I "v}.ﬂ.,mP
'\)lff B

=TT
T
NS

l‘.( Yy

oy
RN

A
2
PG

‘;:t.,;ﬁ
i iny £
.r.,.,‘, :LJ-, 2

‘E"i‘-" (gt =2









s
-
LA
rod
S - T -
! -1 L] R
oo - r- A
- [ I4. -
~ A M =3
2 = e - — .
. _ T o — L
“ s oo i | ®] . -1
-9 v B
. i N
i - . a
i ry N Mz, o N -
w ' | [ o . 5 (5]
-‘“ ) oo [ b= A
- 1 e o ) ol )
- < . rs o
Fot - P - - d
o A o [QR] ]
- ry v '
Sy L -
Loy ‘ = - e .
~ ! =~
[l nwﬂ _i*.
! D P
! F,




TnEe:s




sivzly=worcse . ;uice T crreiriciion in reintorced conereie, 5
Gletinet fror the n Wit s geen in

ey reinforecel e tieoreticzl cice
of tre surject hrts not, uouever, teen overlooXed.
Thie thesis is lerrely corcerned with t:e _rocticel

cide of reinforcer coricrete = Wit vt Lge Leaen oo

3

szncd, stome, 214 Ul.e pooern nethnocg of mixirg, oro_ortiacdias

£ corcrete,

q
0o
e
=
)
[
—t
~
O
B
(@]
.
st

-
A
~
D
3
o
r
b1,
O
=
ct
)
[ 8]
)
)
3
O
ct
Q
-
vy
(T
[©]
s

)
DRA95



e griter RS h T T AV S 0 T o la trestl e
of reinforeed n-~veoreta cov oover Lre woodlo THee T st o0 -

gr ldet o ZTew dcecco

.- R e e

S Cnd Lin

1T



e~ o
L2002

Ne Ac
~ - A

oL oy N 7 Vs T e e oy
- [ Vi . e 4 ;- - e
PSS Il B R =1
- PR R L
SN F N Ti, e .- L ) [ R | BRI - Lo oo S
e - - ~ N ’ . .~ ee W -~ . e — -4 et -~ - .- ’ -~ ‘&,k‘
M Al P R
D LY T 3 I I e S
i e L s B Y A o - -t * . EN .ot A
A GV A A d N R SO0
o .. - 7 .«
1 il - R T AN At R i
. - o, ; X
- o . . S OV NP AR by e -9
Loy e - QT
. . L) e
e e e B TR T SRR J SRS I T A
- N - - A - . - - B « , . - , -~ ~ EUR
D | e ST an - v, Y am o (J' - \‘
- - s - .~ e - N - ]
? b) - L
g B TR E P T
- - D - - - - - ) . N H .
T K v - B B N Y. e L - . -
- PR S ; - - . t., - - ~. B . ] S . - ~ - - i
o - (]
3 Ty Lo oo
- . . . | - - Ty [T
a . ci e < “rsimm
P 2 L. ool T L cie 1L [P
- o )
= » ) Ty T B T "" <O B ' DN 3
~ o ] £ - Y - 5 . L
b} -
s YT T D
~ PR EVE
PN . ~~ - (Ymyem o Ve .
ESTOh SN - R LT . oS e o1

GRS TR SO
e T o e T em e e : [ (" -
SR oy Lia o o IRRE TR SHArCE AR O . NER IS ,\
N -

B)
i

e

D
o

BN e i 7 ~ N
= . » c - -

e o= - ' I [t “ T T

B £ ' [CR A [

crete, 1220 (in Cidneze)




. P
s
o~ -

) 1
LI )

'
S

1

[
v

-~

s
>z

v s 2
“ e
¢ o

s e
. e
o v e

[P

-

* 0 3 0 e v B e

L N I Y TR B

(R
LI I S R R R}
b
.
3 - 0 % 3 4 @ e 38

a0 0 0 e

s o 20




e 3 o P 0 8 . 2P 30 PU IO

® ® 0 @0 2 26 >80 00002200 s

©c s &« » &8 00 0

B

2 9 0 8 @

2 3 % e 2 0 0 3 3



P

vt

g 1
Pt
oL

T

ar

«
-

]

i
()] ]
[0} i
-~ L
Lo -
d )
[

!
1 .
-
PR
Mt
.
.
O p
N S
B

N

' o~

-
M

LD

< T
'
r-
'S

)

PY

P

(oM

s
(]
e,
, N
-
R
)
Ll
1
s
-
. .
B




L, [ ~ w -
v v , i ..
Iy { o k : :
Bl - _ , : 3 |
5 o A X - IR wA ]
I . P ) ‘ _ be
o . i ; . a
| : ‘ ; , e~ 4] :
K R ~ i . : - ! ' : g
1 - > . . . N . - —_ ¢ ' i .
: | | | : : o b = o : u
| | I - - N : - ) ¥
B ' ) ' (] 5 - 5 3 -
. ) 2 | : | .
| ) A - A | | |
| | ) , .L. o -~ o . - ) - LT
... | : - ” 5 < 2 : o -
. . . . , ) - ~ LN .
. .t LS : | .V ~. | : .
ﬁ; | P ”. ..v s . . . ) p . 4
_ o o ) ; ~ B . \
) 1. | E N Lt . - ' ) -
. : ; ‘ : i -
. b & . / L _V
Y r! ) 43 i o ! : . ) )
- -
1 . . : : A
. . 4 e O ’ . 5 E 7 | )
“ . ._ P v H ﬂl i _ ! ﬂ!_ :
B ) V - ¢ ) C 42 o 42 - - O =
1Y N < . j - - ST ! ; : : :
_ | .u .y . , _ - ~ 3]
. s ' ~ ] g . ‘ k t/ . :
B B . : i o s ., - o 2 ..u % ...
, i ' C i ~ . . ’ - - - L3 o w !
' N oy ) ) . ¥ ~| .
4 i [N - ) ) | | | |
”.., _ ) e : IS 1 N T v [N . Oy - '
: 1 o - K a . -
, i : o . | ‘ | . | .
- [ - ] v B < - . - (&N = :
: , , . : : : § . , i
: R , ‘ . . = ; : i : 3 i g
| r{. | ? R ; - - L . . g '
s ) [N i . ¥ : v L +2 :
.. . ) r : [ - o o -
. . . . :.\ :
,.w ‘ o ' LR N te i Tt - .
. ! B 4 ) o . r { : N , (o
| : . n . : - e .o - i “ = i~ N a
. v N - . q e 2 B : : :
. . . R | . 4 b N ] 4 . o ) : * v. m . !
" 3 N ; : . -~ - ) . . , .
r- . ' . o ) i B ,.r.. g b U,, - Gy ..;. s e :
| : 4, _ | u ' \ : p - - b . ] )
‘ . ; - . : . B . v 12 LS
| _‘VA : : . 4 ol P i e
' . H ¢ : v q, A ; : ) | :
P 4 oo - wou S g .
K R . ] v . . Ml - ‘c - . v ., |
O N : - . . ; | | 1 |
- I H 5 - L . - , | | |
[ - . &5, [ ' | T k .
| _ | ., | | ; | v ¢ AN N B A.m B - ay H Lol
D . . : . ) " ¢ . i i . ‘ g 2 . - : 5 \ .
- . - P L2 - Cy B - 1 ~ Q .L., z -
4 v . - - . [ - 4 2 ; : B
- . 5 " Q ' 5 s i e | . |
\ o o [ T : | 3 . r m\. :
1. . . -~ ¢ - ' : | : ;
- - - Ld - .- T I : - : & :
A . ‘ i e & : | . .
. : , . . : ; 13) g — M i . 3
o - ' . . T . - . : :. ,
| : ._ i | " - ) ° b ) 3 - N . . [
u .r | v ,A . i ' = I.,a
- . v * . - l .A :
~ : . v : ¢ . - G : I R i :
) . L : ' - R - e - i O 3 < : - .
LR} . ' N ~ £ _1 : . : A\
. " ! , |
.\ 4 : e ¢ o 5 1 .- 9] N w
. N > ) ;» | ; F.V4 |
= - - ) 3] . . : . g ’ ~
9 b - . - ' ! _\ . ) | :
| | ) l | 3 o . ) o) v o { iy O
P_ L2 , . [ a o QO B - G _ : w
) 0 — . o +- Q b i <1 C ' <
1 Ik} . a ~ G Ul w 42 o b 3 Ty = “ ¥
- . N L. [XR 1 & | | / | L, .' ;
W . " | f. - 1 ‘L o ~ Q . N v L . Py
. o ' ‘ g _ ; ) D 5 g 2 B .
. | | | , " 5 B 2
g : ‘ a ,*,_ N | ooy Jﬁ nT,. ) B 1 S .41 .
| . 3 . 3 & . ar i - - w: Q o '
. i C a f s ¢ . O d — - s ' ¢ ;
| r, e, : . K - - (& W
. r . : ) . £ (@) [«
: e . S PR 3 N : :
LA ~ e8] P < : 3 3 ... :
; : y Py Il )
1.! g .r
G - !
. o




. .
Bl S
o, 3
a0 R .- N . . - -
~ ! . 0 " ) N .
. ! ~. “ N - Y X v ' . I .
i o b , a o2 —. . .. . = Ep)
L O .- ¢ - o A - N
2 ' : = Yoo i < "
v 4 i . 1 i : o i r N =
) K ) C ] E R !
o = .‘: .w b U i « wxu .V, i -3 - .
& v [ ! e - B , o - . - St
v 2 o o -~ o) i . K 3
2 - ' SR - i - : ol . -
e C - = - & Lo - b oo .
W o - @) [ oc R 21 ~ . 2 o
i~ & e X ¢ : o , . o . ", ‘
. [ e - o™ - v - - ! V) W e T . .. o . N 43 . o -
- ; e i o ; . ‘
P Yy . . I K s8] o : i . . ] — — [
4 ot . : < - . . L ar i & K i . [ o -
. J a _, v . - — I . i R e : 138
GO Q) N e . 2 4 4 o o ’ B ] . N o
L. . A o v ~ - " " .
4= HE - Ie . . : - L : o
G ¢ Fa , - . £ e Lt = . o N i A ¢ . - !
& i . ! - 4 S o & . o K C 1 = I I 5 4" B
&} [ i i O C o C o~ +2 e o
I - - o N ' - - .- -
A Ul ‘ . . (] o D g ) o [ -
i) -~ et § 2 e ' ot - B - < - -
< -3 . = v . - . +2 ! - . : . N
) o < o c : i + , ; £ o ‘ it - 7 47
St @ — . < & = = ° C T ¢ Iy . o >
o ik D .- i ¢ - i & ¢ K . ' 6] '
: [ o < [ O - B Y s - ' e
. . C ! : ) - 1 : -
_..... ’ Trt =1 . . : (9 o L - o~ N
i e i o L ﬂ. \ s ) o ¢ ., 4 N L .
S N [ A M - 12 ‘s 4 hJ r 4 1 S : H ! s
o ; . Ay . . W o o ot v " - . i
. o 2 -+ L 5 - o~ ! o ¢ 4 ) .
- b v -~ ) . -~ ~ - . o . e :
s ol { i : . : . G . Co rl - - ' L
s gt . o B C 4= O . i 2 . G "4 .
o o oo . . ol - } ¢
U i . R - S L > " . IR . :
P ) p ) O « N o ~. -, I - o Q.
2 . o = ) ; o . ; ) G . ; o s B ( N G
o2 <0 1 o ! . o ) ot K . ‘ L ; : oK ;
: o e K . - o < 47 = v o
[ 13 J K . ] ‘ 0 " 4 (
- ! . ! ey [ - 4 . LI . - &
. o M, 3 s c . . Ar. X [ a - . o
. - f s
4 C R - = ' S- . - - = ) o G
N . - . - w C a n .- . L : . )
+ u & ; . o0 v o SR
-~ e L . i q ‘. ; L 4= v [ . .. o )
. P v, [} Y K [ e . i = : )y c o 32
o £ ! 32 g {2 v < N r 42 - a D
I - ¢} D ¥ it . - ] L ; 47 L )
4 o — o Bl vy, . = o N w.u : o = y }
) G . ) . N r r g (@] I - {
) a2 t - L 5 , Q O I o
: [ (9] u O . . - (@] S 35 G Gl v
U w -~ a Ui . £ N + ¢ g s T
p [ s} - ‘- ) [ — — VN i- T o f- +4- R
A QT ol o] ] ) ot — @ @ G o
) e [ ) a H <A ) o %. [l a [ o E
b 0 C o - & +2 a — e C A i : C (& + e +




. B . . . . \
Tt w7 R B AT - T =T M = T (‘ B S, .
z S PR o~ o - o ~- . e = - - - J
. . , .- - - N .- .-
R e . R PR -0 -~ - S S K oo L
[P - . B - L - R ’ - N L. N -
.- ~ : hl = - . . - P = I
LS T e 3 v 3 . - . < ) . (S5
- 3 .« 7 - -
.- - e . EE ST ., - * . aa N TN TINEC B o
! - . - - - . , - - - - - -
-~ 7 7
N PN R ~- .- O I T v d - -
- - . - - ‘ - b “ -
- . * S I It - - b I ' s - - O . -
.- - - e -~
. < -
A S s - -~ -~ N S -0 Y - <7 T - Zom~ - -t
P - . [ H - - . ey e .- -
-~ - - . . ' . . - s
-
' . . » . - TR R R -
: Ve M et e Eh e z M e el ey
[ - .. ' [l 3 e - i 1 Vo —_
N .«
PO e e g T ul - - Lo [ R Lo
B N i . : et - P ER
- . . . . \ . -
. N 3 o - ‘ = D . - EETCAR A ~a - .- - 1 - - s
. - LW -
& J - ) -
K T . , T B - . R, - .
- / - o . ’
. . - .
= i PR . Terey oM PRI . ¢ &L - an o =
.- - ~ . - 1 ~ - - : w -
FS
- AT S )
R Ve toa-- o e e N T U R o - < L
. L LI K (. . ta s N - . - .
3 -- <1 o - Ll AN 3 - " - 7 - - H b
] - G i ol - Aot A bl . 3
3 ok A o § = = P J A S w [ I
B S aa PR 2ae, = Y. T e e A A - - . - 4t
Loel LA s plle 00
~
< . v e - .
T o N e Tk R RECTTIN R e m o T ':,' S (RS =
; - RO - o . e e - < .
BN LI R P A - [ N A ~ t m0 M
t - L A TN o B ; ¢ PR -~
o0 PR A VRN [ e H - s K u N ‘ -
- “ - £L -
aa A [l BRI P . - . O N PR ) o
= Vo e ST LT TR oL L, T
A ' Fs - - i L / ~
~

tre tonle on fooe 10, (Tohe tou

Tor 211 Ul e ercicle

AN onevc o s lves of tire

J

tuesis e tollz -o= 0757

PN . = ~ . R . -
= FCC 1bJ/in.”, £g = 16,000 1n./iv.7, n = 18

B B >

- - 2~ koY oy - ot - - PR
cf octeel e 78 LETCENTe 0D Uhe LIGn UL

(9]
'~
o
)
o
]
0
ct
m
L[]
H
()
ct
’_].
m
s
2
A
al
-
)
H
-t
s
n

conecrets hecil is Iley, TEa T ToLm o ho e center ’
SN a1 - - - L - - - A e .- [ T -~ {7 - -
ozl 7 _ S LTe, tien o oo seetion of e




<

-
)
.

-~

9

~»

)
Lo




v

ER

PPN
~
B

SRaisN

to




Phsloli R S AN S o RS Pl VELL g ich i1g 1. ¢~ et
1L T o vt e SRS R e U A VAR T 0 PN
giv.le rula I: i bl o vewe s i oo den W of oo len o
Serty tiws ite cdc emew oyt eme s I8 b EEU T S T
cretet Vafare Y s metd tevan AR 1S 00T T e A et
CaocRr7E
ey — LU of /&000 “ix*
oeren 7 bar
Y 4 .
Som B° 7o the right
O T7/7E5 E 04 :
PMETER OF THE ROD
Lo
=_r_
0 b{
]
£19- /
cevelonal dr whe ctoal Ldtheeth e vod J1E L EO R R T VIR B ST
ot oo 1 o - T 1 Temr o A M. - L ] oA L4
crota, g oefn Te ghom Uy el le o ecdeuloxiom Tres o the Tol7ald
relatd in:
T
¥ mm——e - oy parnd o oo pe pog
woare s vesuvdirer lercth of enten ent, dvelu fv koo
foo= clhouerle omdn toredlae otrens dn e ot oL
o= /—_"_ R R R ol o
o= 2o Tlae it Do rtrese Temuean Lhia onaae o
e el
bl [ . ca = - ~ - ~
Al e rerets egd T, oe 1IN0
Soveruet o el ] el
- , ~ . -L-) _.v*f.ﬁ'-



.
°
<

.
)

e
v
e
RN
-
-

s

D
s~
e

RN

i

e T
S

“ voae T
Ll Y
.
, - .
ol S
- .
e
.«
Bl S

L
2
v




(28]

P + -~ " - - : Lot - N “a S o -
‘e = N . . . - . - -
- / / s
(LI § IR . ' -
R i - - ' - - L]
’ ~ - - . ~ . . L. . ~
" 4 N 0
2 - - . e e B R hl - = R
' ot - , L, S e
- <) - -
- -~ - l B ~ -+t -1 A s . B - - -
) ] N . , L
v ] ’
PRt 1 oo - - - = - . - -
¢
5 L b 4 - -~
=
- ECEN - -+
4 .
B
L ememm e e
-
-4
Al f—\
3 D ememem o m = = — e ——— ! ﬁ\,
. .
R haYe
e .
= 0~ B Sl T
: . \ . - -
- <. (. . N K .- N R E
- . s e Py L

12 e to e dnwigd

PR N e

. m

very delicate nmeacurins e cretus. The volue

v it Lo
1 R NN LN .- a4 E s } AR Bl
AT er eyt ""l oo ¢ e PR 7 ot e .
o e RN 2 - - SN .6

<4 2 o
[ <) 3 ~ L
elzetin ot




-

hd

s
e

o
~

B
i)

EENN

- Bl
V- H
.
L

e

“- -9

~

e e~ o~ g
/ /
a
. -
~ e
[N -
“~
.
. Py
L] %
7
-
. .
o .
EE T
- Lo,
T e
N V2N

~

- - - -
- .~ - °
~ -

a
LR B

J T
. .
Ve
S
- -
[
- - -
;-
o
. . ‘.
e N h
[
g3
/ t -
L ' .
/

PRI RN
R

Ps - -
N -~

= 4 -
3

7

b

[
;7
S
. A
-
a
/
EREE R
.
-



11

~

Srhapter IT
I'eutral Axis

The Teutral Axis of a howmo_enecns ezl -- Lel us taile &
wooden beam slung between two supiorts a2t its enas and 2t on it
sufficient weisht 2t the center 1o cause it to brezlzs Upoon ex-
auination of the broken wooden bhecn it wwill be seen thot the Lot-
tom fibres have been torn epzrt by stretching or tencion znd the
top fibtres zre crusied by comprecsicn,.

low, it will be obwious thzt if the top poriicn of tie
Tezam is being pruchew or sihortenea Ly corgression anc tie Hotiou
portion is Leilng streilcunea or torn by teusion tnen there Lust Le

sorte line or point =t wihich tiese siresses cuzi_e si'n, aua =i
this line ti.ere cen not te a2y slress because at it there 1s no

tencency either to shorten or gtretzoh. Thde line, not belng

suiject to comyressicn or tension, is xnmoum ee the "meutrsl exie",
whils the logrer of the beam inm wldch it dis situcted ds Imom os

the "reutrel - Irne",
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fig. 3
The duijortance of =z imouwledge of the position of the
neutiral lzyoer V111 be oo recicted wien 1t is consicered that

it me:r he nececezry to cnt a Pole throurh tlhie bezin ana necr Lie

micacle of its length end thst by making the hole where the rneutradi

v (9]

exis occure the Lezn will nuet te wezoxenes Lo eny e, reci:tle

extent, Tecclice Tlhe chear strece sltlhoush a meximol tiere is 1890

low, wherecs 1€ the
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utting ouoy de cene =t tie wop or Lotton off
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Iherefore, the bezm is safe for a uniforrly cistributed

loza of 1,1¢2 1b. rer foot run

lee-exns == It Is ciffficult to provice sufficient re-
gictence to conpression in the ordinery rectansular sectioned
beam where heavy lo=2ds heve to De cerrieda ara so in or.er to

overcomne tiids cirficulty the bes . is cesitned as a T-gecticn

+ms . . - . . . ..
Tlie cdensity fector of corncrete is 2.1 tires the Leisht of
weter tut for ceonvenience the weiZht of concrete is ener:lly
tallen s 15C 1h./cu. Tt.



with a wide flarge to give inore concrete in the top p=rt cof

o
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the Yezi relative to the icth o tie flone o ¢

'7%ﬂ$afahqwnsmw/%qye

= 3
b
Dol A

- o—o
A I 772774

Fig. 18

. . ' Vm ey 4 Ve e S e
rieticon of this Mee=Lecn Luen consigsits of &

t
what is like = c¢la2b hich is etiff-ned by & concrete rin on uhe
uncers’a=, or & Jidar gla2b oo its rivs (er fircer) ore tuilt ot
the cane tite znd thoroughly tied toretlier, end these ribs with
sarts of the clobe (or bewiz) cre then colled Llee=henns,

Jow relerrire to fis. 15, oadcn enous @ very wilte rec-
ternsvler Yesn, it will be rene dered tinst the concretbs Lelsy the
neutrel exie (Wiieh is rouchly cnie=thir the cegth coun) iec in
tevsion, @ this ig zon Bly two Liirce of it ™ul ite tenegile re-
ticn nmust he neclected In the Ceci n, €0 Lhot the tuo egrece sio.m

shaded gre nct needel ond sgo crn e elindvestec without in omyr

In cilher

ct
O
<
D
@
3
]
L

lL.eaguravle wz;r recncing the sgiren:

-

vorde, the c¢tren-th of the rib an the ¢lah for = oDre«nh b act-
irg tocetlier is eouzl to thet of 2 reciznsular bLeam of breacth D

ena of the sazme cegth a, srovicing lle steel wiieh wonld be useo

in the larcer recton ulsr Teon iz nor coneentretes into i

1

nzrrcw rib. This improvenent is obwiously very econc.ical anc

1 Faber & Bowie, Reinforcec Concrete lesirm, Vol. I, zp. 38

-~
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is lergely the czuse of Uie economy of reinforced corncrete con-
structicn.

From oot hiee Leen g2id
mey e ceeirmed s#s & rectansular Lesm of hrezdih b anoe ce_th G.
“owever, in cace rry Tée-baaﬁ mizn, Teve a
gg thelr colpreccion :enber tuan can be callea into [lear, t:.crefore
ti:e recictance moment should e celeulsted frorn the =wount of
tension steel uvcer.s 5o Tee-bersig 1oy Te ¢ lenlsvec from tie

followirn:e ferrules

where R = resigtence mornent in in.-1hb.
A m zres of steel in sc. in.

- R N + . .
a devth of heeann in in.

o

fg= eaf'e tensile stress in steel in lb./in.2
from which formula it ie ezsyr 1o c2lculeste R when A, d, enu fS
are knowmn, or to celculate the area of steel reeded to give &
reqguired velue for R.

I'ow the question arises, what 1limits the brezcdth b of
the Tee-besz:n? The width b th.et can be considerea as ecting with
the bezm will depend on circumstances, but it must not exceed
either of the following:l

(2) one-third of the effective spzn of the Tee-twcun

(t) three-fourths of the cdicstance from center to
center of the ribs of successive Tee-becms

(c¢) twelve times the thickness of the slzb

(d) eix times the width of the rilb of the Y'ee-Lean

+ .. v e ‘ . ,
l'easurec from the ton face of the comsresseu »ortion to the center
of the tensile steel

1 Faber & Bowie, lleinforced Concrete resign, Vol. I,

Loe &8
c . . : ) LA W - . 3 e
wutherlera & Clifford, Reinforced Joncrete

esdrmne oL REd
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is neceggarr thzt there g¢h=ll L2 Larsg in the slsb across the Dbeam.

[
These bers naturally exicst hen the slzb ie continucus &nd snons

from tes:ii to hersi:y, but if the Leem in cuestion h::lers to Le &

-

main besm (csrryirg only secondary bes s end not €lebs as well)

hen such steel misht not crdincrily be provicded, but yet its

-

edcition is rfavicablee s a rule, in. roas ¢t € in. center to

00102

center for the brezdth b will be suitsrble. See Fig. 19

g?a//%nqé%%mv
Z;ﬁfdbub¢z/65622nézs

A

-

I

I

| |
kel:d I

Frg. 19

Then whrt limits the wicth of rib (br)? The vidth of rib

~Secaoabty
=z Bearr

C ——4[7 | —
I
l
|

is elso iiriditea Yy tiaree consicderations --

(2) It rmuco not be less than orne-tiird of the besmn

Cepth
(b) “he ghesr ctress muet nolt e too grest.  (Chis

will be exglainec lster). It can Le sihewn froul

this considerztion thrt the width of the rib
chould not be less thrn 3253 wiere 7 is load on

hezm in pounds

end d = cepth in inches

ana, even then, c¢nesrinz reinforcement is reguirea.

(c) If the bean is & continuous one, then, es ex loined

vreviously (see ioe. 15 2104 1¢i), it has to re-



gist a ne etive lencirg mowent over t.e sus orte.
“his nesctive moment iz :bout equsl to the pogi-
tive roment recr nice rn, The Ccir roon eleo choue
thet, ot the sus_ort, the botton of the besuc e

in conprescicn, #nd therefcre ot tie support the

gl:b cdoes not helz. 12mce the berzm will be too

D

wveol in ceonprecelon ot tite euport, if b, is nac
-

o3

very ruch less thrn This effect cin be, #nu

often is, overcome by increszsing the cepth of the
Lesn nesr tle eu_ . ort by mesns of hzunches to the
columns, but it mey £leo bLe nececgcar; to ocdd con-

sressicn reinforcement ena then tension reinforce-
rent will be needesr of lenstn & epzn in sleb
ovef column snd sget erellel to berm's length.
Lven €0, it will ke founc that these negative
mer:ent #t coluwnn supports will oiten ceterrniine the
ninimum width of the rib.

To mzke sure that the compression slab is really strong
enougn, all that is necessery is to see that the percentsge of
steel, calculsted reletive to the vslue ¢f b x d, coes not exceed
€75 per cent. If it does, the safe stremngth of the beam would
be proportionately reduced, or a larcer becn: woula have to be usecs.

The above discussion essunes that the neutral esxis fells
either within the slab or thal it concides witi the bottonm of
the slabe. If the neutral exis neitner fzlls within the slzb nor
eoncicdec with the bottom of the slaly, but fells below the slab,
then it mesns that we hzve not only omitted the concrete shoum

in the chaded @rea in Fig. 18 which was unsiressed, but also & ‘art

<.



41
of that which was only slightly strecsed in comprecsion and so
also somewhat of use. Yo check up for this it is only nececsary
to test whether the thickness of the slen is ecual to or greater
than .36d4.

If the thickness of e€l2b is only slightly lecs than .36d
then the neutral axis falls below the slab #nd if the thickness
of sleb is not less than .30d then for such cases the zmount of
concrete between the undercice of the slab anu the neutral axis
is so small, eand the stress value there is so low, on accountA
of its nearness to the neutral axis th=zt the consequent recuction
in the resistence of the bezin to comoression can be neglectea in
actual calculations.l

To deal fully with the exact formulae used in the design
of a Tee-beanm whose neutral axis falls below the sleb is too
complicated for us to give here. lowever, tie following aporoxi-
mete rethod is off2red for practical requirements.2

‘hen dg is smsller than % m as showvn in Fig. 20, taxke --

4 |
m nA ]
& o +va, §¥ 7//////////////
ds /%ﬂzézvﬁéné ] D
R=sd= —— Rrb
- o >—o -0 ‘
Then C = - - -4
a —( CJ")

2 F/j 20

1l Jones, is. B., Reinforced Concret=, pp. 104-105
2 r'aber ¢ Dowie, Reinforced Concrete Design, Vol. I, pu. 39-40
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Cpy = ———-
- big
_ m
c=¢cy X a,
10 = (_._)
P
b
A=
a
s
(d - ) T
(9] ’ S
[

where m

distance from top surface of slab to
neutral axis

)

n = modulsr ratio (

w' 2

A = area of steel

I! = bernding moment

R} = radius zrin

C = total comcression

¢, = mean consrescion strecs

¢ = meximuwn compressive stress in concrete
fg = safe tencile stress in steel

As an exzmnle of Tee-beam desirn, let us tske a conlinu-

ous besm 20 ft. span, carrying a €-in. slab, the load being
200 1o. per sq. fi. inclusive of cead weipht, ona the besns
being spescea 10 ft. aport.

The lo=d per beom is @ -

o= 20 x 10 x 2CC = 40,000 1b.

L

Tekin» the bvending mo.ent as ==-, as sulgestel in i,

Bending moment






Reference to Tabla II (p,ore 47) shows thst 2 besm 20" x 29

overall, reirforeed with -2 in. rounc rods enc 3-1 in. rouna rocs,

cives a resicteorce nonent cof 40,000 in.-1b., 2 little mere ti:n

¢

The next cten is to see viietner the slab i1s sufficient
to corry the cor.ression stre:ises, €0 we note thsot the linmiting
wicth is s-

(a) one-third of the effective s.:#n

In)
>4+ [ v [l s
Of Uik ~ee-})\;‘:‘1’l-oo-oo-o-oooto'co'ocoooo.(.: = Lo
(W]

(b) three-fourths of tne distecnce fron
c=nter to €enter of the ritg cof thre
el P2 e eeseocasssssscccssasssssssosnsses?l
(¢) tuwelve times the thicknecss of the £lebes. i
(3) eix tiles the thicxness of the rib
1€ 'ee=T0ZN eeeveosrrcessnssecesssessead Tl

Laxing the snellezt of these, we have zvzilsble a ¢lsb

of 4 ft Lresoth x & in. thick.

\

n

Tarle IT shows thizt the berin recuires & cleb 20.5 in.

3]
«

%

ciuisite

“

ct
®

r

D

x €.57 in. thiciz. Thou h our clch ig not quite tn

a1

thicinecgs, this iz Lore tiirn cov_encsated for Ty its Lirecath

beiny rmore thrn retuiren.

I

or rouch zoprexinsticon we see, 2s choum in Fig. 101,

. . , . . L L .

that e continuons Lern hag « benoine pnment of -— at mIcenan,
: e Yemem e . "L Ps 4 - + : -

but it ¢leo hzg o Lonent of — = 2t the sup_.ort. =zZut the re-

sistance morent given in Wobkle "I oo lisz only to the ecanter

cecticn of the heszm, snd go coes not 231y Lo the sujgort, be-

e+

cause =zl the sup ort the comprecsicn is at the bottom, &nd there-






44

fore the concrete slab, which so greatly assists at the center

&
section, is not availelle for compzression et the ends.

If the end of the beam were to be cslculsted as & rectanu-
lar one of breadth & in. =#nd derth 18z in., its resistance mo-
ment would be

R =05 x 8 x (182)% = 263,0C0 in.-1b.
But this would reelly be somewhat lerger, because the percentcce
of steel is consicderally greater then .675 per cent., ‘and there
would &lso be some csteel on the compression side, but there is no
need here to go further with this clzculstion here;

To mzke the beam strong enouch at the support, it is

S
therefore desirable to increase this moment of resistance nearly
four times, which is usually covered by doubling the depth at
the end, since it will be remembered that the resistance moment
of a beam varies with the aquare'of the depth. Referrinsz acain
to disgram i in Fig. 16 shows that the reverse moment near the

support dies eway rapidly =2long the beam. Therefore the in-

creasea depth at the sugport may slso be gradually reduced form-

ing a haunch extendir; £ . :=c_ ., of the span of the beam.
NN éafﬂfaﬂ?a‘_
% &
| [y 5243 P g y ki
4 & N AN
In \ X
' B
P >y ¥ Y e
RN 1 D .
187
4_‘_ '
il - 2l
we - erght%
| o pan Sparn 207

' ?\4 f7z. 2/



cenerzl rule for cesi mins tie overall cde_ th of the bez.: et

spsort 1s to niske the herny trhere tuice the over:ll cepth <t
rmidspen, =& shoun in iz . 21,

e deth rnd leancgth of hennely shonlo be Lerpured &l
ent. fron the edie of the coliin, oo chom in the Ji_ure.

Thie besm shionld wow ke c¢rzelied for the vengion reinforce-

menty &t tre top surizce of the berm zerocss the colin to see 1F
A ol

2 . B - P T S I \ - - s

1t 1g siron enon_ Il to carry the negostive Dending orent — —
T

Trera By lrezating the e section s @oubly reinforcec besn

wimich reallyr dis,

Y

The zrroncerent of the reinforcenrent cannot e aeter-

—

mined until we hieve congicered tihe cuegtion of sherr.

Bl1l-Tezis -- In some cases besis are reculrsd uich
hsve a slsb on one sife only, 2e for exemple those scting ¢s
thie trimmers eround =n opgen well for & girircrse, lift, or
¢imilar purposes, 2nd then it is not »rocciile to cesign the bezus
with a Yee-gection. If it is recesssry to include the gleb in

the cor_regsive resicstrnee crleulstioneg the he<ii becorles 2n ell-

section &s shovn in IMig. 22, =2nd the compression flenge is in-
% 77 A

b ‘h

~—-—-0—

F19. 22

o))

iczted by the hrtehed portion. e width b of sleb thet con te

FURIY o1






o

&G0
S oas pert of the bean is linmited to four times the thick-
ess of tlie slzb feor 211 ordinary czses btut czn be tzlken as hicgh
25 six tines tie tnicknecs ouly if specirl extrz shezr reinforce-
ient is provided to desl with the comglicated strecss thst is set

uz in a one-sided flznge cection.

&
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® tlie coluwn ig

veryr .

AV)

offler ver; little restr:

Tean enlg will o _roviiete to zero. Frecticrl crees lie Te-
Lueen tuo l1i.dte.
Desi:m of tiie Cuter Zolwn -- U0 nescure the relstive il
l T )
rece of the colu n to the Togn the guentity™ —= de uean, in w.lcu
T = 2 congtent deending on the fixity au the oluer en
of the colwm, snd .o in Cenerel Le teken s € Don
2
RIS . e L : 2 N e e
outeice coluime, ene 4 for Intericr coluilic.
2= iffne:s of the colirn, or eqguels tihe novent of
irertie oI the column wiviced Dby dite len ti.
2 = stifime.s of ilie bezr,or equals the nonent of

irertia of ©

200 with

sten Tecos

garc

morent of inertia of ste=ndrr

civer,

/ith these lzlles befire us, it is therefore cuite e:gy to
Hida!
calculste #; of the column Tor eny case.
=
Tabtles VII anda VIIT on pegre 78 give tiie bending ioments in
‘ 7 - - . .
the colwwm for vericus retio of :: for outside ana iuterior columus
respectively. Jith £11 these trcbles before ug, the cdesign of & re-
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Jzle IT con pee 27, the nonent of irertia of
was given. In Tetles IIT end IV on poigoe &0, the

ctaengular colwins ere

1 Faber ¢ Louie,
2 Lee, Crazhs for ingineers
Feber é Lowie,

el
lotes= Tablesg

Yeotles TIIX

elnlorcen Conerete esign, Vol. 1, pp. 124-101
and Schitecture, pr. U8
Helni'orced Conerete .iesizn, Lol. 1, po. 125, 1.0
Voand VI oive the gtenoenrd <rucfe sna rectziulcr
COlu mns ellow for ne~lecting 11 in. concrete cover, wiile
L and IV o not -1llo. ior 1:F>.._4_L_r_,QL,,‘“.u ]_%— 1ile COrcyeh:

coverin:g,
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“he c¢irect gire._ . e Lo lood s o
Fat
= -iJg -C B T T lb./in.g
Addding cives o total = Lo lb./in.2 +
Tere 2 1s the recction eénd A 1s the totrl erec of concrete anu
steel in the colimn, s civen Luble IX.
The calevlstion for thie fore oing colwm was for the
tos floor, thnt is, for one uiiich sto.eu &t the tesun It cul ori-
ects Cueh & celunn is subjected o crealer bencing strecses thin -«
colurn in a lover story waoich 2lso runc up 7hove the Ttesm it
cerries, becmuse in thal czge the tendcing nonent frow the becu is
carrie.. rzrtly by the length of coluxm_above the besn #nd pertly
by the colurn below it.
Lat us congicer en outeice colurin 14 in. x la in. thet
is supporting a stznizrd Tee-bean 18 in. x & in. x 20 £t. c2:m,
carrying 20,000 1lb. distributed load at roof level, end also
supporting & similar beam and losd ot next flocor, 12 fi. ¢ in.
lower, o emuiler beem anu load 12 ft. € in, lower still, znd so o,

l.ow the stresses in the colunn

of the top floor will be exacily e

celculcted cbove (oceuming that tle roof cead loauing intensity is
serie s floor lozlinrg). wut, a&s &an exsrile, those in the floor
next lower to the to» floor will now be calculaLed.
Column cerries 10,0C0 1b. froum roof level
Coluin carries 10,000 1b. from floor level
Total 20,000 Ib.
+ These stresses do not include those due to wind prescure, which

Jould be importsnt =nd grezte

st near the ground.
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O

wloeZer
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From the exmiple ghiown atove, it will be seen thot while

1@ cdirect strecs is double (es tlie lowver colu:n c:rries t.o
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floors instead of one)} the tending stress is nuch reducec, zha

the totzl str
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o If e drveztisste thie stre:ses Ior

the colwrn under the rext lover floor, .e su=ll “el,
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. . o0 (00 . .2
Cirect strecs SR SPUNAS 13® 1v./in.

' 2
cirecs due Lo hendirs rmrient = 273 1h./in.

2
L OT)E’.-‘.L ‘108 lb . /iﬂ .

From this

, 1t will be seen that in outsice coluums the
strecseg are often srontect in the 1op floor or wnder iLhe roof,
2nd Lhict the cection of ihe out:r colw:n r=2-uiren for Lue tor
floor will =zlzo be surory encu_ii for ceverzl tiers con. It
is aavante _eous, therafore, to rollz The culer coluwn the ezae

size on <11 oore for a bullcine of not ore than four Lo gix

}-Jde

n teislt, for the recgon tlist the o nehent gaciiom

enzizles til.e colurn moulde ©o Ye nen. oo n tdie do often =

wore i ortrnt ecusicderstion then the esving of o few iscles of

A7 4.
L

cinerete by vorvinge the section oF Lhe coluumn.

Tiie Tegiin of the Interior Colurms -~ In thie interior
coliLns, the bending mnuent cenerally leye a lese iuortint
part. It wIX1 T2 note: that the ceaa load is notl. going to
czuge zry Lenuing lolerte in the colin, since the cead losd is
bzlenceds Uhe ovly Lendcins pomente on tlhe interior cclunn will
be the live lczo when tlhie Larel on one ci e is.loaoea s Lhat
on the ctier is vulczeed £z ghoun In Fig. 0. therefore, in
reble VIIL, 7 is the live loac oily wiherezs for Table VII, W 1s
“tile sum of cdezd and live loade, since both tliege lozde .rocuced

deflection zna leniing on the coluim,
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