i SR R S
@
L] — haha ¥ ' \L
/ 4 / ¢ \ . N ¢
1 h/ﬁ "1 2 .0 \
l p: % '§h§4“ N
# =4 i} R O :
N o  —0 4 ) ___}._
14
M“
-———1‘:——&
1'= 2.2 = ¢ 021
d <7.,3
= _i.ﬂ.il—_ = 124 ' = ( )
°o = i T o-CEh of = U.oy
Table 11 gives L[ = 0,443 and § = 0.011C
fo= 181e373_ ____ e = 557.6 lcs ‘Ach
¢ 15(e7.2)%07743 oer - per sq. fdeh.
fs - 1212273 = 14030 lbs, per sg. 1iucnh,

15(x7.0)%0,011

siac,



L]

Maximum shear = 38650 lbs.

On opposite side at one-third point shear =
38600 - 6x4350 = 35250 lbs,
On side towara center, shear = 38250 - 34600 = 1350 lbs,
v = =d220__= 3.5 1bs, sq, inch.

14x28,5
Use web reinforcing from siapport out to beam
At supportjz= 38 = 1654 lbs, linear inch.

At one-third point 1152 los. linear inch

I'ne total diazopal tension

(1£243142%)x6x12 = 112,068 lbs,
#%112,068 = 74,712 lbs to be taken by w#eb reinforcingz.
Bend 6 rods.

0_ - ©4,178 lbd.which is in excess of
that ‘to be proviaed for.
Assume a 18" coiuen
1= 18' 1

3553 = 12", bend % dods up
Allow 4" and bend up at 18" from center of cross beam
Bend next &wo up at 37" from beam,
Bend next two up at 53" from beam.

Use 1/2 ine stirrups.
Ihe value of each in tension is 2x0,128x16000 = 6270 1bs,
Ine shear to be pvroviaed for between beam and lst bent

rod is 1452 lbs per linear inch,
=

X : B
3Space stirrups = 4,3", use &"

1
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Tension rods will extend over 13‘%%;}55—'4-37% 32.69", use 40"
Compression rods will extend thru @%(-g%li}- = 28.7", use 28"
Reinforce top of slab over girder with traverse rods
3/8" round rods at 12" c-c.

B ST

Bean lo"xza

Gr

Girdey 197 x30"
8+ %

Slab Plan
£

o lGrenolithi Finishy
L —dh ’]{L’" . 'V—v e s
'L)

€reoss Sechion
at X=X

¥-r
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B eam and Girder Rods
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On page 106, Volume 2, EHool, "gpears this equatipn for the
economical dept of tile floor beams,

i= // Corl - .
fg(b'co+1ddcey) p7

Jet+

Let all letters have same values as previously states,
cy= cost of tile per 1" depth.
C=ceb'a' + Sell—_ o 144d'c,
1.t
fs(d +§)

~

Place first differential of C with respect to d' = O ana solgge
for d.

DC = o prel2fgd'*Est) O-2eori(2fy)
Dd' c (Zfsd.+fst)’
ccb'(Zfsd'*fst)z"4c°erS+144°t(3fsd'+fst)4 -0

+ 144Ct =0

(ccb'+144ctﬁ(2fsd'*fst)’ = 4dc rifg
4 Mf
ccb'+144ct
zfsd'+fst = 2 .Eﬁiﬂ.§..
ch'*144ct
2d' +t = 2 _EQEE__-—
fs(ccb'*144ct
4 = / CCFM _ %

fs(ccb'+144ct)

cut a = d' + t

Q
I
o
o
"
+
et
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On paze 112 the following desisn is desired.
Design an interior panel of a one way floor to carry a livse
load of 120 lbs per square foot. Girders spaced 19 feet on centers,
BORKIRG STRESSES:
Bearing 32,5 percent coampression,.
Shear € per cent compression,
Bond 4 per cent compression,
Steel, 16000 lbs per inch,
Concrete, <000 1lb. 1:2::4, 850 lts.
n =15
4" ribs for small beams, <4 opping, 36" flange for girder, r
r = 70, c.= 20 cents., Finished floor 7/28" maple nailed on 2"x3"
sleepers, Speepers rest on concrete slab, 1:3:6, cinder concrete
between thenm,
Neights per sq, ft, floor area:
Nooden floor, o lbs.
Concrete, 1o lbs., cinder.
Sleepers, = lbs,
Plaster, oles,
Assume a 9" tile,
Total koad per line toot of team:

Live loaa = leX%§= 130 1bs. 150 lbs, -
dood floor, 5x%= 7 lbs. 7 lbs,
Sleepers, ZX%= ¢ lbs, 3 lbs.,
Soncrete fillinsg 15X%= <0 lbs
oncrete topping 1o0x-2Xi18 = i2. lecs,
Concre 4*gp 3 T Tox 1z : lcs
3ten, %2 _x 1.0 = 35 1bs.
, 131 .
ile <3 l1lbs,
Plaster, ox §= 7 1lbs,
1o0tal load per linear foot "§IG‘IES.

Sending moment; o
w o= BL2 31Cx19x19x12 - 933 71C in, lbs.

12 12

d for economical depth , when cg= l$ cents

4= /%8 .t . /20x70x11171C 23 = 7 33
E 16000 (4x20 + 1i4x1,zp 2

fg(b'e +lidcy)
Try 4 at 7.,5", use <" concrete below steel, tnis will allow the
use of @" tile,
heckin; ¥_ - 11171
Checking, 1507

bd 2 £

.

Q = 1z4.1
o)



Diagpam 8 shows concrete stress = 7zolts, tnis is to hizn,
If 4 is taken at 9", use 14" concrete below steel, 8" tile.

o = 111710 - r
bé" Iaxse ° €6.2 lts,

8x
Yo 2.0 = ¢.z77
d 3
Piagram & shows concrete stress = 075 lbs, allowable,
Jj = 0.,¢e9
a.= M = _111710 - o 717 sq. in. '

S fggd 160CUx0,&8ex2
use 2 = 3/4" round rods in each rib, lay one straisht, bend
one at each enc, thus havinz as much steel over support as at center
of span,
9 / = , -
Bena up at, l_3-(1 -/ Z.d 3 1z = 12
2 laxg
Project thru at top one thnird span, 6,5'
Q10 o) . R
Shear at support, V = €10x12 = uup )vs,

Zond of two rods at support

oLy = .
u = zedos o EZRi2 - = 73 los.
Lodd KXL,3TXU,ZUXy

I'he distance to point wrere stirrups are nscessary

o LGxAx0 Laxy \ i
X = =2 - 24 f_%ezzo2Z = 5,41' = &2 inches
z w1C
Using )/4" stirrups, bent ends, spacimg is
s = ixl) L§~Z}(:ixdxl'5(/';)ux\),_':8x-‘ 6,4"_, ase 6.2':)"
2 grdo ' '
Seam moxrent at eaze of zirder flange
“10Ox ] x12Ax 1~ Cop .
yo= ddbxdzx1ixdz. 7230 in, lcs,
- ls
' > m ”
A = l.f.?.: C.,187
a J R /
o' = p = 2a&l17 = ¢ (g
; ; ax2
facle 11 shows L = C.3cC, ¥ = 0,Us(4
. TaRAY . A
t= —L2=x—— = ¢dz lbs, per sg. inch.
C  Ixp#x¥ ,38
, 5o a0 e, .
fo= ——LZsix——— = 15002 los. ver so, in,
dxZax i, Ugla
[ t i Slux1z .
Load on floor is 21181‘ = 222,5 los. per sq. ft.
= 4.41%,> los, per linear foot,
ot

Jirder load 233.5x1:
Girder weiznt 875 1

lotal weiont 4417.0 47:4.,2, use 1=30 lts,






5d.
%ifﬁl: = 1732-00 in. lwus.

Limiting deotn of girder is 38", effective aeoth 32>35"
b assumed at 38"
M = 1732500 __= 45,5

ba?2 36x3z,5¢
Table 3 shows p = C,C031, j = 0.91
ag= 0.,0031xcéxcs.0 = 3,647 sq. in,
use 8 - 13/16" round raeds, total area 4.15
Bending moment of girder

1756300 less 10 per cent = 1582240 lbd. ins,
Shear 480Cx8.5 = 45,600 lbs,

. ) A Zan -
Cross section of wet, b = L = :A“Q“Qr,= 11.7", use 12"
av 04.5%1z0

u = ——-22000 = 30.8 lbs. sq. in.
Exz,505%0,8E8%32,5
weight of stem 12X27x120 - z37 5 kbs, safe.
s 144
- = :fé-‘% = 0,075
d 33.0
o = =iudo__- 0,0103 o' = 0.%p
12x33.9
Table 11 shows L = C.224, K = C,C021
£ = 102220 ___ = 5:z lts, sq. in.
12x535,0%%0, 22
N =y X .
Fo= —==d222220 ____= 1:7:5 los, sq. in.
5 1exls,oax(,0021 i
iend rods up at A?Ll-/igiéjlz = €2.,4", bend 2 at &5'z"
z X .
¥ gxc from support,
Fena down at -2 = 3.3' or 42"
z%3

Senains at too will control,
Jistance to were web reinforcins is not needea

12 _ abxlexy,olxog.® = 5,24 or 73,43"

3oV

v ?
~ - ‘e J - s
Bena other rods at o/4d = =Z§242 = 21,4"

$xtend over suovort 1 _ 54
3

~ . % 5 2 1x80x3% .5 . ”
Cia, stirruos, Za3u3 = =*é—§9f§=*9 = 0.82, use 7/13"round
f 13000
at support,
X

s = i_g.a.l:dx .:"1_:’2@\);2 OAiiﬁ}éﬁ.‘.Q = 4‘3"'
LT
at & s = 2X%.9 = 5 7" at £ s = 2x4,3 = 5,5

Place first stirrup at 2" from edge of column, at center

span space at 18", cgena 3 rods, 2 go straignt thru,

ro
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BEAM oend GIRDER RODS

Beary| No, | Total
Pende &e length or e

3% 324" | 6 | + | *

%" o4’ | 6 | *+ |+

%’ 3e'ée” | ¥ 1| 1¥

re— P leree | p| 4 |19
STIRRUPS
Bends Sige | length | B2 | Ao,

2 1ud’| B | 20

L/
LN 77" | 6 | 28

¢)

N®




65U
On Paje 1%29, Volume &2, tne followins design is aesirea.
Design an interior bay for a flat slat floor carryins a live
logd of 180 1lbs. per sq. ft. Column spacing 13' c-c.
Working stresses, Bearing cZ.5 per cent compression
Shear, 6 percent compression,
Bona, 4 per cent compression,
Steel, 16000 lbs., sqg. in.
Concrete, 2000 1lb, 1:Z:4, 7c0 1lbs,
n = 15
\'ssumptions,; d at 8",
w = 100 lbs. sq. ft.
Tota} weight peT sq. ft. 2350 1bs,

,Wf O . O -

PR
D = 0.42L = 0.,42x13 = 7,88"
wy= B = 4 5 1822220 - 40:) 1bs.ft, per ft. wiatn.
43(0.,42L) <Y oy

from Table 2, %= 1s3.8, p = 0,007 J = 0.8582

= (0,64 so/ in.
Total stee] recuiresd for one bana

7,6 x U,64 = 4,84 sg, inches,
Area rods in one tand ovir supoort,

4

= QL
=
4

C=

= 2.,4c% sq. inchnes
‘Use 10 - /13" rouna rois " c=-c.

Total thicxkness of slab
R D G E
Assumea diameter of capitol = 50"
Area of concrete in shear at diameter + thickness of
slab to steel nx61lxo,o= 1023.,4i7 sq. inches
Total load on column, 15x15x550 = 21000 lbs.
Loaa on capitolnx{888)2 x50 = cU63 lbs.

£10CC = :£U6c = 75¥34 lbs, to be consiaerea,
Z2z32 = 72 los, couwpression sq, in,
lusa .
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Circular Plate method applie

63,
d to the previous aata, lozds

ani stresses as given before,

L1

= benaing moment per unit width of section, causing raaial

fiber stress at any distance r.

g

= benaing momenti per unit wiath of section causing

circumferencial fiber stress at any distance r.
q = load per unit area,

= Figure 1.

ordinate to proper solid curve,

Ra
C, = ordinate to proper dotied curve, Figure 1.
o = loai along circunference oer unit lensth,
Re = ordinate to proper solid curve, Figure 2.
C.p = orainate to proper dotted curve, F
p M=Riq¥  My=cqrt M=Rapr | MpGpve
f ed
ot i T 9 h i
%q i i
[ \ PR o ofo
- . - A
T | [ =
& T9 15 exprrssed 12 lo.perspf| X
and 1, in fect, then M, ane
} Mewiill be s FAI6 perfoet | TF p 15 expressed i /b,
& or 10./b.perinch. < per foot and n in feet, Fhomm
8 b M. ond My will be in £4./6.
Y r o4 perfoot orinth. perinch
$ 3
3 N
< by
X M
N £
Valu g e
- ! °fr Values of §
Fig. 1. Frq. 2.
lhen a4 = R,ord¢ ana ¥, = xyor,
g = Cqor¢ and ¥, = Cyor,
Assums diamever of column capitol at 0,25, 0,2x18=g.6°
A ( ux 1=
ry = UuB2IE = z 4 ro = LaZXli = 1 g0
b3 r
fotal loadainz c¢l20 lecs per sg., ft.
Area slab, lcxlic = 344 sqg, te.
Area cir. plate c.42n = 21.€ sq, tt
Area outside cf assumea plate z3%.4 sg. ft,






and

Dl J D7y . . - . .

£c£.3X289 = 2085,4 circumferencial unit loading per foot,.

2né.4

Ly = 24.:. = 35,0

To 1.3

Value of constants 2, and R, pasea on Poisson's ratio of 0.1
with 1 = 1

Lo

Yalues of L

3¢|328|40|95|S0

Y

20|22 |24 |2¢c |28 30|22 |2

R. |072| 108|152 |2.094|2.66| 3237|417 |S.06|6.05|7.15 |83S | 1177 (1599
Ra 166|210 |2855|3.03|3.51 | 902|95¢|5.07|560|c17|673|8.12| 272

from this table R, = 3.37 ana R, = 4,03

Mq= 3.37x3C0x1,5¢% + 4 Czgxz08:5,0x1,8 = 18:87.,7 in, lbs. per in,
Place 2 percent steel in two layers at top, diajonal,

Place 1 percent steel in two layers at bottom, rectanzular,

N . ' ) ~ ¢
Using an assumsd value i = 1.2 = (187
3

_ T PP o
From rabls 11, a = V/ =2-s = /r%;;—44+,, = g,2"

t. Lt 7oux0,s75%1

-
take d at £", total decotn at 10.,3"

O uxl1loC . ,

gal loaa li*iflﬂﬁ = 14 lcs, per sg., fpot.

C#l3z = zZx lts,

% = 1.2 = {,1¢5, l=ss tnan assuned,
S
Steel reguirea zt top bi slabt ovzr columnn,
= zxqaxl,oxlexyxy,02 = 22,41 so/ in.

four siae of column,

+ZZ = 3,11 %c, in, in roa area,

’

#iath ot tani, U.dso = 0,42x1c = 7,26
c/3" round rois spaced at +" c-c surticient,
At pottom of slabt at column soace 3" p-c

Diasonal aistancs cetwecesn centers of intlection,

40,4 = 1lu.s = 1i,9 tt,
2 S0x ld Re 2 o . .

v ﬂ%— = °“VV%;AE 12 - 31,274 in los, per f1,

r'e 4= . ) ‘ . 3

14" coucrets celow stzel, effective tnickness slac 37

7= i o= =d2Zl = 4 ca

td2 lgxz2

lables & fives, o = U,ul%d, K = C,g43, § = 0,222

0
el 1n diafonal dirzction,
v Q. 1

.42 perczrnt stesl need
U.,o¢x3,11=1,544, eitz2ctive 2 siizs, .45 sq, inchss.
{se @ = o/Z" rouna rods, spaced B" c-c

cil



gd
Jistance between circles of inflection alons rectangular
lines, 18 - 10,3 = 7.2

W oo D e
M= BT 300x8,2%x12 _ 15,52 in, 1los. per ft,

12 12
K = _M- = -]-'QQgg = 16.0
‘ bdrs 12x92
K = 3 = __li Q_ = 00,0011
K=pfsd  ° = 33000%0.8s - -

0.11%x8.11 = 0.672, effective 2 sides, 1.344 sq. in.

Use 5 - 5/38" round rods spaced 20" c-c
Area of concrete in shear at a distance out from capitol egual
to depth of slab
rx680x9= 1697,1 sq. in.

Load on ope column 18x13%x 82z = 31363 lbs,
Capitol section load, nx%,5%x:32 = 5539 1lbs.
Total loadcausing shear 85229 lbs.
82842 = 50,5 lItbs, psr sq, in shear,
1827
Bend the rods and pass over top of capitol.
Steel list
Bends Sige | Length | No.
s A
o T
N ]L fﬁ _g'o 28'3s" | /0

~ . .
S L | g | gd 3s'9% /8




Desizn No., €, pazge 173,

Interior tloor bay. Columns 18' x 18' on centers, One
intermediate beam. Live load 2C0 lbs. per sq. tt., 1" granolitic
finish of 1:2 mortar

Working stresses, r = 60

Bearing, 32.5 percent compression,
Shsa:r, 6 percent compression,
Bond, 4 percent compression,
Steel, 16000 lbs., sq. in,
Concrete, 600 lbs, compression,

n = 1o

R A
t1 5 3
R |
| B O | B
N ! .
- J ]
] - -
Sec. at R-A.

lable 6 shows for 3' span, &" siap, 4 = 4

Safe live and aead load, 89x1,2 = 3«3 lbs, slab 62 lbs., per ft,.
1" granolithic finish weignts 1lz.5 lbs., sq. ft.

Safe live load, 343 - 7o = 243 los. sqg. ft.

For 5" slab, ag™ ©.370
Table 4 shows that 3/%". rouna rods spaced 3.0" c=c will give
sufficient area.
o = =Yadl =y covs
3,0%4

. 2
Safe loau formuka, w = 1(5L

a4 LB
= 1Cs4 =
7'5

2 = 243, tnis is more
efore safe.

d
I
than the 343 lbs comoputea load, ther

Place 4 - 3/z" round rods transverse in each panel for
temperature and snrinkaze,

Weizht of stesl 7o lbs, per tt.

Total weisht «C0 + 7¢ = 275 lbs. sqg., tt,






CROSSBLLLS,

Cead and Live Load per ft. of beam, 8x270 = 2200 lbs.
Assumed weight of beam 250 lbs. per linear foot
Total load per foot of length, 2200 + 280 = 2450 lbs,

v = £420%16 = 19400 1bs.

m o= 2480x182x12 - 627 200 in 1bs.

12 v

Cross section determined by shear, 12830 = 133,86 sq. in.

d = v _EE_”+ 1 105

fb' 2
b' = 8" d = 13.6" b'd = 185.8 sq. in.
b' = 9" da = 1%,8" b'd = 167.4 sq. in,
b' = 10" d = 17.8" b'd = 178.0 sq. in.
b' = 11" d = 1/.1" b'd = 188,1 sq. in.

Using 8 rods, so as to bend up for diagopal tension and 10" spacin:
sake d 19" as mecessary to sufficient area. Gives and economical tean,
kidth of flange (5xE&)+10=50"

t MI l E = —é = 0,43
FI S a 12
. ,S l'able 2 shows p lies between 0,COz
=7 and 0,004.
) o = 0.002 + 24080,002 = 0,003
i = 0.21 ’
ag= o0x13x0,0032 = 3,04 sq, in

Use 4 = 3/4i" round rods, and 4 = &/2" round rods.

Iotal area 3.00 sq., in,

Put 2/4" on bottom, &/&" on too, bend 4 up ovsr support,
4 lap support on bottom of beam.

) 12200 = 65,6 1lb i
! [(4x2,3568)+(4x1,964))(0.91x12) O S. sQ. 1n,
' ) > o~
..... T - 3'= 242 = 0,184
= QLQQ = ( Ulc = '
~£| p 10% 12 N 7 p

vrom table 11, L = 0.297, K = 0,0143

I (AR - - - - -}

O T, Ly Sy [N

£ =o-0E12 = £35 1b -
T 10x192x0. 137 3> lbs. sq. in.
N— = 827400 ___ = 14119 1bs. _
S 10x194x(,0143 < lbs. sq. in.

Bend up bottom rods =zt

li (1 -/ 91$59¢%92 ] 12 = 80.,2", bend two rods.
< 14x3,C0

l? (1 -/ 5§§: J13 = 40,3" bend two rods,
2 lexg -~



Send down from top,
420,442x16_
~3.00%3
4<% = 24' = 32" trom support
Distance out to where web reinforcment is not needed,

= 1,57' or 19" fromw support.

16 _ 40x10x0,91x19 - 5 13 o g2, 28"

2 2450 ’ R
Diagonal tension 2 x _1260Q = 758 1bs

0.9 )

o

x19

Points at t

lensian value of dne 3/4" rod = 0,4418x15000= 7070 lbs,
Maximum vale of diameter of s:tirrup

Table 1o, 0.012x12 = 0.x28 in.

Use &/8" roand, diameter C.,11"

spacing, dasfejd _ 3x0,21xex15000%0,85%13 = 4 37 yse 4"
. -2

control bending.

gv 2%x19600
at L= 4243 - 5 gv at £, s = 2x1.3 = 3,8"
8 3 4

Space first stirruo <" from edse of girder.

Jirder has soan of 18' witn concentratei load at center,
Neight of stem assumed at &S00 lbs per linear foot.
Reaction of concentrated lqads 2x12600 = 32200 1bs,

22200X2 4 500 = 3400 1bs. uniform load per foot.
v o= 2200x182x12 - 9 5. 400 in, los.
12 ’

deduct 10 percent, ¥ = 1,244,160 in lbs,

Maximun shear , 39«00 + ©x£00 = 432C0 1lbs.
m [~ Bl Y : \J ‘;. p
Cross section of web, 45200 = 3714 sq.

10: in.
d:/%i§| + L b d b'd
s ) 10" z4,1" 241.0 sq. in.
11", 23.0" 89,3 " "
1" 22,3" 267,86 " m
12", 21.4" 76,2 " 0»

Use 1C rods, © in a row
giraer 14" x &0.0", total 4 = &3.,8"

2
~1



()}

o
.

#idth of flange (8xc)+14 = c4*®

¥ = < lggz p, )

M %4%%03 £0.6

i _14x£3.9%150 - 43

Weight of stem 11 i%:%zlz 433.5 lbs,

L= _2.=0,616666

d 30. 0
Diagram 8 shows f = 430 j = 0,88

= 1244160 ____ = 2 .48
3™ 16000%0,96%30.0 -

Use 10 = &8" round rods, 3.07 total area.
Bond at top of support,

_ 43200 _
- - 7b b )
! 7 10%1,961%0.26x30 Lbs
= -_é;QZ_ = 0.0072 ''= 0,5
P = 11Ix3075 ‘ P «oP

from Table 11, L = 0,186 K = 0,00644

F = _Héilig—__ = 5
fo Tixat o0 155 514 los sq., fn,
f.= _1244180 = 1a335 1bs
1:x30.52x0,00848 0 °°°
At support ¥ = iiéQQ,- = 1666 lbs linear iach
ja 0.8ex30.¢c

. _ AN o
aiagonal tension 2838X9X1Z = 70263 lbs,
L

sq. in,

Iwo=thirds taksn by mebt reintforcment, ©331% lbs,.
8 rods are btent up.

51J4386§x16039 = 25100.5 lbs taken by rods
i

Assume an 18" column

Zero moment occurs at 4 of 4' from center of column

3end rods at

N p—
"

l% L1 - /fgzg;ggggj 4,45', from support, bend 2
lg L1 - /”Ifgiggfir = 2,35', tend 2
lg L1 - /’EE%I%%EE] = 1,84', bena ¢
- ¢’53§f%g§§lj= 0.82', tend z

Bend down two rods at






£%x0,3063x18 = 1
3.07x3
Bending up will control spacing.
Extend rods for bond,

56100_ ..
8x4x80 ~ <2 ‘

Stirrups will be used near column,
0.012xXx0,5 = 0,366", max, dia., use 3/8" round rods,

.U3' from support

s = ..8..§..3a £ Jd.. = J&llxg*lsonona-S"EOAé = 3,17.inehes
2V «x43200

place first stirrup 2" from edge of column.

at %, s = —ig&lz = 4,43 inches

at {;, s = 4x3.17 = 6,34 inches

/ - ‘1\’r\\\
G, ' ' R
] T % [
t 1
i :
] |
SN /M N . @er ]
(i WAL WOV SO} YO ] A A
| | 1
, ﬁ __S'o” 3
« "m‘ss > : i P
' ‘ % 1 b, :.5‘:1{9
el oeef- N |
9 R 1
| Q . 4--5‘\—.':‘!: 4
? - 3" reds T
$ Se'chcﬁa" A’A l
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Vil Lithit surface. "~
NS EES %555 S ETEY2
irg 'l 3§ HAF
| || Ay |
e et e L ZJ pr EE | SREN AR
TR 267, PG R0R 20", 2011 36", L0120 10, P05, res:2a"| 1,
|
160" 2ol7]
e - b b
Z stirrups .
Scale ¥'= 10"
s 8o J
1 L +
‘ i
£31"6ra,
T f

.
—3
_rev k

G- /9" x33" _ 10- £'¢ vods
%' .h‘irrgrs
Secale 4" 10"




Steel Schedule.

71

Bor 6.

Pends Size | length [ Too | each |To!
Straiqht ¥ | 200 |S|2]| ¢+ |8
L) —'_7\
& " .// r o %’ 19°'@" &la |s2 |Ss2
AL RRAR
e 170
. e
2 .
1 F | £'| 2273 | B3|+ |/2
- - o | e
£ —
IR -
iy " ”»»
e 4 —1 ‘}F 26’35 | B3| g |12
L2896, | 2] 2 *
8 2 ’
%" 25'23*| 6| 2|2 |4
%‘ 20’0” 6' 2 2 4_
Straight % |20 |el2| + |8
Stirryps.
PR ends.
Iy Koo B
(i 27 ¥ 2 s0m |, | 2|18 |2
o 3 y 3,
N -
@ :\h‘ —3—" Ly Ad
b = | 77" |6 2| 3| 7
| S _--_!__.__3._




In Chapter §,

g2

there appears a typosraphical error and

a mathematical error at the bottom of Pade 130 in the sample

design, under cross beanms,
The equmtion is given

V= légéiﬁl-= 18,000 1lbs.

but should solve out

v = 5321

At thi bottom of the

There should be inserted before this statement the letter A =,

= 18,100 lbs.
page is stated 3%8%99;= 153 sqv in.

to show:~ what the 153 sq. in., referstoo.

Interior roof bay,

30 1lbs per

CESIGN 1O,

sq. ft.

9.

S ply felt and gravel roof.
14' cinder fill, 2" concrete surface.

18' x &' c-c., Girder span 18', cross beams 6' c-c.

Worki

3lab,
S
2“

Li

Shear, 6 percent compression,
Bond, 4 percent compression.
Steel, 160C0 1lbs, sq. in,
concrete 650 Lbs compression
n = 15 r = 80
Loads,
ply felt and gravel § lbs.
1#' cinders €7.6 los,
concretz surtacing «5.0 1bs,
ve loaag, 30.0 lbs,
Total 1z3.,¢5,1bs,

A 28" slab (d=z) will carry 1,2x151 = 131 los,
163
Use o/18" round roas at 44" c-c
Place 3 - 5/158"

Load
a = 0

n3 stresses;

on slab 130 + 3%
L2008

Assume load of stem at

Total
v
M
4

b'
sll

load 16zx&x150 =
= 1158 x 20 -
2
= 1198x2Q02x1g
2
1Cs
a
<0.1"
17.0"
1c,5"
14.7"

lbs,

150 lts per linear foot

Live load
. Columns

Bearing, 32.5 percent compression,

say 130 1lbs. ft,

round rods transversely in each panel.

1153 lbs,

11c2C los,

= 423,2C0 in, lbs,

sq. in,
b'd Ceoth for shear
1C0 .o 2z, 0"
10z.0 15.,4"
10&.5 15,7"
117.8 1z2.3"



use b = 3", d = 20", total aepth z"
weight of stem , gx12x120 - 13,3 lps,
b' = 8 + 8x3 = 3"

M= QQQEQQ_ = 34'1 E = ?é = 0‘15 f .= 318 J = 0.g=7
ba2 32x 202 d

. _463200 s o
3s% Ts000x0 937xz0 | L+oF so. in.

Use 4 - 3/4" round, total area 1.77 sg, in,

= 16000 = 83.4 1b
4 T IXZ.I56x0.957x20.5 -4 1bs.

This bond stress is allowable because of thorouzh prevision

for diagonal tension by vertical stirrups.,

d'= _2__ = 0.097 o = —Lel7_ _ 0.011 '

d 0.3 ; 8x20%5 =D
L = 9.5 K = 0,082

- = 483200 = A% - .

fo™ Zxz0.5m0.zc” °°F 1es. sa. dn.

fo= =—a283200 = 15451 lts. sq. in.

s™ EXZ0.52%0.0022
xg = 22 (1 - /fi J1z = 38", tend uo 2.

2

x1=—

«w

_ 40x10x0,2:57x18

1lo%
C.C1l1x13 = 0,128

Jse &Z/&" round stirrups bent &t upoer ends,
s = Q;lli&ilégggig4iﬁiég4gié = 7,2"

N N

= 4,2"', £0.5" to point wvere web
reinforcin3 is not needed,

1 2 x 11550
at P 2x7.9 = 10,8" at 1, s = 2x7.9 = 15.8"
S 4
Lenith for bond of compression rods,
QZlilQinglg = zz.,8"
lxgo
SIRDER,

Reaction of concentrated loads &x11&£30 = 223180 1ts,
ABsumea dead losgd of stem 2800 1lbs
iquivalent loadins per foot of lenstn <=188X3 4+ 300 = 4130 lbs

-
'~

V = 23160 + 2x20C

= 25%30 1ts,
Vo= 4150xliixlszLSO

= 1,«13,02% in los.

12
d b'a Jeoth for shear
28, 8" 73,8 20.,e"
2o ,4" <03.x% 31,8"

10, d = 22", total asptn 2",



10x 22x1E0

Nelg,nt of sten -izz—-'-— 222 1bs,
b = 10 + 8x3 = 34"
M= 1413Q§§_ = 3
b;* Six ot 73.7
1= 3-0,12 f, = 624 j = 0.948
iz c !
= 1415058 = c ;
%s T6000 0. 39E%2 5% sq. 1in,
use - 374" round roas, total area 3.83 sq. in,
= 2EE80 = F
= ££8 = 57,
T EXZ.To6x0.948xz5 = o °°
a's 2.5 = 0.1 = 2.83_ = 0,014 '=0,5p=0.007
d %’S . p 10)(26 . p UV.oD PRYAY
L = 0,461 1= 0.01&1 k = 0.4:28
f.= 12130E53 = 8
c 12x 1520, 261 6z3 lbs.
fg= 1212026 = 12430 1b
® Qzxzsx0,0121 ° S
Y= _2935J_ - 1217 1bs linear inch at support.

Ja = éeS,:jgiioxs = 1015 1lts linear inch at one-third point
Diaganal tension to be taken by € rods
1217 *_1912x5x18%0,66 = £3:63 lbs.,

2
820, 432;1nn03 = 606817 lbs, tensile value of 8 roads,
0.01E1x 5= 0.425", wuse §" rouni stirrups bent at top
s = 5iil;§§fl—99¥ = £,1" at one-third point

Lengtk for tond,

€232x12X0.272 = 25.5 incnes
ixol
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Roof Beams
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. 1778
cad per lin. foeot. ,
Slab = ) Cross Section,
el - (76¢8)(¢) = Joo8 v= U 29 . y/580
Stem = M- US9GI () . 2463200
1;‘0‘3 -———"’—/;ig'- v: ___’2,
- Areq for shear: .M;?s-ﬁz 17028
At left support. Wyh- o f Sterm = Br)1se), /5B™ %
4 _L_ 9
-g-: s05" 0.097 pro.0/) PP '&v" Gl)c:g)o" : 3%/
L: o.25% K+ 0.0089 M- 463200 fer 316 d'e 0937
{.‘ 243200 55" 432 I “~ 3200 ) e
M (‘h.’sﬂ::o) " @209 o0y 158" S* Geososamne P77 add
: 4.1-1 - »
G 235¢)(0.937)¢e.5) 88+ Web veinferce ment-
At right suppert Xex 52 [1-\[F Jrne 3¢7, benelup. 2.
x, = 2@ o)fre)(o 237)(7 ‘
. S - = :%2- s0i°
&me as /,l#' 2 71788 P F3
(o-0n)(18)= 0.198, K Phont X
S-= O.1/, €00 0)(o. 20.) .
(@)C 7758 0) 2l 7.9
; é.l—_’ 2:(3)79: 05—
at. g5, e (2)/25) : /5.0
i (8851)(15)(0.874") . .
. ) (op) 22.¢6
. . & z
3
9
N
|
] 3 e 8% t 2k |
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Roof Girder

2*/580: 2360

Slab Cross Sectron
Wall V= 23160+ (9)(300) = 25860
Stem ‘ 300 M= Mﬂ/aq)n 4213, 056 impds
Total (316N y+300-4160  Arca for shear < 25865 oo g
_ Yyt of stem = ("”:"!l""l
Left support: M . _rn23.08¢ rw 23T
4. 25.0v pESi0.019, pi0s bl “Gwyrany T 737
sl fos 634 J'=0.998

L=o026/, K=o0.0131 , M=, 213,056 as= 213,056
for L3056 _ .o (7eooo)(o9vgpsy 3:2

OYas)r(o.241) _—

e 213056 ,og3,n Web Reinforcement
L* Gasacer89)2s) i 280 25)

G i ] %+ &vaco—u--z[o_,o,,-@ peint

E:gM‘ Same as left. 2.998)C2x)

s total diag. Fension Faken by € vods.

E'vm“’"““”‘) 12 69.8" bend 2 1217 +7r01, R %

Jacssa ——L—-T—(2 €Xiz)(L)- S35e8

—fl:“\l%j,z = EL2 bead 2 _LMM €o0.617*

Lt =3, 3" bead Loun Ce. era’)(ur 0.328", wael "stirrups.

bending up will corrtrol. S= z)(a.rn) "'°°°) =¢/,*

9 .
S N

l- (n:um-}{a .878) _
C+)(s0) 3

atbe 2iey. as” | ot L: GIer) 1227

258"
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Chapter 7,

This chapter could be maae stronger by the introduction of
somd explanatory 3quations having to do with thz finding of the
effective areas of various tyoes of columns; equations showing
use of reduction phrcentages; equations showing computations for
weights; and som3« steps in arriving at proportions of steel to
be used. (£t prement the reader finds very little of explanation,
he then refers to Volume 1 and finds still less, of the basic work
on column design. Unless the reader has access to other works, or
can reason to conclusions logically; he has nothinz on which to de¢vsic
develope his desizn.

Design No. 10, Page <16,

Make & complete design of a typical interior colucn for
a three story building using the floor and roof load determined for
Problem Sp Page 45, and Problem 9, Page 7<., Joint Committee rec-
ommendations used throughouto hLeight floor to floor, 13'; base-
ment 11 feet., Concrete 1:14:3. 810 1lbs compressive strength when
effectively hooped.

Roof load «x11:£€0 + «xg&2380 = 748%0C lbs.,

Floor load «x17:C0 + 2xI36&0=111200 lbs.

<rd Floor Coluan,

- L L . 423 o e -
fffective area coluan Z%;QQ = 1S3.7 sq. inches,
cCVU
nr? = 123,
pffective radius, r = // 182.1X72 = g 5
LKL

Short diameter of octagonal column 13°®
Use 14" for fire protection, 1Z + & = 18" outside-outside
¥gt, Col. #xkf{xy)*¥15xtanzzA®*x1cx1E0=2E72 lhs.,
Area col, 1:&5.7 sqg. in, 1 per cent steel, 1,837 sq. in.
8 = 3" round bars give 1.&7 sq. in.
Place hooos of 4" round every 1"
«nd Floor column,
iffective area LZZ82x111200 - ;45,8 sq. in.

=10
Ltfective r. 448,827 = g gn
zz
Short diameter 17.8"+ 3" = 1™ out to out

¥st, 2.6x(2448)2x16x0,414x1:x1E0 = 4947 lbs,

trea col, 246.3 so. in, 1 oer cent steel 2,463 sq. in,

10 = /168" roas give Z2,4% sq. in,

Spiral hoops '$x17.6 = 4.6", use Z.E£" spacing

1l per cent vol. 4247x0,01 = 0,227 sg. in., use &/18" rods

120






80.
Floor Column,

— -
Cw
W ot
cn

Sffective area 92;%31900 = 72,8 sq. in.
vV
Effective r , §Z§§§£Z = 10.,9"
&

Short diameter, 21.8" + 3" = 24.8", use 28" out to out

Wgt, 0.5x(12.5/12)*%x16x0,4142x15x180 = 70.%2 lbs.
Area col. &78.5, 1 per cent steel, c.78% sqg. in.

16 - 9/16" rods give &.98 sq. in,
Spfral hoops, 4 x 21.8 = .,6", space Z.E" or less,
1l per cent of vol. z%%gXO.OI = 0,467 sq. in.

Use 2 - &/16 rods at 0.48 sq. in,.
Basement.

Effective area col. ;1§¥A%§§AAQQQ-= £4£.,2 sq, in
Gffective r, v §Z§§252 = 1z,2"

p4
Short diameter, 2£.8" + 2" = 28.8", use 22" out to out

wgt., 0.5x(1435/12)%x16x0,4142x11x150 = 7933 lbs,
Area £25.,% sq., in. 1 per cent steel o5.2£z sg. in.
Use 186 - 11/16." rods zives .94 saq. in,
1 per cent vol, Z%%S*O.Ol = 0.£3%2 sq. in,

50
Use &/8" hoops spaced «,zt" c-c

Column Schedule

Story |Kind of |.4mount of| Snape ot |Vertical Steel |Spiral(Core

Load Load Joluan (Rounds) 3" less than
dia, c
Roof 738 16" Oct| 8-1/2" at olumn, |
3rd Column _<57% ajonal 1.£7 sqg.in, 1/4" at 12"

Total 7775«

Floor 1118C0O 21" oc-| 10-9>168" at 8/16" rods

<nd Column| __4247 tagonal | 4,42 sq. in, <.5" spacing

Total 124550 lao 27"+

Floor 111200 <8" oc-| 16-2/18" at £/18" at 2®
1st Column| __701% tagonal | £.98 sq. in. pitch.

Total c1:810 lap <7" +

Floor 111¢C0 22" oc-| 18-11/18" at 3/8" at o, z5"
Basel] Column| __72¢3 tagonal | 5.24 sq. in, pitch

Total | 423293 lap 27" +
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Chapter 3.
This chapter deals with founftations and soil pressures,
For the design of bundation footings it is necesmary to derive
a formula for the distance to the center of gravity of a trap#
izoidal section.
Let the dimensions of the trapizoidal

figure be as given,
Taking moments about tne shorter side
aa + zcC <C <
e e E-x%‘i- .‘E%x? + ac>®
P4 4 < 2
(a+c)x = 282 4 acZ2
<
(a+c)x = &2 . 65‘:‘3
3 2
SN N ac . Zo¢?
e 1 mmmmemeeeee
I a+ c
k—e . Zac + 4c®
X = ——pt3¥cy

Problem 11, Using 1." round bars, design a single square footingz

to carry a load as determined in Problem 10, paze 80, ‘llowable
soil pressure < tons per square foot, Working stresses as recom¥
mended by the Joint Committee for 2000 lb. concrste and medium
steel. Design by cantilever msthoa.

Total load 433,323 1lbs. 20" octagonal column.

Let footing top nave 6" led3e, thus top of footing will
be 41" square.

Area necessary to carry column

453593- 108,25 £t
822000 w0 8g. Rh o
Increased by 10 percent, 112,135 sq. ft,. .
Use a base 11' x 11' square. 14. S
Area of column €01 sq. inches _T\
gol - 4.17 sq., feet. |
144 hs.a’

(11x11) - 4,17 = 115.83 sq/ ft. net area footinz.
3 JL-\—X4 28 + 4)(4 48‘

X
6(‘ 4u+4 (3)
X = 2.6 ft,
M = 116,83x3x2000x2,8x12 = 14, £&C, 554 in.lbs,

fg= 18000 fo= €80 n = 1s

from table 2, p = 0.0077 K= 107.4
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= Kpde 4 =/ k- =/ dizzuid = i4.5"
Kb 107 .4 xco x4
: 118>§§"2 "ZQQO caoan o "
d for punching 4*:3*103 3.8, use c8.,€
a.= pbd = C,0077x239x4x38,5 = 4,39 sq. on,
]

use 5, 18/16" sq. bars per band.
The footing will be de¢reased by 12" at outer edge.

§3§§9= 4.23 sq. in. steel per band

Shear on footinz

d' = 8.5 - K = 40 - £2.2% = 16,79 inches a} £.6' froum
40.8 column,
shear —213.79x1cx2x2000 = 3939:.,0 1bs,
144
unit sh:car £2295.0 = 2.1 1lbs. sq. inch,

113x0,375x16.3

footing needs no stirrups.
bond u = —X- _ 338.83%£x2000 . 5.4 1b. so. in.
20jd 40x3,76x0,875%8, € ’ :
punching shear,
118,55x2x200D = 113
4x29x0,87c%40.,¢6
weight of concrete footing,

.6 los., s3. in.

11 x 11 x 120 = 12, 800
(182421, 7x/1c4%, *)ééAQ 150 = 24,781,:5
cD
weisht of coluann and floors d4o3, o233

total loaa on earth under footins «77,274,%% lbs,
allowapble load on 1llxll earth 2zc,CU0 lbs.

Bending moment by flat slab methoa.
r, = 23-2_d.41x11 = ¢ g3

4
< 43 % 1,41x%,42 - 1 43
4

-_— = Q.sé(é = 4.,c¢C
re l.40

fron Table 1l ompagqe ¢2, x, = 11,77
M 2!2300 x1,45%x11,77 = 100,c88.72 in.pds., per in of perimeter
M 100362, 73x8x2,14x1,01x1e= 11,427,105.6 in pas., total ¥
3y cantllever nethod ¥ = 1l4,c50,cz24 in lbs,
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Lesizn a0, 1z
Lesizn a wall coluwn tootine to sustain z rectanzulesr
coluon %4 incnes o0y o¢ 1lncnes, carryine 4uJ,LlJ pounas, Allowabple
pressure on soil « tons oer souare tcot., =xeinforce with 1" rouna
aetformed roas, Joint Committee stresses for zUUC pouna concrete,
with mild steeld Volpue 4, pazfe zcu.
footing tor coluan ——a¥evlv_ = 100 s¢g, ft., areas
2x2C00
aad 1V ver cent, arez usea 1lu sc. tt,
rectaenguler fcoting 1U' x 11,2

¥3]
\
& 36
L &
| P els
“:‘
A &
(3 VAL Sud
\ ot ooy
Ares £ = kil*kz——k)q «2,0 sa, tu.
O + 2
bres = = (2922 )4 ic = zo.t so. tt.
~ X . .
_32__& + 47¢\&)2
X, S = = z.on fto/
a o t 4
53%452- + 2/ (4, z0)% »
X = : ———————n il = 2,51 tu.

v (22.0)(2)(lu)(z o) (ie)
uy™ e, e)(2)(evdl) (2. 61)(iz)

Cy,clz, 2% 1n., pus,

C, 124,740 ip ods.,

Lo7 ., 4Xzd

asoth for ounching sheer,

lezdlejlzeell) = o7
(cc)(dive)
_&ii;bli liéiizl_z qu,c"

a. (4)(ivc)”

ounching shear on uy will rule.

g

olace roas lenstnnise at 4v.c", cresswise roas on too

of lonsituairals, z.t" concrete telow rods, lotal asoth <co™,

Lonzituainal roas;
ag = (v, 0u77)(22)(dU,2) = 7.6x sc, 1in, steel
r

use 11 - 1z/1c" rouna rous, 7.L¥ so. in, arca.
K o= k— Q cl - o, 7"
Y - - < . ~

c






[}
8]

= 8d20)(12,2)02)8c0dL) = .- (GLG Los,
144

cTIUY
= e —— = z1,z lts. oer sq. incnh.
(107.5)(0.z27c)(1e.74) : -

= -LéilLEISEEQQl------_--- = 1vl.U los. per
(11)(%.94¢c)(0.£78)(40.¢)

sa. in,

/0 ‘0

Crosswise reinforcement.

K = —2 i&gig-_- =
(c€)(cz.b)®

as= (U,ulcez)(se) (e, ) = ©.8dd sq. in,

€.% = 0, 0Css

Cy

‘o

use LU = &/¢ 1in round tars, area o,¢s s¢. in,

v o= 83522810,2)82) 2. bv) = 43, 450 los.
144
V = em———iizi = 22,2 lcs. sg. in.

(17 .2)(v.c7c)(1b,74)

o= zz.z)ledlavii) _ -

- . - go.c les. so, in,
(1e)(e)Uacre)(ee.h)

wgt, of colurn on base; (41.8)(10)(1cU)= 17, ccC

=111 + 1z + /TTe)ac) 1150 = 21,128
cd

colunn losad 40U, CUU
total load o0 carth 438, 445

U

soil will cerry (21.:2)(10)(4020) = 4c0,00C
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Cesign nurter 1lc,
Consiacsr koaza ot zlu,Lou Llos on colurn a0, L, 20" x o.",
ana a loail of cuU,uvu Llts con colurn o, %, za" x 2", (oluins
1¢' ¢ - ¢. 4llowaole soil pressure, < tons oer sc, tt. ‘lorg-
ing stresses as recoxoenasd Gy tne oo0int (Comeittee 1or xuul lcs,
concrete, meaium steel,

!y
o |
% g
— N
. - o _""__—“’ -—
Loaa on column |1, 2.0, U0
Loaa orn coluzn &, Shivaluy
lotsal, Tud, by
L\/\J,U\JU o
——————— = 1zt sc/ tt, ares
goJU
ada luv oercent, area to use lcd.o so., fu,
. 01+D? B . e
alftea 100ling = —==——==(lv,zc) = lic7.c
I
¢, *+ C, = lt.ci it. (1)
11—1":’ = 5:.&:;;&_\42)
< vivwv v
Ly = %2 1t
., <. Of trewoszooid
11 = 7 o= .Lf.‘a.;k_i,.ﬁ.ai-§£4- \4)
< t, *+ 0,
sclve (4} &2 (z) tor ¢, &anu L,
22,20, t <z flg = lr.ccl, + Cco.0i0,
-—_..':’/C? —io, 1707 0
c, t L, = 17,cd
=, C? + _,’_/.‘:1 = /a4 :fll/
.‘lz.;:;x_l = yi,ed il
¢, = «.0) rt
G, * L, = iz.,al .
(9 = .Ll,;;\. T U
l.L.‘l.-.l?“ "Li;k’—_:-;";ilfjhv\,w = va,.\,vv
(z)(1l7.c¢
z



Ca=C 1v.zc = 7.7z
—FR8TZ2=_2le-c T lolz
I 4+ KO 47 ,2¢
Ca — L4 = &.1c
Co = 4.1c + 4,01 = z,14a tt,
1 DotxD o - . 5
la= 2 2 C2 _clllixzald X ez B _ -
B L. = S,07 fu.,
C Cq t C, < T.di= v 11,c

vax.y = couliul7.72=1,c-¢,07)1e = 7,740,000 1n.0uas.

won, tor 1" alon: lirne ¢t mex. zomrcnt,

7,74J,V’VU - . .
—_———————— = /c,<ll 1n,Dpas,

(z.14)(1x)

trocm lacle «p K = 27,4, p = L.o077
o LT— _ .
a = //iﬁﬁfz——- = z7.1c¢", u e «7.0"
107.4
ag= (2.0077) (1) in . Da sy e = o «n

Ut o0 =y
fer, spear cuJdlLy les, trom col. %,
no. Ot roas recuirca for cona 1t u = Iizo

culovl
£0, I0JS Tommm e
(c.ec)lv.cra)(ecs.c) (i)
cona controls, use «U roas, 14" aia,

lransverse reinrorcing, colusn «.
Listricutin: cear, <=' =",

M :K:-.‘i

[&
1}
AN
r

)
.
|-
~
14
C
"
IN
~
.

K = A - _fnediee_ _=mm--- 2 Lo
L. (=z)lxi.a)le, .o,
tf':.f ic’.:l; <y &) :\;\-/v/_

- o

Syl )eddeczi ) (2222) (1z) = £,e01,700 in.
11,

Duas.

&



J0nAa stress on transverse reintorcirn:,
Column x.

z 11l.¢
it u is taken at lovu

NUTGCEr IOdS FEQUITEU =—mmmm——so oot e - = 1.1
1. é)ku.\Cl)k“()klg )

use 17 = c/z" rcos insfeza of 1lc (2:=cpace zv)
Colgmra 1.
. N & - =7 e
vax, S.F (aevabu)(-&“l-——$4=4) = zzoul les,
4.C)
it u = 1lc
nuccer Poas n

i
Y
CEYEN =mmmmm S Y e
use ¢ - 1/z" rous insteaa ot =,
Place 7/:z" roos at 4" centers rtetween €na t
Stirruos lonzituainal 1n cesm, (olurn =z,
Lt section wnere spnesr 1s 4y los,

”. ‘
- T {
T8
. ]
: AR A
FEE i L
— A ] S
SRR
] ] '
Y : ]
N ]
HI §
K 4 i < —~—
b2l Soe' | 2aal 289 .
F_‘WID_!IL' Z7-22°

(z.14)(a)avun )= (g7 ,2)(=.15)(le) (L) (v.=VT)

¢ £.Z¢ ILl. &00rTx,

A_Zl = oLl z It.
e omn tre unlt sneer 18
h::iﬁ;~:_&;QA:£lS$AilL4:;1 = Zo,o lo, sc. in.
(1U.ze )(er,c)jide)v.27)
totlal sne€sr 10 Le Le¥en Cy SUIrrunos,
SE€ - - - i v + o ad . - - \ .
\gg&k———“)K‘Lfk)K$¥*=%———5445)\L,&C)\l%ﬁ)=ec%it locs,
=4 b z
usir- )/<" roasg, nDulCEr Stirruos needed
:kaéi ——— . e :
r-LCu\/vj. V‘-L\l;:_.}k () usSt 1=
stirruos tor cclurrn i, slsac,
eCL = 4,2z tu,



cc
[
.

000Ul - (4 («.1¢ )(“»»U) L ‘
-------------------- -= = 1lll.o lts., sc, 1in,.
(‘4‘.0 )(44.0)(14)(\/‘:/&,)

total shear to te teken Ly stirrups,

1158 — al .. 111 &. .4 S~ ‘
(ii;%%i-gﬂ&) (:.L%.J:.L:_) (2;;;21-_433) (c.Uc¢ )( 4¢) = lceciz los.,
using )/x" rods, numcer neeaea,
——4Z4gce . = .4, use cU
(1800u) (C.1lo%)

nesative woment at supoorts,
Coluan «.
fo= LY = $12.5202.2)08000) 120004, 72082)_ = 45, ics. sa.
(1C.oz)(1c)(7.¢)3 ’
tnis is less trun tensile stren:ztir of concretie.

in., 1.

place €, 772" roas, 4' lon:z in cottom &t colurn %, rouna roas.
olace ¢, 7/=" roas, 4' long unier colurn 1. roana rods,
deotn tor pucnhinz shear at coluxn 1,

" - - . Iy
a = S:ékékl&éli.‘.k&\il_ = z.,2 ", safe.
(24)(102) N
) S—=2 {
- ﬁro‘ A Fr
— ":’T‘."""_:;-,.‘L:—- ;
—— T RrERRI by l
=S - L T e
“rods e - e ﬂ : l
, Py = ] T - PRI AR AR I,
& P »:-“""‘- ' -1 ~ T - K _ ; l“,x ‘y*‘l .b |
: 1 , |
: I
' ¥
" ..\‘L —
N

58"

destribut i

A rew - ess _Ee@23°=1'6"  _ __ Limest=z:es L.
e I . 4/ o
¢l poe av 1€
b Lepmene gl Lo
SR s é % q 4
e T T o At e
Brer L 1oL 19" g'7° VAR UTLEN

Scale ,'4.' =/e
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cesign Lo. 14,
Cantilever toundation. x((,CCC lts. on column fo. 1,
20" x 20"; =,CCC lts. on column Rop 2, 24" x 24", 15 ft. c=-c
columns. Piles under tounaation. Allowarle loaa z(CCU lts. per
vile. Working stresses as recemmended ty Joint Cormittee, for
2CCC lt. concrete, medium steel.
éQQQQQ = 10, approxizate numter piles under wall footir..
20CCC
sLeCou 15, approximate nuamter piles under column footin:,
ZCCCO o ab.
240y tg';r 17 LN e £ ‘:gq zm‘ 20"

: N 4« 4- - +
21N 1'_t (4 I ° '_1:\ I_i:\ I
~.'. ‘\.-) ‘\j-' (.t' (‘./' '\- AT
-22°% .
L1\ a'+‘ =) ::’;\ 7~ F.'_]:L
T4 ' H
Sca 5 VRN (ISP AR v armr 5 BN AV ¢
. 1]
. N H \
ETS —~~ PERN H E " Y '3 yag ST \
1T ' . ‘ I 'y
L2 A\ (T HIL SR W P BN 1o
¢ -I\ I‘.\. 'p’“\ '.o \, "—x‘ o2 215\
T \ . ), "f ]
4's ~Ls ./ ~o’ L/ WL D ry
6] 221 " —wen L

1
.__lf_ﬂ_ - ¢

LZiiOQQlLZLEZQ «d,07C lts, uplift due dead load at outside col.

Total load on wall footinyg,

(eCCLCLLI4LIT) = 4og, 10w les,

- "I:
1i.:8

noment actout outer ease of waull cclunn

IS ERT Y o oo . 7 e i - L .
ﬁ&&l;ﬂ:?i&k;&Ll_:_i.‘;(_-.g.&.gklih.'_ﬁ.}; ) = €668 ,8 1ts, u o 1itt on interior
iz column

Maxlmum woment OM strap comeEs at

¢ CC.C LA . o) 1
ié@%g&%24443)= £.¢¢7, ' trow prooerty line.
LT 1l kL
b= [(eCCCLO) (e, 17) = (.‘_T‘:&:{Lf)(r)(.)]ié = 0,:04,1t41n, oas,
i, )

assure L at ¥

de ot wezll column,

-—— e o -

r .

e A
P Li._,L)(l.(:{r;-)

o,
S e —————————n = 123 1t allowe 1.
; Tt e gLk s, allowawle 1:.C
(O7) (v, e7¢)(ef) lbs. with stirruos,
increase depoth to &#", total deptn 41",
approxirate voint where shear tecones cero,

&~ ) éigi};.ﬁ’-_ = O e <C g iy
( )(c,)(”.t)(t?) (o) (e ) (sC)(CLeTxh)

¢ = 1,47






- -
v e o,

BN

Lo = 1,47 = ¢.0c' insiae inner colunn to point zero shsar
<

use )/ stirruos, g loooeu,
s = 228020 0 12 120000 0,270 2] = 5 v yge o
(2)(laacud)
unit shear at inner edse of wall footin:z
—-Lggz8c) .
IR = tl1 los. sao. fit,
(&8)(Uu.57c)(c2)
olace z stirruos just outside eaze of footing,
korizontal roas,
R = -S2didodo = o5y, o = 0.C0e:
(co)(co)?
ag= (0.0U03) ew)(L€) = 2.85 sg. in.
use 14 - 1c/1¢" rouni roas , astorazea
A4 50 4 PR , .
= 1d4d4cis = 1Uul.v lts. sqg. in.
(14)(c.24c)(C.zz)(c2)
allownance tor toni z2¢ aiaxeters, «€,2"
cend ra@as aowne at inrer ena,
Stop slternate rods zt lc feet ftrom wall.
Interior footing.
v = (cCooll)(e)(le)(le) = ¢,7¢u,LuU 1in oas.
a =/ Llidvby_____ = :5.6", oean is c¥" so U.i.
(1u7.4)(c< ’
no wer reintorcezent neeasa
7= —&Lbeyv_o = oo, D = LLLulY
(ca)u)lcs)® )
ag= (v.over)(za)(s)(c0) = Q0,11 sc. 1n,
olacs stecl 1n two alrzctions,
dz.41 = 4 ot so. in. in ssch tana.
o
use v = il/iz" rouna rsis  celh Cana,
no. I2ds 1or ccna ——Li§iﬁéz%=§¥l————e-— = o+, use =3
(2)(dec)le,iz)(vLoin)les)
acove,

Ytall column,

Y= SULUUXiT T l,ulo,uwn 1D lCs, 0on £d22 ot stran.
i C i , SRV
L= ‘\‘J"‘\‘J'k‘:zz“- = <.z » D = C.Uuv 7

\re)lez)®

ey Lol )72y ece) = 1,27 gc, 1in,
usc = = ¢/ i7" rouna roas,.
“.‘ el o —
T e Y e //.o los, sc, in,

(L2)(Ll.777)(e.z2cl)es)
total loei, colurns, streo zry toctinzs, cec,zic lcs.,

===z== = 7+, use zz rlles,

v
1% unaegr inpsr colurn, 1z unkasr well ccoclutn,
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Lesign 1lc,

[esign an £ incn tasement wall, 1lU ft., pisn, to extend cetwsen
wall columxns, 16" x x4", wnich are spacsa 1€ tt, on centers,
Consider that tne wall is to sustain eartn level witn the top of
the wall, Geinforced vertically tor eartn pressure., lne wall is
to nave no footing of its own cut will rest on tne wall column
tfootings, Assume eartn pressure as due 1o a tluia weizahting cU lcs.
per cupic foot,

forkina stresses as given oy tre joint couzittee,

hall designed a a cantilever suoportea cty oasement floor,

Peessure at tase of wall <cuU los. ver toot.

lotal pressure 1cJ0 1lbs.

= ﬁ%ﬁ: is QJL111314413 7,%c8,000 in. oas.

<

N
160" 1 .
198 3

s =

%" speced I%-c

L | | |
v = cd?jtoo
D = _-_:.CE:’\_'/V—.Q _______ = u.,zu>
) (z)lz)=(o.z7)ldizuen)
ag~ CL.oloxoxie = 0L,7727 sc, 1n
use r — 1/z" rourdy roas szoaced e" c-c
| = 1‘ -
[St Fleoy -
i } ! J”!]lllll]ll
li i ;;:. [I
. SR
1 HIRHHE.
R l:'! e
L " 26°0" I N
| ' L
lhm
1N
N

F/oar
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Lesizn 1c,

Uas

bll

x zd"

nall
wrhizn are

Cesizn e&n cLznt

1"
the wall is to sustalin eartn level

wall colunns,

tforce horizontally for w®sarth oress
footins but is to rest on trke wall
pressure eoual to a fluia weizning

hoorkins stress as 21ven oy
hall aesignea as slab sudopo
wall

to shear w

Pressure at base ot SN

Pressure tenaingz

12,88 X _civ = .00 los.

<
Shear taken oy one toot ot
(c)(1lz)(4v) = ocaU los,

Consider one toot at o

LT - Lew)llaaea) s,
e}

[

—— e T R R X X e o o e e

(o) 2(1z)(18000) (D
U.Lloci7xz2x1z
use § - /4"
at 7' trom ceilinz,

MERUITEHIEERIIIEER

iy

S

a

o
L.z

rouna et o

( ) (14)(1\0(4\1)(;).«9)
(U.Cucdax=)(z)(1z)
rounda rods at

ag=

use z = o/a"

at 4' fror ceiling,

$4) o) 14,3820814.,82)01;
éjlcuo ———

ks) (lz)(1c3Lu) (L)

(u.CCer)(e)lz)

11/71¢" rouna roi

EI"X!!"(‘.’.

V.0

v

ag = J.,ccod

use 1

PAd

<2ldz) =

Ce—

gz sa¥ 1n.

10 tt.
spacea 1t {onsiaer titat
top of the wall.

wall is to have no

nizht to extenu cetween

Ce

c.
with tne
lhe
coluwn footings,
cu ltbs.,
Joint Coxmittee,

Lz2in-
ure,
Assumeld
toot.

gartn
peEr cucic

rted cy two columns,.

U los.

all tfroo coluun,

wall actove wse,
wall sate for shear.

¢, 0 1in pas,

C.0uz17

in. steel

c tor 1lst ¢' ttor tottox.

in pds.
U.0vfas

steel
c—-C tor next

on .
g 3

T

feet,

<)

¢s7sU 1in, pas.

AT
V.uvu/

so/ in. steel,

s oer tt, to top.

16°x24%Col.
i e g Wil

L

|

u)

|

d
—_Ayvall
A—
&

A
W4 3 -hdl

L

12'8"




Lesign 17,

Intsrior floor cay witn L" :zranciitnic tinisn suoporain: a

live loaa of 200 1 s, oer sc. ti. Coluwns spacea 1z' x 2U' on
centers. (iraer span lo', peans o' on centers., use & part of
bay for a stair shatt, oroviae enclosure partition. |[eizht
finisned floor to finisnea tloor 1lc test., L[esizn stairway tharu
one story using & runs, Load on stair LUJ lrs., oer horizontal
sq. foot. lorking stresses as cer Jjoint Coumittee,

Lesign ot ¢ lower stz2ps and slac. o= €l o = U.ul77
wiatn 6' 4" tg= 1eClo k = C.ovc
lenztn o' 4" n = lc j = 0.274

total live loaa (&¢.cc)(2.cc)(10) = coiv los, 10U over tt.

deaa loaa assumned _cody los, _<2 oer tu,
viev los, icd ver fd,

assuxea aeoth ot steel c.c", aeotn telow steel 1", total «.d

vo= wlZ o _L12E082.,c02012) = 1.420 in. oas.
1z 1z ;

XRx (¢.0077)(1s300C)(C.c74)(1e)a2 = 1.
area stezl (c.o)(le)(u.Uu77) = C.e88 sc. in.
use </z" rouna roas soacel #&" c-c

Lesizn of mia section.
widatn c' &"
lenstn 1z' 4"

Vi = Liigl%;i&glfiiﬁl = fzzdl in pas,
&

v .= (U.uU77)(1coCl)(v.c74)(12)d% = DBg&S
1= c.,c", use .+ 1" = 70"

1

arca steel (2.2)(1e)(C.0087) = C.§ so. in,
use ¢ - 7/1c" rouna rods sopscea <" c-c
oo section,
wiatn ' 4"
lenatrn 12
v o= 11221&%2‘213115) = z=1luz in opas.

W

w

N, (U.ol77)(1lcvuu)(v.z74d)le)(a)2 = £zl

"

1 = c.7", use ¢.7&" + 1" = 7.7c" 1otal.aeotn

ag= (¢.7e)(1e)(L.oL77) = L.6&3% sc., in.

use © = o/3" round roas z" c-c






Place 1/4" roas every 1z" crossaise of steps for snrinkaze
reinforcement,
Suspension roas. 4 roas at lst lanainz.

total load on one roda 6&2} lbs.lowner suspenaers

15551 = 0.545 sq. in., steel needea, use /4" rouna rods tor
Y
tour lower suspenders,

total loaa on one roa 1llzzs los, upper susoenaers.

= 0.743 k&s sqg. in. steel needey, use 1" rouna roas

tfor four upper suspenaers.

€
/80

Sirder 19"X30"
=3

Begm /0"X26%,

Y

PLAN
Scale %=1
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4" Fartition Wall

'.

Section at A-A

aopackns £y o Y
F R R 9 S
R LR v \- L
.6.£ 22 = . S N )
I S d .m
. Q
I~ L
P ¥ v 9 &
“ | A s
Ve N &~ .

o S 4 r
l.uc.lnlnl-.o..i-u.-nlucwlw.nlnullrU TIEYCITLITH ,+ : ¢
T P S e R e s q ; #M Jo N

' " . " " H :
R d¢ | |a
® I Lua
9 Poro i .kn
b --.\u\wuti\ -
e 14om ..s.w.*)_w _
I I H t b i .nn.ww..
b e
T ==z nuuhhnnnunn.nc.wuuu.“llmnnanu“ﬂu.llu&u 1°0 27X, 9/
slirvais ..--UH«.n.-unnnllcc-n*lliotn.w.uklcmn...namr.u»- s
DM ST IOV Sk i ikt R

’ lol'




. L

[i reds 2“c-c
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2" Wall
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Section at BB
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Section at C-C 5
W Scale 410"
Steel List
Ne.| Dimensions Location
18 #- 90" Lower rise and slab
4 %'~ 6’0" " v Shrinkage
29| %i- 180" Secend rise and Slab
€| r- co° s - shrinkage

36 ¥%- 236" Upper rise and Slob

15 %"- €0 " Shrinkage

S i"- 12%6* Lower L'n/l.ﬂ' Suspendor

ks 1”- 87" Upper LandingSusperdor




{legeryon's Loedrel o1 Inrse .oLints,
lris in
Cnaote. 1c as taollows;

sl * ¥ a(lo+ly) +t4‘la T =2, i E(l=n®) -l E(ci=mCFAr)

{onsiaer a sin:-=le& span tirst

—

toecrer 1s statsu cduallan t2rL 0N 2&.€ <=z 1N

[

X

M ) , 3 .
lake ao1ent at sectilion I¢r oart 1o lettu,

¥ = I.V 2 + V 2x

o} - -
il=- = NN = Y + X
ix? z Ve

;Igi = wx + LaXxZ 4+ o (1)

; 3 2
aly = YaXa + YaX_ 40 5 o+ (z)
&
when x = ¢y = U  lLsreifors ¢, = o
lake woTrent at section for part td> ri:zhbt,

"V = V,p + ;J ?X --l‘::?(x —IV'..L ?)

y air _ . - - o .
;I—-‘é = g + ?X ":2(}(‘:‘1 2)-

1X “
. J‘l . i x‘ - ;ji: '
;Iax Vox + dedl : * Coul v, ()

P 4 6
v « . K] = ] » <
LIy = og2m— 4 ;3§_ - =222 + La=dar® o4y s Ca (=)
¢ g z
anen y = o x = 1,
12 18 -1 P :

Le2nz o ZZDZ2 L ZELE ¢ LEILDIZ 4 1 ,+l,T . ()

< < o z )

£l 1s sgare tor cacr ssction

inzn y is s te S ; : g

\ ng‘ , N - tle - 1k
2 2 Yoo b <z c oo 2
e - —saaaZ t —ne tolall, v, 0=
Z - 4
z 2 R z
Ve %1% . 1z X
—Ip—es b esloos iyt ()
“ »
" & z : - L
S PR IS RS R S T ()
Lnen & T Alg, trs A4Sl Lo LoewlllTa ere clueld
) aa
sleze scualiion (1) = ciuelion (<)
v Zl'( z Ve z z z
. 4 P _ ) fp T4 2 A .
B e LT e Tl e v, ElE ()
/Al(
_ -2 -
Cq T msmeZ o, (o)
ul'.lul., SlwLildn o) [ 1
AP
“q .L; = = + ee i? (J\)






rlace ccuetion (7) = ccuetich (aiv)
E /;3 z . J r;.ela
SIZTZa e, = ZEDLZE. (L, (i1)
& z
.;ljl‘alg . .
v T T (iz)
e

cucstitute egueticn (4x) irn ecuicticn (2)

N 2 ) 8 i 4|8 (SN
vold Vol g 2+52~ 2 - Deitlg .
——.——‘l’—.—.—— - ——m—Tm———— +\.« 2 2+ —————— = o ( 1cC )
< o) o % C
. N a 2 | 8 .3 z
_ Vol volE FoL2 oinld St 8L 2 ‘
Ca T - - - —_———tea—— - ————— e ————— (1<)
Z C C < C
sdvstitute ecuetion (4e) in ecuation ()
Tz o2 v i s L |2 [SEETRIIE LoTe) 2
p _ - Q.L‘l; AN 212 Y ?l; Iy 212 uy 2.‘.19 T o l; .
O e T (1)
Z z C C ba <

T ecuatlons are ecuzl wrhen x = ol

n 2
lett sectiion, sucsztituwe ecuatlion (i¢) 1n scguation (1)

atl
. Voxe = <2]l2  \, 1, v,12 2,1% c,012 AR
_l.g.l =\, ?x+_3.—-+—_‘-u-3-¢'-.3-3--_‘_3 _3-2—_“;-? 2-_- z ..f -~ - St
ax < pe O s z z o

ricsrt scciion, sutstitute ecuatlcn (1l4) in ecuation (c)

. 5 .- 2 . . P ) z v | 2 [ e -

, JX' ‘/?x‘ t‘?)" . V?lc,j \/219 }.’Ql; ‘._?Y.lQ ;2(.‘51; .

_ljx- \, ?),+-....—- - —=S-—+P ;;‘l 2 = mmmm = sttt edem A mle s o emme (2
z < i < o & z <

In & CcoONTlnuoUS CE€&T L0E LenzeBLs are couwrdn 1lazealetely

s L e Iy

Mz M3 +

5O0r & 0Clni OV:Tl v, oleC® svuctlion (17) = ecuetion (i7),
ticn o1r tz: scen 1n wrlcrhn trne ecuation 15 olecea,

- coclrn
usin:z 10S orooér LOola
touetizcn (4i/) res notuulon Of 308l v,,v, &NA £0usitlen (a7) nas
notetion ot saen ., .. X = L, 1o €cueivion (17), x = © in ecuatlon

s
(1), &€ 1s tre corron acnomimator,

Fugl, tolvglE = o oS lE v Do, 1E = il = volE oY FoLE - P 0L E
- P,r®lE = b lflE - Cuul. = ovalE v oalE - CcallE - Foitl (az)
Collectins terns;
Chigly, * 8 ola * 2., ¥ Vgl = —l-pls + 22,12 + 2,:81% +
8,212 - CoaulE * DalE - L0 LE (1=
bl = v = up b sl = mly (o)
Vo l2 = kvl, = zuol, * 22 l% = zz,ilE ' ‘ (<1)
Vala = 14 = Vo * rala. = “ailg Lcz)
Val2 = .l = ¥ala * -olé = .01E (o)
Tucstitete covelicns (<2d) @na \ac) in zcuaticnon (13)



Sl g*Snalgravigl gman Sl vy gl 2=—b- g L8+ (la=v gl att13-F 012 =
I S L SN Sl A I L S i RPNl - & Sl UL B £ (=)
siwoliiying:
Nolotinglo¥zd glats (lg = =5l 8+0 08 Bmil 4240 i1 2=D 18] 2 (22
sroaoling terass
Mol gt (Llotlg) Vi ly = =F Ll E(0-l®)-F,18(2ru-ci®+43)
inis 1s in the tore as statea, It wore traen one conceniratcua
loaa occurs in a sopan, usc tre sizp 2z cetore tre two terris in the
last part otf tne ecuality.
Jdn pat€ cdz 1s glven trne coustion for trree 151ents for
unitorm lcaas,
Malptawa(Lotlag)*n gl = — dw,ol3g — 4wyl

Lerivation &s ftollows:

In svan s ,,%v, xonents tor lett ssctiion,

e
Srafy -, gz
~137¥ = W P VX = WS
<

IR = x o+ L2 _ BgxZ 4 s (1)

ax < c

v o8 2 v oxE N & - ‘

Lly 5 =222- + =R=— == T ek T, (z)
AreEn X = L Tre y = L, UISrelOore o, = L
wWrLen x = L, trer y = 4

: . p _ z Wl )
Cq = - tslf _ s2lZ _ o nglz (<)

< C P
V7 z \/ l W l &

N /o ¥ T X Vol <13 el3 ‘
il%ﬁ = x,X*—z—— - = - _;_- - T:f- - ——== (4)

- < < . £
sizilarly 1n £o0&n Va,v,

VaXx% P val valZ Wald

.13y = » 2 pla fada at?® .
== = LY VP e e e @ e - e - ———— &L )
Tax ¢ z ¢ < o) 4

Insse twd tansents cre CCILON OVEr SUDDOTL at v,
r

rere x = 1, ior ecuvetion (4), =x» = € tzr ecustion (:)
y volg ol g “olp vl d Wolg
1919 R i et
& O < . rans
Y qle ‘.plg ‘.‘-pli
- s = - mmmm = T (c)
< & £
. \ P ( T 3 . o
tzlz oy ocele  elP o delE_EwelEo el G
< L > 6 LI: i






‘ . WalZ -
V318 = 5'.‘ - _V_a - (‘\//)
z
Substitute ecuations (=) and (c) in ecuation (7)
Nol, Yalg Yalg Valy wold “alg Yalg half _
% z < s : z c 1z
cwol® wgold
----- —-— (1)
<4 <4
Mool g gl g Mgly ¥ela cw,lg wold wel$d Walld .
- - —— - ———— (11)
6 o < o) <4 & . k4 1c
‘ - Wolg Wal3
Volg + 2ug(lo*tlal + v ly = = =g== = —73--
1hls 1s in trne fora as stated.

lhe tem torrs tor tnis three morent ecustlion are ziven on

page ocl. Ihe aerivatlion of tnese ten are psde in a similear
n

manner to the twno whicn are maie a oart ot thkse thesis,

(a)
(c)
(c)

r = — 4w,l3 = wol8(k® - g® + %‘)_
(a)

= 3 1 - 2 @ K
r = — 4w,l¥ — wglg(g - 22 + k® - g )
z

(e)

r = ‘W913\§ - 54) - hal8(x¥ - 2§ + 5;)

T
(F)
v R 23 g4 i . ) .4
r = _nylﬁk% - E + Z ) —walgké - k% + ¥ = %;)
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(1)

A

2 ‘ 3 - ‘—4'4‘

r o= —uP,l2(k-k2) - wzngEZ -ké-) - $n,l32

In the atove ecuation r = VR tev(L+l Q+v lg

Lesizn 1=,
s ana tixed ends,.

L continusus teaw nos twd 1o

.

Q

1 Oan
ComoQte tre molent SVEr itnge ceénter suocort r lo,Co0 lt, loeaas
at Lne cuarter ooints 1n €act sdan
‘”;:E - T :S'T . ST

1S’ 1S5’ Jﬁ

” 2 T3 1'1.

‘.V42l~2+.4\‘3(l 9+.1.3)+."4J.9:-E1l';\{‘L;e)-??lg(l(; 1"[&?)"‘:31g(ékﬁz-bkg'rl(.g)-

Pali(cia—ce 2+
> - : = 1 O f r o
- :1 = T T Ta ~ S a4 T lb,\,’u'\/ .'.CS.

7= s v = ; 7

= L&D -1 [V

¢

Lo = BlLzo Le = V.7C
o T Vo4 Ma T LV, T ol
lov g + 686Uy + lov, = =100LLULe)#CLco=(Clz)3)=duciu(ic) *u.7c=(LL72)
=100l (1e) %) (vicn)=clu.co) 2+ (L, zT)®
=100l (i) 2lau.7e)=c 0,7 )=+(C.72) %)
ic v, *r locy, = Uy,

i,
A}
v g

.o
o
&

' Ly 2R, - -~ 1y h
«UlL="cC: » LLL=C L/, ey

b
{ tt. pas,



A continuous tsar of tnree lc foct spans wnitrn supportea

enas is sugjected 1o a moving lo t 22000 pounas anywhere alorg
its lenzth. Ffina waxinux woment zzximur snear whlch occur
in this tean.

Vaximum noment doad on firsti soan,

Load at €,75' from ena support,

2e000 = 78clz.€ tt. pas.,

M = z.04cx
Maximum mozent loaa on middle sopzn.
Load mt=miaal:s of second span,
tt. ods,

moment OvVer 1nterxeal € supodrt.

fror ena suoport.

v = 1.,024x1.85%22l00 = 400 tt, pas.

waxizun scear at end ana intermeaiate supoorts zcllU les.

Mon. over
Intermediate

Support
End Shears
Tntermediate
Reactions,
§ (N Shear, end
T 3 — 4 250 82 3" Spenat
iRk A AT L
| :
|
Shear in
avie
EAY Y R (S et
§ 8 ¢ § 8 o mediete




Lesizn zu,

3
147

£ contvinuous ceaw of trres 1:' soans witn sucported €nas
1

is sucject to two wovinz 1oans zcuuvw oounids each, scacsa o

avpart., Fina caxinrum porents ana maxirun sngar wnicn may occur,
See aia2rams on pasze Ivo.
Loaas moving from lett to ri:nt, wmaxlpoum wOLsnRt €na sSpan,

lst loaa €.7¢' tromw lett supoort, 1oment at 9.7

coluuXg,vacxl, o = 740dc, 2
LeuuuXU,diexl,e = lézcl.g ckzcU.,u ti, lus.,
lst loaa at miaale of sopan, mnosnsnt zt eentsr,
. keuvbxz,Uxl.e = 7elud
LOUUUXU,Cex1.8= gogi g-zzu tt., lcs,
4st load o' from supoort, ropent at centcr.

. . P
4C=\J'v\bxl.‘ifxl,0 = LCcre v

wowuux1,0lexl.c= c7720ay ccczo,u tt, ous.,
lst loaa 5' frow suponort, moment at center,
couulXxl,zouxl,c = &z8zn.,U
2S0UUXy,7usxl,c = g72¢7.2 cdccdze.t tt, los,
vaximun mozenti witn lst loaa at wizales of span
yorerts in midale soan. .
1st loaad at mixale ot sgan, noxent at centier,
ZiuLLX1,7ex1, e = dudzol
FZVIVIGIVE SURNE S s SO T R S el o sidz7.2 tt, 1lrs,
lst i lterusilate sugopori, oowz2nt &t centsr
5= Leled .t
= 1:2Q9.0 rcecr,o 1o, los,
V.0 12te sucqnort,
Is L oBLZOOTU.
. - oo 3Ncw
= LintzLo sz, tt, s,
Ist ioau wt 10.8' free L=ttt suooort.
I X RVIVIVE VIR S-S A G SRS VTVRI
EEAVIGIVE SURAL TS S S Liluwae cieee.e tt, les,
st loau at 1lz' tren lett sucoort,
VA VIVIVE SV LR ST R TVI IV
ZiowuXe,onoAd L = glenlae coic/.c tt, oas,

vaxlruar 1owzot witn Lst L1oaa el dv,i' 1rcw lert sugoort,
vaxliue &La sneor,

lzt losgs 21 suvoort, P IVIVIGENG

2na 12331 4t &', ziluorl, Lz leruy ou cz7el.y los,



l U/
Interncaiate resaction,
lst loaa at 1U.c tror €na suogoort,

C.zlaxeoiudl = ciziovu

UL.TSOXLTUGY = XBTUY 47zcy los.,
lst loaa at 1.5' pas supoort.

0.200%x2000 = zel70

J.oEsxgelUU = zozz 47200 lcs.,

&L
T enl1 supoore

lst loaa at 1lz' fro
0.87cxczcUlyu = zdcco
O.241xx2l0u = ggoieg c7zcv los,
lst Joaa at le.z' trom ena support
O3 2v7xzel(Ul = idiz:
O.LogsXzzoolL = glfoy 42072 les,
chear in ena soen at intsrxzediate suooort,
lst load at supoort 2200y
znd loaa 2cCLUxT.7c4 = ddduy e41uy les.,
Shear in center sosan at intsrreaiate suooort.
Ist loaa ¢' trow scuooort
U.cel x Loull 1727
znd loaa at supsort Ligwy 4227¢ lrs,
vaxlrur wmoxent in end spand cte2o tt, lts,

Yaxirua zonent in midale span >lazo tt. los,
vaxirun motent over interrediate suvoort t7«Jdu ft., 1 s,
Maxlpnul €na shear ce7uv los.,
¥Yaximum 1intermcalate reaction 47300 lcs,

Shzar in ena sovanad at intermediate suoport <44l1.0 lcs,
Srear 1n cenier soan at intsryeaiate supvort 4x«7¢ lts,

Lesign =1,
Constouoct rorent ana sheéar diagran tor a ceax of three
spans loaaed on o1I1ly one of tne outer spans., Consider cotn

fixed ana suooportsa enas, w = «UU los, 1l = 12"
—— I SR
I. ”’;n nl : ’ ] L 3 M‘-
R, Re Ry Re

enas tixea,
ol *+ i (Ll,*1) + |1 = - gwyl® o 2w,l?
Mgl o+ 2y, (L) + v,l - dw,l3 - dw,l1®
Mol *+ zig(l+l) + vl - 2w,ol® = dw,l8
Mgl + <l (L+1l) + w4l - dw,l® - 4w, L@



vo = U, Mg = U, Wy T U, W T (L oWy, T v, L,y
dny ¥ Wy, T = 4w, 12
Mg t b4y, ¥ Mg = = *Wlla
Mg t* 4Mg & N, = U
¥g t

&2 = 7M4

Vg t zEN, = 2, T - 4w,12

vy v TN, = - 3w,12
ZM1 + CCM‘ = - iwllz
g o= 2
doy, 4 w,l
4bv, = - $(<U0)(1c)®
Ve = =22l
e = =172
‘3 = DU
2, = =1lzcu + 1700 = = ©cUl
Vg T = 4720

Vo= Ma_=_Ka + 3wl

iz
VQ = Vl - X
i, = 1/Lu = 2Li0 = =1lolu
= =gzl _=_% Y =
Va ------- = -~

Vg T Nq TN 4 — #n(=)?
Ya —avoe + (d7eu)(z) = #(eco)(s) 500
Nog -{yﬂb + kl?Lu)\:) - éklvb)(: «

1
"

[

r

(&

|
~
IS
s
[

Vgqa= —ufou * (170u)(1h) = 3eul)(ud)e = Qzeu

«ny sgan,

N T oM, t V4 =y
Ve = =1vev + (1z0)(2) = =1ll:zu

Ve = =172U + (lzu)(r) = =:z:cu
Vgp = = 7ou + (izu)llz) = &£C
dtd soan,
PR PR
ol # (—zu)(=2) = U
ig T Euv * (=Iu): = 1y

Vap = tUJ t+ (=2u)(lz) = =10

<
|



smds freely supportea,

Vg t AN, t N,

.Vl 9 + ei\'. Q + A 4

ceing freely

4y, +

M, +

—16.v13 t Mg

laking

laking

lakingz

1st

«na

1

- 4wl 2

v

Ly
bl SR AV

"

supgorted M, ¥ v, = C
g - 4wl?
4y g= U
Vg = =dVg
= - 4(20U)(1o)"
Mg = TeU
Vip = =C00C
moments at n,
loek, = (zvz)(12)(7.¢)
lok, = 22200 = 009
hy, = 100
morents at L,
lon, + (1eou0)(20) = 7¢
lok, = 7co = 22000
Xg = =kiiv
zonents at k,
lon, + (—zoov)(ov) + (1clU) (=2
lox, = 1zCUU
E, = 1.0
worents at Lk, for
lek, = 70
Ty T LU
span
Ve T Mgt Vg8 - da(ae)?
i, = U+ (lcle)(s) = #(zu0) (1<)
Va = U+ (12Ul)(z) - $lzuv)(£s)
Va= 0+ (1cuu)(lz) = #(eo)(lig)?
¥ia = U + (looU)(1e) — 4(200)(12)®
soan,
V, = laiz_ia = Zizzg_ﬁﬁzﬁ
Neg = N, + V4
Ve = =cuul + (gzou)ld) =
Vg = =0lly + (zeu)(z) =
¥y = —cuuu t+ (zzu)(le) =
Toan.,
Vg = &EO
Ve = 7tU =(zU)le) = cev
vg = 7Teu = (eU)() = cid
= 7¢0 - (2)(1z) = 10

o
3°0L

| vy 1
Suv v

lzeC

-l1400
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Lesizn zx.

If tre center of a soan of a continuous cear witrn
practically tixea enas is reintorced tor a zmorent ot &lﬁ,
what is the least amount of steel tnat can te sately pl;cea
over the top of tne tear at the supoorts,

‘ 12 T
soment at center tor BLZ = (.(ci wl2

V]
o5 B D
rd ‘6p
9
Y ar0
k) < = B
: \ 7<h~¢ﬂPJEE |
& / £n
\ e ny I =
R ¢ TN
€ oog ‘
§ . A
LN
o
° o.5 r.o 8

Values o4 g}

~Me denotes Max. Mom. ot Suppeort-
M - . . betwean Supports

L = Mom. of Inertr'a ot Suppert
T s . .. . o cgnﬁrSPOﬁ.

I

—

—

trom tnhe curves we tina tne intereection ot U.0zc with -V tor

cotn ends tixeu, 1nis intersects at 8.z tor thne velue of

woment at center = C,0cc wl?
vorent at suooort = U,0lof wl?2

. TN

tor a D.s steel, or ine stcel is stressed =ax
e

the assutel workinz stress,



Lesizn zc.,

1wd parts, (a) ana (c).
(a) #1na stiresses 1n 1interior coluans b ara ¢, consiaering tne
ends of beam as freely suovortea ara tnat 3, = =,, K = 4

Live loaa «JiVU lits. Leeza loaa cv lcs,

<JV' spans, teams 10' c-c,

Roof ,

— —JF

oy

v e 4 |
==L=#§g L 5; {]E%.

y 197°%17°
4 ta
8"’.‘ od
j——_ é 2_F < N
~
K 20'x20" 6 N
8-14 , .
L——x e — teies
3 27" o -
§ i’_’:’i., ¢c ' 12",] 8-F ®rods

—3 L1

W= (E)€1U) + $12)led e)1lev) = g0 s,
lag
W= (eeU) (1) + 20 = 2oty los,
N GV D CIcP N CFIE ) LR
1 (av)(lz)

ihe wnorst conaition of loaains 1s when tre twdo ena soans
are fully lcaasa ana trs 1iaixle soewn unlozaea exceot for tre

deaa loza,

1

cive loza on one o c.czlng + ny) = gclze los,

soparn,
Live lozui on twd spans, n (1.22)(dvcu)laL) = 74000 losS,
iLirect L2231 on c¢coluLn c,

() (Tavee) + oclzl = lzlizl los,

Joint 1. Live lcaa in one soan,
£

O, = Li;;;il&;;iiii;i_i-&;El&i¢£;LLZZE_ = £ L

@ (c)j(lz)

o= Mwwipze A av ¥ % (aedlcacelie El®s 1,

c (¢)(iz)
O + o= af{Tg+]lic = -

Ka~, L L {Tatlic) czZ

a2 = lf— X i;;LJ_:_ia = Léﬁl:&iél:&kk;:l-___ = igiiA;_

iz P e 122 % (1e)(lcve) L,

stress Juz Lo cenalng,

LX3 = SiGoX, = S22ldvds.z)iz.2) = c1s.1 lcs, sc¢. 1in.
\ 1 (=)(1iz)

“culvalent concrete azrea ot colurn,
)

(ii) = 27,0 sc, 1n,






[N
-
i

Stress aue to uirect c¢coworessioun,

dzilzy o 4o1.4 les, so. in.

Yaximum stress 4ci1.4 + clz,1 = zuv.c lrs., sg. in.
Joint 1, live loaa on totr spans,
no= (&)(740

U u) = zkz2lCU LUus,
stress ——5¥

= ¢cJU los.,

desizn tor 1l:14 * & concreste, t ccu les,
Joint %, llve loaa on one soan.

= luelzoll20) el + (12)(11,22)(10)2 - 255

c:

o (2)(1z)
AECC BoCe = 2(lactizec) = lizs
0, = L2 (l.ona = _ha)- S2v)2(1z)2(cdz0) = 3218
lex 4C + o3 (12) *2(21:7) 1

Stress due to bemding
“Eaoo Zfefa o (a)(edailldu) = 2uile los. so. o,
I 1 (2)(1z) '
sgulvalent concrete area ot colunn,
(el )(2C) + (11l.c2)(21) = cco 7 so. in,
lotal loaa on C column, zccleyv leos

stress Jue to d1irect cororession,

e~y .
Zpxa2=x = 4oy,o les, ver so. in.
e o,/ .
vaX1lmum Stress <=z, + zdl,c = 740,7 los., so. 1n.
Joint 4, 1ive loaa on cotn sopans,

o= (T7Tavuu)(d) = zzcudy
stress £222¥¥ = o7 los,
aesizn tor L ¥ L4 : ¢ concrete, t, = c&JU lus,

~

(c) ‘Assure exterior colutrns of concrete with £,0, = £,0,. ‘filna
stress 1in outsiaes lower colurn oy exact and aporoximaie metnouas,
korst condition ot losain: tor trree spans; two outsiae spans
tully coausa, Tiaale soan unloaasa,

wW,=ccuU, A= 2Try, 5 = dud

c0a1 on U Coluxn

trom top ¢ floors, ——-)(4,rv)(4J)( ) = cozal los.

irow lst floor, H,, \——)(4 cu)leu) = «Cfav les.,

airect l1loaa on colurmn 1lza=y lEbs,

Lxact methol*

£l = ¥, = (4)(zec) = 10l
- .L-.. PASEY ux-ﬁ:il-:-ﬁﬁai_ H
%1 14~l (eC)2+ivdCtevc +
- Lay)2(iz) 2 [Léz; Ll;;-_iiél-_-léliaxvlilz_l - =4z
le » j28 1ozz (du)lddzd) L ive )tZJ)(lvt)g :

P



Jtress aus

NXg

I

touivalent concrets

Maxinuw
tpproximate

K

GL0gX 4

1

stress

wnetnoa,

b.i = L"—-h’.l&’*"l

Cuk .S

lotdl loaa on

Q4

oY

= €,

sl

Ap;roxiLate

i1s thersts

Eesizn «<

.

ani
neizht ot

the face o

suonocrt

(¢

|

re

~
i

on 1re

" u rczClencular

a 1o

()

to cenain:.

v

to cenoing,

Lo2fz42)032)

¢ cclurn

colux

~

10000*

10°0”"

les. se.

1t 5 ,C, =

X = x11l.,2 lcs. sg¢
/
i4,1 Lles. s¢, in,

s Cuv 108,

¢ colurn (&4)(zccov) =
loc

in

g

lizauyu 1cs

Ca

in,

re) = Leflciv)ldvz)
J. )kl-tu)(ivu).(éd)(ivu)‘

-~ c=i.l sc. irn.,libs,
(z)\iz)
1o cororessisce «4i.s lzs, s¢, 1n.,
T3 LLid.e e, 82, 10,
Ve Ccy 21ves rl-csr valuts 10r SLressss ani
Si.ae T Celity,
colurr 1z ifecet lorns Lo nave fixed snus
le., loza on @ trsceet olaced at two tniras unc
trontne cese,  lre lcea oust ce placsa 4" tro:
sllcwerle axlel 2 yoressicn zz.o oer cerw
coLoresglon stlrensLL, or <4<. 1lCcs, s¢., 1n,
st L ner cent reivrcrceaent, L1 = iz als.,
Liil$iél = 1" size of coluzn, © = 1i¢"
1z
" 1or t
X
o ~ pe . .
-— = "g"‘- V., K = v.Gl, e T va.do
T o
- Ex° V(o o
o=~ L T dewde)ldz)_ = tui,z les.sc.
L L .
LLb (v.odivz)(17)(z0)*



_€si:n <7,
Loroule azuenis ana all alrcct strgsscs 1a all nercers 1o

frad€e wiven celown. 1<' ceilin-s,

290"

14
-]
£

to,
sa00,, Y 2o,

€9,
£038
leooo 5 ﬂ:ﬁg.
L0y
seaay fus.
L8000, g.z.e_,
£0,
22000, Y5,
€0y
Hocce, am.
L0,
Ylaco, Nuwus,

;

L

/.65
295 |2015] a9
PIF

13k

Stresses Iin
hundreds of pounds.

i

Litind
ik
T

i
i
B

B
-
i

79
El
Ry
B

op P ,iro" % /E Iab |
D

¥
b

Lol X LE SLress 1o o aid o Zolunns,
Z<% L€ girvss 1rn 2 zra o coluits,
Lirect stress in &-, o-, ., L.
(ivee (T} = (oA ledten) *loxjn*D)

:r.\,\,\ = :XKJK"':*-LT')

X T ilo s, SLreos 1 T2y N
v = 1ns SLres i - -
- " ~ - <y S L (OISR EOY ) -

QCovwoddn 4 (ioel ) = Qz-n lu-tee) + (x)(ztz,

doToevw = (ry/jlawwtlin)
- o -
oa - - o 10z SLr<ss 1" /,_, e
Zaon T ozo les, sirezs 1o v, o

JIPECT STress 1n ©.F o, o, .o
(=cvvilen) * (

LT =w Ly

(r
-]
I
1l
-
[
[ [
« >
~-
- o~
C (S
[}
- C
~
o
-
—~
«
u
142
-
o
5
(
-
o)
¢

i
Ki
N
|
2
<.
C
«
—
r
{
Ui
ct
i)
r
.
.
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e
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L1lrect stress 1L 4L, 7o, <0, .,
(eCovv)zz)r(ceve) e tiote)=(gax)(catea)+(ox)(+2)

R AVIVIVEE (‘.X)(l'.‘J)

1}

X cv/7¢ Lts., steess in Tz, ©l
<X = gzze lrs, stress 1n <&, &o.,
Lirect stress in «f, &2, =C, =L
(&00u)catzyon ) (eetiotio+e)=(ax)(cs+ea)+(zx)(ct)

“~
Yodeve = (zx)(1cy)

(@

X = eroo lts., stress 1n 4c, 4(,

[is
[

zax = lazcl lts, stress in =4,
Lirect stress 1in cf, cc, <o, B
(4Ll )cd+(ELlil)(catag+oC+in+c)=(ceex) (cd+ze+(=x)(z+2)
1124000 = (cx)(1i=y)
zx = 7<%z locs., stress in ¢z, <C
ceX = zloze lcs, stress in ci, <L
Lirect stress in z&y zc, <, <.
(audu )izt (20uly) (EE+0 244+ c0+ic+C )= (cax) (cdtos)+zx(cte)
(zx)(dcy)

x = loviu los stress in zo, &0

l’:;‘v':vv‘u
<<% = cvlel lecs, stress 1n z4, &L
Lirect stress in 1iy iz, dic, 1o
(mevjeuvtloiud)(Fotdbtoatortoorlotd)=(cax)(ecatea)+(zx)(-+-
cleesbe = (zx)(170)

2 X

lecve les. stress in 1z, 10
cix = cozzc los stress 1n 14y 1o
lhe horizontsl snear on any ¢olurn is the sum ot all tre wina
loaas above the rjoor lire ot trat colurn, €cually aistricutea

arcni tne colurns on tret licor,

Jorentes,
scot g1racsrs
fq T ode = (doou)t = ocool IlL los,
v T hvg T Toue *t (=awojuc = =1z00 1l, lrs,
Fa T v, T =lzuo T OOLUU T dIue ITL, lCs,

Ny = Vg T (deou)s + (zoel)o = zievlu I, LCs,
t, = v = cdooe = (2Lzi=sto )l = =coe 1L, lbs,
va T oM. T o=ezol tiloow lezot tt, los,

7tn tloor :siruacers.,
Vv T Ve = (zicu)s + (all)d = Colov L, lrs,
v T ovg T covuly =(Mziu=iogin)is = =YL Tt, lCs,
e T ¥4 T =vIoo * ool o= llele tu, leos,






gtr

&ih

<nda

~ooft

ifioor «irders,.

Ve T ove = (ecoul)d o+ (tzol)c o= 2iole tt, los,

VMg = ¥g = L7000 =(Zxgi=¢oeo)1ls = =11400 tt. lcs,

Vg Mg T o=ilace + VLUV = 4ocUl tu, lcs,

floor girders.

My T Nge = (Couu)d + (Touo)e = 7¢Lul T/ les,

Mg = Mg = 7Ttuud =(lezel=czec)le = =lecoul fB. lcs,

g = VM, T =1loUuu + 72000 = 60000 tt. lcs,

tloor ziruaers.

My = vg = (7C000)E + (EcUv)E = geuvv ft. les.,

Mo = Mg = wovll =(2lz8-1%8zc0)1le = ~1z€0U tt, lcs,

Vig Mg = =1z6CU + gcluv = 72400 ft, los,

tloor :iraers.,

Vg = Mg = (couvu)6 + (luuou)je = 1llouue te. lcs.

Vipg = g = 111000 =(c01bU=-21lz22)1€ = -40800 ft, lcs,

Vg T v, = —zUEUU + 111Uy = cldov tt. LCs.,

tloor 2iraers,

iy = wg = (loliu)e + (1lciu)e = lzzoul tt, lus,

Mg = Vg = 1zzCUl —=(czczo=cllcu)lce = —zooud tt, los.

Y, Ve = =cozll + 1zolll = 1lcaud tt, los,
Compression in floor cirders,

tEuul = locuU = 4200 Its, L to o

400y = 1eCU = cCLlU los, £ to C

culu = 1oy = 1oty les., C to L

ziraers,

oy = 1Ly = ¢l les., 4 to -

cobu = 1000 = zouou dbs., = to o

wuv = 1oLl = 1louve los., O 1o o,
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DESIGN 26.
Develope all data on beams, girders, columns and footings
exclusive of those at stair and elevator shafts,
Working stresses;
Axial compression on columns reinforced with lengitudinal
steel and bands, 8§00 lbs. per sq. in.
Concrete in compression in slabs, beams, and girders, 680
lts, per sq. in.
Concrete in compression over supports of continuous slabs,
beams and girders, 7850 lbs. per sq. in.
Shearing of concrete as measured by diagonal shear, 40 1lbs,
per sq. in.
Shear of concrete with proper reinforcement, 120 lbs, sq. in.
Bond strees between concrete and plain rods, 80 lbs. sq. in.
Tensile stress in reinforcing steel, 16000 1bs., sq. in.

BUILDING;:
3 story and basement concrete building.
Width c-c wall coluamns, lar' o"
Length c-c end columns, 147' O"
Span of slabs, 7' O"
Span of teanms, 21' oO"
Span of girders, 21' o"
Floor to floor, 13' o"
Basement, 11* ¢o"
Live load on roof, 30 1lbs. sq. ft,
Live load on floor, 250 lbs, sq. ft,
Ratio of unit cost of steel in place to unit cost of
concrete in place, r = 60
n = &b
ROOF SLAB:
Loads,
Five ply felt and gravel, $ 1lbs.
2 ft, cinder fill 90 1bs.
2" concrete surfacing 26 1bs.
Snow load --3C_lbs._
Total 151 1ts. sq. ft,

Assume a 34" slabt with d = 24"
This will carry (168)(1.2) = 198 1lbs. per sq. ft.
Slab load, 151 + 44 = 195 lbs. per sq. ft.
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M o= g%: = Ll&ﬁl&%lﬁil&l = 9555 in, pds. bending.

p = 0,0077, k = 0.378, j = 0.874, K = 107.4

d =y g§§§ = 2,69", use 83"

(107,4)(12)
add 3" for insulation, 24" + 4" = 33"

a 9555
8" (16000) (0.874) (2. 75)
0.1104

315 = 12 = §5,36", use 5" c=c spacing.

bend each alternate rod up at the quarter point over support
to provide for negative bending; extend thru to quarter point of next
span,

0.248 sq. in., use 3/8" round rods

(0.0024)(3.5)(12) = 0.105 8q. in., traverse reinforcing,

use 3/8" rods spaced -*%%%5 x 12 = 10.5" c-c

L o~ = J

20" 7'0" 20"

i |
i ~ %v'rods long- L—h ) 1

itvdinal t1of"c

74 -2

296"
_l__? Ih.la{.__l___jftl_____fj,_.b[_ ﬁ. FiZid ’4. /"K,_L;j

L.Lz 2re _ s ‘4

Of/ternqgte Fods A & B, S'c-c
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ROOF BEAMS.
Azsumed load per ft, of length, 175 lbs. for stem
Total load (195)(7) + 175 = 1540 lbs., per ft. length.

V = il§$9%£211_ = 16170 1lbs.

M= ilﬁﬁﬂ%éﬁlliilﬂ) = 679,140 in. lbs.
A = 38170 - 153 8q. in. for shear.

106
Economical depth, d = v ?ng + %
s

b’ .} b'xd Depth for shear
8 19.6 166.8 19.1

9 18.6 167.4 17.0

10 17.7 177.0 15.3

11 16.9 186.9 13.9

Use b'= 10", d = 18", total depth 20"
Weight of stem ) = 171.8 1lbs., per ft,

B =10 + (8)(3.5) = 38 inches.

« 879140 _ &g
o= Z5(1e) e

§ = 242 =0.104 f.= 650 lbs,

p = 0.002 + §§*§8(0.002) = 0.0037 j = 0.9186
a.= 679140 = 2,56 sq. in.

§ (16000)(0.9186)(18)
use 5, 13/162 round rods.

= 16170 = 76.4 1b
U= 15)(2.553)(0.53)(18) -4 1bs.
. 2. . 2.56 _
= -2 =0,1111 v = 2,86 = 0.0142
8- ° A ST T6T) I
L = 0.318 K = 0.0133
- 679140 - 659 11
fe” {0y (18)2 (0. 318) ~ O 1P
f_= £79140Q = 15756 1bs.

S (19)(18)2(0.0133)

x? = Z%[l -/%gggzgg ]12 = 60.4", bend up two.
(0.0142)(18) = C.2886, use 3/8" stirrups
s = £3)(0, 1.llllil§_ogli_éeélilsl = 4.8", use 49" spacing

(2)(16170)
for stirrups.

[\
(g

(4/8)(4.5) =
(2)(4.8) = ¢"

]

c+

o o
72}
1}

-
7]
1]



e



Bonding length

121,

659)(10)(0.875) . = 18" embedment.

(4)(80)

y Ay
i LI P2 n T TIILT
BN By /
______ Sfadddd Ll NEYE dgloba b d oo
. 6®ETr0 et iy G
P

"
i k
S s s ! 2 B S =
EIES
N e A,
PLL709 X AR PLE L ces”: 7 6"
22" T‘J'
o ] - S|
& S S/ ALl <1
[ Bg same as By

. 5 )

) - +

4 \

& 4 |

3t A e I/ﬁ' '7"’"__.T‘
/170" B’ 22" 94 70"

210" 7'

Length AeB, 313"

ar : ’
' 2LipT . tC I e ¥

Length C, 301"



9

=/

1Y

81’0" . .‘;

Assumed load per ft. of length 100 lbs., for stem
Total load, (195)(3.5) + 100 = 782.5 lbs. per ft.

v = £7832.82(21) a g216.25 1bs.
M o= 12833§%121131;§2 = 345,982.5 in. lbs.

A= §§%§¢2§ = 78,25 sq. in. for shear

b = 10", d = 12", total d = 13.5"
weight stenm, 10 igzélilﬁgl = 103.0 1lbs, per $t,
b' = 10 + (8)(3.5) = 38"

M
= _349082,5 -
b2 (38) (12) 2 64.852

éz %é.é = (0,29 fc = 650 lbs.
p = 0.004 + 5%4%(0.002) = 0.0045

J = 0.800 K =0.,35

ag= (16000) 8—57?157 = 1.98, use & - 13/16" round rods.
= 8216.25 = 74 b

YT {2)(2.553) (0.9)(12) -5 1bs.

g'zl-'-é= SM

8'= 1.9 = 0.125 P = T3Ye3,)" 00173

L = 0.332 K = 0.,0151

fo= --842082,5 = 15870 1lbs.

@ (10)(13)2)0.0151)

o IOy (1arsceTany T TR b

X, = %1(1 -/ T&%%%%%. = 53", 4' 5"

use 3/8" stirrups spaced 43" to'%, 6" to % , 9" at center
£722)€10)€0,9) = 20.3" embedment for bond.

(4)(80)

122,






123.

B,, same dimensions as B;.

B,, Ba» Bes» Bio are at stairway and elevator shaft,.

GIRDERS?9

G,

-d - - -

Assumed load of girder, 35C lbs. per linear foot.
Reactien of beam loads (2)(16170) = 32340 1lbs.
Equivalent uniform doading on girder

(32340) (3)

-—--g1---- *+ 350 = 4970 1lbs. per ft.
v = 52 - 142291§§lliil§l = 2,191,770 in 1lbs.
2
less 10 per cent --12,172
acting moment 1,972,823 in 1lbs.

V = (32340) + (10.5)(350) = 86015 1bs,
A= 3&8%5 = 343 8q. in. for shear
bd = 343 sq. in., let b = 5/8d then 242 = 343 and d = 23.4"
use d * 24", total d = Z€", then b = 15", b' = 43.0
¥ . _1972893 _
. = - = 79 .6
b&* ~ T43)(24)*

t 2 3.8 = 0,146 f, = 725 j = 0.933
d 24






ass -———.M = 5.6 sq. in‘
(16000) (0.983) (24)
use 86 - 14" rods, area 5.98 sq. in.

N (3.634)(0.933)(24) = 74.9 1bs.

L] ' i
wgt glrder,.Llﬂlgﬁ%*ﬁlil§Ql = 329 1bs.

= 0.0833

3 3
"‘k“'f“*“‘;““‘%T'f

p' = % = -Q‘Ql-- = 0.0088

- io--l-hug--{ L =o0.201 K = 0.0166
63?2 7289 =
SO . ® T9)(24)2(0.391) ~ '47-8 1bs.sq.in.
s fg= 1972893 = 14040 1lbs.sq.in
(14)(24)2(0.01565)
v.. ) = . b
ja 0.85) (2D 17865.4 1lbs. per linear inch.

at the one third point

Lz — ﬁglﬂ)-__ = Z [ i i ’
i3 (0557 (5a) 1472.1 1ts. linear inch,

diagonal tension taken by four bent rods

(32§§43—%ﬂ1422*1-)(7)(14)(0.666) = 105755 1bs.

tensile value of four rods

£42(0,994)(16000) « :
% 90880 1bs.

105766 - 90880 = 14875 1bs taken by stirrups
21 _ (40)(14)€0,95)(24) 7.0', use 98" stirrups needed

1 - /TGS |
3%(1 - €)(2) )12 = 66.8 inches, bend two rods

6
2-1 - 2 = . 3 .
2(1 (12 (6))1 41.6 inches, bend two more rods.
66.8 — 41.6 = 25.2", to large, must not be over 18", bend

two at 49",
ag of stirrups, (0.012)(24) = 0.288, use 7/16 inch rods.

s = WWQMW = 2,7"
(2)(36015)

at 1/8, s = (4/3)(2.7) = 3.6"
at 1/4, s = (2)(2.7) = 5.4"

7 = "
length for bond i—iﬁ%é%%%é%a§151 31






Girder, G2

= = =

51 N 1 .

PYL YT
g v 0" v ‘o
21'0"
N Stirrups same as G, ’,‘F

Girder, G?®

Assume load of girder at 300 1lbs. per ft.
Reaction from beam loads 16170 1bs,

Equivalent uniform loading £383%203£2). 300 = 1830
. 21
= Bl® - (1830)(21)2(312) . in.1b
M 1% 12 786030 in.lbs.

less 10 per cent _78603 in.lbs.

acting moment 702427 in. lbs,
V = 16170 + }10.5)(300) = 19320 1bs.

= 19320 = 1 in.
Ag 105 84 sq. in.

§§3 = 184, d = 17;1", use 18", total d = 20"

b = l%g = 10"+ use 11"

wgt. girder, illl{%%lilin = 230 1bs.

b* = 11 + (8)(3.5) = 39"

. 707427 _ .
F¥E- (39)(18)¢ 55.9

Y §i§= 0.194 fo = 625 lbs. j = 0.915
. 707427 _ _
8s* {16000) (0.515)(18) -~ 1XH¥ 2.72 sq. in.

use 8 = 11/16" round rods, area 2.97 sq. in.

v = ez HBerorCrey = 67.0 b,
.q's _2 = 0.11 ' = D = w = 00,0075
d 18 (111 P 2 (111(18)(2) )
L = 0.258 K = 0,0131
£ = 7Q7427 = 769 1bs.,f =r—eill447 =15148 1lbs

¢ (11)(18)2(0.288) 8 (11)(18)#(0.0131)
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At support, V o ] = 1173 1bs.
’ 7a ?5%5%5 (18 1173 1bs. linear inch

at the one third point

I - 12329_=721QQ = 1045.4 lbs.
I7a (6. 915)(18) 1 lbs. linear inch

diagonal tension to be taken by rods.
1173 2 1048.4 (7)(12)(0.666) = 62115.2 lbs.
bend up four rods
14119;35)119&_91_ 33828 1bs taken by rocs
62115, 2 - 33828 = 28287 lbs taken by stirrups
(0.012)(18) = 0.216, use 3/8" stirrups with 0.2208 sq.in.area

spacing, 3)(0 24%?93;8000 0.915)(18) - 4 5

at 1/8, s = (2.333)(4.5) = 6", at 1/4, s = 9"

bend up two rods at 2l -/ % ) = 3.75"' from support
2 8 ¢

bend two more at -_?_3 thi= ,/g ) = 2.25' from support

s = 3.756 - 2.25 = 1¥§'
allowable s, 0.75d = (0.75)(18) = 13.5"
length for bond, (769)(11)(0,875) = 5 "
. _Tz%%SO) APes

B[ Y3 3, [
et UL A ) 2

J_Se"';;"“'“rou-r;"'. 'k.‘

*,g“z'i;,

i 29"

- 70" e Z:a |
¥ YA - . S g R

|

Girder G*4 same as girder G® but rods have hooks at one end,

Girder G® same as girder G2
Girders G¢, G?, G®, G®, G° at sgairway and elevator.



ROOF.

BEAM & GIRDER DATA.

REINFORCEMENT

SIZE |DePri-smeer OVER SUPPORTS
8000 Stroight || Notes.
MK | W | D (CevmR SuporT> CENTER P 5:_ :"75 Rids &':'”-
B,| 10'( 26| 18"| 185" 5 - '% ¢ rods 2 |1 2
By| 10"|207| 187| 185" 5 - 2 (13 3
8| rov| 20| 6’| 185+ | 5 - . +|n 3inmer [ hooks
By| 10"| 20'| 18" | 184" 5 - - 4| 3inmer| hostes
By| 407 |135"| 1av| r2* &+ " 2 |12 2
B| 10"|13g 127 12 4 - 2 |13 2 heoks
G| 19 26" 29| 24” & - 14" oreds 4|2 2
G| 1226 22| 2w | e - N 2|2 2 | hooks
G| 1| 20" 187| 18" 8 - W @reds 4|2 4
Sy| 11" |20"| 18| 18" 8 - " 4|2 4 | hooks
G| 11" | 20" 187 18" 8 - - 4|2 +
STIRRUP SCHEDULE
B G | NO.EAGH| TovAL
BENDS SIZE | LENGTH | Z=r S | N2 TAGH|  ToTater
‘.3 g B, | 1 33 2310
' - 2 o B ’ 33 9290
- +'10 2
:_a_‘ 1 x Bz | 33 792
By | 73 396
g
3. v 23 330
@ P % 3 an ¥
s .
(PR B, | ¢ 23 i
*& \ 7. G, ’ Se /7680
' 2 N1 / c2n
2y N 76
R G, ’ se seo
5
\& N 3" vy
[ % +'3 4, | 1| 3s 15
.
b A \ "
[\ ‘an
o* % 4’3 Ga | # s 70
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BEAM & IRDER
Fov EBeow
BENDS SILe u:nsml¥"°""" Nermbor Jt*"'
Mk. | No. | perG rted
N \\\“
~ \
40
T :}"’ Wiy B ' 4 /
e—00°74"4 194" ‘0" Uyl FiN Be | ¢ 2 éo
80"
3" s | 3 gro
le 3s'c" 76 |XP B, | - @0
& (o= W 48
¢ _ ¥ ) 3 gpage| B | %
€ - /6 2 ! 2 24
Lk MWL M f'er _JLiei"l 10'74” +
280"
[}
H v v W "7
¢ (3 ] N \ 2 ’. 8
:@-7-4 2 137 \3reg” B |
< WAL\ N Y L L T V7% Ba |t 2 29
280"
Y I LA RN R
- /
R 280" Re | ' /2
sy B 1 | 2 | 20
10'63"
. _'_a_" 0 g
350 7¢ |35¢ | Bs| ! 2 20
3 C c"n):
< o 2wy B 1| 2 9
[T XY 22" wf, 264",
El'a.
: 33| B, | 4 | 2 b
/¢
2 |awe| s, | 1| 2| &0




129

F:: bto;fz_ Neovker | Total Mo
6 7 /7 vmrber otal We.
Eends Sige M | M. | afarq | Wanted
i3 eenr| ¢ | 2| 2 | €o
Ig |30 4, | ¢ 2 60
’5 3 s .;:{/
» = 2 veytr
* 1796 ‘70" [”" /p'g“ Ia 3’7 42 / z 2 (o]
le 280"
;&‘@ (3 PN 1‘."‘)\
” ~ _'-" » ”
A 2'g° LW, s2irev  (mel 9°3* lg |37 §2 2 e 20
o o
{{‘ C R _’_" 90./1' 62 ’ 2 2 o
‘o 280" e
— o
) " ,
109" | /6" 20°10" 6"l 109" % 3seé* 63 / 2 / 8
'r EE'QI'
¥
2 "w"
L 274" LA, e Ll oaLe 7 | 35€"| G 2 |. 2 /&
250"
x R | A e 6 | 3 | + | ge
n 4
n 3"
/6" /le'to° 8%, s0'9° % 379 ‘ * / 2 4—
Y
:\ - . .
et amiP N
‘ 2°'7L” | 16* /37 A 3'7{-’ ﬁ JIJ ‘, 2 2 4—‘
280
;\ "‘ - / ~ g0
280" —1 7o |01 64| 3| + &
I -
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1st, 2nd and 3rd floor members.

Live load 280 1lbs. sq. ft.
Bending moment nl?

2 r = 60
1" granolithic top finish, included in 250 1b. load
M M  Table 6 shows 44" slab, d = 33"
x i . ]
CW — . [ 7{ span 7' will carry a live plus

dead load of (269)(1.2)=323 1b.sq.!1

| 1 slab weight 561b,

;__-,7,'0",,,,?.,, g | 7o | total 250 + 56 = 306 1bs.

| ag= 0.323 sq. in, Table 8,

i ' , 3/8" rods, 4" c-c, crossmise, TL.4.

for shrinkage.

,h E; 8 8 Ly use 4 - 3/8" rods transversely
N
|
|
l
|

L
e e |
it
0} roAs per panel, 17' o" long
89 rdds per panel, 24' O" long
46 panels each floor, 3 floors.
BEAM B3 .
. . ‘i'.l .
e — - -Z:Hv-rv',"\jﬂﬂ"ﬂ-v- (B ! lq‘ b IR acai A —i —_———
L3 """J.m:m:b J.as‘_u_l.m 3" Leruysert zuf;Lui!Lﬂe.’fia':‘-’it'” -
$3" T TR
P . Bro” o o .

Load per ft of beam, 7 x 306 = 2142 1bs.
assumed load stem 240 lbs, per ft,

total load per ft. 2382 1.s.
Maximum shear ngggligl) = 25011 1bs,

Maximum moment LZQ&Z%%QJlﬁilzl = 1,080,462 in. 1ts,
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Area web for shear 2%%%1 = 238.2 sq. in.
b = 12", d = 20.5", total d = 22.5"
wgt. stem 31311%%%11§91- 237.5 lbs. per ft.

M o= __.1%§Q$§27 = t - _4.8 =
bd*  (48)(20.5)* 02:0¢ d 20.5 9:81y

from Table 9, p = 0,002 + gg‘g%(o 002) = 0.0035

j = 0.9159

ag= (48)(20,6)(0.0035) = 3.444 sq. in.

use 8 = 3/4" rods in two rows, area steel 3.63 sq. in.

band for one rod 15-356) (03158 (205 = 565.41bs.

number to carry straight, (162 55 = 4+, run 6 thru

web reinforcement needed out to

21 _ (40)(12)€0,916)(20,8) = ¢, 72' &' 9"

2 2380

bend two rods at 23 (1 - ,/Iéi%ﬁ%%iiéi). 5.25', 5' 3" from
¢ support.

da'_ N0 3 e 3 - Vo

SR T R RN e ey o T BY

from table 11, L = 0.254, K = 0.012

AL (5111 - SNPERR bs.

o TIZ)(21.5) (0,260 ~ o 1bs

f 15372 lbs.

- 1050482 -
¢ {12)(21.5)2)(0.0125)
(0.012)(20) = 0.24, use 7/16" stirrups

5

3200,15)(2)(16000)(0,875)(20,8)= "
spEes (z)(zsou)Q £:5

at 1/8, s = (0.333)(2.5) = 3.33"

at 1/4, s = (2)(2.5) = 5"

12 at 225", 7 at 3", 6 at 5", rest at 9"

length of bond for compression rods,
(746)(15)(0.E78) = z0.g"

(4)(80)
‘ (=73
i ? s
— =
T :
e * -
ST ETT o o L b
3
ke 53 o L 5'3"
ke 210"

Stirrups same as B
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V = 13612é212 = 14290.5 1bs.

M = Lléﬁl%é!ﬁllil@l = 600201 in pts.
area for shear, l%g%l = 136.1 sqg. in.

use b = 8%, d = 20,5%, total d = 22.5"
wgt. beam = iﬁl%%%lilégl = 136.6 1bs.
b' = 12#4x4,5 = 30"
_M_ = __6Q0201___ 47.6 t - s
bd® (80)(20.5)¢ d 2038
£,= 400 j = 0.908
_ 800201

38 T76000)(0.51)(3p.5)  1-94 s9- in.

use 4 = 13/16" rods, area 2.074 sqg/ in.
= 160QQ
(4)(2.5563)(0.91)(20.5)

‘s —£_. = 0.097
Q.5 *

= 84 1tbs.

[+

d
d

0.219

B3
TL & ¥ s
e \--——T T 1 — 1
":": -----‘_—X & >‘:‘§T‘__‘: - T T T T T o= - =
4— N
~
5'3" R 5'3
210"
o W B4 . MMMMMT
N ==Ei_*§"““§ ‘; ff Tt 7
:J _ == = _.‘_‘:‘;':u _._:!5;4.__—:.‘{_ _ -_::ji; ——————— —l— =1 -‘i
- :(E.
s'a" 5°'3” m\
e 210"
Stirrups same as B,
Beam B®
Live load from floor 2—3—280 = g75 1bs.
wall load (0.666)(2.83)(150) = 283 1lbs.
+ 10 per cent, window <8 1lbs.
total load on sten 1186 1bs., linear foot
assumed load for beanm 175 1bs.
total load acting 1361 1lbs. linear foot.






. 2070 . Sosit
e 16 Mk i
L - §.308 K = 0.0115

5, 00-600800 sn 0Lt
fe (8)(20.5)X0.302)

- 600201 ______ -
fs™ 18Y(20.5)7(0.0115) L2480 lbs.
t. 5 = =
bend 2 rods at 21 ) _ /(2)(0.5188) )= 3.15 1. , 37.8"
2 2.074
web reinforcement needed for g% - SﬂQli@l%Qg%11139¢§l = 6.1"
o
(0.012)(20.5) = 0.246, use 7/16" stirrups
0.7)€20.8) = gne.
BT SAgr P
at é, s = 4/3x9 = 12", i, s = (2)(8) = 1'6"

= 578 lbs.

stirrup spacing, £3)(0,

length of rods for bond lﬁﬁﬁlﬁ.§l&§;§2§l = 26.3"

(4)(8C)
By
| Y’ ke
= = T e ) ks s o P
o
® H
Fo-d-y . : Dt : . — i ~f.\ 47'}--—
3 m"ii |aemz=90" J‘,,um-'ﬁ Fo| | 2@1'6= 30" | 4@2": 30" | MII‘H =
22y |- ﬁé
th?%, V1L, - : |

By same dimensions as B, but with hooks at one end of steel
stirrups, 2 at 9", 3 at 12", 8 at 1'6"
B, and B,, at stair and elevator shaft.

FLOOR SLAB FOR LOADING PLATFOhNM.
Panel 10' x 7', same as floor in buildifg.
Bia

Load per ft. of beam 7x306 = 2142 1lbs.

assumed load of stem 150 1bs.

Total 4292 lbs linear foot.

Mx. shear Lﬁﬁ—zli-gl = 11460 lbs.
S_ﬁséli__l‘ilﬁl = 343800 in. 1lbs.
area for shear 33399 = 109.1 in.

b38", d= 14.5', d =19
use 4 rods







: 7)(18C) - 144 ¢
f st = = 134,
weight of stem Lglﬁiz 8 lhs
b' = 8 + 8x4,5 = 44"

v = 181(14.6 = 98.8 1bd, use web reinforsement,

138

343800 -1 .
(16000) (0,875)(14.5) ~ 1+ 89 in. needed
use ¢ . 3/4" rods, 1.77 sgqg. in.

. 22180 = 107 1bs.

" (9)(2.356)(0.875)(14.5)
must @gse more rods, say &

= 11480 =
U= TEY(Z.356)(0 895) (14 ) - °3-9 1bs.

e 2,5 2 0 - v e 1,77 . -
1342 = 0.172, p EYraTE)" 0-018 %

at top, 8 at bottom.
= 0.339 K = 0.0248

- s Al

- 243800 - cos
¢* (E7(12.5)7(0 355) - 908 1bs.

- 343800 _
o™ B(145)* (0 0zds) ~ 5248 1bs.

tend 2 10 -/ £8)(2) y = 2. 85" ¢
end 2 rods at 2( 1 (12)(6)) 4.65' from support
web reinforcement needed for 3% - 139115%%8§§Z§1114*§1 = 3.3

(0.C12)(14.2) = C.174", use 1/4" stirrup
s = £82(0.0492)(2) (18000 (C.878)(24.2) = , gn

(2)(11arg)
at L, (wE)(es) = s, L, (9)(x.€) = 5.g
lersth for tona, (£Lo(1:0(C.72) - L1, 9"
(=) (C)
| [ :.:‘
p A—— = I 1
& . B
{ RIRNECIER? L
- o — 11T 1
10'0"
+

£, sare as 3,, put hooks on steel at toth ends

B 15 same as 2y,
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floors
Reaction of concentrated loads, £x25011 = 80022 1lbs.
Assumed dead load of stenm 600 1bs.

Equivalent loading per ft. length 0 21 3) + 800 = 7746

V = 50022 + (10.8)(800) = 56322 1lbs.
v o= SZZ&ﬁ%é&llﬁil@l = 2,415.968

less 10 per cent 341, 599

active moment 3,074,387 in 1bs.
56322 . 36, s
205 536.4 sq. in, area needed
t =4.,5" r = 60
b = 18", d = 30" bd = 540 sq. in. d' = 32

ngt. of stem {181(321(180) - 600 1bs.

b' = 18 + (8)(4.5) = 54"

¥ = 3074387 = 83.,% 1= 4.8 = K
baz  (54)(30)¢ ey &0 0.1
f,= 625 J = 0.gc3

a .= 5074287 = €828 sq. in.

S  (16000)(C.938)(30)

use 1C -~ 1&/18" round rods, €.Y sq. in.

= cfisz = 470 Lo

4 (1C)(2.C48)(C . Roe ) (=0) L

P ] 1L Q
4= 2.2 = 0,081 = 8.8 __=0.0127 = p
2 a0 ° 7 {18) (Z0) P

L = 0.2C5 K = 0.0116

£ = 3Q788E7 _______ = 18,1 1bs.

c” T18)(80)2(C.20%) ®

f = ~=-30743E7 = 162€0 1bs.

¢ (18)(20)2(0.01186)

‘ Ll o0y
at support ?; = (obgigi(SO) = 2001.4 lbs linear inch
t 3 int. L - 5888 - (60Q)(7) - 185%.2 lbs.
2t 9ed point. 53 (0.528) (30) 862.2 1bs

diagonal tensikn to be taken by rods,

(ZQQl&ﬂﬁi-lﬁig&g)(l7)(12)(0,666) = 107900.8 lns.

value of 4 rods {41(0.891(16000) = ¢5085.7 1bs.

lbs



. ' .
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107¢00.8 - 630856.7 = 44315.1 1lbs to be taken by stirrups.
(0.012)(30) = C.36, wuse 3/8" rods bent.

£301(16000) -
Spacing ‘34L44{97%56344

use double loops
at é ,#x5.2=6.0" and at % , (2)(5.2) = 10.4"

bend up two rods at 33(1 - /F:IEII:I:; '72-' 6'84"

(12)(10)’.
bend two more at —;(1 - //-iﬁiff$-) = 3,15', 3' 2"
rods must not be bent at a greater distance that gg or 223"
web reinforcing needed to

21 _ (40)(18)(0,938)(20) = 7 g
2 e 7.9' from support

length of compression rods for bond

£616;_li._lSQ;§Z§l 25.2", use 26"
S

) (80)
- el L
Tt 1

RananT]

: N8 LJ 4 AT
ik ; EH A [ ]l
= N Ty = h o e Py } 1 £

|

|

=
!J&LI,LQLQ "j_l,mp * vz ‘uwr'*"r.; L7 F‘ B S8 LN LY
| 9o~ ‘ | L

R
“res
6 as” | b " _:*J
70" e 7rom $* ;Lf4 |
7on q

kein. G, same as G, -but long rods have hooks at one end.
kouivalent loading per ft. length G, 7746lbs.
V = £63%2
w o= {7746)€21)2(12) p o = 3,689,245 in lbs.

area for shear 5Z8.

4 sg. in

b = 18", a' = 34", bd = 340 sq. in
weizht ot 1 o "= 584"

I = - - 75,9

bae (

=42 =¢.15 £, = 74E j = 0.937
a 50 ¥

a = 6.208 sg, in

™ (T6C00) (G.927)(3C)
use 12 - 12/16" round rods at €.Z€ sqg. in.
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= 26322 = 56.7 lbs
(12)(2.945)(0.937) (30)

S 1l & 5 = _8.28_ __ _ -
d 22 = 0.050 P = 18)(30) = 0.0153 = p'
L = 0.348 K = 0.0141
= 36892 ——— = 654.4 lbs.
fe” 118) ()76 338 ~ °°
£ 16151 1bs

= _..3689245 =
s (18)(20)2(0.0141)

at support 33 = 2000 lbs linear inch

at one third point V = 1880 1lbs linear inch

diagonal tension to be taken by rods
2000 : 1850) (7)(12)(0.666) = 107800 1bs.

{%§%§%§c%l- = 5.7 oods, run 6 rods straight to end
tensile value of & rods —(6)(R-£91(16000)= 94630 1bs.

107800 - 94630 = 13170 lbs to be taken by stirrups
(0.12)(30) = 0.36, wuse 3/8" rods bent, double loop
spacing of stirrups same as G2
bend two rods at g% (1 =V %%%%%%37 = 6.72', 6(83"
spacing must not be greater than three fourths d or 224"
bend next 2 ag €'€4" - 1'10" = 4'103" frow support
Bend next 2 at 4'104" - 1'10" = 2' 3" from support
wet reinforcing needea to 7.9' from support.
Lap for bonda 6"

¥ B I I o 7
e e e e ik iT
;,&Ca-:’*,eg/r- v —p 22 204 possy,
[ b
= L TR
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Girder, G,.

Reaction from concentrated loads 25011 1bs,
assumed load of stem 400 1lbs.
wall board on side 283 lbs.
10 percent added for window 28 1lbs,

equivalent load per linear foot

izﬁQ%%liﬁl + 711 = 4284 1bs.

(250115 + £10.5)(711) = 32477 1bs,
142§Al§§ll£1121 0.9 = 1700320 in. 1bs.

v
M

Area, §%%%Z = 309.3 sq. in, for shear.

testing out for economical d
b =13", 8 = 258" d' = 27" b' = 13 + (8)(4.5) = 49"

wgt of beam, {131(271(150) = 2g5.6 1bs.

144
= 1700320 _ = 5.3 t-d8-0
t?ﬁé (49)(25)® 4 25 1€
fc= 475 J = 0.223
a = 170032C = 4,805

S (16C€00)(0.2235%)(%8)
use 6 , 15/1é&" rourd rods at 4.18& sq. in.

= c4477 o e 1bs
(6)(2.€46)(C.923)(%8) : .

= Zp% = C.c¢ o' = 480k o= c014 = 2

=

lf-l

a

P
—
Co

N—r

—
t\ﬁ
cy

S
A\

Fﬁ
~3
2C

2.€) =
(

A
-
=

€
.5)(EC) ’
- 1700240 = 9.5 1ts,

run straigrt thru, bend 2

[y

[\IEA]

o

C (13)(&&)#(C.37C)

f = ———_d70030eC = £61Z lbs,
S (1%)(25)2(C.Cxd © e

at sgpport, ¥U=

-~

o
W

106y o

14C7.5 1rts.

2z)
{711)(7) - 11¢1
(25) 1t s.

—
e
~N
1]

at third point, =24%%

diagonal tension to Le taker 'y roids
070 r 22 (9)(12)(C.€€) = 727€8 lts,

value cf rods, LéligoﬁglilﬁgQQl = 31c43 1bs,

74786 - 1143 = 41243 lts., use /8" stirrups

~3
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stirrups spacing, {81(2)0.11(0.223)(25)(16000) - = 3,9"
(2)(32477)
at L spacing, %*3.9=u.2" at i , (2)(3.98) = 7.8"
bend 2 pods, sl(l - (12%%6)) 5.9' from support.
web reinforcing needed ﬁl iﬂﬂlilﬁiigzﬁdﬁli2ﬁl = 7.7' from sgpport
length for bond, iéﬂ—n_li—-11%6§2§)— 22.9"

GIRDER, G,
reactions from concentrated loaas 25011 1bs.

assumed load of stem 400 1bs.
wall load 283 1bs.
10 per cent added for window 28 1bs,
equivalent load per linear foot

Sgé%%lliﬁl + 711 = 8284 1bs.

V = (25011) + (10.5)(811) = 32477 lbs.
o= £4284)¢21)2(228 = 2,267,003 in. lbs.

Egé%z = 309.3 sq. in. for area,.

= 14", d= 25", d' = 27", b' = 50" wgt. stem, 393.7 1lbs.
% = 3= 0.18 fo= 590 j = 0.9017

ag= zigggg%%%?§?7jzzg7 = 5.83 sq. in,

use § — 13" rods at 5.96 sq. in. area

= 32477 2
: (6)(3.534)(0.917)(28) 66.8 1bs,
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d' - 2.0 0,08 v = 586 _ 20,017 =
a "% P e T F
(6)(66.8) - 2

(1.5) (80) 3.3, run 4 rods thru, bend 2

b = 0.356 K = 0.0162

£o= 2267093 _______ = 727.7 lbs.

(14)(25)2(0.356)

f = 2287093 __ _____ = 15800 lbs.
s™ (18)(26)#(0.016%) ~ 10000 1bs
at support Y- _32477 ___ - 1416.9 lbs.

’ jd  (0.917)(25)

t i int, 32477 = (711)(7) = 1200 1bs.
at third poin (08177 (25) 00 1bs

diagonal tension taken by rods,
;g;ﬁég_%_gggg (7)(12)(0.66) = 73276 1bs.

value of two rods
2 8'7 000) = 45440 1bs
73276 — 45440 = 27836 lbs to be taken by stirrups
(0.012)(25) = i.3, use 7{16” stirrups

i 3)€2)(0,15)(0,217)(25)(16000) = " oa
spacing (3) (224773 3.8" c-c

at one eighth point , £x3.8 = 5", at one guarter, (2)(3.8)=7.6"
bend two rods at 5.9' from support.
web rein. needed g; s (402314!‘25)(9 917) =

length for bond, 1727 7%§%S}LQ4§__1 25*

7.6' from support
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GIRDER, G,
Reactien from concentrated loads, floor 25011
Reactian from concentrated loads, platform 11460
Total concentrations 36471 1bs,
Assumed load of stem 5C0 1lbs.

Equivalent uniform load per linear foot

Léégglliﬁl + 500 = 5750 1bs.

V = 36471 + (10.5)(500) = 41721 1lbs.
M = £0750)(21)2(12) 0.9 = 2282175 in. lbs.
12

é%%él = 397.3 sq. in, area t = 4.5, r = 60

b= 15", d = 27", b' = 51", d' = 20"

wgt. of stenm, Llﬁlifﬁlilﬁﬁl = 454 1lbs

M_ = _2282175 _ . eQ - 1240 =
bd® (51)(273* €0.1 s -5 - 0-18
f = 520 j = 0.925
a. = —___—2282175 = 5.7 8Q. in.

$  (16000)(0.925)(27)
use y — 14" round rods at 5.96 sq. in., area.

4 (6)(3?%%%%(0.925)(27) = 75.7 1bs
%-‘ %;é = 0.0:5 p = ?%E%%E?T = 0.0147
%%%é;%:%% = 3+, let 4 run thru,
L = 9.347 K = 0.015€
fo= TT%%%g%%%TET§Z§T” = 602 1bs.
fe ESCar S0 ToTIe)” T 16124 1bs.
at support, ¥H= (O%%%%%(Z?) = 1671 1lbs.
at third point, 41 23'§2é§223§7) = 1521 lbs.

167 ; 1931 (7)(12)(0.66) = 89656 lbs to be taken by rods
value of rods 331196224 16000) - 48440, two rods

89656 — 45440 = 4421€ 1lbs to be taken by stirrups

(3)(2)(0,1263)(0,928)(27)(16000) - "o
spacing, () (al731) 5.6" c=c






14z
at one eight, 2(5.6) = 7.4", at one fourth (2)(5.8) = 11.2"
bend 2 rods at —1 £1-/ -f?%ftgg 5.9' from support.

wrt rein. neeued 21 _ 127;37 0.928) = 7.9' from support.

2
embed for bond {& %

% 875) = 24,7

[T

| U/ 10N {
R s L A7

e e T

GIRDER, G,s
Concentrated loads 11460 1bs.
Assumed load of stem 250 1bs

Rqiévalent load per ft. (11422 2)_ + 2850 = 1887 1bs.

V = 11460 + (10.5)(280) = 14085 lbs.
g = (18867 l%ll:&lél = 809,087 in lbs.

1%%%5 = 134.1 sq. in, area for shear
b=g", d=17", b' =447, d' = 16.5"

wgt. stem, iﬁli%gjélllégl = 155 1bs.

= _BOQ0687 __ = g3.8 2-4.5 = 0,46
t¥as (42)(17)2 4 17
fo= 475 j = 0.90¢&

= 800087 ________ = 3,269
%" T16000) (0.3 (17) ~ 2209 s9. in.
use 4 — 13" round rods at 3.98 sq. in. area

- 14085 :
U eI T -8 -
3.98

d v = 3. = -
g %Q— 0.088  p' = 343y =0.020 = p

§92§66,
(. 5)(8%) 2.2, bend two rods
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L =0.514 K = 0.0287

= 09087 = 681 lbs.
fe (e§3175=(o.5145 1bs

= 2067 = 13107 lbs.
s w®yan (0.0z87) 2

Y - _14088 = 910.5 1bd.
at support, T .= 15.91)(17 Pabd

at one third, 4%858; (f?? 7) = 797.4 1bs.

diagonal tension to be taken by rods.

g;g*§51—222‘5(7)(12)(0,66) = 47824 1bs.
value 2 rods, {2100 9847 16000) = 45440

(0.012)(17) = 0.204", use one quarter inch stirrups

stirrup spacing 2 15 9 17)(16000) « 7.6* o
(2)(14ces) s

at one eighth, é(z 6) = 3.4", at one fourth (2)(2.68) = 5.2"

bend 2 rods, %l(l - /r:I:II:I—B from support.

(12) (4)
web rein. needed, %l - Sﬁgl%g%ég4gll£111 = 7.9' from support,

mnms%gm,
length for bond, @) &0 28
o

¥

'Y
e i
O L D HLLJ.
‘LILI'I’j‘: TS 4,:{:
it i +
Pl SRS Y=

GIRLER, Gg,
Same as Gy, but with hooks on reinforcement.



FLOORS
Beam & &Girrder Data.

144

SIZE |DEPTHSTEEL NoO. DISTRIBUTION
OVER SUPPORT
MK | w | O |com[smer| AT CENTER |BenD| 7= |ExTRA] STR. NOTES
| )
a RODS | END
8, | =" |e2s" | 208 | 24| 8-%"%reas | €| 2- 6
B, | 1e” | 223"  20f | 21| 8- ~ - 2 | 2 6
By | 12w | 225" 2o’ 2247| 8- - - 2 | e & | Fooks
By | 127 | 228" 205"| 20| 8- - - 2 |2 '3 .
Bs| 8" |228"| 208 | 205" 4-B@reds | 2 | 2~ 2
B | &' |228| 0| 20| - ~ » | 2 |e- 2 | hooks
5,18\ 7 142'" 144" e-FZ'orads | 2 |24" 4 "
Bl 8 (17| 194|198 &~ - 2 |23 + "
Bis| 8|17 | 198’ 194°| 6- ~ - 2 |2z + .
G | 18"| 32°| 30| 305 10-12 Preds| 4| 1" 6
&Ca| 18337 30" 305 12- -~ » | & | 1" €| Hooks
Gs | 13" 21" 25| 25" €- " * 2 | 2 4+
Gq |13 | 27| 25| 25" €-1g3'Freds| 2 | 2" 4 | hooks
Gs |15 |29"| 27| 27| €-~ - 2 | 2" 4
G| & || rmlml a4 » la |n 2
Gig| 8" |18 17| 175’ #-~ - 2 | 14" 2| heoks
|







Beam & &rrder Pods.
/e, 2ud 3rd Floors,

145

. Beors No. To+al
Bernds Size | long* o | We. | gere] Wanted.
l N 2 Bl |2 96
. N 4| 362"
Bzﬂ 76:L 70 e~ "1 s0°70" e& / 2 /80
I I 4N - %d v
. , 8 | 2 € /722 %
fe- 262" |27 ] o | 6| seo
,:\G———.-. . 3 ., Bl ,|lal| 156
' %, "/'3”
ex | 164" " 7eee 26%° | 10%0% 72
Cns47 L rere L Bel 1 | 2
v . 68
’56.?‘:1‘ - $9| es'8 G2 6| F
Bel 2 €| 276
] 2 60
2| e 6O
el 3/4"| B /2
1745 185 L B L 124, 274" 76 e|’ 2
280~
3(@7& | | 2#| s+ g |2 |2 ’2
N 23(3» -—4 /‘
e
a
A .~‘ - "
P 3 Y | ’,’a Bl s |2 24
2", ur A ur_ 89" %" (1370
/70" Bzl 7 2 +
.
& CCERAE
" aris . Ar| 2 | 4 8 |
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Beam e Girder,
12, e=d, 3vd Floors,

B ovr G |y, |Tetel

S .
Poends i3e | Length [T S
- ] ;‘ )
5@%‘ = ¢ A EMEBEGAEANEFEE
'9" N 4'&~ "' ror
! _lo’0”
Qo DRl %9 | 192 B 2 |4+ |8
Y
— v' ! L
Tﬁ - Ad L g 11 |2 |rre
wWE7A N
S| 37" 16, | 1 |2 (199
}‘0
3
rrry 1 | % e |6 o |6 |22
)
[\l
« 'y [ 7
] ’ ) ‘e 27. '5"

(e

264

SPl 376 .| 7 |2 ]ee

) - 9 “ ,
MG 3 / 2P| 227" |6, | 1 |2 |60
” v 1oy 2¢l 29"
'
(= — 1579 263" 0
222" —:1 76 ‘L I 6 ,’
()
> \J
] /. B a6 s |2 |26
:" ’31 Ty 3 !!:“n‘
25'a”

12Y| 25" |4, | 2 | 4|92




Peam & Girder
¢, 229 3d flooy:

147

Beor§ | v | Tatal
'Y oTa
Bends Size |leng i Twe | meced| o,
i@‘.t ‘el 4
m y é;""d 8" 44 / 2 ’2
. 3'n" | e e . -
. YO 23y l0/7
S ¥4 ¢ 18" ron
v 4
e - 1§79 | 384
i z- 1e'te” 8 gl g | 7| 2 8
* S50~
:2 ,'\‘ r
lo'3" 18| 0"
———— d &'l /0°3” 8 4,3 / 2 é
- 2S'0°
288" ) 159 | 258" | g5 | 2| 2 é
(S N
337" 18" 12'0" sl s0'2° 'é-¢ e Ge| 1| 2 +
280°
:"'I‘* I e
@ 229" 15%| 266°| 6| 2| 2| <+




2
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StirrupSchedvle
1¥ 20d Zrd Floors.
) é B or g | M | 7040l
d M oTQ
Bends ‘53 € Mk No. | Eack | Nember
T @ B, ' s8 | /17832
! Y e | B ' 58 | S220
! . 7P| SF
gJ - 70 /‘ BB Ny S8 46294
B | s8 | 2088
480
] Q’/ ‘ i 2 L
.--! ’ P34 /}‘¢ 4’6"
l ) Be | ¢ /6 96
_JF7 %:/ -Ba, ! 29 2848
L} » n
= s y ! J'e B, / 29 <8
B / 24 +8
L I @ . . € ’ 29 | go 88
F / /6" %,“ /'1o ’
l : 6 ’ 29 870
—T— @ . 4
':JL /] n" 9| s 3 / 40 | 920
& |,
W / » %250 | 64| 1 |40 | 240
- 7 " :)v J, '¢ ) oy 1?7
ﬂ 13" | % €7 | go| ! 26| 104
. Qiz| 6/ | 183
é [/ 4'2
Gig| 4 6/ | 722




.-
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COLUMNE.
All interior columns,
3rd story columns,

Live load on roof, (21)(21)(30)= 13230 1bs.
Dead load on slab, (21)(21)(121)= 53361 1bs.
Dead load of salb, (21)(21)(44) = 19404 1bs.
Bead coad, 3 beams, (3)(21)(172) = 10836 1lbs.
Cead load, 1 girder, (21)(329) = 6509 1bs.

Total on column 103740 1bs.

Concrete 1 = 14 = 3
f.= 560 lbs allowable,
f.= 800 1lbs allowable with hoops,

Ee= j% Eg n = 20

Compute column for 2' less than story height, use octagon shape.

short diameter of column d = L
2fctana

\

= 13 ,23!! ’lr,. = "
d (2)(800)(0.414) 12.37 use d 2.6", total d = 15.5

A = 2d®tana = (2)(12,5)2(0.414) = 129,375 sq. in. area
use 1 per cent of steel, 1.29 sq. in.

8 - 4" rods give 1257 sq. in.

weight of column, iﬁliléiﬁﬁiiQ‘ﬁlél (11)(150) = 1139.65 1bs.

use one guarter inch spiral hoops at 2" c-—c
2nd story coluans,

live load on floor, (21)(21)(250) = 110250 1bs.,
dead load of slab, (21)(21)(56) = 246986 1bs.
dead load, 3 beams, (3)(21)(238) = 14994 1bs.
dead load one girder, (21)(500) = 12600 1bs.
Column head load 162640 1bs,
Load from 3rd floor, ' 104880 1bs.
Total on column 267420 1bs,
267‘ Z "
= X

use 21", make total d = 24"
A= (2)(21)2(0.414) = 365148 sq. in.
use 1 per cent steel, 3.65 sq. in.

steel, 8 = 13/16" round rods.
wgt. of colunmn, igli§4)’12&214)illlil§Ql = 5466 lbs,

use one gquarter inch hoops at 24" c-c







l1st Floor <columns.

Floor load 162540 1bs,
Load from above 272886 1lbs

Load on column 435426 1bs.

435426 %~ = 25 6'!'
(800)(0.414) )
9

short diameter v 3

)
use 28", total d = 2
A= (2)(26)2(0,414) 559.748 sq. in.
use 1 per cent steel 5.597 sq. in. , 8 - 1" rods.

wgt. of column  (2)(29)2(0,414)(11)(150) - 7979 1ts,
144

use one quarter inch hoopim at 24" spacing
Basement Columns,

Floor 1load 162540 1bs.
Load from above 443405 1bs,
Load on column 605945 1bs.
hort diamet €00g45 = 30.2"
shor iameter, /F;Z)(SOO)(O.414) z

use 30.8", total d = 33.&"
A= (2)(30.5)2(0.414) = 770.45 sq. in.
use 1 per cent steel, 7.70 sq. @n., use 8 — 14" rods
wit. of column {22(28.£)2(0.414)(£)(15C) = g1z 1bs,
144

use one quarter hooping at 24" spacing,
COLUMN_ SCEELULZ, Interior

Story Kind of Load Cia. Vert. Spiral 3"less
+o8d col, rods than diameter

Third koog 103740 156.5" 8- 4" 4" hooping
Col. ==1140 octa,. spaced 8"
Total 1048¢&C

Secona Floor 162540 24" & - 44" 4" hooping
Column  __£46€ octa. spaced <4"

- Total 27 EER

Frist Floor 16254C " g -1" 4" hooping
Col. 7972 octa. spaced 24"
total 44c400

Basement  Floor 16254C¢  33.5" & = 14" 4" hoopong
Column 8712 octa, spaced 24"

Total 614657 on fddting.






kxterior Columns, C®, C®, C¢, C%, C¢, C?
Third Story.

Live load from roof iglliglliggl = 68615 1lbs.
Dead load on slab, {21 2; 121) - 26681 lbs.
Dead load of slab, {£1) E.Zl).(_il‘l = 9702 1bs.
Dead load, one B, (21)(172) = 3612 lbs.
Dead load, one By (21)(103) = 2163 1bs.
Dead load, 4 of G, 21, 328) - 3458 1bs
¥all load, (215(283) = ___5846_1bs.

Total load on column 58074 lbs.

Total load on one roof beam, (1537)(21) = 32277 lbs.

Eccentric moment due to girder &gééll%éllﬁlzlﬁél = 560734 in.

Eccentric moment in the column taken at one fourth of moment
produced by eccentric load in girder framing into column,
Eccentric moment in column 140183 in 1lbs

3 s 3 140183 "
t 285185 = 3,
Eccentricity, 5

° Py
bt 1T 1T s INE- 1T
! 3 i 1 B
1T 18 0
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Column size 14" x 14", use 14" fire protection 17"x172
ag= (17)2(1 per cent) = 2.89 sg. in., use 8 - 44" rods
use one quarter inch bands spaced at 12" c-c

wgt. of column £172(17)€180)(11) - 3212 1ts,

144
Second floor, C%, C2, C+, Ce, C¢, C7,

Live load, iélliglliéégl = 55105 1bs.
Dead load floor slab, L21452144694 =15215 1bs,
Crad load, one B, (21)(238) = 4998 1bs.
Dead load, one B, (21)(137) = 2877 1lbs.,
Dead load, 4 pf G, nglégggl = 6300 1bs.
FWalls and windows, (21)(311) = __6531 lhs.

Total load on floor 91026 1bs.
Load from third floor 09386 _lbs.

Load on column 150412 1bs.

Tota] load on one floor team, (<405)(2) = 5C595 1bs,
Moment in girder, iﬁgé%glLZlilgligl = £484848& in. 1lbs,

Eccentricity in coluzn 212121 in. 1lbs.

Eccentricity %%%%%%——— = 1.4"

Column size, 19"x12", overall 22" x 22"
ag= (19)2(1 per cent) = 3.61 sq. in steel
use 8 — —44* rods, with one quarter inch tands at 12" c-c

weight of column, (22)2€160)(11) - cb46 l1lns.

144
Same columns thru first floor.
Load on floor 91026 1lbs.
Load from second floor 168YE8 1bs,
Load on column 246884 1bs. -
eccentric moment 212121 in. lbd.
eccentricity, é%é%g% = 0,8¢"

column size 23"x223", over all 26" & 28"
ag= (23)2(1 per cent) = 5.29 sq. in.
use & - 44" rods, one quarter inch hoops at 12" c-c

weight of column, {28)2(15C)(11) - 7gge 1bs.

oo






Same columns thru basement,

Load on floor 91026 lbs.
Load on first floor, 264730 1bs.,
Load on column, 345756 1lbs.

Eccenttic moment in column 212121 in. 1bs.

Eccentricity, 212121 = o, 62"
345756
From diagram on page 151
column size, 26"x26"p oveirall 29" x 29"

weight of column, $£8)2(150)(9) - 7ggs5 1bs,
144

Exterior Columns C,;,, Co4, Cso
Third floor,

Live load from roof, £211£§1)£3G) = 6615 lbs,
Dead load of slab, Sﬁllié%liéél = 9702 1bs.
Dead load on sdab, J21 21 lel) = 26681 1bs,
Dead load one B, and 4 B,, (21)(172)(§) = 5408 1bs.
Dead load, one G, (21)(230) = 4830 1lbs,
¥all load, (21)(283) = --0846_lbhs.

Total load, 56082 1lbs.
Load on one roof beanm 32277 lbs.

eccentric moment in girder,

22277)(2)€1£)(10.8) = 101€7Zc in. lbs., in col., 254181 in.l:

xXg

eccentricity §%§%§% = 4,3"

from table page 151 column size 1&8"x1&", overall 18"x18"
ag= (15) 2448844443 (1 per cent) = .25 sg, in., 8 - §" rods

weight of colunmr, £38)2(1£0)(11) = uyyg lbs,

144
Same columns, secomnd floor.
Live load, 556106 1ts.
LCead load floor . 1521¢ 1l1bs.
1-B, and 4 £, (1) (2&8)(1.¢) 7487 1lbs,
1l - G, (21)(ceB) 7€E€ lbs.
Walls and windows 6&:1 1lbs.,
Total on floor, £<C34 1lbs.
From thrid floor, 6281C 1lbs,
Total on colunn, £4€44 1lbs,

Load on floor team, cCeCe 1bs,
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Eccentfic moment in girder, $20% 2x212 0.9)_ = 1520908 in. 1bs.

Eccentric moment in column, &87728 in., 1bs.,

397726 = 4 g
154888 -

From table page 151, column 21"xZ1", overall 24"xz4"
ag= (21)2(1 per cent) = 4.41 sq. in., 8 - " rods.

weight of column, SZA):%%%Qlilll = 6600 1bad.

Same columns thru first floor.

Eccentricity,

Load on floor, 92034 1lbs.
Load from 2nd floor, 161444 1bs.
Load on column, <53478 1lbs.

Eccentric moment in column, 327728 in. lbs.

Eccentricity, g%%%%% = 1.5"

From table page 151, column size 24,5"x24.5", overall 27,5"xz7,2"
ag= (44.5)2(l per cent) = 6,0C sq. in, & - 1" rods.

weight of colurn, 132&§l:§%%911;ll = EE€6L lbs,

Same columns thru basement.

Load on floor, 940c4 1bs,
Load from 1lst floor, <84143 1bs.
Load on colurn, c£4177 1bs,

kccentric moment <C97758 in. lbs.

Kccentricity, =5==

From page 151m column size 27,85"x2B.E"p overall 30.86"x30.&"
ag= (27.5)2(1 per cent) = 7.8¢ sq. in, use & = 1§" rods

weight of column, iggé%%iilégligl = E722 1 s,

Columns C,, C,;,, C,g
Lst, 2nd and crd floor same as C,,, C,, and Cgq,
Thru basement,

Load on floor inside 92C34 1bs,

Load from platform cgEeel 1cs.

Load from above, 4€2142 1bs.,

Total load 22687 lbs.,

Live load on floor beam, («1)(2t0)(7) = ZE87E0 1lbs.,

Eccentric moment in girder, (Z€7EC)(Z.£)(1z) = 1543800 in. 1lts.
Lccentric moment in column, C&EETE in. 1bs
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¥ccentricity

82875 = 0,o¢"
8CEQT7

From page 151m column size, 28.5"x%ZE,E", overall 31286"x31,5"
ag= (28.5)2(1 per cent) = 8.12 sqg. in., use € — 14" rods

weight of column igl&é%iélégligl = 9Zp3 lts.

€0

Platform posts. Cgs, Caqes Csy
Floor load, 30640 lbs.,
Live load on one beam, (7)(10)(250) 17500 1lbs,
kccentric moment in girder, (17500)(3,&)(12) = 732000 in. 1bs.
Lecentric moment in post, 183780 in, lbs.
163750 = , oo
c5t<0 )
From page 151, column size, 14"x1&", overall 17"x17",
ag= (14)2(1 per cent) = 1.96 sq. in., use 4 - 44" roads

eccentricity,

weight of post, (17l;§250116) = 1806 lta.

Exterior column schedule, C,, C,, C,, C4, C,, C,.

-—— — - - - -—— —— - — - —————— — — ———— — ——— — ———— — — —————

Story Xind Load Cia. vert. Tpacirng,

MR Ccl g,
" TThird  koof £eC74  17"x17" §—33"  #" - 12" c—

Col. -<clz
Tptal gleer

Second Filoor:  81Cxe 2e"xzz" ¢ - 43" 2" - 12" c-c
Col. _wi4l
Total 1572¢c¢€

First  iloor £1Cx¢ Z8xze" 5 — 44" 2" - 12" c-c
Col. ——L74€
Total 2£873C

Baserent floor 21048 Lo Mxe" s - 14" 3" - 12" c-c

Col. AN

Total c58¢841 on footins

#7]

PLATSCEY POSIS, Cags Csas Cay

3
Floor co5sl 18"x17" 4 — 43" 3" - 12 c—c






Kxterior Colgen Schedule

Cl.’ C!A’ CO!
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Story Kind Load Pia. Vett. Spacing.
Load Col. Rods hoops

Third Roof 69082 18"x18" 8-5/8" 4"-12"c-c
Column -23Z2&8
Total 62810

Second Floor 92034 34" x24" 8=-7/8" .
Column 6600
Total 161444

First #loor 92034 27.5"x27,5" 8-1" "
Column R -{-1o1]
Total 262143 '

Basement Floor 92034 30.5"x30.5" 8-14" "
Column --874¢
Total 362829 on faeting.

Colgmns C,, C,, Ca2¢

Third Roof 59082 18" x18" 8-5/8" " - 12"c—c
Column ~37%E
Total 62810

Second, Floor 92024 4" xg4"™ £-778" "
Column --6€6C0
Total 161444

First Floor 92034 27.5"x27 86" 8-1" .
Column -.8g66a
Total 262143

Basement Floor 127684  51.5%"x31.8"  8-14" "
Column 2303
Total 322CC0O on footing
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Interior footingd, exclusive of those at
elevators and stairs,
Use 1" round rods,
Allowable soil pressure 2 tons per sq. ft.

f.= 650 fg= 16000 n = 15
Load on footing 614657 1lbs.
Allow 16 per cent for footing _9220Q0 1bs.
Pressure on soil 706857 1lbs,

area required for pressure 706886 . jng 7 sq. ft.
' 4000
Use footing 13.6' x 13.5°

o—— 136" kg0 _4-*3"
. L]
_T__A;;J“‘* 7
| i
AN . !
N i L 1
ol @ 19 o ]
¥ 2 : -j
" k3
l’ ‘,;‘ - 1
¥ i
¢ 1
1
&
21‘
Area of column base 771 sq. in.,, 5.3f sq. ft.

Area trapazoid abcd 182,2 4‘ 2.89 = 44,225 sq. ft. net.

Upward pressure of soil (44.225)(4000) = 176900 1lbs.
Distance c.g. of trapazoid from edge of column.

_éaééx 33,5_* (2)(162) - 39, 17"
33.5 + 162

Bending moment at edge 6f column
176900 x 39.17 = 6,929,173 in. lbs.

» 6929173 = 43 5*
depth for moment //(107.4 (553 3.5

depth required for punching shear

176900 - gq.3"
(33.5)(105)

use 50.5" with total depth 55"

= 6929173 =9 )
%s (16000) (0.878)(50.5) .8 sq¢/ in,
2o = 176900 = 50.4"

(80)(0.€75)(50.5)
space reinforcment over width of column plus twice depth

of footing at column plus one half remaining distance.






33.5 + (2)(50.5) + 2%¢§ = 148.75"

16 — 1" rods at 12.57 sq., in., area, 50.27 inches
perimeter, spaced 10" c-c

top of footing 48" square.
depth T = onehalf d = §%‘§ = 25.28"

depth af footing at 50.5" from side of column
26,25 +(l§%Z§)(25.25) = 31,23"

distance ef, 162 - (2)(28>50) = 8.91'

- - ¥
aeea efcd 182.2‘54 (8.91) = 25,71 8q. ft.

upward soil pressure (25.71)(4000) = 102840 1lbs.

102840 -
shear on ef (1077(31.235(0.875) 35.2 1lbs.
total weight 6f footing
(13,5)(13,5)(2.48)(150) = 67797.0 lbs,
4 8%)(2,1)(3,83)(150)~ 11633.1 1bs.
2
(z‘zlia‘ﬁﬁ%iﬁ‘ﬁﬁlilin - 9777.9 1bs.
(3.83)(3.83)(2.1)(150) = 4620.0 1bs.
" Total 93828.7 1bs.

Total load on soil 708485.7 lts.
Sustaining power of soil, (182.25)(4CC0) = 729000 1lbs.
¥all Footings.
Fxclusive of corner, stair and elevator.
Fo, Fay Faos Fs,Fo,F7,

Load &n footing 3563641 1bs.
15 pet®hr footing 53046 lbs.
Soil pressure 406787 1lbs,
' 406787 - 101.87
Area fpr pressure 400G C1.67 sqg. ft.
use 10.5'x10.6"' footing, giving 110.25 sq. ft.
£0°6" | W P ol
‘ [
.
.-20{] 20(] j
e ]
t 4 ¥ % i
4. | -
12 1
. s 2, :l
* ; L1l







Area of column base 1%%%3 = 5,062 sqg. ft.
Area trapazoid abcd 11942§—z~§&9§§-—- = 26.202 sq. ft.

Upwvard pressure of soil (Z26.292)(4000) = 105168 1bs,
distance c.g. of trapazoid from edge of column
3 .S 29_+ (2)(126) = OF "
( 20 + 126 ) 2.7
bedding moment at edge of column

(105168) (25.7) = 2,702,817.8 in. 1lbs.:

_2704817,6 = 9 "
depth needed for moment //(107.47159) 29.7

depth requieed for punching shear

105168___- 34 5" .
(29) (105) .5" , make total depth &9
ag= _2702817,6 - 5.6 sq.
(16000) (0.875((34.5) sq. in.
= 105168 - 4s g

z
°  (e0)(C.875)(34.5)
space reinforcing over 2°

+

(2)(24.5) + 2% = 112"
42.5_ = 14+, 1" rods needed
3.142 -

14, 1" roas give 43.9¢¥ ins. perimeter

14, 1" rods give 11.00 sq. in. area
top of footing 4 " scguare
depth & = 34,5 = 17..2"

< Z

depth of footing at 34.o" frow side of coluan
17225 + (=L 17.25) = 20.09"

(42.5)( )

distance ef , 126 - (2)(14) = gg", &' 2"
drea efda, llQ;@Q.:.éﬁ;lﬁlﬁﬁ;lﬁl = 10.¢1 sq., ft.

upward pressure (10.21)(4000) = 4Z€40 1lts.

42€40 3
shear on ef , CRICRENCR 87‘)2 3 1lbs.

weight of footing,

(10.5)(10.5)(1.8 )(1LC) = 20052 9 1bs.
(4)(2,54)(1,44)(5,41)(15C) = 1£%14.8 1lbs
' 2

il¢ééliz‘l%12‘llil§92 = 3629.5 lbs
(3,41)(3.41)(1.44)(150C) = 2£11.8 1lts.

total 41288.8 1lts.
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WALL FOOTINGS, Fie, Foer Fae

Load on footing 362ECQ 1lts.

15 per cent for footing 64835 1lbs.

soil pressure 417354 lbs.,

area required, 417224 - 104.33 sq. ft.
4000

use 10.5'x 10.8' footing, area 110,25
Vake these footings same as F,, Fo, F,, Fg, Fq, F,
WALL FOOTINCS, Fo, F4,

Load on footing 382000 1tbs.
15 pe:ir cent for footing 52€c0 1lbs
soil pressure 4:8865C 1bs.,

i 488800 __ = 114 t
area recouired , 2000 .7 sq. ft.

use 10.75' x 10.75' footing, area 115,86 sqf ft.

4JR — J i il

YA I P M

s
€ %J eq. %
!_

j
)

]

]

.. | ; 1
Z"“ | ]
! |

- o,

area column base , Lﬁ%z%li = 6.8¢ sq¢ ft.

area abcd, 115452 = 8,89 - g7 17 sq. ft.

Upward soil pressure (27.17)(4C0C) = 10&€8C 1ts.
Cistance c.g. trapazoid from edge of footing head

de(2lio» (2)(228)) = 25.8"

3 31.5 + 1@
tending moment at edge of column, (1C£€80)(2£.8)=L00244 in.lts.
deoth for moment / £lepdd = c&.eg"

° (107,4)(=1.5)  °©
depth for punching shear
T%%;g%%IUtj 3%2.8", make total depth 38"

s = __ZE02944
S (16CCC)(C.v7c)(cd)
° (&80)(0.878)(53)

= 6.07 so. in., steel

($V]







space reinforcin3g ove
31.5 + (2)(&

r
-
>

c - - -
2) + =£22 = 113,75"

A7 = 14+, 1" rods needed, use 1t
2.14%¢
113,78 = g% omc
14
15 rods give 47.,13" perinmeter, 11,78 sq.

top of footing 43" square,
depth 33/2 = 18.&"
depth at 33" from side of column

16.5 + (8422)(16.5)
45

distance ef ,

12.e8"

area efca , llﬁoﬁﬁ-z—iﬁ-ﬁﬁli = 12,78

sqG.

le1l

in aresa.

129 - 32.5 = 9€.5", or £.04"

ft.

upward soil pressure, (12.73)(40CC) E€C2<C 1bs.
. 1) . .
shear on ef, ”C < —— = 50.4Ybs so. in.
(S8.2)(12.,FE)(C.E7D)
FCOTINZS UMDER LATFO“
Load on footing c7oz6 1ts,
€ ver cent ter footins cozt.t lbs
Soil pressure 4eed, & lbs
. ) Q¢ Q -
area recuired £2224.2_ = 1(¢.¢ so. ft
4000
use &.&' x Z.3' footing, giveéng 1C.£¢ seo. tt,
3'g” AT
ITY YD [ 1
. ]
£ [l § o]
8 A
si~ 1 8+, 3 1
2y
L{17)2
area column base 137 = 2.C1 so., tt
C . &9 .‘ i ; - o .
area atcd, - “’1‘ 2.81 = 5 2y sq. ftt.
&
upward soil pressure, (4CCC) (2, 22) = 530G 1ts.

distance c.

ol (5o 8 - oge
o 17 + oo L€
terains porent, (£5(0)(2.1d) = 278lc in.
depth ftor comrent %IE;: = o.e
(l'\/l ‘—)(l/)

travazoia tfom edre of tootine

head,






: . g
depth for punchinz snear ?

<o

depth of footinzs at &

ISR
: (

make total depth 2"

N 0LETE)(E)

12 = &, 1" rods needed
4z

+

(i)(b)_ + 14 6 - 2‘4"’

spacing c-c

from side of column, &"

rake footing full rectangle
weight of footing (3,2)(E,8)(0,78)(180) = 1228 1bs.

COLLMN C4

Third floor coluzn, rectanzular section.

Live load from roof, iéllﬁélﬂiﬁgl = 5207.5 1bs,
Dead loaa%slat, (21)121211211 = 18340.5 lbs
dead loaa of slat (‘llillli44l 4851.0 lbs
dead load, one half E,, i 11&17 l = 1¢C6.0 1lts

" deaa load, one hala E,, SdllilQ-l = 1C£1.5 1bs
dead load, gne half C,, 14_1L~~Ql = 2412.0 1bs
wall loaa, (z1)(zz&) £&4e.0 los
lotal load on column, S<847.0 1lbs,

Total load on one roof team at wall Sl““7li‘1l = 161:2.,5 1ts.,

eccentric moment ot firder, (lglce li7liléli‘l =2711%8.8 in

eccentricity in column, €77%1.7 in. lts.
eccentricity, £7721,7 - o q»

el =l

SLR4&T7 o
Coluxn size, trom aesign on page, 1&1, 11" x 11",
use 14" cover tor tire protection, 14" x 14"
ag= (14)2(1 per cent) = 1.9¢ sq. in., use &8 , 2/16" rods.
use 4" tana at 1z" c-c

weisnt of coluzn, il4l£i§2(1°911lll = 2245 1bs.
4

SECOND rLCOE,

dead load ot slat, 76C< .5 1lts,
live loaua £7¢8:.8 1ts,
One half, E, 2429.,0 1bs.
One talf, C, 4157.0 lbs
Cne half, &, lac=.& 1bs.,

.1ts,
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fall load, (21)(311) £21.0 1bs,
Total load on floor, 427685.& 1lbs.

From third floor, 34324.0 1bs.,
Totak load on column 84602.& lbs,

Load on floor beam at wall, 40253 lbs.

Voment in wall girder, (2528 )%glﬁldlLZZ = 424242 in.lbs,

eceentricity in column, 1080€0 in. 1lbs.

eccentricity, 106060 __ = 71 ys»

8486EQ.E
from diagram on pade 151
column size 14,5" x 14,5", overall size 17.5" x 17,5"
(14.5)2(1 per cent) = 2.1 sg. in.
use & ., &/8" rods,

weight of column, ill*élgéiéglilll = 3510 1ts.

FI=ZST FLOOK.

Load on floot, 49766 1lbs,

Load from second floor, £€17GC 1bs.
Load &n column 137236 lts,

kccentric moment, 106C€C in., 1lbs,.

106CEC _ c.77"
1;_ /uu{\‘

eccentricity,
From diasram &n page 1:o1,

Column size 17" x17", overall size «@" x C"
ag= (17)2(1 per cent) = 2,2 sq. in

use &, 11/16" rods.

weight of column LdCl’iloClLl_l 4584 1bs.

144
FASTNENT,
Load on floor, 4S7€6 1bs
Load fror 1st floor 142220 1bs
Load on colunn, 192286 1bs
eccentric moment, 10eC60 in, lbs,

.eccentricity, %%ggé% = C.ho"

Fror diasram on pase leo

colurn size 12,&¢" x 19.&", overall xz.,o" x 2z.8"
ag = (12.9)2(1 per cent) = .20 so. in,

use £ , 13/16&" rods,

weight of column, L“Lii411 £C)L8) = 4747 lbs.
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CORNE& COLUMN  Cy

Story Kind of Load Dia, of Vert, Spacing
load column rods
Third Roof 32648
@olann 22486 14%"x14" 8-2/16" $"-12" c-c
Total 34894
Floor 49766
Second Column 3610 17,&"x17.5" 8-5/81 3" - 12" c-c
Total £8170
Floor 497686
First Column _4584 20" x20" §~11/16" 4" - 12" c—c
Total 1425620
Floor 497686
Basement Column 4747 22,5"x22.5" £-13/1€" 4" - 12" c_c
Total 1¢7C3& on footing.
FOOTING, F,
Loaa 197035 1bs.
15 per cent for footing 205805 lbs.
Soil pressure 428588 lbs.,
area required -ZE%C& = ©6.€6C sqg. ft,

use 7.€'x7,6' footing at £2.76 sq. ft,
Area col. base 3.51 sq. ft.
7°'2* _ 29" aeea trapazoid abcd

.“ -8

NE

534764- 2.01 = 18,06 sq.ft,

le—124 50 124", upward soil pressure,
s (14.06)(4000)= 56240 1ts.
K o o distance c.g. from edge of
£ % T" ﬂ column,
- 28, 3u(44 5_+ LZ)gQ_‘_l) 17.C1"

.0 + 21,

tending moment at column

(c624C)(17.C))=8566842.4 in. lts
depth for moment

. / __90€642, 3 = 19 &"
(107.4)(22.5) 19.8

depth for punching shear
66240 - 9o g
_ 2xe2y = 23.8
(22.8)(105)
make total depth zo*

N
k3
£
&
—
) —




165

3, = 08240

= 33.4" perinmeter.
(60)40.675) (24) perimeter

§%%z% = 10+, 1" rods needed

11 one inch rods give 8.64 sq. in. area.
11 one inch rods give 34.86 in, perimeter,
top of footing 34.5" sq. depth 12"
depth of footing at 24" from side of column
10,35 o) = "
+ (Sxex= <) = 18.7
12 (18f35)(1 ) 8
distance ef, 91.2 - 20,70 = 70.5", or 5.87'
area efda, 29,76 Z (5,87)2 - 6.825 sq. £3.
upward pressure, (6.328)(4000) = 25300 1lbs.

hear on ef ££300 = 24.7 1lbs.
shear of ¢y 170.5)(18.%)(0.875) -
weight of footing,
(7.8)2(150)(1.42) = 12302.88
(4)(12)(34,5)(28,35) (150) = 2031.68
(2)(1728)
(12)(26,7)(56.7) (150) - 1116.29
(2)(1728)
(54,5)(34,5)(12)(150) = 1259 .54
1728

Total weight of flooting 186¢0.9 1lbs.
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Problem 28, Elevator shaft and Pent House,

c” g /30" % -
2vT
Ve
9];'*'/!'3'.5"1:: i 5
/ /
/ 7
W %
TR s -
S R A - A
NN Y \\\§\§:\\ \;\:\§\ &;\\ak
B s,
¢

74 4 i’:I:/l'l//llIlllﬂll'l»'lr/‘I-I'Iol.'/lI/l
Y 7 /3%€"
,', ILQJVZII_L;
€/)2 3.5 7
L ~“._~# /,

Roof 14'¢"+15'2"

Snow load 30 1bs., sg, ft.
(14.5)(16.17)(30)=6600 1bs.
Froa table 6, use 4" slab
total depth 5°

Slab load, 62 lbs. sq, ft.
3g" 0.37 3q. in. per ft. slab
use 4" rods, both directions
6% c-c

Use 6™ walls at sides, 8°
walls at front and rear,
12'x12' clear shaft inside.

’
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Roof Beam b9.
Snow load from pent house 1650.0 1bs.:
Hoad from roof slab, 3410.0 1bs.
Side wall, (0.5)(14.66)(42.25)(160)=13469.0 1bs,
Load from main roof, (195)(1,5)(14.66)=4288.0 1bs,
Live load from elevators '
28600 1bs + 100 per cent ispact,

pne-half to b9 28600.0 1bs.
Total load on b® 51417.0 1bs.:
Assumed bean load, (400)(14.68) 5864.0 1bs.
Total weight 57281,0 1bs,

¥ = 57281 + 2 = 28640 1bs.

u = £57281)(14.66)(12) . 3 259 586 1n. 1bs.

Area for shear 28640 & 105 = 272.7 3q. in.
if d = 20", with total d = 22.5", b = 14"
designed as a rectangular bean.

From table 3, p = 0.017" . k= 0,503 § = 0.833
f.= 1080 -

R ¢ Ut 216 T

use 4 - i}" rd. rods at 5,08 sq. in. 3" c-c

¥ ey T O b
X, = 12[1 - .@?@ = 2.52, bend up 2 at 2'63"

use §" stirrups

s = MW = 3.1%, space 3" for 3'

8" spacing for rest.

s

ALY | &L : |

B ™ T T

[p 283"~ 30" | o T@C =29 8 S@b =2 R | /e@ 3" T0” -
- e 7= LT

e — — L20" - | b
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Beas b10.

Make of same dimensions as B3 and B4 for ease and

econoay in fore erection.

| i
(_ i“\L i f ! ] i 1 - -
—( ’! v '
e ’ ( [ \\1 j g’) ’ : . ’ Lo
sl.---#__ﬂ ..._I..h}.‘ | ‘ﬁ- _l_!__!--_ PR PR - - — -
t |-~ : 'S ! ‘} r-- -
" ) . 4l e /0% 6.:4;—1' ",’_*:.,____.l.'_i CN >
e 30 o 320
F‘_-'>h —— — 7,’1—2L — —
Girder 87
.
¥ o L Y-S o B T go
b2 38§ _ 70" . 3@

i

Sn@v load from pent house

Load from roof slat

Side wall load
Main roof load, (19.5)(4.5)(14.0)
2 B10 concentrations,

Load on G7
Assumed stea G7, (300)(14.5)

Total load,
V = 18356 1bs.:

u = £36712)€14,6)(12)

8

bd® = 7436+

d = 23-, total d = 24.5"

- 798486

in.

b = 14"

8 = (1.000)(7) (23 ®= 2.48 sq. in,

use 6 - 3" rd. rods at 2.¢5 sg¢ in.

1650.0

3410,0
13469.0
12286.0

1548.0
32362.0

4350.0
36713.0

lbs.

. T S N | . ; )
| I ; ' :
i \‘K ! i ! . ! .
sl Lol t N e L4
a==.;+l4“_ i .~ R UEN
LSOSY 279 3 ]9 S: e 5% 2egn .P",
e — 3%~
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lbs,

lbs,
1bs,
1bs.
lbs.,
lbs,
lbs,
lbd.
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Xy - 1%‘5 (1

" 16)(2.36)(0.875)(23)

-y 828 ] = 35"

.» bend up 2 rods

12%@

use §* stirrups

$ = 2)(18366) ' = 8.7

use 6° spacing for 2'0%, 8" spacing for rest.

" Girder G6 for roof.
Pent house roof load

Roof slab,

Side wall load,
2 concentrations, 28640

Load on @G6

Assune 10 per cent for stea

Total load

= G4 Ilbs,

Shear = 83390 4 4 = 41695 1bs,

assume b =

4 = /105663

18

(83390‘5?:2{122
bde =

107.4

18"

= 2,101,438 in. 1bs.:
= 196566.3

16560.0
3410.0
134¢9.0
67280.0
76809 .0
7680.0
83389.0

= 33"+, total d = 34.5"

" 118000)(0.875)(33) ~ ¢-54 =a. in.

use 8 = §" rd. rods at 4.81 sq. in.

1bs.
1lbs.
lbs.
lbs.
lbs.
1bs,:
1bs.:
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__l I rs = - ~4——+ 4
—— P —h\l - p =
I \ Q
k | ' . h 7 *
Vo & N b o » ‘ i :
- P R -\g\ 4 - 4 - — ' oty = e | ol Bl ey
oAl roageorar e [l rmmrse Lk sen -
2'¢ "_,7‘#,_, — _tz’o’ - ji‘_’..'.gq )q%
]
u b 1bs

—— 3} 1] -
(8)(2.76)(0.845) (33)

x, =3 (1-/8%_ .62, bend 2

x} = 2

2l 11-/80 7« y

12x8 -
. use one half inch stirrups

3%, bend 2 sore
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s = £2)€0,196)(2)(26000)(0,8/5)(33) . = g.5"
(2)( 41695) ‘
space 6" for 5', 132" spacing for rest.

Bean b9 for floors.
Live load froa floor 260 lbs per sq. ft.

L.L. from floor (250)(1.6)(12)=4500 1bs,
Floor slad, )66)(1.5)(12) = 1008 1bs,

on beas 5608 1bs.
Assumed stea of beanm 65 1lbs,
o Total load 6573 1bs.:

V = 2788 1lbs.
N -v£§§Z§%§1221131 = 66900 in. 1bs.:
assume b at 6"

d = /’Tigggggtsy = 10"+, total d = 12"
a, * ?TEE&%?%%TE?E’TiB’ = 0,478 sq/ in.

use 2 - §" sq. rods.
u = .. 2788

= 40 lbs.

Xy = 3%['1-- v igig ] = 3.6°, bend 2 rods

use 1/2" stirrups

s = 420.196)(2)(160003(0.876)(10) . 2.956", use 3%c-¢

2 x 2788 '
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Beaa B10 floors.
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Make B10 same as Bj}
b = §2* d = 22.6"

_,is - &/4" rd. rods in 2 eows

Girder G7 faoors,

B b bend 2 rods at 4' 0" froa support.
carry six straight
o use 7/16" stirrups
&lla_"“* space 123" c~c entire lemgth B10
| =
i c 1 -t | b - —
70% _|]*® 70" 70" | <
L 1 C Lf%x4~7 =
: J’ re c@/ze .« €07 o,
- — — '2‘ s'0"
S

Live Load 260 1bs., 100 per cent impact, 500 1bs.
2 concentrations of 9528 1lts each, 19056 lbs.
additiomal live load, 250x4x12 = 1000 1bs.
equivalent limear load per foot, lggﬁg = 1688 1bs,

‘Total load, 2588 per linear foot,

Assume stes 400 1lbs.
Load 3968 1bs, say 3000 lbs per linear ft.

M= 3°°°1212 12) = 36000 in. 1bs.
as-n;;;h_:;ﬁ:_
d= /300000 . 50 40ta1 o = 8"

(107.4)(8)
38000 _

as 4 e = 0,396 8q. in.
s (16000)(0.875)(8,6)

use 2 - 4" rd, rods

= . L]
¢ (e (3000) " 2.2
space 2% for 2', 3" for 2', 8" for 2'
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Girder G8 floors.

Concentrated load 3788 1bs.
Stea 400 1bs.
Wall and window, 310 1bs.:

equivalent load per foot

3?3§=3 + 710 = 1108 lbs. .

V = 2788 + (10.5)(710) = 10248 1bs.:

- SAAQg%LZIZ:LAB)- 486628 in. 1bs.

Nake sasme dimension as G3
b= 13", d = 25", total d = 27"

x = . .
3, = Iiiaggggégtggs.. 1,30 sq. in.

use 2 - 16/16" rd. rods at 1.38 sq. in.
use 3/8° stirrups

L (3)(3)(0, .
. (zg(xgﬁigfliﬂﬁlxmﬂnggl" 117

space 11" for 3', 14" for 3°', 18" for 4°'
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Problem 28.
Make complete details for stair shaft. Beanms,
girders, etc.,

Snow load on roof 30 lbs. sq. ft,
Slab load on roof, 62 lbs, sq. ft,
Vall 1dads 75 lbs, sq. ft.
‘Snow (7)()0.6)(30) = 2205 lbs,
Slab (7)(3.5)(62) = 1519 "
wall (7)(6)(76) = 3160 *
Stairs (7)(80) = 360 .
bl Total 7224 ",
v V = 3612 1lbs,
”1' — 129 b 8reef %, -
i fe b — T M = (2228U7)0Z) < 50568 in. 1ts,
_ 20" __ |
i;*” bar- $3568 = 470.9

let b = one hald d

4% 470.9 4% = 941.8 d = 9.8"
b4

1if b = 6", then total d = 12",
= 50568 (8) = 0.362 '
s = {160c0)(7)(@.8) 0.362 sq¢ in.

use 2 - 3" round rods at 0.393 sq. in.
run straight thru.

Make G _ same dimensions as b,, rein. sanme.

Make B, same dimensions as G,, rein. same.

Make G, same dimensions as G,, rein. straight

b, same dimensions as b,

Be floors:,

Live load and floor 250 lbs. s8q, ft.
Slab load 59 lbs. sg. ft.
Ty a Stenm 650 lbs. sq. ft.
_ailEiE el irL.L. and Floor (7)(7)(250) = 7250 lbs.
o Slab, (7)(7)(66) = 2744 "
Stem, (7)(56) = _35Q_."
Total 10344 lbs,

V = 5172 lbs,
M= Ll%g&&l&ZlilZl = 72408 in. lts,

bag® - Zzégﬁ = .
107.4 678.0

b = o
ne halg 4
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d® = 1350 d = 10,9"
let b =6." total d = 12"
- (15000)%7)(10.9) " 0.474 sq. din.
use 3 - " rounds at 0.589 sq. in.
hook ends,
uee 4" stirrups

space £3)(2)(0,196)(0.875)(10,9)(16000) . 17.3"
(2)(8172)

make spacing 12" c-c throughout.
Gyq for floor.
Load concentrations 5172
Slab (7)(3.5)(5.) = 1372
Wall (14)(13)(80) = 9100

total 15644 lbs.
V = 7322 lbs.

m = {10644)(14)(12) = 219016 in. 1bs,
bar = 243018 = 204.0

d® = 4080 d = 15.,8" total 4 @ 17"

ag

b = 8"
= £219016)(8) = 0.983
%87 (16000)(7)(15.9) 989 89, 1n.
Use 4 - §"sq. rods
[“ bend l%ll-/ff-l = 2.03' from end, bend 2
—\ %" —
’f!. = . \ l 'I , ' l S
112 v o | e
8 : NG S8 ] 10" X22."
M S R - . IRRYO% = 13 g
1:;__21” : J
o ' lql ou
‘ Use 4: stirrups
space 3)(Z ‘ = 17.8".

(<) (7322)
space stirrups thraughtout at 12" c-—c
Gio for floors,

Slab load (2)(21)(86) 2362 1lts,

Concentration G,, 7322 "

Wall, (14)(13)(580) ——22uw0_ "
Tptal 18884 "

add 15 per cent for stem -.e816__"
Gross total 21590 ",
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V = 19796 lbs,

- (215000(21)(12) =
M salsl. 463380 in. 1lbs,

b".ééggggs
d T4 4320

4% = 8460 d = 20.3"
b= 10", total d = 22"

= 4 x =
*s" 716000) (M) (20.5) - %

. Use 4 -~ 4" romnd roads
bend 2 at 3%[1_¢’;“!,= 3.06' from end

u
&) - 8°X17" rj
’ |
‘.’:’JT:: N 4 L1115 S e
13°% %6l 90" S 8. 90190 - g
JI o ’°~
j——-’ 2,'0" e
' et

Use 4 stirrups
space at 12" pp c-c throughout.
Make B, same dimensions as B,
ake G, same dimensions as G,
Make'G, same dimensions as G,
Make G,, same dumensions as G,

Columns for stair.

Ce Third floor, rectangular section.
Live load from roof LﬁlliflliﬁQl = 3307.5 lbs.

Dead load of slab L&lllillllﬁll = 13340.5 ",
Dead load, jb, iz}lélQﬁl = 1081.5 *.

" " 4G, LZI%iIZZl = 1806.0 "
L b 1 = 525.0 "
e (12)(12) U
Pent house walls and roof, §"mall= 20050.0 *.
total 40110.5 ",
Parapet wall (21)(283) ——5846+0--"
Gross total 45956.5 "

Load on one roof beam at wall 1135%11211 = 14290 1bs.

Escentric moment of girder 1152&%11211121121 = 240072 in.lts,
Eccentricity in column 60018 in. ?bs.

.. 60018 . o
Eccentricity A5056 1.3"
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Column size, see Page 151, chart, 11" x 11"

use 14" cover for fire protection, 14" x 14" out to out.
g* (142)(1 per cent) = 1.96 sq. in. |
use 8 -« 9/16" rods
use 3" bands at 12" c-c

wgt. of column 14, $0)(11) « 2245 lbs,
144

Make column same dinmensions as C?
Make footing F, same dimensioh as F,

Columns C,, and C,, for stairway and elevator penthouse,
Live load at top ilﬁlii&liﬁQl = 1470 lbs,

Dead load slab 1151115%11311 = 5929 ",

walls {14)(0.0)(150)(€.0) = 6825 "

2
4b, load = 2788 "
4G, load =18366_ ".
Total load on column 35368 lbs
3rd floor:, '
short diameter // 35368 = 7,3".

(2)(800)(0.414)
use 14" cover for fire protection, 10.5". octagonal
A= (2)(7.52)(0.414) = 46.58 sq. in.
use 1 per cent steel, 0.4658 sq. in.

4 - §" round rods at 0.78 sq. in.
weight of column Wﬂlﬁﬂl = 1125 lbs,

1.

use 4" spirals at 2" c-c
<nd floor,

3rd floor coluen load at roof 35368 lbs.

3rd floor column 11256 "

live load at floor 11%2§Q = 13780 "

Dead load of floor 25%25 = 3os7 "

4b, sten 625 "

4G, stenm : 2040 ",
total load - . 55925 "

Short diameter /rf 50949 = 9,8"

12)(80C) (0. 414)
14’ cover for fire protection, 12.5" out to out.



A = (2)(9.52)(0.414) = 74,73 éq.‘in. 17

1 per cent steel, 0.74, use 4 - 3" rods

weight of column 12.5% 414)(11) (15
’ LZlilé‘ﬁiﬁﬁQ. 0)= 1500.0 1bs.

use 4" spiral btands at 2" c—¢
Lst floor column,

foad from second floor 56570 lbs,
<nd floor column 1600 "
Floor loads 19432 "

Total lomd 76502 ",
Short diameter, vV %%%Q% = 11,.+"

14" for fire protection, 14" out to out
A= (2)(122)(0.414) = 100.184 sq. in.
1l per cent for steel, 1.00 sqg. in.
use ¢ - 1" sg. rods
Weight coluamn LZlng;%LQ.AlAlilllilﬁng_ = 1887 lbs,

_ use 4" spirals &t 2" c-c
Basement column.
Load at firet floor, 76500 lts.

1st Floor column 1880 "
Floor load 19432 "
Total o822 "
: %t 27bgs =12.1"
Short diameter /[662.4 y )

Use 14" cover for fire protection, 156" out to oyt

A = (2)(122)(0.414) = 119.43 sqo¢ in.
1 per cent for steel, 1.18 sq. in.

use 4 - 14" sg. rods
meight of column, LZlilﬁ!&%%‘AlﬁlialLlﬁQl = 1772 lbs,
use 4" spirals at 2" c-c
Weight on footing.
Load at top of basement column 97822 1lbs.
Basement column 1772
total on footing 98594 "






Footings Fa, and F,,
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Load at top of footing 98600 lbs.
15 per cent for footing --14700__"

Soil pressure
area required

use 5'4" x 5'4"

113390 "

113380 . . ~
4500 <8.4 sq. ft.

= 28.4 s8q. ft.

zarea of column base, 119.23 sq. in. or 0.83 sq. ft.

=-0.83___
o 4)_27.57
6.89 sq. ft,

upward pressure

lo——22° (4000)(6.89) = 27650 lbs.

c distance c.g. from edge of footing,
. = : 18,527+ = 11,78"
AN &Ej } 4 3 e ) S
G.G. ¢ M = (27560)(11.78) = 324657 in, lbs,
d £ /324657 = "
epth for M 107.4 '(-‘-2,—77 12.,5",
Dept for punching shear,
27560 ___=g gn
(27)(108) "*° -

total depth 12"

Zo = m—iiilll = &7, 8

(€0)(C.875)(10.5) T
S7.5_ = 12 "
.i42 12, 1" rods needed
spacing 221$21§%015)f1? = 8.+" c-c

Area abcd = 28.4 sq. ft.

weight of footing (65.35)(6.28)(1)(150) = 4260 lbs,



Fooring ScrHebuLE.

Mark | Size 5'-(:%- No. s:: eel'engih Total
Interior | 13'¢" 136" | 36 | 16 | 1" | 1370"| 576
RhRFiRER | 1006 x1006" | 12 19 | 1°% | joo”| /168
Fi, Fag. F32 | 10°6" X106 | & | ]9 |1"® | 00" | 64
Fo, Fiz | joo'x109'| 4 (14 |1"® |)0'3"| 5eé
P 39'x3+ | 6 | 8 |I'? |[3o| 98
F2s Joé"xro6"| 2 | )9 | )'? |jo'0”| 28
F.Fea |77"'x7'7"| 4 |10 | 1" |7°6"]| 40
F3. F;4 |S5¥X59 | 4 |12 | 1'?® |5'0"| 948

/79
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Stair Details.

Section thru Stair House
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1ca,

The chapter on Bullding design and specifications gives
a tfairly comprehensive idea of the requirements of a building
design from the architectural point of view and from the
point of view of the mzan who places or figures on the inside
fixtures and equiprent of the tuilding. These things,
however, are a function of each individual dsigning office,
each unit as it works, having its own methods amd systems of
planing ana detailing. There are certain basis things
which are needed upon a drawing, beyond this point the amount
_of detail which is placed gpon a sheet is determined ty the
personal eguation of the office.

The specifications there stated are tut general, In
every case of a building design, the specifications written
must conform to the building code of the locality in which
the structure is to te erected. For this reason, no set of
specifications presented can clain to te more than a form
which may te follcwed with core or less aegree of success,

The chanter on tuildins raterials is tut a toiled down
repetition of wrat has teen oresented ir many other works on
cerent ani concrete,

The chapter on forms ana form construction is well
written, it lacks in fiving ihe necessary equations to te
used in Jetermining the sirensth of the various timbters used
in the forc construction. 7The author evidently assuming that
the took would nct te used as a reference took bty any but
those who would te facilar with the mathematics necessary for
testing the strenfth of 1 piece of ticter which is to te used
in the forzingz.

The use of the steel forem has ailvanced at so rapid a
rate during the last few years, in far sirnce the time of the
putlieation of *his work on concrete, that the information
here given on steel formins is veypy ceaser., CSteel forms are
unioub tealy Lre coain: form for all chasses of concrete work
where the different units can te standardized, ‘he use of the
steel forr is rmore evooomical, more satisfactory ard turns out
a ruch tetter looking Jot.



Proposition cC. Paze £16h.,
Cetermine the raximum spacing of 2Zx8 joists which
are to span 6' and support a €" slab having a construction

live load of 7% pounds per square foot.
No= .‘Y.li
&

Allowatle fiter stress in joists and sheeting 1200
pounds per square inch.  [eflection limited to }/4"

Lléﬁliglfilél- = £1CC per ft. of width.

V.

Moo= ptd? s = ﬁL’i’f
fs ’ oM
=(12CO)£22L6)‘ = e XA ] £ " < P
s = (B (E10) 1.72' or 1 4 Spacirg,
= _5_ul®
L 384 il

o
|

. aeflection.

- (8)(15Q) (1, 72) ()2 g), 27804 g oo
(2¢4) (12CCCCC) () () Y

Proposition 1.

L wall ftore is filled with concrete at the rate of
five vertical feet per rour. Vrat is the reoguirea spacing
of studs, assuming 14" sheathins ard a tecperature ot 709,
Usin: sane ¥ and same unit stresses as in &C.

700 temporature is eguivalent ot ©¢C 1lbs, nressure,
vo= L220)C8)2(12) = zp1zf in, 1ts,

=

allowatle detlection 3"

- - B_mlt__

z TTLouT

1 - _&_ (020)(s)(8)2(1%)

< g4 (120CCCC)(e)(r)e

s = ( lgl (((CClLZlLPla - l 4' l'-:" c $ oA
(« >( Y (haC) ()1 (1)~ °F spacing.



Proposition &2,

Find the maxizum spacing of 4x4 pests to support the
foroms for a 10"xz&" tears, 7' c-c with &4" slab,
Use 860 1lts. per sg. in, allowatle stress in posts,

Constructibn load

£4" slat weizhs , ii%)(V)(IEC)
10x28 tear, (2C)(£8)(150)
12" 1%

Construction 1oad, (7&)(7)

load per ft., of beaw

7& lbs., sq. ft.

|
I
‘N
—
L]
8]
<
o
o g
(7]
1 ]

per ft,

<¢1,f% lbs, per ft,@

LI}
en
12N
o
L]
(@}
O
—
~
2]
.
o]
4]
]
Lane]
*

L)
™

12¢7.21 1ts,

a 4"x4" pest will carry.

dxaxiC0

call load per {t

pos*% spacinyg

Proposition Cl.
ceterzire the maxirus spacing of joists and stringers

supportin: forms
ion live load of

o

8CCC 1lts., cororession.:

{or an

r:

/

.S

1t s.

partially continuous.
tllowabtl= tinter

tr

"

eam 13CC 1t s,

£.1', space A' c=c

slat t)nor, flat slat. Construct-

sc. ft. Assuce 134" sheathing ang

2" xE" joists, MAssuze trat the steathing ani jeists are

stress 12CC 1lts, sc. in.

vaxicuo jellection allowatle $°.

o= BLZ
N 1C
(&
teizht £" slat  (==)(17C) = 1°C lbs. sq. ft.
1.2
Live loas per fi, “e 1bs,
Total loai per ft, 17¢ 1t s,
:"x4" post &ill carry ~CCT lts.
17222 3 ~CCC 1z =/ i%%@ = ¢f,7"', space R'F"c—c
v = 17il§§¢%131152 = A~TZ F in, lts.
lv "
g = i_l.:/.-g.).;’é%igfilf_ = 5! p—-C
(F") (72,8 )
space the joists Z'I" 16 center with posts.



€7,

The Chapter on Eending and Placing of Jteinforcement
contains nothing new; - the trings there stated have been
stated rany tires tefore in never every treatise or volume
which has been written havin: to do with reinforced concrete
work. For the purpose of the student who is reading the
volure, it would have been well to have here statea in such
a way as to rake a lastirg irpression, that all comcercial
sizes of steel should te tousht in strai-nt pieces, in as
large cultiple lengoths as are corrercially rolled, to be cut
and tent upon the job.. Cnly the lar:ier sizes of steel are
ordered to exact lenitn and tent by tre mills, these sizes
teirs of such stiffness and wei:znt tnat it would te impractical
to ternd ther on tne Jjot.

ite Chaoter on dixing ana Placing of Concrete is what nas

t‘.. Ne gt - - 3 ) 7 } i
€e€n repeat=y over iny over in all rorks on written literature

on (oncrete Tonustruction. Is

r srouls tc cormon knowle 10¢
4

3
(@)
o]

3

o
to all vwteo are workin nar
% ~

F

the (Chapt=r on f loncreir surtfaces is prctatly

as near uo *oodute Gz It could be orade gt troe tine tne volurme

J o - . N - - Ny - - . - -~ . “am A v ~ < b J
Fedins gaedy wie cern ¢ N, na :13 Leod TInc . that tipe
-~ ~ h ~ : > . i - ' "4
okl DTS S ol st Tohoadt dn tre metncaz of firishins

“rosurlace i, aviecicsliy In o tFe gse of sluctrically

ariven =rall ore sam eyubtig, rSCnIines, ‘or tosn flearsg dnd walls
[N

3R roun Tateenioatin, 28 Canipoi, nifnt, to tre

Wrliers rsa, Pave c2ll e omoamiig The sufi=ct any tre rethois
of matirorca il L3 14i1] un.. . TaTr o di3tuszion ant there seers
Yo ote L olansenac s oo L s s of foreisn sub—
BLANCC 4n el sl mATT D v iy tes fap trne rix, unless tre
sane v dTne wtpooy Tar Ire muditinn cf foreisn substances
having ‘o R S e Y S A BRI T e writers idea the
L T T AV S AT Ll oy Gng we ]l rixes
cenCrots ot Lul v gc L ray G oo SEAREN “loviiefd and corpacte
in % e ‘crg

re ot r SLTIT odction Fluet, < Toalr, tal oevery
ntiviass]l o,y oo Toratruction moluico: Tta oepwn ttaly for con-
Struclior olanc, reeotapn s 5ovell ot che ciancer te lipite,
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Proposition &4,

¥hat itecs should te charsed up against construction
work for the plant involved?

First cost of plant,

Preight on plant.

Cartage and hauling to site.

¥xection at site,

Pipirs for water,

Cost of water.

runways, platforrs, etc.,

Towers,

Temporary tuildings,

Zins,

Canvas,

Fuel,

Operation costs,

snaintenance costs,

Yovins plant *to ncw locations on site.

Tntercst on irvestrent,

Insurance on pilant,

Cepreciation,

“he estimated salvaze value of the plant should
te considered when atjustins the percentages tc be used in
carrying trhe plant costs into *he ecstiziite figfures,



Proposition SE.

Lnumerate the various operations involved in the
erection of the reinforced—concrete skeleton of an office
tuilding.

211 preliminary investigations having been maage,
specifications written, contract let, contractor upon the
Jround.

1. Sxcavation of tasement, foundations, footings, elevator
pits, toiler rooms, etc.
“xectin of concreting plznt at a position of maximum

.

[ =]
(24

“here the freatest amount of concrete can te placed
he least effort and loss of time,

o N
()

Y =+ o IO
<

Pour footings.

4, Yrection of outside cartain wall foruas,

5. Yrection of tasecent colurn foras,

f. Place wall reinforcement,

7. Pour outside walls,

2, Lay forms tor first floor,

2, Place colunn reinforcin..

1C Clace floor systew reinforceiny.

1 Zour cecncerocte coluosns and tloor slars,

1z, “lace feorrs, st~cl aniy pour stairways,

'z, Place first ftloor column forms.

4 Place {irst f]Joor outsiie coluzxn forrs.

158, Place s~coni f{leoor {loor forcs.

1e, Plaze reirforcing  steel for tirst floor columns,
17. Place sccond floor steel.

1%, Pour first flror coluans,

1¢. Sour szcond tloor slats.

zC. Place forrs, asteel ard pour stairwags for first ‘o

sccona flgoer,
Centinue sisilarly for ecact, floor to roof., Tc save
forn caterial, ccluzn spacing any floor slabs of the various floor:
should te s*antaraiuzsi so far as possitle., “hen within the prope-
lizit of *iz= for *re settinsg of coacr:ia, the floor fcrms, tean
forns, giraer forms, and coluwn fores, nay te stripped and used
again on floors atove.






2CG.

Droposition 36.

Stock piles should te so located that material will
te available to the workmen, and to the plant with the least
amount of labor. 1The materials passing from stock plle to
mixing plant, carpenter plant, or tendirng plant; then on to
the tuilding always with profressive motion, no retracements of
doubling back,

The stock piles should te easy of acce .s to the trucks,
or other units bringing in the rateriaals. 7The proper study for
placing of stock piles with reference to the job as a whole will
result in cutting consideratle from the cost of handling,

Proposition &7,
The considerations which shoull govern the actual

layins out of a construction plant should te; the shape ani
size of the area over wnich work is to te done;- the corntour and
slepe of the Jrouna surface; the means of insress ara e“ress to
ana fror tine site tor tne haulin: units; the distarce frozm thre
receiving peoirts of ipcentz;, +the type of construction to te
done, whether conmpac t, or s3pr<ad cut over a consideratle area
a cocpact cons*truction jor woula te senved bty derricks, or ty
tower anz shorl chutes; a 3pr-ad area, by tower uni chutss, or by
a catleway unit. ‘he %o*tal yarauze zust bte consideresy The time
lirit for the work, zna tre torus or.punalty, The tire of year
rust te considerea, ©svecizlly in *he north section, wnere there
is very apt 'o te unfavorarle weatner cowxitions.

DrCOonx‘iw n :—»,:f

k= zole nurocse of tne 1dsisn oan. use of tre con-
struction plant, Is -ccnovy ¢f co-ration, raxircuc of output at
toe mingear ¢f 2ozt all ‘rircs affecting the work teins con-—



Proposition 2.

Ecomomic plant design reguires that the plant best
suited to the work, resardless of cost, be the one installed.
First cost stould not bte the aecidinz factor. Cost of instal-
lation, maintenance, operation, removal, interest on investment,
all tnese should be considered for each type of machine and
plant layout; these together with the diffeeences in the saving

>

in labor ani the salvase value of the plant wren the contract is
completei, Ihe higher priced plant, which under the conditions
of operation will deliver rore yardaje — thougdh it te at a some-
what hisher cost per yara — may dde to the greater sdlvage value
of the units te the rore economric plant for use on the contract,
The plant shoula te of a size ana capacity whichk will permit of
continuous operation, for &nly ty tee maximam of operation can
the yardase costs be reduced to a mwirnigur,

Proposition 4C.
The essentials of proper nixing are;  cxdact ceasurement of
sravel or stone, sand and cecenty thorouch mixture of the mass;:
proper arount of water; care in dumpin, the corncrete into place,
The proper rarmirg or putdlin? of tne concrete is of importarnce,
“ith hand cixing there srould te @ prooer cixir: of the
sani on *re cepsnt t-fore *te sravel or s*tonc and the water are
atldet. Torstant vilizence in tre :ixin; is nere a necessity,
®itr zachine nixirg, orooer oreporticoninag, proper supply of
water, prcopuer nurter of turrs cf tne druc to insure thorough
rixing are rocesziti
In rass work cinuts care neca nct te taken in tre placing.,
In thin walls, drosl caere cuss be exercics<d not to displace the
{ Yoo lar:e agJiregate,

reinfercins ia the pcurine or ty the u 0
In cofucns, care stoula te excrciscd te keen the coarse ag
f

agsfresate
from ledsirs teinerp tre si20l ana face re colygon, where it
In flecor systers

gs¢ raterial te fore
ornel at the joints

wouls t¢ ¢xpost 1t unnen siri
care snculd fe exerrcizoa
in bears and yirccrs, csoecially <hat non
of teams, Ziraers ara colusr-:

In tad weather the nix zust re prot
freshly laid in sumoer
winter.

~oted, froo rains wnren
ani frest action in fall ani



cection &, dcals witn estimating put only in a very
lisht way. <Craoters 12, 1€, and 17 give the reader sone

slizht idea of the zetnols and ways of estizating unit costs
and preparing the estircate of guantities and costs, The art
@af estizating can only bte accuired by long practice, for tho
tre process of takins off the wmain cuanvities is relatively
a simple matter, the freal danger of undercstizating cores,
not frorx thos things which can be readily seen to bte a part
cf tne job, tut frox the oversizht and non-estization of the
wi:ny sztaller miscellaneous itecs, which in the asrezat

(8]

L ake
up an acouut cf womey which unier the contract may te the
entire percentale of zaid and profit tnit the contractor has
teen figurirs upon. Construction plant, overhead, contingencies,
insurance, taxes, preciurs, eccilents, protracted runs of tajy
Weather, are scwe of the things which the unexperienceq
estimator is proze %o riss or underestirzate

Tre units of cost which will te usedl in prepariag tre
estimate of tnc building which is called for in Proposition 41,
on trhe tuilding designed as a part of tnis tesis, see page 11%,-
are given telow. These prices are btasca upen caterial prices,
labor prices, and construction costs as of Lecerber 1lsi, 1020,

)

WashinJton, L[.C.

Concret:

Cerent ot —il) , Gtl. oL

criegrd S
Clot*re 5:-bs3 Co2C
fer o 2rl oot ot ~Z
_rdazt o oroutt o gscus ¢ -C
o
r.-;‘i":’ : e
Jnicadin: oo
Teamin: c.ce
tuniling and tieing,bazs SO
e 1., f.o.0.i0t 4.4C



Mass corncrete, fo
Cement, 1.64 tbl, at 4.4

4o 7edl
“and, one=hzlf cu, yd. at Z.CC 1.C0
Stone, one cu., yd. at Z.:€ 2.2C
Lator, per yd,. c.CC
Plant, per ya. __l;ﬁg_
121 Ser cu. yda.
Walls, coluzns, floors, 172.CC per cu. yd.
0T,

forrs fer floor slats:
Lezcer, nails, oil, etc. C.Ce
lLator, making panels, C.Cx
Lator, erectirg studs zand tracing, ¢.C4
Lator, layins panels, ¢.Ca
Strioping, __~£;€E_

forms for btears and dirders,

Lurter, nails and oil, etc., C.CF
Lator reking, C.C4
Lator erecting, (GERRE
Labtor stricoing, C.Ck

Fores for coluzns:
Luctey, nails, oil
Lator, raking pane
Lator, erecting, p
Labtor strippimg, C.

forps for fooiings,
Lurter, nails, oil, esc , c.ce
Laetor, rabing ana erecting, ¢ 1c
Lator stripoirg, C.Cz
(Tf;_ocr sy. ft,
Fores for walls,
Lunrrer, nails, oil, etc_, C.Ce
Lator, mcking, C.C4
Lator, erecting and plucting, C¢.10
Lavor, stripoin, £.C2
--ET§§-pur sc. ft,
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Steel prices,

174" to &/18" 4,12 per 1CC 1lbs,

/" to T/1R" c.t% per 1CC 1t s,

1/2% to ©/1&" .7 per 1CC 1ts,

/8" to 11/18M &.68 per 1CC lts,

3/4" ana up .00 per 1CC 1ts,

Unlocadinz, haulir: and pilin. steel at jor, 1.CC ten
Pendimg ard placing steel in tldz.- floors iC.CC ton
Cending and placing steel in tlds.- teaws,girders 15.CC tor
Benaing ani placing steel in btldg.- colurns, 15.C0 ton
Placing steel id walls, 12.CC ton,

Average price steel in place, 14.CC ton,
Surface finizh,
1" Granclitic floor ner 100 sc. f4
1 ttl, cerent .48
4 cu., ft, sani, C.&x
4CC 1ts. finc crusted stone L GLaC
= l"
Later, cixing ard placing, 1.2C
“inister troweling surfacc, 1.8
7,87 per 1CC sg. ft,
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~3

istimate for a tfrree story auni tasement btuilaing,
' x 147', Ffactory wiraow. <{Cinder ari concrete rcof.
Lrea, 4x147x147 = SEg3€ sq. ft.
Cute, 147 -x 147 x £E2,78 = 1,132,¢75 cu. ft.
Cencrete, exterior footings, (1:&:f mix)
2Cox 1C,& x 10,8 x ,Z8 = 71¢8 cu. ft.
4 x 7,86 x 7,8 x z,4 = Looe
4§ x 10,7Lx 1C,TIx .2 = 1474
fox 3,38 x 2,28 x 1 = 57
Interior tootings,
c6 x 13,86 x 15,5 x 4.8 = cce?
4 x &, 8% x 5.83% x 1 = 114
4442) = 1f4fc.,y.atls.40 = lo&d=,CC
Concrete foundation walls, (1:%2:4)
147 x 0,28 x 10 = ¢pe South cu. It
117 x .27 1C = &¢C  nortn
147 x C.re x 10 = ©%C  east
147 x (C,8% x [ = L4 weast
127 x 1 x 1 = 127 cap west owall
2etl = 140 cly. et 1F.CC <ocE 0
Concrete retaining wall (2:5:F)
Z x 1 x8 x 1L = 2420 cu. £+,
1 xC.& x 178 = VT
287,80 = 9L ¢y, at 104iC 147°C2.CC
Concrete, exterior columns, (1:Z:4)
Fase, k,4xc, 4x11x1z2 = FEY
Ist., 2,&x2>x18xlxs = Tr
“nd 1>Ex1>Ex18x1" = B4
érd 1.4x1 dx1xx]1z = -12
Fase z,oxZ oxilixe = 41C
1st Z.oxz,Ix1kx6 = 4k
end Zxgx17xA = J1<
gra 1.5%1,20x12x¢6 = 17&
Fase <z.éxz fx11x¢ = 47C
2,3x2,:x18x2 = 4z
<nd Lxix1lxe = 21z
ord 1,8x1.&x1&xe = 1772
Ease xex1lxg = 176
Forwarai UYL 1217¢.CcC

<0,



P

Ao
A

Yorward fr‘ct: pd:-)e -’.:k\," "1;:2 cu. tt. £ 19179.CC
v 1.6x1,Ax13Gx4 = 145
1.5x1,8x15x4 = 117
srd 1.2x1,e2x15x4 = 71

o485 cu, f1t.,

Yz cuy. at 1”A.CO 58ie ,CC
Concrete, interior colucns (1:2:4)
Pase 2.,75x2,76x11x36 =  Z22L cu. £t.
1st 2.4 xx,4 x1ExC6 = 24l
end  Zxx]1ExGA = 1°7Z
Srd  1,z2cx1,2ix10xC8 = 71
Stariway cclumns,
Zase 1,c8x1,28x11xg = s
Ist 1.,1ex1,1€6x1ix% = e
zna 1x1x1lxg = e
levator colucns,
Jase 1.«nx1,g8x14x2 = 44
st 1.1¢x1,14Ax15x" = OB
Znd 1,1x1,1+15+% = ol
drd C.oxD,ex1ixk = i
SETITETE1 c.y. at 1R 0C A0C9 00
“latforas nosts, (1:Z:<)
1.4x1, &xi2xf = Ty = o ocoy. at 18 (( 4= ,CC
Concrete flcors (I:z:d)
< flocrs, 147x147xC.exE = lewlt cu.fy,
roof
147x137xC 520 = 7u(C
147x147>C.ce = 240%
R
Jeduct cpeaings TA(C
TITTR
Platforpz I10xC, . x.xz1 = ol

1]
—
3
C
~
()

x1.,4x140x2Cxe

1
C.7x1,4x1a0xLxe =

-

pRSRe)
'/; " x 1 x x"lx"'\ = cr e - -~ - h A .
G.7x1x10x17 __’i_; 04 ely. at 19,00 __pfed4.CCo__
182909 = Yorwari CETEELCCO
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Joncrete Cirders
Roof.
L2x]1,2x14CxA

L2x1,dx14Cxz

. o
LAaxExE

1
x1x12x3
1

“oof parapct (1

ATxAx IxT = L
Concrele vilaste
LoXG L oxeixle = 10
Concrete wzlls,
levater shaft
cxloxnlxy =
Sx1oxIxE =
LEx1E Exlaxe =
slevitor reot
a.5x10 2xC L, =

Stairway, wnall

'7):1(-_‘)(‘3 =
7 x10x IxE =
LEXTIxIUxx =
Lox 10 x 10 xz =
gL Exlexinl =

Concrete winang
LT7ex1x1IUx LT =
educt

(1£2:4)

Ny
e
~3
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Yorward €Z75Z.CC

1
—
B3]
-1
(03]

cu, ft.

— L8 Le}
- ~:6u
= 32
7
coo e~ .

= <
= CC LU
= QL =
L P

— lad
- /
- Ly’
= <&
- oA
= <4
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o vy &

r facing (1:5:4)
( en £+ = U0 2 ., ot 17 ¢
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colizns and parap

Cecncrete s
Stair no

orr

1<2.6

Cranolitic

Zinder fi

X143 xZ )= (1ox18xzxs)

Carteorunidiz

dx1a7xg

2,Ex39x32

0

£T73%Z sy
" . Fmm < 3 ge < =~
torzs, foniing:
o A T A (SIS — e -
4y XIO.'/K’r‘w,1~- = P
AxT ExAxs 4 = L
. i re, ” [} 3 — [
~x";e,,'.x—x>‘.. — = [
fxE Phal«] = s
SIAE S RCEY S NS = S
« . - -
4 X, GRExT = s
TITITTT
FRFSREE )
s e £ N~ b T e
.Ornﬂu' LC’J.‘.qut.',eer nall
1 ry - ~ — PR
11/";(«"-1 = el SU .
+ , - T o et - v T ,
west owall 147 x0xn = - vl g
4~ a . [ee
s€hvaliningd wall
1o xmxk = ZI¥C 5. 0t

L7TEx1A0xLx3

tairways,

sings

—_ q
- ‘,
_ o
= o €
= 1z
-
= v
————
o4 o= Qo
St
. -
= 11C2¢ ¢

= £504% 3
= 1C14

11 on roof.

2

"

i
[h]
—
Ny

¢ ft. a% C C% per sg. ft.  5030.00
41227, 1774 ¢,y. at 1.CC 1505, C
11227, Ly oat . S04.00

citerisr

&

. a it ﬁ/C.CC
4. £t
r 12 LI - o o, v
- [ av « a1l pIr f: —ﬁ..',r.\t.,.(;v
3
r Y n s ey
Tt atl ©.20 per fu, £L2.CC
£t at 0,22 per tt, 1=1.CC
.4 ~ cr - "y ~
at T 0 zair £ a7, (o

“ormard vz420,CC
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Exterior Coluzn forams.

12x11xz, 4% = 17k
1iox1ixz, 2x4 = ciz

—t
—
Ny
1=

1x12x1, 4% =

12x13x1,1x4 = 224
Ax11xz, LHixt = 2e
2x13x2.,3x4 = 1487
1x1Exex3 = 1%48
12x13x1,&8x%4 = aoRr
Ax11x2, 7xa = 7C4
Ix11xzZxa = cLz
4x13x1,7x4 = ziC
ix15x1. Fxd = 512
4x1Ex1.,%2x4 = 2202
10217 sg. £+,
Interior Coluxn forns,
cex1lxz,7x4 = L7
COX12xZ, A% = Lac4
2Bx13xL x4 = 744
cRx13x]1,5x4 = z&5iC
2x11x1,28x4 = 1iC
ex13x1, ex; = 1:1
Zx13x1x4 = 1C4
Zx14x]1, Zix1 = 1:C
ex1ix1. %% = 123
ex1zox1,1x" = 117
e ExC o x A = B
s ft
Tlattorz pestis
AxPx] Lx4 = 04 gs Lo g
floor ani rect slat, torzs
14Cx14C = 1.r700
1CxeCx3 = 1C(CC
. TILCECTT
lejuct cpenlrss 1zav
1900 3y, 1
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Coluzn Steel.

pcs., 1/<" rd.

"

pgs. 1/4" rd.
N 1//4" Z‘i.

S
S, /e rd,

cs. 1/4" ru4.

[ AR 82

X 1:00"
¢s, 13/1A”"™ prd4., x 15'C
rd, x

.
4
cs. 1 1/5" ra. x

12'C

13'C
1z,8" 4i
21" dia.
A" qia.
SO,2"4ia,

“aterior cclunns,

ncs, 11/71f" ri, x 15'C"
x 1F'1C"

-/ n

pCs. w & ri,

pcs., 12/12" »
nes, 13/18" r
pcs. 15/18" ry
2C 3. 1 1/5‘.‘",
pcs. 7/¢" rd.
pcs 1" ri.
Zanis
ncs, 1/4% rd.
pcs. 1/4" ra.
pcs. 1/4" rua.

s. /4" ra
pcs. 174" rd
necs  1/47 rid

‘3

Lox 18t 1e"

X R E

. o~

Cox 10'C

x 12'C

A~

X 1c v

x [
x St®
x '-:-.”:;:"
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x g
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-
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Y en
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pes., 1/Z" rd4. x 128
pcs. 1" sg. x 15'C",
pcs., 1 1/4" sy, x13°
1/4" sptrals 9.3"
1/4" spirals 11"
1/4" spirals 12"
1/4" spirals 73&"

¢
Zteel i.round elevator aad st:
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“levator housc

1/2" ra, x 12'€

/en 1 on
1/&" ra, x 7'

o/3" rd, x
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L &3
A
o/ s ri, x 4!
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el

evator and stair coluecns
n C'l

~n
L

teac

onn
N

~ fon -t n
o/ D ri. x ¢

1 1/%" ri, x 1:i'R"
1//5" rd, % 1;'1(
AN ord, x 12'C"
/4" ri. x 37':"
374" ri. I RO
/4" ra. x 17 g
T/E" ra x LAt e"
7/¢" ri, x Zz' 1]
cor at e€lsvator Sha
/2" s, ox 1"
/" s, o x 180T
//2" IJ x :-! "‘,, ”
BB 5 T S
/6" rd. ox LI
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forwara from paje z14

7/18" rd, stirrups x 4'¢"= 1C
&/5" ra, stirrups x 4'g2" = &
Feams and gfirders at Stairway.
/2" ra, x 12'2" = Zi
172" wd, x 11'2" = ¢C
1/2n rd. x lecv-. - 46
1/2" ra, x 4'7" =CEA
/2" rd, x 2'7° =1C¢E
1/2", sg. x 17'z2"” ¥ EQ
1/2" sg. x 1¢'1C" = T¢
TTED 1
&/ ra, ox 28" 2", = z17
/4" ra, ox za'a" = Zo2
s0a 1
“ocotinZ steel.
1" ra, x 12'e" = BVl
1" rd, x 108" = TEs0
1" rd.,  ox 10" = 180
1" ora, ox 2'4" = LoT
1" ra. x T = T1T
1" ra. ox 2" = rUC
Sriac
sowel s
1 1/4" ra = 2'C1 = .04
1L rd o I'C" PRI
1 //‘:*", ri. x _':'(," - -,-,\-.
1271 ra oxow(C” = 1o
TUOET
eel in stair *troais
1/2" rq4 x 18'&" = 117
172" ra1 ox zlt'e" = lr
/2" ra ox 14'C" = JF
// 2" r j x ‘L:) 1 ‘:'.IU - 5 'E“
1004
MRS IV

1£%)

o

t‘C ~n~
<UL U

13.cC
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14,
Forward frox pagfe Z15 141=25C.C0
General excavation, (scraper and hand
work, leveling of site, no earth recovel,
LLECC 3¢, ft. at 0.CE 1120.C0C
“xcavation ¢of basement,0CC cu. yd3 at C.C §eCC.CO
Footing excavation, (hand work, loar)
xterior footinsgs, 272 cu. yds.
Intericr footings, 1:C0
“latforr footin:gs, <
Tlevator snaft, &
oundation wall trencth, <<
228 cu., yas, at 1.&C 237 .CC
Fackfill, rehandle ard grate, 1F25 cu, yas. at (C.cC £lz.CC
‘Yasonry, trick curtain walls, <440 cu, ft. at 1.CC 440, CC
Steel sash, erccted and pointed, IC percent pivot vent,
Soutn, 7TxS'4"xis'ZM = 2c]
oIx7ranx1o'Cen = 23
ba.st, 1Ex7rt4"xint'c" = LIC7
Nortp, 2ix7'4"x18'0C" = Z3LED
test, 15x7'4"x12'C" = ZrIA
4x7'4"x1C'C" = Lvl
11277 sa. ft. at C,L4f CETO ol
Glass and glazing, factery rutbtea flass, (1zx1?)
set includirg puatty, 70 ger area of sash,
10782 3¢ £t at C OC Jekll e
foors, frarces, fharawnarc, ctc
cbl, swing, wcod exiericr
aocrs, wood frace, ‘ranici,
oLl sill Doan S0 vy U0, To L ot }TECD za ~80L0C
Single saing, tin clat toors
in stuir ralls, an.le iccov
frazes, © I sills, - STy TS0, o B oat o0 00 ewa. 455.CC
tollirng zeors, 2 at 200 00 ea 2z0C.CC
Lisht iror ant steael
2" pip2 rant rail(Z2 linec abt stair) 112" av 2 87 4 2=0.CC
2" pise bang rall(l line on wall) 112" at 1 OC t1 e, CC
1" safety stair +recas, “C at 1 £C ea. 1z20.C0
Slottet inserts in ceiling, 000 los at 2of 1t 70T
L.1 . 3Cuuners, 12 at £ 0T eacr 0. 00
discellunevcous iren, cuanarics oo e

Torwary

1RER17 CC



217,
ferwari frow pafe 214, 12RE17.00
FRoofing and flashiags;;
€ ply tar and :zZravel roof
147x147 = Z1f# sguares at 1=.C0C per sguare cces . CC
toncan cteital rase and cap flasnhing,
4x145,R€ = 0EC £, at C.4C 4, 2-3.CC

n
kalls .ind ceilings (Zccgts rill white)

CeC0 so, ft. at C.4C per sg, ft. c
fash ant doors, % coats

12CC sg. ft. at C.EC per so tt,

sceilancous iron painted
< =
= &£

(¥4

>

(B3]

v O D
L] .

D

»]
[ i

Placins 487 tons of reinforcing stoecl at 14.CC ton 40C22,0
Lngineering, nlans, details, etc. 12C0.C
Clean up jot at corpleticn, clean zlass, o c.C
Liarility insurance, 1000, 00

i)
D
(]
-

Yatcnzan, 24 weeks at z5H.CC per werk
fic

Sacerintenaence, jot overhtead, office stationery,
ziscellan=cus office, Z4 wecvs at ZCT.CC per 4=CC.CC
Sundries, e SN
Net 1z721f8,0
Contractors preiit, 1¢ puzr cent = 1wE ne
TOTAL NETIVALY 2lCTLs,C
Tollowing diters net dnclussd in estizatce,
tcraraty Lontracts,
1 Heatl "

—~ o~
I

Llectric wirins

CH

FEENVEN .
N N N N e Nr

Speinkler systen

“levators.
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TABLE 1

Egu'\valen'} Fluid Preesure.

€

W w
0.30 12.6
0.35 l6.6
0.40 21.1
0.45 26.1
0.50 3l.6
0.55 37.6
0.60 44.|
0.65 5.2

t: width of base in feet.
h= total heiqht in feet.
w = pounds per f{oot.




TABL .
Data for design of rectangular beams.

Formulas necded Formulas used for tables.
M=JCbd: or bd*= 52 = T—Vl
£s )
et
as=pbd K « VEprrts e -pn Je- 8
Krrhj or grki
Working Stresses | Ratio of Moduli  n=i2 Ratio of Modull N=IS
£y S K J P < k 3 P K
12,000 | 580 0.889 | 0.0069| 73.6 | 0.384| 0.872 | 0.0080| 83.7
| | s50 0.882 | 0.0081| 857 | 0.407 | 0.864 | 0.0093| 965
i | 600 | 0.8715 | 0.009%4| 984 | 0428 | 0.857 | 2.0107| 110.0
650 111.3 | 0948 | 0.85| |o.0l2(]| 123.6
700 0| /244 | 0967 | 0.894 | 00136 138.0
750 | 0429 | 0.857 | 0.0134| 137.8 | 0.868% | 0.839 | 0.0I15] | /52.0
800 | 04494 | 0.852 |o.0198| 51,5 | 0.501 | 0.825 | 0.0(67| /669
/4,000 | 500 | 0.300| 0.900 | 0.005%4, 61.5 | 0.3¢8 | 0.88% o.cx%2| 767
550 | 0.320| 0.893 | 0.0063] 78.6 | 0.372 | 0.876 | 0.0013| 825
600 | 0.330| 0.888 | 0.0013| 90.6 |0.39) 0870 | 0.0084  /02.0
650 | 0.358 | 0.88| | 0.0085 |02.6 | 0410 | 0.863 | 0.0095| /I4.8
700 | 0.375 | 0.875 | 0.0094 1198 | 6,428 0.857 | 0.0107 | /28.3
750 | 0391 | 0.870 | 0.0105| 127.6 | 0446 0.85] | v.0120| /1423
800 | 0407 | 0.86% | 0.011¢| 19094 | 0962 0.8%6 | 0o132| 1563
15,000 500 | 0,28¢| 0,905 | 0.0098| €%.7 | 0.33% | 0.889 | 4.0056| 4./
S50 | 0.306 | 0.898 | 0.0056| 154 |0.355 0.882 | 0.0065| 8¢./
600 | 0,325 0.892 | 0.0065| 86.7 | 0375 | 0.875 | 0.6075| 98.3
650 | 6.393 | 0.886 | 0.0079| 984 | 0.393 | 0.869 0.0085| /1.3
700 | 0.360 | 0.880 | 0,008%| 110.3 | 0.9//  0.863 | 0.0096| 129.2
750 | 0376 | 0875 | 40094 | 123.1 | 0429 | 0.857 | 00107 1373
| 8oo | 039/ | 2870 | 04105] /357 | 0.9¢#5 | 0.852 | 0.0118] /5).2
| -
/6,000  Zoo | 0.213 | 0.909 | 0.0093| 2.0 | 0.319  0.894 | 0.0050| 7/.3
550 | 0.292 | 0.903 | 00050 | 722 | 0.339  0.887 | 0.0058| 82.3
600 | 0.310 | 0.897 | 40058| 832 | £358 .88/ | 0.0067| 9.9
650 | 0328 | 0.89/ | 20067| 950 | 4378 | 0.87% | 0.0071| 107+
700 | 0.3994 | 0.885 | 0.0075 106.2 | 0.397 0868 | 00087 | /206
750 | 036/ 0.880 | 0.0085| 119.1 | 0.9/4 | 0.862 | 00097 | /33.8
800 | 0375 | 0875 | 0cos4| 131.3 | 9,929 | 0.857 | aol07 | 1967
‘. B I T
20,000 | Soo | 0.230| 0,923 | 0.0029 53.) | 0.272 | 0.909 | 0.003% &/.8
| _5bo| 0248 0917  0003% 2.9 | 0.292 | 0.903 | a.00%0| 7Z.2
600 | 0264 o0.312.  000%0 72.2 | 0.3/ | 0.837 | 20097 837
€50 | 0.280| 0.907 | 0.0096| 829 | 0.328 0.8/ | 00053 %%
700 | 0295 0.902 | 00052 933 | 0394 | 0,885 | 0.0060| /%6.2
00058| /03.9 | 0.359 | 0.800 | 0.0067| (/7.9
0.0065| 115.6 | 0.379-| 6875 | 0.0075| /30,9




TABLE 3.

Data for revo'ewv'ng vectanqular beams,

n= 18
Pormulas needed : Formulas vsedin preparing +a ble:
P= ‘% ke Vepn+ (pw)> ~pn
Jeo /= %k
M e fue BhaP
bd? ke, L ,
K-phjor thk
$rebolbs per #5:16000 /bs. per
P k J Sguvare rnch Syvare ”’2
5 < £fe F<
.0020 o. 217 o.928 25 oo _£55 295 |
.0022 0.226 0.925 33 49¢C0 ¢8.0 370 J2%
.0024 0.235 0.922. 321 800 70.9 230 35.8
.0026 0.2¢3 c.%9 Jo0400 72.6 390 380
0028 0-25) 0.79/6 28 | 0o 79. 6 260 /.9
0030 0258 0o %4 £8 000 768 370 3.6 |
.0o32 0.265 0.912 26200 78.5 90 *7./
.6034 0.273 0.909 261c0 807 200 99.€
o036 0-27 0.907 25200 o2,/ /0 /9
.0038 6.2 0905 24900 &83.9 %30 55./
. 0040 0.292 0.903 3700 845¢ <440 S€.2
.0042 0.298 o.90/ g23/00 814 4S50 604
.00 0.303 0.899 22900 88.¢ <465 23.3
. 006 oJo9 0.897 218006 9 <980 (%3
.co48 rEIE] 0.8985 2/ /700 §.—f <250 c8.8
. CoS0 0320 0.893 20800 92.8 CX-T) 7L F
T 0.3286 0.892 2oloo 9.2 5/o 22.9
Oo059- 0330 0.89¢0 199c0 XX 520 V6.4 |
.0oS¢ 0.339 °0.889 /1 99-00 96.C 540
. 0058 6739 0 887 1 ®cco 27.7 SBO &2.7
. 0060 ©.344 0.885 18600 88 Séo0 gs.2
. 0062 0-348 0.88% 18300 100.3 S70 87.7
.006¢ 0.353 0.882 /1 8 0co 10/.6 S80 20.6
.oc6e | 0357 088/ 17600 /02.3 590 32.8
. 0068 0.3¢/ 0.880 1730 103.5 €80 953
.0070 0365 0.878 /6200 102.9 G/0 97.7
~cOrZ 0.369 04877 16700 /o055 €25 101:/
0074 0.373 | 0.876 / €400 1063 &3S 703.7
0076 6.3277 0875 X YX-X-) 707,/ €4S 2069
.0078 038/ 0.873 15900 1083 65S 108./
‘0080 0349 0.872 IS600 /108.8 €70 772.2
- 082 0.388 687/ |.5¢ 60 1/0.0 é68o 122
| _.008q-| 0.392 _0.869 | (5200 7709 690 117.5
. @296 o8 5000 1772.0 Zoo [/20.0
.0088 0.398 0.847 19700 72,2 z/0 Jeez.5
.00%0 ¢902 0866 12500 /13.0 7z0 1253
10022 0903 0.845 192300 113.8 7z5 127.0
.CO9¥ c.4048 0.84¢ 14(60 119.5 70 /0. ¢
0096 | 0.9/ 0.663 L3900 115.2 750 /733.0
0098 | 0.9/5 o fe2 /12800 1156 760 /25.9
.0/0 0-918 0.8¢1 |3éco 1177 770 /1386 |
012 o946 | o085/ 12100 /23.6 860 /63.2
201G 097/ 0.893 JAE-X-T-) /29,8 92860 /886 |
. g- ;93 oii [ 10 ;OO ’33';" (o090 gm;’
NS :S13 . o0 / /720 387
1020 0.63) 252% gﬁgo 14/, 6 t2/0 £69.9 |




Based on =
For supported ends,(’ﬂ- k;l‘) deduct 2oper cent from load.

Er!u//jconflhuuus, M- ""’L), add 20 per cen+ to leoad.

TABLE <.
Use for designing & labs.
M= HII—L"

$.=€50sq.im,/b.
b=12 in.

k- 0378

§s= 16000 /b. sz./h.

n=15

M= pfibd?= 1290d? (safemomentof resistance)

pso0.0c077

as = ,,bd 3 0.0929 d (steel area)
L2z phibd? ez 10725 (safe load)

3 § 3 Total safe load (w) per spmre foob includrig [V} 230y if

§ i ; me/;,/n«,f;z/..s. ;; £33 E{

1 i N For sofc lrve load deduct-weightof Slab. E&gé? ; E

& 8|’ Foor 7 Feet () SEINCR

m\m|m|a|l&|e|7|8|2ro|m|re|13]|sz|15]k|s9 m|inlb
14| %|23|208|132| 21| €7| 51|90 31| o.r62| 3950
2 | %|2%|28|172 |120| 88| 67| 53| 43| 35 34| 0.185| 5180
25| 4| 3 339\ 217|151| 111 | 85| 67| 54| 45 38| o208 | 6530
23| #| 34| 99| 2e8|187| 137| 105| 83| 67| 55| 41 91| 0231 | 8930
2%| % |2%| 501 325|226| 165|/27|100| 81| €| 57| 98 44| 0.254-| 92750
3 | A |3%|ees| 381269 197|151 | 119| 97| 8o | 67 | 57| 42 17[0277 | 11600
3% | %| 9 | 700954315232 | 177|190\ 13 | 94| 79| 67| 58| S0 |50|0.300 |/3600
3% 1 | a4 | 822\ 527|366 289|206 | 162 | 132 |109| 91 | 78| 67| 58| 58| 0.323 | 15800
4 | ) |5 |le74|688|478| 351|269 (212|172 |)92| 119 | o2 | 88| 76| 42| 0370 | 20600
5| 1 | 5%|1360| 871|605| 444| 340|269 | 218 | 180|151 | 129|111 | 97 | 49| 0916 | 26100
a%| 1% | e |1520| 971|1675|49¢ |380 | 300|243 |201| 169 | 194 | 124|108 | 75| 4438 | 29100
S5 | 1A | 6% (1850|1190 | 825|606 | 963 | 364 | 297 |245| 20| 175| 151|132 |81 | 0485 | 35600
53| 1| 7 |zeeo|1920| 990|726 | 536 | 136| 35¢ |299| 247 | 210 | 182| 158| 87|0.53 1 | 92700
4| 1) | 75 2620|1680 1170 858|657 | 519 | 420|347 | 292|246 | 214|187 | 94| 0.57& | 5500
¢%| 1k | 8 |3070|/960|1360|1000| 76| 405| 990|405 | 240 | 290 | 250| 218|108 | 0.624 | 5890
7 | 16| 8% |3540|2260|1570| 1 150| 884|698 566|447 | 392| 335|289 | 252|186 | 0670 | 67900
7% | 1/ | 9 laoso|2580|1800|1320|/ 010| 798|646 | 534| 449|382 | 230| 288 | 113 | 0.716 | 77600
AAER 2030|1490| /40| 904| 733 |605| 509|934 |374|726|/19 | 0.747. | 87900
13| 1/2| 10 |$150|3300|2290|)480|1290|1020| 824 | 680|572 | #87|920 |36 6| 125| 0.808| 38800




TABLE 5. o

Use for reviewing slab designs. b

Based on M= "}%l Fovr supported ends (Nt%'-t) deduct 20 peccent :From lead
{c =z orl 650 'b.an. Rr f‘l/’y continuous (Mgﬁl‘) add 20/’"‘66”7" to load
M= lessorof :::;f.::::‘i“ﬁm‘"' ?:t::";: :::’;’é(&f‘./‘j‘(/
Qs 2 pbd » 12 pd. (shec( area) v 7> 0,006, ““8'3%‘: "
%;R)t pibdy’ Ysins Hable 3 “ £ aooa,aw/oaa?s . -
fi‘?lz-é&kﬂ"‘} g e rproder wriTl R - )
:5\“ 5 :.‘.6 Total sofe /n‘i{:}';;er‘: cg{z.»‘jnc/allnf ,*gi ;‘:gg s}g
P {iz‘ }%s ,',ii For sufe /1ve /ayd docluct werght-of Theb. 3 ?g :E* 3 S
] Q- q Spar 15y feet (¢ i}g*.\\:‘i Qit
w. lm |1n|g|ls |6 |7 |8 |2t |12|t3]|/a]|15] 16| =sn | inlb.
2G| 4| 3| 24| 60| 4 38| 0.054| /800
3%| &| 4|12¢]|128| 87| 64| 49 so| 0078 7760
4 |/ & |297]| 190| /32| 27| 74| 52| 47 ¢2 | 0.096| 3700|
00024 4%| 1% | < |920|268|18¢]|/37|108| 83| 61| 55| 47 7s|o0-114| 8060
sh| 1% | 7 |615|393|273|200(|153|12/| 98|81 | 68| 58| So| 44| g7|0.138| 11800
k| 1% ]| & |847|542|376|276|212|/67|135|112| 99| 80| 69 | 60| 100|0.162 | |]6300
\ 74| 14| s |120|715 926|384 |279| £30[179 | 197|124[108| 21 | 79|//3|0.186 | 21900
N gk 14 | 1019200 210 32| 949|356 281| 228| 168|158 135]| 11¢ [101|125]| 0.210 | 27300
25| %| 3| 184l /18] 82] 60| 46 j8| o.r68| 3540
| H| 4| 3%4 298 170] 125 26| 76| &1| SV S| o156 7380
4 1 o5 | 5B2| 372 | 268| 190| 45| 1/5| 93| 77| S| 55| 41 2101932\ 17200
0.009 { #&| 1% | ¢ | 823 Seu| 344| 268| 206| 162[131]| /03| 91| 72| &7 | 58| 75| 0.228 | /15§00
skl 14| 7 lizoo| 770| 535| 293| 301 | 238] 193] /59| 132 /#2| 98| 86| 37|0.27¢ | 23/00
&% 14| 8 |/660|1060| 738 | Bs2| 416 | 328| 267| 219| 184| /57| 135|//8| 100| 8.324 | 31800
o%| 1% | o |290|1900| 272| 714|597 | 432]| 350|289 | 243|207| 178 |/55| 113 | 0.-372 | 92000
\r4| 14 | 10 [279%]1790)1290| 210| £97] 551 404| 3¢8| 310|244 228|198 125]| 0,920 | 53500
25| %| 3]276| 173] 120| 98| 47| 53| 93 38 o0.742 | Sle0
3| K| 4| s82| 240| 250| /93| 140|/7/ | 20| 74| é2| 53 58| 0.239 | 10800
4! S| g32| s45| 379| 278 213| /48| /36| /13| 25| 81| 70 6z | 028876300
141 € |1200| 7171| 535 393| 201 | 238| /93| 153| 13% | //¥| 28| 84| 75| 0-342 | 23/00
090€ Y il wa| 7T l17s0|1130| 734] 575| 94/| 398 282| 233 196|167 | 194 |125 | 97| 0414|3380
ik 15| @ |M0]/550|/090| 793 | 607| 780| 388|321 | 270|230 | 198|173 | /00| 0.8 | 9 400
7%| 14| 9 |3200|2050|/920|/090| §00| 632| S12| 923| 358 | 03|26/ | 228( 1/3| 0.558 | 41500
\5%| 1% | 10 |#080|2610|1310|/330|/020| 386 | 453| 59| 763|776 |333|290| )25|0.630| 75300
(2h| | 3|39 220 /53| //2]| 86| 63| 55| 45 380216 bé/0
| Z| 4| 78| 959 319| 234| 179|192| /15| 95| S0| é8| &9 Sdlo2r2 | 13500
q |1 S 17090 49¢| 983| 255|272|218 | (74|19 | 121|103 89| 77| 42| 0284 |20900
44| 14| 4 |/590| 95¢| 452] 502|393| 303296203 |17/ | /45| 125|109 | 75| 0956 | 29500
0008 { ol ;i | ¥ lezso| 1440|1000 735|561 | 444 (366|297 250(2/3| 184 |/60| §7|0.552 | 93200
| 1% | g |3100]19901380(1010| 774|412 | #9¢ | 409 |394[293| 253 |220| /o0 |0-648 | 59500
k| 1% | 9 |40s0l2620]1820]1330|1020] 807) 459| 590 159|357 334 291] /13| 0743 | 78500
8%| 1% | 10 |6210|3340|2320|1700|130011030| 834 | 88| 679|493|426|370| 125|0.§40 |/00 cco
24| % | 3| 370 237| 145| 121| 23| 73| 59| 49 78 |a-270| 7/00
2% &| 4| 773] 495 304| 252] 193] /153|124 ]| 102| 84| 73| 3| 55| 50|0.390| 14800
4| s |n70| 760\ s20| 393|293 |221 | 187|155 |1320 | 111 96| 83| ¢2|0480]| 22500
5| 14| ¢ 11450\ /060| 734 | 539|944 (326|268 218|184| /57| /135 | /18| 75 |0.570 | 31800
0010 1 [kl 4 | 7 \2420|/550|1070] 790\ 606| 478| 398 | 320|269 | 229|198 |172| 87 |2.690 | 94500
Tkl 1% | 8 [3340(2140|1380|1090| 835 | 459 | 534|944/ |37/ [3/6 | 272 |237| /00 |0-8/0 | é4100
Y| 174| 9 waw|2520(1950(1430| 00 | 869| 704| S8/ | 489|417 | 340(3/3| 113 | 0.930| 895
\XZ. 1%4] 10 [obip :ssal 2990|1830|1400/110 | 897 741 | 423 531| 959] 299| 125 | 1.050 /we@?|




TABLE. &, Lo

Use fer continveus Rectangular Beoms.
Sefe lcading and reinforcement forbaam 1" coergth.

Basad on M-.sza'_l. nais M-~ wl? 2

fs2 l6cco |b. per s9./n. For T{j dedud‘(/ 3% f’”’f’ safeloads

fo= ©S50 lb.per sq.in. M. 334%) vsing same steelarea.
23 Total safe load (w) per ltnear fool for beam one T F §
A tnch wide including cocright of bear. gass Eud
:{? e foot rrotey) 888, Eltx'
m Span 17 feet () %gg? %ig
m| e|7 | 8| 9|rofli|iz|i3|i2|15|16|17]|18|19|20|21 |22 |23|29 | Sps. | intb.
60| /o7 19| 6o | =8| 39|32 27| 23] 20 4,046 | 3870
65| 12¢| 93| 7/ | Se| #5| 38| 31| 27| 23| 20 0.080 | 9s%0
7.0| 196|109 82| 65| 52| 93| 3¢ |3/ | 27| 23[2/ 0.054-| 5260
75| 16817123 99| 75| 60| Bo| 92| 6| I | 27| 24| 21 0.058 | 60%0
80| |71{190]| 107| 85| €7| 87| 98]F1|35|87|27|29 |21 0.062 | 6870
85|216|158|/21 | 96 | 78| 6¥| 5% |4¢| 0| 3¢|30| 27| 2¢ |2/ 0.065| 7760
90|242|178| 136 (/07| 87|72| 60|51 |499|39|34|30|27|29|22 0.069 | 8700
95|269(/98(/5/ | 120| 97|80|67|57|49| 93| 38| 33| 30|27| 24| 22 a073| 96%0
10.01298|2191/68)|/33|/07|89| 75 |64|55|98192]|37|33|30|27]|2¢ |22 0.077 | 16790
105|329|242(185|/%€|1/8|98|82 |70 |60 |53 |#¢6|4 1| 34|33 |30|27| 29|22 o.08/ | /178%0

lo|361|265|803 ()60|730)/07(90|77|66|58 (81| 95| 40|3¢|32|29|27|25|22]| 0.085| /7000

11.8| 399 |290|222 175|192 |717| 98 |84|72 |€3 |55| 49| 44| 39|35|32 |29 |27|25| 0.08F | 19200

120|930 316|292 |18/ |155|/28(107 | 92| 19 |69 | 0|53 |48 43|39 |25 |32 |29|27| 4092 | 15970

125|966 (392|262 207 (168 138|116 | 99| 84|74 | 65|58 |52 | 9¢ |92 |38 |35 | 22|29 | 0.09¢ | 16780

13.0|504|370| 284 | 224|122 |150|/2¢ 107|793 |8/ |7/ |63 |S€|so|as| 97|37 24|37 | 0.700 | 18150

13.5|599 399306 | 24219616/ |13 (116|100 8T |76 |48 |60|5% |99 |94 |20 |27 |34¢| 0109 | 19570
19.0| 585 | 930|729 |260|2/0 /74 |196|/125[/07| 93| 82| 73 |4S |58|53| 48| 43|90 |36 | 0./08 | 21050

145|628 |94/ | 353|279 |22¢ (187|157 133|115 (/00 | 88| 78| 70 |62 |36 |51 | 9¢ |93 29| 0./172 | 2zsPo

150|¢7/ | 993|378 |298 | 292|200|/68 193|723 (107 | 99| 83| 74| 67 |60 |55 |50 |2¢|92 | 0./15 | 29760

156|716 |526|903 (3/8 |258 (213|179 |1S2|13/ | 119|100 89| 79 |71 |6+ |58 |53 |49]45]. 0179 | 25800

160|764 | 5611 930|339 (275 |227|191|/63 (190|122 |107| 95| 85|76 |89 |62 |57 |52 |48 | 0723 | 27990

165(8/2 | 576 |#57 | 341|292 |291|203(177 (199 |/30 (114|101 | 70|81 | 73| 66| 60|55 |51 | 0127 | 29240

17.0|8431£34|985|384|3/01257|216|183|158|/38|/21|107| 96|84 |78 | 70 | 64 | SV |62| 0.3/ | 37090

175|914 |472 514 | 906|329 272|228 |/95| 168|196 | /28| 179|701 |97 |82 | 79| 68 |62 |57 | 0.735 | 22890

18.0| 767 | 710|594 | 430| F48|288)|292 |206| |17 | 155|134 |(20 | /07)|97 |87 |79 | 72| €6 [€o | 0./3% | 39800

128.0(//93|877| 67/ | 530|930|355|298 (259|219 | /97 | 168|198 | 122 (19 107 | 97| 89| 8/ |7+ | 0.15% | 92960
220|/999|/060, 212 | 422 | 520 (430|361 |208|245)|231 |203| 180|160 |49 | Mo | 118 | 107| 97| P0 | Q167 | 51980

29.0|/7/8|/262| 768 | 76+ 619 |5/2| 730|348 | 316|215 | 242|214 19/|/71(55|190| 127|117 | 107 | 2./85 | 41860

.0 [9811//139| 897|726 | 600504 | 00| 370723 [28¢| 251| 224|201 |191| /64| /50| /38| 126 | 0.200 | 72600

28.0 17 131911039 | 842 696|589 (912 | 929|374(328]|291 (260|233 (210|190 173|160 (/94| O.21¢ | 8200

Jo.0 ISI 1193|967 |797|67/ | 592|997 |#28|378|339|297 267|292 (219 199 | 122|/68| 0-23) | 6440

orw/ clepll b ~
TR e ks 718 (2 10|11 12|13 14)is| 16| 77|18 |19[20] 21 22 233[15 ¢|2725|29)30

Weroht of Learm 77
wide per/inear foot |13|83|0F)es /Lfllz.s 128 YRL| KA KT |27 1187 /95| 2081219 mfu zs:olzulzu/a. 2z .m.lzl

bor swfe /oad of ony Width of beavw muthphy by oidth 105 irches.
For arca of cross-se<tien of sthee/ Sor on > wid th of bears mrv/-‘:pfr
57//& of she=/ ‘J erd4bh 0 rches.

The 5/169/‘”'77 resistonce of #he corcrete of om cvcro pe volse o 4

( 5}&0}:35 /b. /aers?./'p. /3 wﬁf&/én/' for of/ Joods #o Fhe r/:?o‘*;‘ 07{
Hhe 3 ,'7}47 Jine X-x' cona‘iden'n7 Fhe maximurr shear ol



n=1s

f=evr<l60oo lb.persg.in.

pre 3(5R
Rsadl
Pr+g

TABLE 7, Partl.
Use for T Beams.
£ =orcesolbper sq.in.

Ms= £n5jdr£pj‘ad', or Mi:{sm‘

R

— 3t
e-3z

bd

cz8

Mes £(1-7E)btid, or Mg (1L )8}

e
%

_n(-k)
(3

My = safe rt!l‘s*lb? moment-= lesser of /Mcand Ms

pP=< c.coz P= coo9-
¥5 % ; < Lo
E%i\ \é»{i‘ 35 i§§=\ M,
Tk | 5 [REE |2 e | S (M Badia
. RS 4 BT
ISR HEN HiE i
e [d3i £5 84 N ENE
010 | 0.269| 0.954[ 26500 | 392 | 705 0.10 | 0.906 | 0.95%| |F2C0 | 730 |53
o0.11 (0257 | 0950 | 28200 | 369 | 304 0.1l |0388 0998 | 15400 | 675 |s8.2
612 |0298 (099 | 29500 | JFs2 | 303 0.12 (0373 [ 0944 | 16900 | €34 |¢os
0.13 |g290 | 0993 | 30800 | 337 | 302 0.13 |0.360 | p990 | | 7300 | Goo |fo2
014 |023% | 0990 | 3/900 | 326 |30 014 |0399 | 0936 | 18200 | s72. |599
0.5 (0229 | 0937 | 32800 | 7/6 | 700 015 |0.337 | 0932 | 1900 | S9€ |49.7
0.16 |0.2z5 | 0935 | 33600 | 3/0 | 217 0.16 |0.33/ |0.928 | /9700 | 528 |594
0.7 |e222 | 0933 | 39200 | Jo4 |71.7 0.17 |0.323 | 0.925 | 20900 | 509 |s%.2
0.18 (0220 | 0.93/ | 39600 | 20/ |27.8 0.18 |0.317 |092] | 2l1oco | 995 590
019 |0218 | 0929 | 350c0 | 277 [29.7 0190312 |0.9/8 | 21500 | 989 588
0zo |0.217 |0.928 | 35200 | 296 |29.7 0.20 |0.308 | 0.9/5 | 219C0 | 75 |586
02| (0217 [0928 | 35260 | 294 |29 0.2l |030%4 | 09/4 | z2300 | 465 |§8.5
ozz |0217 [ 0928 | 35200 | 296 | 299 0.2z |0.300 | 0912 | 22700 | 957 |s8a
023 |0298 | 0.909 | 22900 | 458 |582
0.2% (0296 |0.907 | 23200 | 998 |580
0.25 |g29% | 0.906 | 23900 | 494 [sBo
0.26 |0293 (0909 | 23500 | 442 (579
027 0292 (0903 | 23600 | 940 |576
028 |0.29) | 0903 | 23800 | 438 (578
829 |0.291 | 0903 |2380O |gF38 |§78

Neuvtral axis 15 flange

for greater values of ?—t

otveuten) | Ualues belows 15 fise corresponct fo | skt Volues belowthit ok corrempond b
S etises | values of o 16 first column. stond| valves of @ in' first catumn

@oc23 |az3 | 0230 | 0.92F | 32600 | 319 |90 0.00#3 |0.30 | 0200 [0.90) | 22700 | 457 |42
@0028 |02% |o290 | 09/8 | 30800 | 337 |#.8| ec0%6 |03) | 0310 [0.897 | 21700 | 474 661
00028 | 025 |0250 |09/6 | 29300 | 256 |9/ | c0ose | 632 | 0320 0893 | 20700 | SOZ |5
acode |62c |ozco | 09/3 | 27800 | 375 |928| c005 | 033 |a330|0.890 | 19800 | 526 |77
00033 |a27 [0.270 091/ | 26500 | 395 |982| 00058 | 0634|0340 |0.886] 189a0 | 550 |23
o003¢ | 028 |0280 |0.908 | 25000 | 915 (523 e

20039 o29 |a290 |0.909 | 23800 | 936 [56.5




TABLE 7, Parta.

beams.

Use

n=i1s f{s=or < |&6co lb.per sq.in.

fo

hd

T

fe=ork eso lb.per sq.in.

P=oc.coce

F=o.coa

~ 2 & N 3 LTS
e il Y i
| R RIS AN | i el ety Ta
4 IR ) 3 §'5{"B“S§N'
§~un\.§p»;¢bn@ BEL S ey
i iin R
IR SEELLER5
0.10| 0.500 | 6952 9750 | 1067 | 557 0./10|0.5%8| 0.952| 7920 | /%00 |s¢F
0.1l (0980|0947 | /0600 9894 | 599 0./10.597 0.997| fo706| 1287409
0.12 0962 |0.943 | /1300 | .9/ | e%0! 0.12|0.530| 0.993| 2450| (200 |45.2
0:13 |0.947 0939 | /2000 | g62 |¢78 0.13 0514|0938 Fz3o | /125 |é7.2
014 |0434-|0.939 | /12700 | /8 |7.3 0.19/0.9Y79| 0.999| 98006 | 7060|273/
015 0922 (0930 | /13900 | 779 |75 0.15|095&| 0.930| /0300 | /008|767
0.16 o9/, (0926 | |[9000 | 795 |7725 0./6|0974| 0.925| /0800 | 960 |729
017 |0.902(0.923 | 19500 | 7/6 |goq 0.17 |o.443 | 0.921| /1300 | 220 |#7.0
018 10.399/09/9 | 1S00c0| 693 (33.0] 0.18|0.453| 0.9r7| /1800 22 (859
019 |0.394|0.915 | /15500 | 670 [e56 0.190.945| 0.9/%| /2100 | 855 |¢88
020 10380 |0.972 | /8900 | &5 879 g.20|0977|0.9/0| /12500| 227 |92
02! |0.373|0.907| /6#00| ¢35 |73 0.2/ |0730| 0.906| /2900| #05|935
02 |0.368(0.906| 16700 | 62/ |g70 022 |0,929| 0.903 | /3200| 78% |95.6
023 |0.36%|0.903| /7000 | 610 [p47 0.23|0.9/18| 0.§79| 13600| 766 |97.9
024 |0.360|0.900| /17300 600 gt 02%09/3|0.794| /13860 750(9%2
025 |0.357 | 0.597| 17500 | 592 |84./ 0.25 0,997 |0.893 | /9700 | 738 |/007
026 |0.359| 0.895| /7800 | 58+ |959 0.26 |0.905|0.890| /Y300 | 72 & |/02/
927 |8.35) |0.893| /8000 | 5777 |esy 027 |0.901|0.288| 14500 715 /2.3
028 |0.399|0.89/| /8200 | 572 855 2.28|0.398| 0.8€5| /9700| 705 |104¥
029 |0.398 |0.§89| 18200 | 567 [g5.3 02910.395|0.983| 197¢0| 496 |pss
030 |0.376 |0.878 | /5400 | 565 |gs.2 030 (0393 |0.88) | 15/00 | 690 .2
0310395 (0747 | 18500 562 |esz 0.3/10.391 | 0.879| 15200 | 685 1070
032 |0 349 |0.9¢4 | /#400 | 55 |ps./ 032|038 0.877| /5300 | 678 o725
033 |0.399 |0.884 | /8400 | 659 |25/ 2.33|0.38¢|0.876 | 15900876 |108.0
939 |0.39%|0.885 | ) #doo | 559 [¢s.0 039 (0-384(0.87%| 155006706 |/e22]
0350.384 (0,873 /15500 | 670 |/00.4
03¢ |0.385|0.573| 15500 (L8 oty
0.3110.383|0.873| /15700 |66 2 1087
4.38|0.360| 0873 | )J5700 | 65F |10z
Neutral axi’s 17 flange| for |9reatercvatves of q£
Livst b | htes sososs this e corrvgpond m Valves belowsthi's/ine correspand
CTihRL| e values appi i first colormm, st Fvoalucs of 7 in frsheolumn.
9-0063 |035|0.356 |0.843 | /#/00 | 575 |§70]| 0.0083 |0.39|03%0 0,870 | /5200 | 622 |10
0.0068 |036|0.360|0.877| 17300 | & o/ |954]| 0.0089 [0.90]0 700 0,887 | JYb00| 7/ 2 //2.8
0.0072 |0.370.270|0.578| 16600 | 627 |/0.2| 0.0095 |0.4/1|0.¢4s0|0.769 | jY000 | 792 |116.2]
0.0078 |0.38 0386 |0.573| 15900 | 654 |1079| 0.0100 [0.92 [0.920|0.8¢/ | /3500 | 799 |17.5]




TABLE 7, Partd.
Use for T Bseams.
fs:o0r & /6000 b per 57,/)7.

n=/5 E
foror < 650 /b per Sg. s
0.0 0 P=o.0r2
R e FIN
L e Engdm . R T
a SRR A I B L $3 S R
R P NP
H !*»f\l‘ 19
0.10]| 0.620| 0.951| 5980 | /790|668 o./0 | 0.660| ©.951 So20| 2070 | 57.7
o.11 | o600l 0.947| &Sco| /éco 615 .11 |06%1| 0.997| S4S0| /1905]|¢1.9]
0.12 | 0.582| 0.59¢2 7000 | 1984|659 0.12 | 0624 |0.992 | 5880| 1770|667
©.13 | 0.566| 0.938 7470 | 1390 | 70./ 0.3 |0.608|0.978| €290 | 7650 |70.8
0.14| 0551|0933 | 7340| /1310]72/ 014105920933 | 6720 | 15%5[79.9
0.15 | 0538|0929 | ¢360| J290|779 o.15 |0.579|0.929| 7/00 | 1465 [78.8
0.l6 |0525(0925| §820| 1179 |81.6 0.16 |0.566| 0.929| 7#80 | 1390 |%2.5
o17|o513| 0921 9260 727 929 0.17 |0586|0.920| 7%/0]| 1330 840
0.18|0502|091¢6| G670 | /075 |g3.0 0.18 |0.594|0.916 | 9180|1270 |99.5
0.19|0%94+|0.9/3 | /0000 | o020 |91.0 0.1910535|0.912 &%70| 1225 |92.7
©.20|0.786|0.907 | r0300 | j0s0 |738 0.20 0521|0902 g750]| I190|95¢
021 |0977|0.905| 10700 | 973 |9%6% o.2| |0S18|0.909-| 9080 | 1195 |985
0.zz|0%70|0.90/ | /7000 | 994|977 0.22 (0511|0900 | 9310 | 1115 [10r.0
023 |0%% |0.898| /7300 | 922 |re1.0 023 |0.504|0.896 | 5400 | 1080 1039
02%(0.959 |0.894| /1500 | 903 |3/ 0.2% (0997|0893 | 9870 | /050 |1057
0.25 |0.953 |089/ | 171800 | £35 |10+ 02510790|0889 | /0700 | /025 |107.4
0.26 0448|0888 | /2000 | §4 & |r065 0.26|0786|03886 | 70300 | 070 |109.¢
027 |049% |0.8¢5| /2200 | £51 |08/ 0:27 048/ | 2883 | y0500 | 990 |13
0.28 (0990|0882 | 12%00 | £39 |15 0.28|0376 0877 10700 | 769 |29
0.29 |¢43¢ 0879 | 12600 | 825 | 0.5 0.29 (0372|0876 | 10720 | 953|199)
930 10933 |0.876 | 12800 | g/5 |17, 0.30 |0.549|0.679| 11000 | 947 |ns9
03/ |0%30|0.879-| /12900 | §05 |n27| 0.3/ |09¢5(087/ | 11200 | 927 |19
0.3210.928 |0.F72 | /13000| 799 |35 0.32)|0.962 |0.868 | 171300 | 9 /¢ |18/
0.33 0926 |0.570 | /3700 | 792 |43 0.33 |00 |0.84L | //%00 | 909 |N3./
0.39|092% |0.66§ | /3200 | 784 749 0.3 (0957 |0.043 | /1600 | £99 |98
0.35 (0922|0846 | /3300 [ 77 /5.2 0.35 |0955|0,04! | 11700 | #F9 0 |1205
0.36 |0.92/ |0.545 | /13900 | 776 |115.8] 0.3¢ |0953 (0840 | /18 00| 223 |f2r.3
037 |0920 |0444 | /7700 | 773 |2 0.37 (0452 | 0-558 | /1§00 | 220 |/12.7
0.38 10919 108462| /3500 | 769 |n¢3 038 |0%50|0.85€ | f1 900 | £7 2 |22z
039 |0.9/9 |0.862 | 13500 | 76 T |70 0.39 |0.949 | 2555 | 1/9.00 | 247 |nz7
0.70|07/8 0.8k ] | 13600 | 764 |yr.0 07010938 |0.85% | 2000 | £45 |123.0
0.7 /10%/8 |0.£6) |/3600 | 764 )70 0797|6997 |0853 | 12000 | 23 / |r23.0
072 |09/8 lo.8L 1 |/13600 (764 /70 072 o377 |0.552 | 12000 | £4 ) |r22.0
092 10397 |9252 | J2000 | §¢ 1 |20
0,34 10.99€|0.95) | 12700 | 959 /270
Nevtra/ axis 1o [ferst for yrg.%erua/ue:a,ié:
lblvesof p i
ﬁmeutﬁ Valves below #his line
7:::’#74 correspondto velueseof p
of Skt 14 frrst column.
0.0108 | 04704700857 /2900 ] 05 |18 ! [ [ |
20115 |09 (03200855 R900| £37 |22/ | | | | |




TABLE &.
T Poeams.

U5€ f'or

£ = 650 lhper sz.)n.

£ = IGOOOIE.Per sg.)n.

n=1s
X
3k—2= s

ke —5 = 379 = . b L Jd=d-z

-‘-._—!— _E

I A 2k T
5 o.o| .11 | 012 | 0.13 | 014 | cus | 0.16| 0,47
+ |0475| 0471 | 0468|0965 | 0462 {0958 | 0.951|0.9+8
5 | 08| 0.49| 020|021 |02z | az3| 029|028
= |o948 |09+ | 0.490|0.936 | a 43/ |0.927 |a922 |01
%X | 226 | az7 |028]| 029|030 |03/ |032] 033
=+ |owi2 |0907 (0902 |0.396|0.391 |0.389 2378 |0 37/

L |o34|035|a3¢| 037|038

£ |03t |06 (0.349|0.34/ 0332

Neuvtral axis In f/a'nqe when

t

—

k=0.379




n

=15

TABLE S.

k=N 2n(e+p & e PtF) —n(ptP)

e

e

- T - M . N - ’ ’ 4
Mc = bd*f L and ﬂ-m Jin which L = %("§)+-';;'5 (h—é:—)(v '%‘,)
Mo = bd*L K and §, - LT which K= pli-%)- K _ /e &
o <] S ’Mg K ! a (- 3
p'=0.25P r'=o.&P
P P ™ L | K P |k | LK
0.006 |o.c0r2s| 0. 207 | 6163 |0.0095 o0.008 o.oot; 0.296 |0.163 |o.0044
' o.of o.002s | 6394 | 0.202 |0.0088 . e.of 0.00% |6.373 |0.225 | 0.009e
;‘_:0_05 0.015 |0.00375| 0961 | 0.239 |0.0130 i: 0.05 ©.0/5 | 00075 ]|06-421 | 0.275 | 0.0139
d 0.02 |cdoS 0790|2269 |e0172] 4 0.0 2 6ol 0.9s9 0320 [00/28
0.025 |000€25] 0.52) | 0.295 |so2i4 0.028 [0.0125]|0-79 |0.36/ |o.0222
oo3 00078 |60.54€6 0321 |0.0256 .63  |ool5 |6.¥39]0.900 |0.0286
0005 0.00/25] 0.309 |05 0 0.0 ©oos |oo6zglodoo 5154 [0.009Z]
' .01 |oocees |0 398 ]| 0198 |0.cc8? ' 0.0/ 0.005 |0.38/ |0.21€ |0.0088
A .10 [oer®fooesrs|asse 0232 [dorzs a .0 e.orS |o0075| 0928 |o.z610.07/37
a o0z loco5 10495 lozcelooizol 'y ' 0.02 001 |o-9€2]0.302 [60174-
0.025 |o.00625] 6.525 | 0.28 5 |0.0205 0625 |0.0/25]| 09880338 |40215
o3 Ww_ﬂ?i 0025) ©c.03 6o1s |0609|0.27F 00258
©.0035 lo.co/285] 0.312. | ©./98 |0.0%4% 0.008 [00025]|0-30S5 |0.153 00099
d,' o.0r |o.eo25 |o.902] 0.t99- | 00086 ' | o.o! ©.005 l0-386¢ |0.-207 |0008
—:0/§ | 9915 |000375|0.958 | 0.226 |0-0127 015 0015 |co0078 0936|0299 |0.0/28
A 0.0z locos |o. 999 ] 0.253 |corec7 =& g.02 o.0/ 0.477 |0.-285 |o.0/769
©.025 |0.00625| 0. 530 | 0.275 | 0.0Z07 0.02S5 |0.012S |0.998 |0.3/9 |oco02/10
0.03 [0.0075 |0 S55 | 0.226 |0.02%7 0.03 0.015 |o0.518 |0.350|0.025/
0.00S jooeizS | o 3194 | ©.19-6 |o.0094 0.005 | 0.0025 |0.309 | 0./199 0.009%-%
' 00! le.0c026 | 09094 ]| 0.7190 |o.co8¢4 , 0.0 0.00S |0.392 | 0499 |0.0086
d . 0.0/5 |0.00375]| 0. 962 | oc.22 1 |o.0/26€ jJ_ :0.20 ©.0185 0.0075]099.2 |0.238]0.0126
A7 %%° [e0z [ooes [0.503 0295 [00185] 4 o.0e |96/ |o0979le.27/ [oorbe
0.02S5 |o0.00625]| 0534 | 0:266 |[o.020F 6.025 [0.0/125]10.50&|0-207 |0.0206
0,03 00075 |0o360 [0.285 [0.0243 ©.03 c.0l5 [0527]0.3295]¢.0295
c.008 | o.cores| 0.316 | 0.144 |0.0095 ©.005 |ococoex] 0.2 19|0.19¢| a0coq-
’ oo’ |ooco2S| 0908 | 0,187 | 0-0686 ’ .01 ©.005 |0.398]|0.199]| 0.008E
£ :0.25 |o0'5 |0.00375| 0.96S | 0216 |o0.0I2S i:o-Z.S 0.015 | 0.0075|0.950 |0.22D]|0-0/125
A ae? [o.00S5 ©.507 |6.239 |o0.0164- d 0.02 c.ol 0926 |0.258 |°-°/698
0.02S5 |6.00625] 0.539 | 0.259 |o.0202 0.0256 | 0125|0519 |0.297 |0 0202
[e:6% Jsse7e [O:ScE o275 Jo _®oF Isois [e=s7logy foozsg)
P=r P =1SP
e E—————
©.005|0.9085 | 0.27¥ | 0.183 |0.0046 c.008 | oc.0075]| 0.25¢€ [0.203 [0.00¢4
, o.or ®0) 0-336 | 0.27/ | 0.0092 ’ g.e/ 0018 | 0.305 |0.3/16 |9.00 %3
d'. 505 [0018[c0re 0372 |0 798 (0038 d ., o [[0675 [eocezs[a332]a920] 00it0
d 0.02 ooz | 0395 |0.920 |oorgel g " 002 003 | 0399|0521 00/86
oo0z8|c025] 0912 [0.99/ |#0230 go2S5 |oey7s] 0.36) | 0619 |0.0232
003 |oo3 |a%25]|08¢1 |0o278 g.03 co¥s | 0369]0.7/6]0.0230]
0.005]| 0005 0.284 [ 0./72 |o.00¢5 ©o.00 5 0.0076| 0.248 |0.70 b6 |0.0045
! ©.01 e.o/ 0-349 | 0.250 |0.0089 , 0.0 0.0r8 | 0.322 | 0.284 |0.00%0
d.p,0 [0015]0018[0.37£ |0.3/8 [0.0133 . 0.0/5 |o.0225| 0.35/ | 6374 |0.013%
a o.02 | 002 [0.9/0 [ 0.3/ [0.0177 | °©/® [[e0c2 0.063 |0.349 | 0.958|0.0178]
0.0z5| 0025|0928 | o.9¢2 |d.0227 0.025 0.0378| 0.392]| 0.4 ]|0.0222
°03 | 003 o942 | 0503 [002¢5 0.0 o.oys | 0.332 062370267
0.00S| e.0co06| 0292 | 0./6 3 |o.00v4¥ 0.00S 0.0075| 0280 | O./7/7 | ¢ 6098
] 0.0 .0/ 0.360 |0.233 |0.0087 , 0.0 0.015 0.338 | 0.256 a.oogL
_4_._0'15 00/5]| 0015|0399 | 0.292 |00729] d _ s 0.013 0.02256] 0.369 | 0-333 | 0-072
d ooz Jeoz 1092510397 [eorrs | o=/ doz ©o02 |[0339|0%0e|s0r7/]
c.0zB| a028|0.494]| 0.900 |0.02/3 0025 |00275]| 0o+03|0975]|0.62/3
003 0.03 |og5s8 | 0.9¥51 |0.0255 0.03 0.0%5 | 0.919 | J. 5994 ]| c.o256
0.005]| 0.005|10299 |0 .15 | c.ooa+ 0.00S 0.0075 ]| 0.292 | o./760 | v.004 ¢
' 00/ |oecr 037/ ]0.2/8 [00086 4’ o.0 0.0/§ |0353 | 0239 avose
d .oz0 | 2°/8|00isl09/7 0270 0.026] < | 50| 0.061S | oozzs|0 366 |0.298 [00126
a 002z |00z |0.939 |0.3/8 |ooléc] d oz 003 |0.909 |0.360 | 0.0/68 |
oc25| e0.025]o0.%€60 |0- 369 |co020C 0.0285 00775 | 0929 | 0920 | 0-0206
003 | 003 |0975] 0408 |0.0296 0.0 3 0.045 | 0936 | 0.978 | 0.024¢
#.005|0.005]|0.308 |0./v9 |000%3 ©. 605 | 0.0075| 0.309 | 0.162 |o.004
d’ o0/ |00 l|o382]|0z0é&]|%e085] 0.0/ 0.0165 |0-363 |0.2/16 |0.008
— =225 | 2045 |0.0/5]0925| 4.252 |[0.0/24] 8 ., 26| 0015 0.0125(0.904 |0.27/ |0 0123
d ooz ooz [9.9459|0.299 |s0lé2]| g 002 003 |0.928|0325 |d0/6/
0.025| 0.02810.975|0-333 |0d.0200 0.025 0.0375 |0.9994 |0.373 |0.0199
0.0%5 | 0.03 10.99/ |0.37/ |o.023 ©.0 3 0.045 |o. 957 | 923 |e.0237 ]



TABLE |o.

Use Sov Cclumns.

--—_;;; =l+(n-)p

P = total drengﬁv of reinforced column, forstress £ .
P '= total strenqgth of plain column, forstress £_.

n</o0 n:12 n:=(s nfo
F Values ef —-—E
©c.con l.oa5 ], 055 /7,070 1095
o.co6€ 1.0 64 /- 06¢ /. 084 1114
c.co07 1063 1,077 /.098 1133
©.c0& l.o72 ). 088 LIE 1,/82
o0.co9 1.08) /1.099 5126 517/
o010 l.090 /. 170 /. 19-0 /1:./190
T 1.099 /.12 L1s% | /.Q09
0.012 1./08 /./32 / /188 /.228
c.013 1117 1.7¥3 YL 1 - /.2%7
0.014% /126 ). 1S 1. 196 /266
0.015 1.135 /.765 l2/70 /.285
c.c16 1 199 1.176 /1.229 /.30%
c.0\7 1.153 1.187 /.23¢2 /-323
6.018 1.162 1.198 1.252 /.392
0.019 1171 /.209 /. 266 /-36/
0.020 1.180 /.220 /.2820 1.380
o.o2) 7. 189 1.231 /.294 /.399
c.o22 1.198 ].242 /3098 1. 4+18
0.0z3 12067 /.253 1.322 1437
0.024 1.216 [.264 1.33¢ 1.956
c.025 1.225 1.275 /.350 1.978
c.026 /234 1.2864 /1.364 1. F9¢+
0.027 1.243 1.297 1-378 1.513
oc.c28 /1252 /.308 ).392 1.532
c.029 lzel /. 3/9 1.906 /1,551
0.030 /.270 /.330 /920 1.570
0.03 1279 )-391 /.9434 (.589
cg.032 1.288 1.352 /948 1.608
0.033 /.297 1.363 ). 462 1.627
0.039 1.306 1-379 1.476 1.646
o.035 1.315 /.388 /. 490 /.665
co36 1.324 1376 ). 504 /.68Y
c.037 /333 /. 407 ).518 /1.703
0.038 /1.392 1. 98 1.532 /722
©0.039 135/ .42 1.5%6 1.7¢/
c.0 40 1.360 ). 9440 ).560 1,760




TABLE 1.

Hoocped Column Keinforcement
Diameter of Sectien area | Length of
TRIETT | Prtch | of hosping. | hoemiy 1t

/nches. tnches . Square jnches. inches.
/ o.0o2e 202
8 15 max 0.025 29z
’ g.022 339
9 11 max, 0.034 226
/ 09.025 277
/0 1§ max 009/ 232
15 0.03/ 369
/1 13, max, 0.098 277
14 0.037 362
/e 2 max. 0.060 226
1% 0.09§ Ay
/3 25 max 0.069 230
% 0.048 284
14 24 max. 0.079 234
14 0.056 277
15 2% max, 2.099 226
/ g 0.065 27/
é 25 max, 6.100 29/
)7 1% 0.079- J4¢
25 max. o./106 256
1% 0.084 362
I8 2% max. g.112 27/
1% 0.089 2fe
3 25 max o./1F9 227
2 0.700 277
2o 2% max. 0./25 Jo2
2% o./2 773
21 2% mex, 0.13/ 377
2% 0./129 249
2z 24 max, o,137 732
24 o./130 324
23 25 mow 0.194 397
2 o./192 I8/
24 zf max. 0.1S0 262
25 23 a/56 3277
26 2, . e./6t 392
27 23 0./6 9 907
28 24 - o.178 q22
29 25 o./8) 437
30 29 » a./787 952
31! 23 . 0./ 747
22 2% 0.200 483
33 24 0.206 g98
74 2¢ g.212 S/3
35 22 . a.219 S28
36 23 - 0.225 543




TABLE

Maximum diameter of reuvnd er

Square s+ rrups.

(=294
£ d

12.

Valves of 2aY for different
values of +ensson and bond.

alloweable llowa ble unittensiors 1o Stirrups.
&mrt bond
Shress s .
w. ld.per 3g./m.
lt.fﬁ-’y";’ /2000 | /9000 | ys5000 | /6000 | 20000
8o c.0/6 | 0.0l c.ols c.0ol2 | o.010
/oo ©c.6eo0 | 0.017 006 c.c15 | o012
/2o | 00294 | oc.020 o.019 c.018 0.014
150 ©.030 | 0.026 | 0024 | o022 | 0018
T ABLE |3

Minimum length of em bedment of

Jrnclined rods.

=

(doras)
fs
Fu

d ;'a me-l-ers .

Valyes Ofaf‘i f-or d;fferen‘f— values

of tensiorr and bond.

z/':::’b.:i: Allewable unz stress 1 /nchocd reds.

~tress .
. /b, par sg. 1m.
/6. persgin.| /2000 | )qo000 | )J5o00c0 | ) 6000 | Poccn
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Diagram 3.

Spacing of round rods i Slabs.

UFFEL & Es

Sectisnal Area of Steel per

foot of Slab.




Spaciny of rods i tirchios

Diagram <=

Spating of sguare rods in s/abs.

Sectional area of steel per foot of

slab 1k inches.
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SESOND bePOaTl OF JOINT COMMITTEE ON
CONCrula  ANL  EELNEOECEZL  CONCKETE.
reoort of tne Joint Comzittise es 1t sooesred in the
Procceaings of the ftrerican Society of Civil kndgineers,
Feorusry, 131&. [ntroduction onitteaq.
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ility of concrets sno reinforcea concrsie 1or
engineerins struciures, 4r oarts thercof, is now so well estao-

50
siru

lished that tney 1nzy be consicesreo the recodnized mestericls of
1
£
L

construction. ¢y have orovea satisfactiory DcL rizls, when

oroverly usedqd, those opurooses for wnich their cuelities

C' OD'

mzke then oerticulsrly suitzole
l. uses.
Concrete is & naterial of very low tsneile sirensgtn, ena

caocole of sustzinins out very snell tsnsile asformstions witn-
$ 4 y

out ruoture; its velue es a structursl meterial aepsnas cnietly
on its duracility, its fire resistive gquelities, its stirenstn n

r
comoression, its reletively low cost, enu its @acoteoility to
olzcing, especizlly where speca 1s cresosa or liwitea. 1ts
strength gencrelly increescs wiin ede.

wonersts 1

wn

wszll eoegotea for structures in waolcenR tne oric

FLE erc COLQUrEEElIVY

(&)

civcl stre sucn ¢s {ounuciionsg, acus, re-—

)
teininy ecnd oiner wells, tunrsls, oicrs, coutrentis

, snort colu b«
and, ip rany ceses, ercnss. In tes aeslsn of messive concrete,
the tensile stréen-ztn of tons rzicrizl in resistinsd oripeival

"sires.sss rust zeazrelly o n=:lzctiza.
cy tne uss of wetel reirvorceusnt to resist tne orincivel
tensils stressces, concrzic osconss cviileole tor sensrel use in
h

- T vericty of stiruciurcs eno struciurel torms., Ui
oination ot concrzte end mstel 1s osrticulecrly ca
the ocem, wnerd ootn cororsssl 1

gaventeczeous in tae coluin, wosrs the scln €lressses &re COLOres—
sive, out wherse cross cenulng ney exist., In structires resisiing
latersl torces, 1t p0ssissss cavenie-<s over osleln concrete in
that it ray o ceelZnsy =2 cs to uiilivs zors tully the strensia
rather then tne wsiznt ot tons ceteriel. setul reintforcement wey
zlso be of velue 1n olsiriouwtins crecis oug 12 snrinzese gnd
ternzsreture cnecn=ss.






z. Precautions.

feilures of reinforced councretie structures sre usualily
aue to any one or a concinztion of tne Ifollowing causes: ae-
fective design, ooor material, feaulty execution, ana oremature
renoval ot forms.

The detects in & aesign 28y be many &nd vardous. '1ne com-
outztions ana assuzotions on which tney are based amsy pe faultiy
ana contrery to the estzblished orincioles of statics ana mec-
hanics;- the unit stresses mecy oe excesseive, or the detzils of
the design defective,

Articulated concrete siructures assisned in imitation of
steecl trusses, msy o0e xzenitionsa ss illustrating a ouestionsole
use of reinforced concrete, znd such siructures sre not recom-
LENAEd.

foor materisl is soretimes used for the concrete, as well
as for tne reinforcexent. ‘Ine use of ooor szZdresates, espeé—
izlly sana, which hss not oeen tested, is & coauon source of
astect. Inferior concrete is frecuently aue slso to lsck of
exoericnce on the oesrt of the contractor sna his suverintencents,
or to the sossnce 01 0OroLEr supervision,.

£n unsuiteole ouslity of westel for reint
tizss vdrescricsu 1n soecificetions, ifor the ou
the cost. sor stesl siructures, & nizn zrede oi weoterial is
soscitico, out tne stesl ussu 1or reinforcing concreie is some-
tites wess of unsulteole, orittle setzsricl,

fauliy execution, carseless workerensniop, ena t920 carly re-—
rovel of iforns Tey zensreally oe atiriouted to unintellicent or
insutficient supervision.

loe wesisa or reinforces concrete structures spoula receive

u
gt leest the scne corezul consiacretion csg tnose of steel, sna
i

—

only enginsers with sutiicient exosricence ena 9220 juasment shoula
oe intrusteo with such work.
lhe cozoutstions shoula incluae sisor aeteils, whicn ske

vretitres of the utsost iroortence. ihe design shoula show clecr-
ly the size cud oosition of tne rsinforcerent, sna shoula orovide
for oroper connéections pbetwecen tne coioonent varts, so tnat tncey
cannot oe aisolezceo. Ls the connsctions oetwesn reinforcea con-
crete mesnoers cre frecusntly ¢ source of wesuness, ine desizn
snoula incluae & aeteileu study of sucn connections, accornénico
by comobutetions to orove thelr strenztn.



ihile otner ensineering structures on the séfety of
which human lives deoend are senerally aesigned oy ensinsers
cmoloyed by the owner, ana tne contracts let on tne engineer's
design and specifications, in accordance with legitimsate prac-
tice, reinforced concrete structures freoquenily are designea oy
contractors or by enginzsrs commercielly interested, and the
contract let for &z lumno sur. .

ihe construction of buildings in lerde cities is regulatea
oy ordinances or ouildins lzws, ana the work is insoecteda oy
municioal suthorities. iFor reiniorcea worx, nowever, tne lim=
ited supervision which municioel insosctors are aole to dive
is not suificient. Thsferore, means for mors szacouate suvpervision
ana inspection should be orovided,

lne execution of tne work snoula not oe seperatied from the
assign, as ihtelligent suocrvision and successful execution can
o¢ exoectea only when both functions are comxoined. 1The encinee
who oreosres the design and specifications, therstore, snoula
hzve the suoervision of the execution of ths work.

1he Compittee recorrenas the tollowing rules for structures
of reintorcsa concrste ror the ouroose of fixinz the resoonsio-
ility ena oroviaing for gjecuste suoervision durin:s consiructidon:,
(z) =z=fore worxz 1s cocrresnced, comolstz olens snell be ore-

osrsa, &cconounied ¢y sosgcificections, strsss cotoutetions, end
descriviions shonins the zensrel zrrenzsrsnt zna ell detsails.
Ihe olans snell show tne size, lenstn, dirsnsicn for ovoints of

cetsnt, incluaing

r
ies, noo¢cins, &na solicinz. ‘lne corputastions sheall
retel S gna live losas,
n o
(9) 1Llne =7
2

t
ratarisls 1 ussa tor me4ins tons coonzrcots, end ths rtecnner io
e

u
whicr thesy cre to 0eg orooortionza,

(ec) o= str=nstn wihlzh toe concrets ig exo2ctesad to ettaln

<

cfter ¢ uetinite o2srios shell o
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oecificsiions,

(1) lhes drewnings end soscifizeticns snell oe sisnsza oy tne
gnzinser cnd tn2 conirzctor,

(g) Zleps eno sozciticetlons tor sll ouclic structures
shoula o0& sporoved oy & lesclly cuthorized tSiteive or City Ofticiel,
snd £ooies of cucn olens enz soecitficeotions olaced on file in

his otfice.
(f) 1lne zoorovel ot olene sna sonscitiecctions oy other



autnorities snall not relieve tne endineer or ine coniractor
of resoonsiopility.

(3) Insoection during construction shald o0& zsoe by como-
oetent insosctors smployeda oy and under ine suogervision of the
endineer, and snall cover ths followin::,

1. Ihe mztsriels.
z. The correct construction znd eresction of tne
forns ena ths suvoorts.
N2 2lose, ricn-o, aed e Loo”

st aforzzrzent.

4, Ine orooonrtionini, mixin:z zod pnlzcind of tne
concrste.

. 1lne strenstn of the concretz, by tests of
stenderd tsst oieca2s made o

S. thether the concrets is suffi
csfore the forus sna suooorts ars ren

7. Prevention of injury to zny o

forus,
Comogrison of dinensions of ald varts of the

[ey
.

tfinisned structurs with tae olaoas,
(n) Lo=sd tests on oortions of tns finisncéa structure shell

Pl

[0
3
(X%
=
[¢

Q€ TE1S wnirs 1 rzezsonedls susoiczion tnet ths work nes not

or tnezt, tnrouza ionflusnces of sone

b=
O
-
=}
«
F

esn nroonsrly osri
ina, tne str<nsta 08s Dess irnalreda.  Losdins shell oe carried
to sucn £ 2091int thet one ana tarss=cuarters tines the calculatea
worzin:z stresses in critice rs reacnea, and suca losas

shall cazuse no injurious osrranent dsiornetions. Lo&a tests snecll

O —_

not be nedz until eiter ¢U deya ot naracain:.
4. Lestructive Lzenci

sion ot vetsl heai
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jon}
—t
(V)
]
o
o

S
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() Corr nt. lests cnd exoeriencs
t

)

indiczts tnst stsel suificisnitly croecaued in 2004 concrete is
well orotecten awecinst corrosion, 0o rotisr woetosr leoceated goovs
or oelow wgter level., Lt is regcorsenazd tneit suco orotection -

oe pot less tnet L incn in inicsnéss. 1f tne councrets 1s oorous

T
€0 s to 0= recaily o=rvecols 0y wotsr, s wninen tone concrete is
3 zoers2€e o6 sccount of

™
—
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o
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laia witn o Jdry consisu:incy, wnge Tat:
the oresence of noisture euod &ir.,
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zrinentel asts zvsll-
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(b) :2lectrolysis. 1a: nzst rzc

zole on tnis suojscl sz2n 1o soow (ot waile rsiniorced concrete

struztures wey, unisr certcin conaitions, o< injurea oy the tlow



of electric current in either direction between the reinforcing
materiak and the concrete, such injury is generally to be ex«
pected only where voltages are considerably higher than those
which usually occur in concrete structures in practice., If the
iron be positive, trouble may manifest itself by corrosion of the
iron accompanied by cracking of the concrete, and, if the iron

be negative, there may be a softening of the concrete near the
surface of the iron, resulting in a destruction of the bond. The
former, or anode effect, decreses much more rapidly than the
voltage, and almost if not quite disapeears at voltages that are
most likely to be encountered in practice., The cathode effect, on
the other hand, takes place even on very low notages, and is
therefpre more important from a oractical standpoint than that of
the anode.

Structures contsining salt or calcium chloride, even in very
small quantities, are very much more susceptible to the effects of
electric currents than norral concrete, botk the anode and the
cathode effects progressing much more rapidly in the presence of
chlorine.

There is great weight of evidence to show that normal rein—
forced concrete structures free from salt are in very little
danger under most practical conditions, while non-reinforced
concrete structures are practically immune from electrolysis
troudbles.

The results of experiments now in brogress may yeild more
conclusive information on this subject.

(¢) Sea ¥%ater. The data available concerning the Effect of
Seéa water on concrete or reinforced concrete are limited and in-
conclusive. Sea walls out of the range of frost action have been
standing for many years without apparent injury. 1In many hartors
where the water is brackizsh, through rivers dischar
sericus disintegration has taken vlace.
between low and high tide levels,

£ing into them,
Ihis has occurred chiefly
and id due, eviaently, in part

by frost. Chemical action also apears to Le indicated by the

softening of the Lortar, To effect thre best resistance to scsz

wWater, the concrete pust be propvortioned, mixea, and vlaced so as
to prevent the dbenetration of sea aater into the mass or througt
the joints. The cement should be of such cherical corvosition as
will best resist the action of seg water,

'

the aggregsates should be
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carefully selected, graded, and proportioned with the cement so
as to secure the maximum possible density;- the concrete should be
throughly mixed; the joints between old and new work should be
made water tight;- and the concrete should be kept from exposure
to sea water until it is thoroughly hard and impervious.

(d) Acids. Concrete of first-class quality, thoroughly
hardened, is affected appreciably by only streng acids which ser-
iously injure other materials. A substance like manure is injur-
ious to green concrete, but after the cencrete has hardened thor-
oughly it eesists the action of such acid satisfactorjily,.

(e) Oils. When concrete is properly made and the surface is
carefully finished and hardened, it resists the action of such
mineral o0ils as petroleum and ordinary engine oils. Oils which
contain fatty acids produce injurious effects, forming campounds
with the lime which result in a disintegration of the concrete in
contact with them.

(f) Alkalies. The action of alkalies on concrete is orob-
lematical. In the reclamation of arid land, where the soil is
heavily charged with alkaline salts, it has been found that concrete
stone, brick, iron, and other materials are injured under certain
conditions. It would seem that at the level of the ground water,
in an extremely dry atmosphere, such stmuctures are disintegrated,
through the rapid crystallization of the alkaline salts, resulting
from the alternate wetting and drying of the surface. Such dest-
ructive action can be prevented by the use of a protective coating,

and is minimized by securing a dense concrete.

B. \Materials,

A knowledge of the properties of the materials entering into
concrete and reinferced concrete is the first essential, The in-
portance of the quality of the materials used cannot be overes-—
timated, and not only the cement but also the aggregates should be
subject to such definite requirercnts and tests as will insure
concrete of the desired quality.

L., <{enent.

lhere are oveilsole for construction ourooses: Portland, hoi-
ural, ana Puszszolen or :=les ccrents. oJnly Fortlend cemsnt is suit-—
able dor reintorcszd concrste.

(8) PUrllLinL Cruzndl. 1nis is tne finely oulverized oroaucs
resulting from the calcinstion to incivient fusion of an intinets



mixture of orooerly proportionea argillaceous ana calcasreous
naterials, [t has a defifjite chemical composition varying witnin
compargtive narrow limits,

Portlsnd cement should be ussa in reintorced concrete con-
struction ana sny construction tnat will oe subject to shocks or
vibrations or stresses ¢other than direct cozopression.

(b) NALUKAL CixioNI. This is the finely oulverizea prouuct
resulting frow the czlcinetion of &an argillaceous linestone at
a temoerature only sufficient to drive off tne caroonic scid -é&s.
Elthough the linestone must nave a certain comoposition, this
composition meay vary within wmuch wider limits than in the casc of
Portland cerent. Natursl cement aoes not develoo its steenstn as
guicxly, nor ig it as uniform in composition, as Portlana cencsnt

Natural cement mey be used Bn massive masonry where weisgnt

ratner tnan strength is the essential fesiure.
where economy is tne governins cto & comparison may o<

maae obetween the use of naturel cexent sna a leaner mixture ot
Portland cerent that will aeveloo the same strength.

(¢c) rfuiiuuwiihe  dinis is tne linely oulverized oroduct re-
sulting fror gsrinainz & necnenical awixture of dranulatea pasic
olzst furnace slas ana nyarsted lime.

Fuzzolan cerent is not nesrly as strong, unitform, or reliscle
as Portlena or naturel cement, 1s not usea extsnsively, and nsver
in inoortant worx; it siould oe uscd only ior aoundation work
underground where it 1s not sxposca to sir or running water,

(d)  SPeCl#ICLIIONS. lne cexent snoula zest tne recuire-
ments of the 3Itandara vethods of lestinzg ana cpscifications for
Cenent, or ss may 0e& nsrestfter srendsa, tne'result of thne joint
lzoors of Yoccial cornitteces oi ths fLiperican Society of Civil
Engineers, tmerican =oclety for lesting saterials, 4merican rpiil-
way 1ngineerin§ Lssociatlion, sna otnérs.

<. Lusredesties.

Extrene cers snould og exercised 1n sslecting tne szdre>ctss
for mortsr ano concrete, ena ceretiul tests @ae of tne nasteri:zls
for the ournose of deterrininz tneir cuslities sna the Sraains
necessary to sscure texirun aensity or ¢ ninirum oercentsse of

voias.

(g} tlwid £GGniGLle3. Ihis snoula consist of sand, crusnsa

1
stone, or ¢grsvel scrseenings, zrsaga fron tine to coarse, &nlda 0&s8-
ing when ary & screcn hGeving noles 4 inch in diecrneter;- it is osr=-



p £

feraols that it oe¢ of silicious wsaterial, and should oe clesan,
coarse, free from dust, soft oarticles, wezctaole loaum, or otns:i
deleterious matter; and not more tnan & per cent should D&SS &
seive naving 1lUU aeshes over linear inch. fine zggregate shoulu
always oe tested.

Fine agiregate snould pbe of such oquelity that mortar coam-
oosed of one vart Portland cement and threse parts fine agiresctis
oy weilsnt, wnen msae into oricuettes, will show a tensile strenstih
et least eocual to tne strenzth of l:c mortar of the sazme consist-
ency maade witn tne sauws cerent ana standard Jttawa sand. If ins
agiresates oe of poorer quality, the orooportion of cement in thc

mortar should be increasea to secure tns desired strength.

If the strenstnh devslopea by the agdregdate in tne l:o mortar
is less than 70 per cent of tohe strengtn of tne Jdttawa sand xzortar,
tne materis>. snoula oe rejected. 1o avoia tne reroval of any
coating on tne grains, which mey zifect tne strengih, bank sanas
shoula not oe dried ocfore oeing made into mortar, but shoula
contain satural moisture. 1ne oercentade of @moisture may be ac—
terainsa on z sevarasts sarole Ior correctind weilznt. Fram 1C to 40
ocr cent wore wablsr pay og reculrea in 1ixing dank or artifizel
sands than for stanasrda Jttewa szna to oroduce the samne consistency.

(0) COhnzy £onelhlis. Lnils sinoula cansist of crushed stione
or zravel which 1s retsinced on & scrsen hevins holes 4 inche in
dismetsr, ana gredea from ths smesllest to the lariest particles;
it snould oe clesan, hard, duraole, and free froa all aeleterious
matter. Lz3dresates containin3i dust, and soft, flat, or elongzztced
oarticles, should be excluaed from imoortant structures.

1he maxinum size of the coarse szgseecaiss is governed oy tie
character of the ceonstmuction.

For reinforcecd concrete and fo. small masses of unreinforc:sa
concrete, the e:sgresate zust be small enousnh to produce with ths
mortar & honogeneous concrete of viscous consistency winicn will
vass readily oetwsen and easily surround the reinforcement ana
fill &all varts of tne forezs.

For concrets in larzZe rasses, the size of the coarse assrc-sztes
nzy be increessed, &s a large asdresate oroduces z stronser con/-
crete than a fine one, zothouzin it snould be noted tnat tne osenser
oi scoaration fron the nortar oecomes dreater as tne size of tne
coarse agiresate increases.

Cinaer concrete snould not oe usea for reindorced concrete
structures. It may oe allowsole in mexs for sery licht loags or



for fire orotection ourposes., 1Ine cinders usea sodoula o2 coi<
oosed of nard, clean, vitreous clinkxer, free fron sulooniaes, uwn-
ournea coal, or ashes.

B, tater.
T1ne water ussd in 1ixin3 concrete snoula oe free from oi.,
acid, alkezlies, or organic xzatter.

4, vetal keinforcernent.

1ne Connititee reconzenas, as a sultaoles xateriel for rein-
forcenent, steel filling tne reouirezents for structural steel
reinforcement of the specifications aadoptea oy tne fserican nuile
way fnsineerins issociation(Sectionh).

where little bendins or snaoing is reouired, ana aslso for
rein-forcsnent for shrinkade and tenverature stresses, matericl
fi.llin> tne reguirements of the Svecifications adooted by the fu-
erican &éilway kngineering Association tor hisn-caroon steel

Jection ®) may oe ussd, adooting the sans unit stress as hero-
inatter recoxmmended for structurel graas matericl.,

#or tne reintorcement of slaos, small oeans, or vinor ag.cils,
or for reinforcement tor snrinkas-e anda teamosrature stresses, wirc
drawn frozm pars of ths graae of rivet stesl may oe¢ used, with tos
unit stresses heresinafter recomanendsa.

ihe reintforcenent should oe free from excessive rust, sc l=,
or coatings of any character wnich would tend to reduce or dcs-
troy the oond.

Co PoiPARING AND PLACING ¥0niln AND SONChRltk.
1. Proportions.

'he materials to oe usea in concrete snoula be corefully
selected, of uniform ouality, znd oroportionecd witn & view of
securing as nearly as vossiole a maxiaumn density.

(a) UNIT OF ¥WELSURE. 1ine unit of wmcasure shoula oe the
cuoic foot. A ba3 of cement, containin3 24 opoounds net, shoulu
be considered the eoquivalent of 1 cudbic toot.

lhe msasurenent of the fine and coarss g-gregates snoula ce
oy loose voluue.

(0) ERELATION OF Flax £ND COhnRi £33xblhlex.  lhe tine sou
coarse aggdregate snould oe used in such relative proonortions ss
will insure maximum deéonsity. In unimoortant work it is suiticicnt
to do tnis oy individual judsnent, usins correspondinly higher



orovortions of ceuwent; for important work these prooortions
should be carefully determined by aesnsity exoerimenis, ana tne
sizing of the fine and coarse aggredates snould oe uniformly
maintainea or the oropoetions cnangded to meet the varying siczes.

(¢c) KeLAT1ION OF CawkNl ANL AGGHREGLIES. For reinforced
concrete ceonstruction, one vart of cement to a total of six
oarts of fine and coarse zigredates measured separzstely shoula
generally be used. For columns, richer mixtures are denerall over—
feraole, ana in massive masonry, or cubble concrete, a mixture
of 1:2 or even 1=1lz may be 8s:za.

These orooortions should be deterwined oy the strength of the
wearing oqualities recguired in the construction et the critical
oerioa of its use. LExoerien e€d juagmenti based on individual
observation and tests of similar conditions in similar localities
is an excellent guide as to the orover orovortions for any oart-
icular case.

For all impertant construction, advanced tests should be mzas
of concrete, of the maierials, oroportions, znd consistesncy to
oe used in the work. 1lnese tests should be meds vr: ., Lanoeoios
cereiticrs to ootain uniformity in nmixing, prooortionindg, =znd
storage, and in cese the results do not conform to the require-
ments of the work, scgrecates of 2 oetter quality should oe
chosen, or richer proportions used to ootein the desirea EBesults.

. Mixing.

The ingredients of caoncrete should be thoroushly mixed, sna
the nixind stould oe continued until the cement is uniforaily
distributed and the mass is uniform in color ana homozeneous. £s
the maximur density and zrestsst strensth of ¢ diven mixture aevenas
lsrsely on thoroush zua complete zixing, 1t is essentisl thet tios
work of mixing should receive soecizl inssection.

Inssruch es it is difficult to deterrine, by visusl insoect-
ion, whether the concrete is unifornly mixed, esoeciczlly wnere
linestone or sgiresstes hsving the color of cenenit ere uscd, it is
essentisl thai the mixing should occuoy & defirnite veriod of time.
The zinimum time will deoend on winetiher tne mixing 1s oone by
wrschine or heno.,
reament of tne

() WVaisyx . w2thods of mess

X u
oroovortions of the verious insredisnts snould be used which will
r t

i
secure sepsrate anad

gate, coarss zdgreca
(o) NACHIAND w1XIwC. %hzn tnhe conditions will overait, &
machine mixer of & type which will insure uniforz provortioning




of ibhe materials throughout the nass shoula oe used, as a more
uniform consistency can be thus ootzinea. 1he mixing snould
continue for 2 mindcuan time of et lesst one minute after all tne
ingredients are asserbled in tne mixer.

(¢c) HAND ¥IXInG. Hhnen it is necessary to mix by hand, the mix
ing should be on a water tight olatform, and especial precasttions
should oe tazen to turn &sll tne indredients todether al lesst six
times and until they are hododensous in appeasrance znd color.

(d) CONSISTanCY. The meterisls should pe mixea wet enough to
oroduce a concrete of sucnh a consistency as will flow into the foras
and aoout the metsc reinforcement wrnen used, and which, at the samxe
time, can be conveyed froam the mixer to the forms without separztion
of tne coarse aggreiste from tnz nortsar,

(e) kelbMPEXING. Yortezr or concrete should not be remizxed
with water after 1t has partly set.

3. Placing Concrete.

(a) 4&lEOLCS. Concrete, after the comdletion of' vhe mixing,
snoula be handled ravidly, snd-in as smsll masses &as is practicable,
fron the olace of wmixing to tne vlace of final acoosit, ana under
no circurstances should concreste oe used tnat nss oartly set. &£
slow settins cexent snoula oe used wnen a long tisme is likely to
occur oetween mixing and olecing.

Loncrete should oe deposited in such @ manner as will yrermit
the most thorousn compacting, sucn as csn o¢ ootzined oy working
with a straicht shovel or slicing tool keot moving up and down until
all the ingredients:have settled in their prover ovlaces by gravity,
and the surolus water has been forced to the surtEace. <Svecial care
shoula be exercised to orevent the formation of lzitance, which
nardens very slowly and forms z poor surface on wnich to deposit
fresh concrete. ALlk laitesnces snoulo oe removead.

ctefore desoositing concrete, the reinforcesment shoula be care-
fully olaced in sccordance with the olzns, ana adequate mesans oro-
vided to hold it in its orover position until the concrets has

een asposited and conoacted;r care shoula oe taken to see that the
forms are suostential and thorou:znly wettedkexceot in freezing
weather) or oiled, &nd that the svace Lo ce occuoied by the con-
crete is fres foon acoris. wnen the olzcind of concrete is sus=

oendsd, adl nscessary grooves tfor joining future work snould be maoe

o P

before tne concrets has nsd tins to ssti.

knen work is resumed, concrete oreviously oleaced should be
roughened, thorousnly clzensea of foreisn mezterial and laitence,



thoroughly wetted, and then slushed with a mortar consisting of
one part Portland cement and not aore than two parts fine aggregate.

The faces of concrete exposed to oremature drying should bpe
keot wet for a period of at least seven days.

(b) FREzZINS WiktlHEX. Concrete should not oe amixed or depos-
ited at a freezing temperature, unless speciezl precautions are taken
to avoid the use of materials covered with ice crystals or contain-
ing frost, and to provide means to ovrevent the concrete from freezing
after being placed in vosition and until it has thoroughly hardened.

Ls the coarse aggregate forms the greater portion of the con-
crete, it is oarticularly impottsnt that this material be heated to
well above the freezing voint.

(¢) KUEBLE CONCRETE. Where the concrete is to pe deoosited
in massive work, its value msy boe imoproved and its cost materiadly
reduced by the use of clean siones thoroughly embedded in the con-
crete as near together as it is possible and still entirely sur-
rounded with concrete.

(d) UNDEx WAToz. Ip olacing concrete under water, it is
essential to maintein still water at the olace of devosit. 1he use
of tremies, oroperly designed and operated, is a satisfactory method
of placing concrete tonrough water. The concrete should be mixea
very wet ( more than is ordinarily permissiole) so that it ®ill flow
readily througn the tremmie and into the place with practically a
level surtface.

1he coerse afsregate should oe sweller thesn ordinzrily useo,
and never moes tran 1 inch ip diamster. lhe use of 3srsvel fscilitet
¢s mixins ana assists the tlow of concrete tnrougn tne tremie. lbse
moutn of ths tremiz should oe ourizd in tne concrete so tar that it
is at all tires entirsly scaled and tnes currcunding wster oreventeo
ffon forcing itselt into the treuic; toe concrete will then dischars
witnout cominz in contact with ths water. Ihe trexie should be sus-
ocnded so thet it cen bz lowsred ouickly when it is necessary either
to choke off or oresvent too raoia 1tlow;- the laterisl flow should
ocsrferably oe not zore than 1o feet.

The flow should o¢ cantinuous, in oruer to oroduce & monoli-
thic ness ezna prevent tne forrction of lsitsnce in the interior.

In lsrse structures it may doe ncscessary to aivide tne msss of
concrete into several smell conocartunents or units, filling one at &
time. @ith orooer carg, it is oossiole in this nanner to ootain as
good results under watsr as in tne eir.
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L. Foras.

Forms should be substantial and unyeilding, so that the
concrete shall conform to the aesisinea ainensions and contours;
and they shall be tidht in order to preventi leakase of mortar.

The time for removal of forms is one of the most important
steps in the erection of a structure of concrete or reinforced
concrets, Caee should be tsken to insoect the concrete and ss-
certain its haraness before removia3 the foras.

So many conaitions sffect tne hardening of concrete that the
oroper time for the removal of the forms snould be deciaed by some
competent and resoonsiole person, esocscially wnhere the atmosopheric
conditions are untfaborable.

It may be stated in a deneral way that forms should remsin in
oclace longer for reinforced concrets tnsn for olain or massive con=
crete, and that forms for floors, beans, and sinilar horizontal
structures should remaia in olace much lonser than for vertical walls

iihen the concrets dives a distinctive ring under the blow of
a hammer, it is generally zn indication that it has nardenea sutffic-
iently to varanit the removal of the forms with safety. 1t, however,
the temoerature is sucn that inere is any vossibility itnat the con-
crete is frozen, this tesst is not a safe reliance, as frozen concreice
may spoear to oe very hard,

¢ LallILs O# SOASIauCIION.
l. Joints.

(a) COalaikli. bFor concrete construction it is desiradble to
cast tone entire structure at one overation, out as this is not al-
ways possiole, especially in larse structures, it is necessary to
stoo the work at somne convenient point. Lhis point should be del-
ected so that tne resulting joint may have tne leasi possible ef-
fect on the strengtn of the structure. It is therefore recommenaco
that the joints in colurnns be xzaae flush with the lower side of the
girders; that the joints ian gdirders be at a voint miaway oetween
supports, pbut should a bezn intersect a giraer zt tnis, the joint
snould be ofifset z distance equal to twice tne width of the beam;
that the joints in tne zenocrs of a tloor systenm should in zenerel
oe made at or near the center ol the soan.

Joints in colunns should be vervenaicular to the zxis of the
column, and in diraers, beans, and fdoor slabs oervendicular to
the olane of their surfsces.

Girders snould never be constructed over freshly formed col-
unns witnout permitting 2z verioa of st lcast z hours to elapse,
tous providing for sesttlement or shrinkase in the coluans,
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Snrinksde and contraction joints may be necessary in con-
crete sudbject to great fluctuations in temperature. The fre-
quency of tnese joints will aevena, first, on the range of tero-
perature to whicn the concrete will be subjectea, and second, on
the guantity zna position of tne reinforcemnent. lhese joints
should oe deternincsa, and orovided for in the desizn. In massive
work, such &s retainins walls, abutnents, etc., ouilt without
reinforcenent, contraction joints should be orowided at intervels
of fromw 25 to 50 feet ana witn reinforcement from 20 to 30 feet
(the smaller the heisnt ana thickness, the closer tne soacing)
throughout tne len3itn of the structure. To oroviae essinst the
structure oeing thrown out of line oy unequal settlencsnt, eacn

ction of tae wall sanould oe¢ t®nsuedizna Jrooved into the zd-
joinin3 section, & sroove snoula oe fornsd in tne surface of tn:z
concrete at vertical joints in walls sna aoutments.

Sarinkese and contraction joints snould ve luoricatea oy
either en apolication of oetroleun residuun 2il or a similar cei-
erial so as to oeramit a fres myvenent at the joint when tne con-
crete exoenas or contractsd

The insertion of a sheet of a shzet of coonoer or zinc, or cven
tarrsd vsoer, will oe founa advantadeous in securind expnansion zna
contraction at the joint.

(o) &EINFORCHEuwzNT. 'wnerever it is necessary to solice
tension reinforcsment, tne lenstn of lao snould oe dstermined on

casis of the secfe ovond siress, tns stress in tne oar, ana tane si:
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iny resistence of the concrete 2t tno oo0int of solice; or a con-
nection saould o2 232 ostwesn tne oars of suificient strendtn o
carry tn: strsss. Solicss &t oolnts of naxinur stress snoula os
avolasza., In coluras, ozrs mors thea 4 incpss in alazeter, not suo-
jsct to t=nsion, suoulld oz oroocrly soucrea gna cutted in & suvit-
gole slzeve; spallzr ocrs wcy vs treaten s lnalcatéed tor tension
reinforzean2nt, or tns stress 6gy 02 carsa for 0y =2rxo2ocnent in learse
nesses of concrete, Lt founastdons, c=erinsg Qlates snould be oro-
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extent of tnhe mass. 1he resulting stress are important in
monolithic construction, and snoula o¢ considerea carefully by
the designer; - they cannot oe countersctea successfully, out tne
effects can be mninimized,

Large cracks, oroduced by oquicx naraening or wiae ranges of
tenperature, can o2 broken uo to s me extent into small cracks oy
vlacing reinforcement in the concretey in long continuous len:tns
of cemecrste, it is oetter to orovias sanrinkagze joints at voints
in tne structure where they will do little or no narm. Hheinforcz-
pent is of a sistance; ana permits longer distances oetween snrinx=—
age joints than wnen no reinforcerzsnt is used.

Snabler massss or thin podies of concrete snoulo not pe joinea
to larger or thicksr masses witnout ovroviding for shrinkssgse &t suc
ooints. Fillets similar to tnose used in metals castings, out ot
larger airens ons, for griauslly reducing froa the thicker to tn:
thinner oody, are of adventaze.

Shrinksse cracks are likely to occur at pvoints where fresn
concrete is joined to tnat wnich is set, sna hence, in olacin:y tn:
concrete, constructdon joints shoulo be made on horizontsl ana
vertical lines:, and if possiolg, at ovoints where joints would
naturally occur in dixension-stone masonry.

Se. Fire-oroofing.

1be actual tire tests of concrete and reinforcea concrete neve
been limited, out sxoerisnce, together witn ines results ot tests
nade thus far, inaicatc thzt concrete, on zccount of its low retc
of nced conuuctivity and tnz fect tnat 1t is incoroustiole, may
0c uszd setely ftor ftire-oroofins ouroosss.

ine aenydration of concrete oroodosoly oa<dins at aoout oUU%:s.,
gnd 1is conoletea at @oout 2(UCr., but exocricnce inaicetes thet
the volstilization of tne waier cosorcs haai trovr the surrounain:
mess, wnhicit, tosethsr witn tne resistance of tne air cells, tenus
to incresse tne nest resisiences ot the concrete, so thet the oro-
cess of aehydrstion is very auch retsrasa. 1Ihe concrete thst is
affectea by fire remains in position and aitords orotection to the
concrete benssin it.

lhe tnicuness of tnc orotective cocting reouired desoends on
the oroosole durstion of a fire wnicn 1s likely to occur in tnc
structures, and shoulo be oased on tne rote of heest conductivity.
lhe ouestion of tne conduciivity of concrete is one which requirszss
furthsr study enaainvsstigatl n oetfore g daetinite rate tor aitficr-—

ent classes of concretes con o2 tully ssteoliskbsau, dowever, tor



ordinary conditions, it is recomrended that the metal in giracsrs
and columns be protected by a minimum of 2z incnes of concrete;  thot
the metal in oeans oe protected oy a winiacum of 14 inches of con-
crete; and that tne mstal in floor slaos oe proiected by a mininux
of 1 inch of concrets,

It is reconmended that, in monolitnic concrete columns, the
concrete to a deotn of 14 inches boe considered as protective
covering, and not includesd in the effective section,

It is recowmended that tne corners of columns, giraers, sna
oezns pe oecveled or rounded, as a sharp corner is more seriously
affectea oy fire tnan & round one.

4. Water-oroofing.

siany exoedients nave peen psed to render cancrete imperviocus
to water under norwal conditions, and also under pressure conaiticns
that exist in reserviors, dexs, and conauits of various kinds. Lx-
perience shows, however, tnat where mnortar or concrete is ovrooor-—
tioned to obtein tne creatisst oracticezole aensity and is mixed o
a rather wet consistency, the resulting mortar or concrete is . 1u-
oervious unaer moderaie& pressure,

£ concrete of ary consisitency is more or less pervious to
water, and coampounds of varioss kinds have been mixed with the
concrete, or avplied as a wash to the surface for the ourpose of
meking it water tight. sany of these compounas are of but teme-
orary value, and in time lose their power oif imparting inoermsa-
bility to the concrete.

Iln the csse of suowasys, long retaining wszlls, and reserviors,
oroviaed the concrets itself is inoervious, ceacks nay oe so r--—
dquced by norizontal ena vertical reinforcexnsnt oroverly oroopor

tionca and locetes, tnat trey ars too winute to perrit Jeskegs.
or ars soon clossd oy infiltrastion of silt.

[x}]

Cokl_ter poreoarations, cooliegd eithzr as s mastic or eas
coating on felt or clotn teoric, ars ussa for water-orooiingd, nco
snould oe proof zgezinst injury oy lioculas or gases

for retaining ani sinilear walls in direct contect with tn.
esrth, the zoolication of ons or two coztings of hot cozl-tesr zitcn
to tns thorouszaly dried surface of concrets is an efficient metnoo
of oreventing ithe ocnetration ot molsture fror the certn.

$. Surisce sinisn.

louncrete 1s @ materiel ot en 1ndiviauel tyoe, and snould not

=

<
b2 used in ixnitetion o2t other structural meterisls. Jne of tn:
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nected with its use 1is ths chnarscter of tns
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finish of exposed surfaces. 1ne finish of the surface shoulad
be determined betore the conceete is olaced, and the work shoula
be conducted so as to make possiole the finish desired. For many
forns of construction the natural surface of the concrete is unso-
jectionable, but fregquently the marks of the boards and the flat
dead surface are displeasing, makins some special treatment aesir-
able. £ treatment of the surface, either by scrubbing it wnile
green or by tooling it after it is nard, wnhich removes the fil:r of
mortar ana orings the aggregates df the concrete bnto relief is
frequently used to remove the foram markings, break .the monotonous
aovearance of tane surface, and make it more oleasing. Tnhne plas-
terins of surfaces, as ordinarily aovolied, should be avoidea, ior
even, if caresfully done, it is likely to oneel off unaer the action
of frost or temosrature changes.
®, LL3ISN.

l. sassive Concrete.

Un the design of massive or plain concrete, no account sanoula
oe taken of the tensile strendtn of the material, and sections
should usuzlly be oroportioned so s to avoia tensile stresses,
exceot in slignt zoounts to resist inairsct stiresses. This will
generally be accoxrlishesd, in tne case of rectanguler shaoes, if
the line of peessure is keot witnin tne midale tnird of tne section,
but, in very larse structurss, sucn s niin masonry dans, a mors
exact analysis way o< resouirea. Stwucturss of massive concrete
are aole to resist unoalancesa lateral forces oy reason of tneir
wegisht, hence tans elemsnt ol weiint ratner than strendth otften ac-
ternines tne dssigdn. £ relatively cnezo snd wegk concrete, thzrzs-
fore, wilbi often bs suitable for xzassive concrete structures.

It is desiraole, Zenerally, to orovide joints at intervals,
to localize the effecct of coniraction.

vwassive concreie is suiteole for dams, retaining walls, auu
oiers ana snort columns in which tne ratio of lendtn to least wiath
is relatively snall. Unauer oruinary conditions, this ratio shoula
not excecd six. 1t is also suitasole for azrches or moderate soun,
where tne conditions &s to foundations ars favoraole.

<. heinforcea {oncrete.
oy the uss of wmetel reinforcerent to resist the orincinal

tensile stresses, concrete occores avallasdole for dencral use in &
great variety ot structures sni structural forms. 1lhis combinciion
of concrete snd metal is ovsriticularly zdventzsecous in tne ocan,

where botu comaoression zna tension existy it is also edvantaseous
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It is recognized that some of the assumptions given here-
in are not entirely borne out by exverimentsl data. They are
given in the interest of simplicity and uniformity, and variations
from exact conditions are taken into account in the selection of
formulas and working steesses,

The aeflection of besms is zffected by the tensile strengtn
developed throughout the tength of the beam. For calculations of
deflections, a value of & for the ratio of the moduli will give
results corresponding soproximately with the actual conditions.

4, T-Beanms.,

In bpean and slab construction, an effective bond should be
orovided at the junction of the beam and slzb. When the principal
slab reinforcement is parallel to the beam, transverse reinforce-
ment should be used, extending over the beam and well into the
slab.

lkhere adequate bond and shearing resistance between slasb and
weo of beam is provided, the slab may be considered as an integrsl
vart of the beam, but its effective widih shzll be determinea by tne
following rules:,

(a)
(o)

He O ki

In the des continuous besans, due con=

a
siderztion should be ¢ moressive stresses at the
smovoort.

'

3eans in wnich tne tee forr is used only for the ourpvose of
orovidins additional compression arewof concrete should orefer-
ably have a width otf flange not more than three times the wiath

of the stem ana & thickness of flangde not less than one-~third of
the depth of the bean. Zoth in this form and in the beam and slab
form, the web stresses and the limitations in olacing and spacing
the longditudinel reintorcenent will oprobeoly oe controllini factors
in the design.

©. [loor :Slzos.

Floor slaos should bz designed and reinforced as continuous
over the supoorts. If the len:zth of the slezb exceeds one and five
tenths times its width, the entire load should oe carried by the
transverse reinforcement. Squasre slabs masy well be reinforced in
both directions.

lhe continuous flat slab with multiole-way reintforcement is a
type of construction used ouite extensively, and has recognized



advaniages for sopecial conditions,

houses with large, open, floor soace.

able difference of opinion exists auong

formulas and constants which should ose

as in the case of
£t orssent,

used,

PN

ware—

a consiaer-
engineers as tho the
out exoerience

and tests are accumulating data which it is hooed will in the
near future pernit the foraulation of the principles of desizn

for tnis toru of construction.

The loads carried to beans oy slaos which are reinforced

in two directions will not oe unitormly

supportins oeam, and its aistrioution

will
lative stiffness of tne slab and the suooorting

distrioutesa to the
aeoend on the re-

peam. The

distrioution under ordinary conaitions of construction may oe

expoected to be that in which the

load on the beanm varies in

accordance witn the o dinates of a parabola having its vertex

at the miaale of thne srtan.

distribution should be ascertained, and
bean calculated accordingly.

6.

knen the bean or slao is

reinforcencsnt snould be fully

tive moment, and ths

Section ', snould not oe

Continuous peamns and

stresses
exceeded,

For any given desisgn,

the probzole
tne eoments in the

Slabs.

continuous over its supports,
proviaed at
Bn concrets
(Ihese

tne ooints of nega-
recommended in
stresses have been

increased in some vsrts in a later supolesnent to this reoort).

[n comouting the
slaos continuous over several sucoorts,
triouted loads, the

(a)

tollowing rules sare
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For spoans of unusual lengths, more exact calculations
should be made. Special consideration is also required in
the case of concentrated koads.

Even if the center of the span is designed for a greater
bending moment than is called for by a or b, the negative
moment at tne suoport should not oe taken as less than the
values siven,

hnere oeans are reinforced on tne compression side, the
steel may be assumed to carry its prooortion of tne stress,
in accordance w th the provisions of Section ¥, Part 35, c-6.
In the case of cantilever and continuous beams, tensile and
compressive reinforcement over supports must extend suffic-—
iently bpeyond tne suoport and beyond the point of inflection
to aevelop tne requisite bond strenstih.

7. Bond Steength, and Soacing of keinforceament.,

baequate pond strensth snould oe provided. The formula
hereinatter diven for bond stresses in beams is for straight
longitudinal bars. In beans in which & vortion of the rein-
forcenent is bent up near tne end, the bond stress at places
in both the straignt bars snd the oent bdDars will oe considerzoly
greater than for all the pars stralgnt, and thes stress at some
ooint may be several times as mnuch as that found by considerins
the stress to be uniforsly distributed along the bpar. In re=
strainea and csnitilever beams, full tensile stress exists in the
reintorceing obars at the voint of suonort, and the bzars must be
anchored in tne suovort sufficiently to develoo this stress.

In the case of anchorsss of pdars, an zdditional lengtn of
bar must be orovided beyond tnat found on tne assumdotion of
unifora bond stress, for ths reason that, betore the bond resist-
ance at the end of the oar can be acvelooed, the bpar may have

"is less

oezun to slio at anotner ooint, znd "runnins resistance’
than tne resistance oefore slio be-ins.

inere nisgh oond resistance 13 req&ieed, tne detformed oar
is a suitzole means of suvpolying the necessary strendthy but it
snould b2 recoinized tnat, even witn & aeforaoea oar, initial
slio occurs at czdy loazas, ana tnat tne ubtizate losds ootainen
in tne usuzl tests for oond stres mey be misleasding. 4dequate
pond strendth throuznout the lenitn of a bar is oreferaoke to
end ancnorass, out, as an aaaitional safeguard such anchorase
may orooerly oc usca in soccial cases. £nchorage furnished by
short oends at a richt snile is less effecciive tnan hooks con=



N
(85}
(BN

sisting &éf turns through 150 degrees.

The lateral svacing of parallel pars should not be less than
three diameters, from center to center, nor should the aistance
trom the side of the beam to the center of the nearest bar be less
than two diameters. 1lhe clear soacing between two layers of bars
should not be less than one inch., The use of more than two layers
is to be discouragea, unless the layers are tieda together by ade-
quate metal connections, particularly at and near points where
bars are bent uo or bent down.

8. Liegonal Tension anda Shear.

when a reinforced concrete oeam is subjected to flexural
action, dizdonal tensile stresses are set uo. 1f, in a beam not
having weo reinforcement, these stresses exczed the tensile
strensth of the concre'ie, failure of the bean will ensue. ‘then
weo reinforcemesnt, mede up of stirruos, or of diagsonal bars
secured to the longsituainal reinforcement, or of longitudinal
reintorcins bars bent up at several points, is used, new condi-
tions orevail; out even in this case, at tne besinning of loade
ing, the aisdonal tension aevelooea is taken orincivally by the

*concrete, the aeformations wnich are aevelooed in the concrete
oernitting but little stress to be taken by the weo reinforce-
ment. When the resistance of the concrete to tne diasonal ten-
sion is overcome &t any voint in the deoth of the bezmn, greater
stress is at once set up in the web reinforcement.

for homogsneons dears, 60

[

eanalytical treatment of disgonzl

function of tne noriczontal cni verticsl sacesrinid stresses ana of

tension is not vsry corolex - tne diagonezl tensile stress is &
the horizontal tensile stress at tne ooint consiaered, and &s the
intensity of tnese ihree stressecs varies froc the neutral axis to
tne reunotest tfiber, the intensity of the dissonzl tension will o=
diftferent et aittferent ooints in the section, and will change with
different orooortionate dirensions otf lenzth to asoth of beanm.
For tne composite structurs of reinforced concrete oezms, an an=
alysis ot tnhe w=eb stressss, and oerticularly of tne diagonsl ten-
sile siresses is very comolsx; sna wnen the variations due to a
change from no horizontal tensils stress at sone ooint below tr.
neutiral exis Ere consiisred, tne oroblem occames zore comolex

and inaefinite. wunier thess circunstances , 1in desisning, re-
course 1is nad to tine use of tnsg calculatsa verticsl shnearing
stress &s & mszens of comparini or neasurinsd the diesdonzl tensile
stresses aevelooea, it being unuerstood that the verticel shear-
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ing stress is not tne numerical eguivalent of tne disional ten-
sile stress, and even that there is not &a constant retio oeiwnen
tnen. It is nere recomaenacd tnat tne maximum vertical shearing
stress in a section be used zs tne mezns of comparison of the
resistance to diadonal tensile stress develooed in the concrete
in beams not naving wed reinforcement.

tven after the concrete has reached its limit of resistance
to diagonal tension, if tone oeam has weo reinforcement, concitions
of oeaa action will continue to orevasil, at leest through the
comopression erea, and tns weo reinforcsment will oe callea on to
resist only a part of trne wso stiresses. Fron exoerimenis witn
ocans, it is concludeo tnat it is sefe oractice to use only two-
tniras of tne exiernsl verticel snezr in wmaking cslculations of
tne stresses that cone on stirruvs, diasonal wedb pieces, ana
oent up wars, snd it 1s pere recomwesnded for calculations in

esidnins that two-thiras of tne externel verticsl sanecar oe tazken

as oroducing stresses in wego reintforcensnt,

sxoerinents ocaring on tne ossizn o1 agteils of weo reinforce-
ment are not yet coxrolete esnouin to @.low nore tasn Jenersl and

nou
tentative recomnendetions to o¢ peue. 1t is well estaolisned,

however, that vertical menosrs attached to or loooed addout horia
zontal wmenoers, inclin=d amznoers secured to norizontal menbers

in sucn a way as to insure adainst slio, and the oendini of a vart
of tne longitudinal reinforcement at an ansle, will incresase the
strendtn of a besm aszinst feilure by diagonal tension, and tnat

a well-desisned ana well-distriouted web reinforcexent may, under
tns oest conditions, increase tne vertical snear carrieo toa

value &s much 5s tnres tipss tnat ootainea wuen tne bars are all

horizontal and no weo reinforcensnt i1s ussa. bWnere vertical stirruos

are uscd without oeing secured to tne lonsitudinsl reinforcement,
the force transwitted oetwsen lonsituainal oar sno stirruo amust
not oe Jrester tnen can oe ta4en throusin the concrete, and care
must o2 taxen to groviaz fdor tne larder oond siress asvelopsa in
tne longitudinal oars with tnis construction tnzn exists in the
absence of stirrups. ZSufficient oond resistsnce bstween tne con-
crete ana tne stirruos or alaionals rust oe orovidea. W“nere the
longitudinal bars sre oent uo, the yoints otf oending of the
several oars shoula de distriouted slonsd a oortion of tne length
of tne oeczm in such & way as to 3ive etficient web retorcement
over tne portion oi tne lenstn of the oeen in whicn it is necaed.
Tne nisher resistance to aiszonal tsnsion feailures Ziven by unit
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frames having the stirrups and bent up bars securely connected
together both longitudinally and laterally is worthy of recognition.
It is nxcessary thit a linit be placed on the amount of shear which
may be allowed in a beam;- for when web reinforcement sufficiently
efficient to give very high web resistznce is .used, at the higher
stresses the concrete in the bean becomes shecked and cracked in
such a2 way as to endandger its durability as well as its strength.

The section to be taken as ' the eritical sectdon in the csl-
culation of shearing stresses will generally be the one having the
maximum vertical shear, though experiments show that tne section
at which diagonal tension failures occur is not just at the support,
even thou¢h the shear at the latter point be much greater.

The longitudinal spaving of stirruos or diagonal members, or
the distribution of the points of bending of adjacent bent-up bars,
should not exceed three=foiirth the deoth of the bean.

It is important that adeoquate bond strendth or anchorage be
provided to develop fu:lly the assumed strength ot all web rein-
forcement.,

It should be notea that it is on the tension side of a beam
that diazonal tension develoos in a critical way, and that the oro«
oer connection must alwsys bes made detwesn stirruos or otnsr web
reinforcenent and the lonJditudinal tension reinforcement, whether
tne latter is on the 'lower side of the oeam or on its uvoer sidey
fhere negative moment exists, as in the case near the suvoorts in a
continuous beam, web reinforceaent, to be effective, must be loooed
over, or wrapped around, or be connected with, the longitudinal
tension reinforcing bars at the top of the beazn, in the saue way it
is necessary st the bottom of the oean at sections where tane bend-—
ing m:ment is vositive and the tension reinforcing bars are at the
bottom of ine oesan.

Inasauch as the snaller the longitudinal defornations in the
horizontal reinforcemesnt are, tne less the tendency for the form-
ation of diasonal cracxs, a bezun will be strengthened against dia-
agonal tension failure oy areansini end oprovortioning the horizontal
reinforcenent so that the unit stresses ¢t oojnts of larse shear
shall be relatively low.

Where pure shearing stress occurs, or shearing stress coanbined
with but a sma:l amount of tensile stress in the concrete, as wnen
a concentrated load rests on a slab, or other forms of punching
shear are produced, or in the case of comoression pieces, the elsment

of tension wil} not nesd consideration, and the ocermissible limit
of the shearing stress will be hisher than the hllowazble limit when



this stress is used as a means of comparing diagonal‘tensiie
stress. The working values recommended are given in Section G,
Working Stresses.

9. Coluans.,

By columns are meant conpression members of which the ratio
of unsupported length to least width exceeds about six, and when
these are provided with reinforcement of one of the forms heri=
after described.

It is recoammended that the ratio of unsupvorted length of
colunn to its l:xast width be limited to 15.

The effective area of the column shall be taken as the area
within the protective covering, as definied in Section E, Part 3,
or, in the case of hooped columns, or columns .reinforced with
structural shapes, it sha>l be ta.en as the area within the hoooping
or structural shaoes.

Columns may pe reinforced by longitudinal bars, or bands,
hoops, or sjirals, together with longitudinal bars, or by struck
tural foras which in theamselves are sufficiently rigid to act as
columns. The general effect of closely spaced hooping is ¢greatly
to increase the tomghness of the column and its ultimate strength,
out hooping has little effect on its behavior within the lixmit of
elasticity. It tnus renaers thes concrete safer and more reliaole
material, &and shoula perait the use of a smmewhat nigher working
stress. The beneficial effects of toughening are zdequately pro-
vided by a moderate amount of hooving, a larger amount serving
mainly to increase the ultimate strength and the possible deform=
ation before ultimate failure.

Composite columns of structural steel and concrete in which
the steel forms a coluan by itself, should be designed with caution,
To classify this type as a concrete column reinforced with struc-
tural steel is hardly permissiblr, as th2 steel will generally
take the greater part of the laod. hen this type of column
is used, the concrete should not oe relied on to tie the steel
units togdether or to tramsnit stresses ffom one unit to another.
Tne units should oe adegquately tied togetner by tie-plates, or
lattice bars, which, together with other details, such as splices,
etc., should be designed in conformity with standard oractice for
structural steel. lhe concretfe may exert a beneficial effect in
restraining the steel from lateral deflection, and also in increasing
the carrying capacity of the column. 7The proportion of load to be
carried by the concrete will depend on the form of the column and



the methad of construction, Generzlly, for high percentages of
steel, the concrete will develop relatively low unit stresses, and
caution snould be used in placing dependence on the concrete.
The following recomamendations are made for the relative work-
ing stresses in the concrete for the several types of columns:,
(o) gelumasciian iopsisiean Tetipacaent, ol

not more gag ent: the wynit, stgess
or aXla comoression in section

5ec$mmenge
(b) Columps w th reiptorcement of bands, hoops
so%ra S s herelnatter soe?{fled, %tres es %5
oér cen% igner than 51§ T or, 2, oroviged the
atl thé unsupporte ength of " the coluan
g diameter oI  tne oped core 1s not more
t an
c¢) Columns reinforced with not l3ss than_1l per _.
(e) cent and not more than 4 oer cent o? longitudlnal
oar§ ana witt bans hooos g spirals, &s Rere-
inafter qoc% ie tressed oer cenl nisher -
than 21ven 1or ¥rov1aea the ratip of tné un-
the coluan to tns dismeter”

priea on:»‘tn o}
o% %nﬂ hoooedi”core is not more than 5.

The foresoing recomnendations are based on the ¥ollowing
conditions,

In all cases, lonsitudinal reinforcement is assumed to carry
its orooortion of stress, in accoraance with Part 3. ‘Ihe hoovs or
oands are not to be caunted on aircctly as aauding to the strength
of the colunn.

Bars composing longituoinsl reinforcement shall be straight,
and shall have sufficient lateral support to oe securely held in
vplace until the concrete has set.

there hoovoing is used, the total anount of suchn reinforcement
shall not be less than 1 per cent of the wolumme of the coluamn
enclosed. The clear spacing of such hoopinz snall be not greater
than one~sixtn of the diamter of the encloseua colunn, snd prefer=
ably not greater than one-tenth, and in no case more than <4 inch.
Hooping id 40 oe circular, and the ends of the bands amust be united
in such as way as to develoo tneir full strensth.. Laequate means
must be oroviaed to hold bands or hooos in vlace so as to fora a
column, the core of wnich shall oe straight znd well centered. The
gtrength of hoooed colunns deoends very much on the ratio of lengtn
to diameter of hoo2ed core, snd the strensth due to hooping de-
creases raoidly as this ratio increasec pbeyond five. 1he working
stresses recomnended are for hoooed colurns with a length of not
more than eight diameters of tne hoooed core.

bending stresses due to eccentric lozas snd lateral forces
must be provided for oy increasing the section until the maximum
stress does not excesd the values zoove soecified; and, where
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tension is possible in the longitudinal bars, adecguate connection
petwneen the ends of the bars must be oroviasd to tazke this tens:ion.

10. keinforcing for Shrinkave and lenoerature Stresses.,

fnen areas of concrete too larse to exoana and contract freely
as a whole are exoosed to atmospheric conditions, the changes of
form aue to shrinkade (resulting from haruening) and to action of
temoperature are such tnat cracks may occur in the mass, unless ore-
cautions are taken to distribute ths stresses so as to orevent the
cracks eltosether, or to render them very small. The distance apart
of the cracks, and consequently tnefr size, will be oirectly pro=
vportionzl to ii: (fcreter of the reinforcenent end to the tensile
steength of the concrete, and inversely orooortionsl to the percen-

¢ of reinforcezent snd alsc to its oond resistance per unit of

(o]
(L8

1]

urface area. To be etfective, therefore, reinforcewent (in zmoant
genera]ly not less than 1 per cent) ef a foryp which will aeveloo

@ nigh bonda resistance should oe vlaced near the exposed surface
and pe well distributed., Tne allowecole side and spacing af cracks
devends on various conditions, such &s the necessity for water
tigbness, the irvortance of agoesrance of the surface, and the
atrosoheric cnsngss,.
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s as reconnsnaeds by tne Joint Compittee
and made a opart of this reovort will oe founa in the introduction
to this thesis, P
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