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ADDITIONS &ML Lulina TIUNS

TC THE REYCRT
AN TINVESTIGATION OF THE LOAD-DEFORMATION
CHARACTERISTICS OF REINFORCED CONCRETE

SEAMS UP TO THE POINT OF FATLURE

The folloring addiiione and corrections ere to be made to the
“¢put Ap Inveatiga.lon of the Lood-Deformation Cheracteristics of Re-
1foy30d Consrete Buams Up %o the Pout of Fetlure, by ¥+ B+ Gaston, C. P
F’“Gsv and N. M, Bemark, vhich was issusd lo the Orfice of Naval Research
ﬂerr ..o.:tract bbors -m'l(BI.). Task Order 34, Projest NR-064-372 in December

t
v,

»‘he 8imiidcance of tie 1.it:r and nums el syubols used to desig-
RE&T> hc. Various besn specimens was it given in tho origirel report. '
Txe iettcis end numerala serve to identify the verious besws in

‘4 £211ewin,t manners

H’

“l:r e eikgfogc&-;l_ in teneion ~prlvs

ibhe lette: T indicates that the heam wes reinforced in tension
i in whe rezion rf pure fiexure.

The nmorsl following the letter 1 is the velue of the reinforcing
Pt

itan g = F'l in tinths, rounded to the nearest tenth.
c

The levnter Ls M, or H appeering next designstes the concrete

¢ :zth; tket is low, cedium, cr high, where lo'~ is from 2000 pai to

S vet, medium 1s Srom 3000 pel to 4000 psi and high ie from 4000 pei to

P ARSI « il SR
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The lower cese letter a, b, or & fcllowing ths concrete strength
designation idenvifiss the individual beams vhen two or more similsr spec-

imens were tested.

For beams reinforced in compression as well =8 tension:

The letter C indicates that the bcam was reinforced in compression

as well &s tension in the region of pure flexure.

2]

P

The numeral following the .etter C is the value of g = E-x in

e 5%

tenths, ag before.
The letter w, X, yy or 2 appe&ring next indicats:3.the spacing of
the ties in the region of pure flexure. The letter w refccs 3;'uu¢pf68810n 1

reinforcement without ties; x indicates thet the tie spacing was « %+5speci-.;

fied by ACI 318-51; y indicates thet the tie spacing was one-half tbétfsgfci~_f' .

fied by ACI 318-51; erd z indicates that the tie spicing was one-chrtE-fgét :
specified by ACI 318-51. R

The letters n or m indicate the type of tie used, &8 shown in Fig{ri

4 of the report. |
lThe lower cgse letter s or b, where it appears, indicates that twe

similar speclmens were tested,

Exsmples:

Beam TlLls is reinforced in tension only, hss & Talue of the rein-
foreing index g equel to 0.1, s concrete strength between 2000 apd 3000 psi,
and is one of two ¢r more similer beams.

Beam C3yna is reinforced in compression as well as tension, has a
value of q equel to 0.3, hus & tie spacing in the reglon of pure flexure
one~half that specified by ACI 318--51, has type n ties, end is oue of two

¢r nore simller beams.



LSV

ADDITICHN TC TABLE KC. 2

FOR_BEAMS RETNFORCED IN TENSION ANKD COMPRESSION

Seam K T
C2w ve897
Car: 0.878
C3w 0.857
Cix= 0.857
" C3yna 0,866
C3ync - 0,850
C4xns L D884
Cxmb 085
Cimn 06257
C5mm 0.833
S6xm 0.833
C7a 0.833
k"4 .. <ance between the cen.coidr -€ . . tene or end comp;'e_saion reir-

- fo ety wkere 4 = duutrpea from the Yo o¢ the beam to the centroid of
the v w3 3 celnlorcement, -




CCMFARSCN CF EXPE-TMENT AND SHECHETICAL VALUZS
OF YIFTD-POINT MOMENT

Beams with Teusion send
Compressicn Reinforcement

Beam My - kp-ft
Exp Thao %EE;
Cw 3.4 31,1 1.G4
Cxm 38.0 3544 1l.07
Ciw 62.4 60.4 1,03
C3xm 66.3 6l.5 109
C3yma 41,0 40,1 1.02
C3xnb 62+4 62.0 1.01
Cixna 40.1 41.4 0O, 97
Cixnb 42.8 42.2 1.01
C4zn 59,3 60,7 0.98
C5yn  87.8 89,5 0.98
Cexm 84,9 85.2 1.00
CTw 8,.C 84.7 0.99
Average Ratio 1.02
Range 0.982-1.09

&~
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CTEER CCFRIECTIONS AN ADDTTIONS

& velue of the modulus of eiseticity of %the reinforcing stuely

- S . .
30 x 107 psi wes uscd throughout the roport.

o]

-
o]
)

rage 322:
Fouetion {31) should read:

P
f = .7?% ETECRY
¢ jyr o BRIk ¢ k-1
< * k'

Equation (32) should reads

'kw + kl 1 Jnfc
Page 38;
Third line below Eq. (47)

"For @' gl o 0 o"

Fifth lire below Eq. (47)

" o ¢ oy that ls, f.éfy v

Secord line below Bq. {48)

"...ar.‘d;t'w)fy n

TABLE 1, "SUMMARY OF RESULTS FOR EEAMS REINFORCED IN TENSION ONIZ*

The entry uwder the column entitled ®Stirrups® should reed "None™

for bsam TlMa insteed of "Clamp-on',

TABLE 2, "SUMMARY OF RESULTS FOR BEAMS AEINFORCED IN TENSION AND COMPRESSION

The beeding for column 9 should resi " p!- Z", instesd of " p -Z".

The heading for columm ¢ skhould resd “Elong tion in 8 in., Z m

irstead of "Elongation in 6 in., Z T,




Fig, 34 BEAM SND TESTING APcARATUR
The following note should be uadded, "The &"-dimension of all

besring plates is psrallel to tix axis <f the beam',
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1 STMUARY A¥D COSILUEIY

The objective of these tesgts and studles wae to establish the
relationshipe between load and deformavion frr reinfcerced concrete wambers
suhlected to mistde flexvm»gl lomdisz, The armroach o tnds rrobles has
been mainly experimental, pided by thsaretical rensidarations,

Tow onvs were made on 33 reinfarced soncrets besme, ¢ in, ¥y
12 ir. in svuzs secilicon, having 2 spam lemgth of 6 f£4,, azd lcadad st the
third points, Tweaty—cue of thest Desms wers provided with tensios reinm-
forcemsat, vhile 12 wers provided with both winsion and compressica reia-
foomment,. The meln variables ir these tests were ibe cemerete strengta,
s parecatages of tensicn or campression relnforcemsnt, mud the methed
af arisg the campzvession reinferoement,

The toste have beea desaribed, ol the tast results have beer
presented fa beth tatwlar o4 graphical ferm, Conparisons of the test
Terults of varicws bemms Rzve bSeen Asde 9 show the effvcts of the variables
intrednsed,

in mil;"‘l has iz dsveleped at predicts the lead-deflectian
dagrins 2o the ams terded; ‘hﬁ.lml;ﬁncnmammuuo
eonditisas &% the eritical peduts of 3 lad-defermation curver.

In the equatiaws exmressing the cexiitiens at the rield paint,

s tranalermed metion and o limsar stress-strain relaticaghi)y fer the
eAROTIS AT assumed, Kthough these asrwapilons are rathayr erwds for
s raar delanced deaign, the equations glve satisfsctery roswits.

The equations exxensizs the sonditdsar at the narirma lced~

earrying sapacity invelve the valwes of tz/‘k._,_k:j, k1k3 wd r 3 vears k. and



; o S - o8 . : =
o oers ecefflotants datanios the vaguitide od nonitdon of the daterncl
N - -
[

camiressive force in toa concvote, kB 1s tho ratlo of paximm coeproesive
Strength of concrets dn a beaz to the corresponddng compreassive sirength
of sturdard *tost cyiliziess, snd 2 13 ths Widoate strain in tse concrete.
Thnse walue3 wore dstermined eapirically. In this irsszstdgstion: the
value of Ky/k)K; 288 been found to L approdmately 0.5, kpk, = 04625 +
?:%, and £, = 0,004

Comperisons between ths theorestiscal and experimantal results

is7e been made, These are mresonied in toth tabriar end grapoical formn

The followlng comclusions can e dravn from the test rasultst

(1) Concrets strength has littls effect on the energy absorb-
ing capacity of bemms falling initially in teusioa bwut does
Lave aa effoct on the emergy absortlag capacity of bemms
failing Ixitially in compression,

(2) The dnctility of a beam is dependent upem thw reinfereing
index as can be poon Srom the test rerults. The midspan
deflscticn of beams wiih m oruss sectiou of 6 x 12 in, ; an
?ffectlve depth of apmrozimutely 10 in., and a span of 9 f£%,
varied fram less than 1 in, to more tham 6 in. when carry-
ing the maxizum load., This is a variation in deflection
of from 0.9 to 5.5 percent of ithe span langtt,

(3) The comprsssion reinfcrcemant adds to the duesility of &
beam, Tos udditlon of compression rei~forcomeut wirengirsns
the compression zoms and thus raises the pentrel axis. This

enables a larger argle change 1o tsks place befores thy



(4)

3

concrete orushes and ihexeby lneresges the dsilection whilch
W2 tsamn can mdergo and still cervy near maximz loads:
In erder for % commreasion reintareemsnt 4o o &5 zost

effective, 1t must te well tiad:




The ulilmate adm of thie investigatlon 18 {1l developzsnt of
®ethous for predicting {he load—deflection or moment-rotation charucter-
isticy of veinforced concreto msmbers subiscted o dynamic loading, How-
erer, in order te plan an intelligent invesiigation of these character-
istica, the load deflection or mameat=rotation chareciaristica of rein-
forced concrete mambera gudjected teo static loading must be nown, A
revier of ihe avallable data shows “wat wsrr little is known aveut toe de-
foraations required ts dewwlop the madimun load-carrying capacity of rein-
forced concrets members, Therefare, the ebjazt of thia phass of the in-
vestigation 1s *o establish the relationships betiween load and daformatica
for reinfomoed conorte mmbers subjected to static losding,

The reason for detammining the load-deformaticn characteristics
of reinicorced consrete members is {0 asoertain the emer|y-abscridag cap-
acity of the members, S8imce the greatest part of the exirgy abserbed by a
mmber 1a absorbed after tiHe member has ylelded, the load=doformation
characteristics of a mewber subjected to stresses in the plastic rangs are
of perticular interest,

In an actual structure thery are miny kinds of streases and
stress cmbinations whica coutribute to the smwrgy absorbirg capmclty of
the entdre structure, Emrever, aince veiv 1ittls 1s kuown aboul ever the
energy absorbing ecapmelty of a rainforced concrete meabar subjected to the
simplest ind of sirews, 1% was dsemed mecossy to establich by exper-

{ment the ccmplels load-dsfurzatisp relstlons for *hs alzple care of rre



riemre fore complicated etress cozbinations were congldersd.

Altbouch a great novww verdables rmzt he convldered in s cemplets
study of the flexural losd-duformstion charasteristics of relnferced con-
creta mezboers, it vas not considered practicahble tow introduce all of then
in thie phase of the investigation, Hovevsr, studiocs of previous invest-
igations, ard anslyses made in connactlon with this study, indicated that
the most Important variobles sre the corcorsts sirsngth azd tha stasl pera
centage and properiies; trorefore, these wers chosen as the principal
quantities to be studied,

The results of both anulytical and sxperimental investigaticms
arev fresented in this report, The analysis was developed ¢o predict the
loaddeflection onrves for simple haamms in flexure, The reauvlts of the
analysis wvere tested by comperisen w'i..th st recults., It was found that
tbe method is cupable of mredioting wiih a fair degree of accuracy the
following properties of ibe losd-deflsciicon curves obteined from the testss |

(1) The load «t first yielding of reinforcemant

(2) The defliecticn of the beam or the rotation im the comstant

noment section at e losd corrsspending to (1)
(3) The maximuzm lasd cerried by the bemm
(4) Tas dsflsction or rotation vorrespondiing to 4hs maxiwwm
loade.
ith these four quentitiss ioe Tred-derlentdm dlagram for beams with tenpion
reinforcement: only or with both tension amd comrreassion reinforcement xay be

constrmcted, exd the energy-absorbing cammcity computad.



Trs fegults of gtetie leoad tusts of 32 ssinforced conereto beazs
an flerurs ers reported herelo and ceuwpered witu the pradiciions of the
eralysls, Iwenty-ore of thegs W8ezs were provided with tensien reinforce-
rent only, wille 12 were providszd with cozpregsisn as well &3 tension *eime
forcements Adequate proviolons ezalnset shear fallwe were meds in practia
cally @1l boman. The principal veriables were ihe sirength of the comercts,
the amount of tenslon or comrrassion reinforenmant and the nmsnmor of tying

the oscmpression reinforcexment,

20 iy

The tests end siudies rerported Larein were made as a part of an
investigation of the relation between load axd deformation for reinforced
conorete joints and members condusied by the Structural Resarch laberstory
in tks Bxginesring Ruperiment Station of the Tniversity of Illin.is, in
cooperation with the COf{fice of Naval Research, wmnder contrict B onr-07132%,
Task Order 34, Project Designation No, WeRe=064=272, This investigation
vas initisted 1 Pelxvary 1951,

The progrem of the investigation was guided by Dr, N, M. Newmark,
Research Professor of Struotural Mngineering. The mrogrsa was under the
izwsdiate direction of Dr. C. P, Siess, Resenrch Asacciate Professer of
Civ1l Englnesricy,

dppreciatdon ie exmressed to Mre G, Do T. Wright for bis work in
tha early stages of the investigation eard to Lt, A. F. Dill, Oivil Engineer
Corpa, Ue S. Navy, for his sble acsistance in conmection with the develnp-
zent of the analyels. The manuscript of this report was oriticslly studled
by ¥r. Jo H. dppleton, Ressarch issvclate, zod hie helpful ceanents are

gratafiilly eckmewledged,
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s Yotation

The following notetion 1s used in this report:

it

As aree of tenslen reluforecsmsnt
Aé = aree of conpression reinforcezent

a = dapth of stress blouvk in concrete et meximom load—cerrying

cepaclty
b =~ width of & recliapguler beaxn
C, = camrxessive forue in comcrete
02 = gemprocoive foree in the compraspion reinforczment

d = diastsnce fronm centrold of tonzion reinforcement to
sonpressicn edge of besm
E, = modulus of elssticity of concrete; asmmed arproxirutely

©  equal to 1,800,000 » 460 2!
B_ = xnodulus of elasticity of reinforeing stsal {in the elastic

reglon

B, = glope of stress-girain curve for reinforcing stesl in work-
cardening region (See Mg. 1)

fé = compraspive strength ¢f concrete as determined from tests
of 4 x l2.4in. cylind~ss

£, = €atined 11 Kig. 1

£, = stress in tersion reinforcement

f; = trea3s in coxpreasion reinforcement

t& = yleld point of tension reinforcement

f§ = yield point of cuwapression reinforcement

Iy = aaront of lvertls of beam cross-secilon transformed o

concrete

kX = ratis indicating relative deptk to noutrel axis of trauoformed
goction of besms reinforced in tension oniy. (straight-~liine
theory)

k! = ratio irndiocating relative depth to peuirsl axis of trens-
ferrod sectlon of beams reinforced in tension end ccupression
(straight~iine theory)



G,

= g factor wedeh wken multiplisd by d ylelds tke distance

stween tonoion end conpressilon reinforcenent

= eoofficlents deflning the magnitude end position cf the
intsrmal commresslve force in conmerete (Sce Flg. 2)

= ratic of maximm compressive strength of concrete in beam
to cempressivs strength of stardaxd test cylinders, fé

= langth of bean spen

= bending zmeoment at yleld point

= zaximm berding momeni et maximm loasd-carrying capasity
= B/B, = zoduler ratio

1

7

Py - P!y
R
e furcs in tension reinforcement
= pidapan deflecticn at yleld point
 nidepan daflectinma at naxime lcad-carrying capeocity
= strain ln eteel®
2 strain in steel at yleld point®
= strali in stael at beginning of work-hardening®
= ultimats strain in concrete®

= otrvature of besan at yleld point, ia region of corstzpt
Eomernt

= cwrvuatwre of beaxz st meximum losd-carrying cepacity, in
wigly of osactant mewent

— T ——— . - we—— —

‘In all cgses the absoluds velues oi strein sre used in the

BRiyeis
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PECIMERS, MATRRIALL AND FALIRIGATION

a

5. Desorirption of Toui Specimens

The choice of the size of the test apscimans was inflwnced by
two factors, Mrst, it was desired that the beams be mufficiently large
g0 the mualleat steel percentage could be attained by using two coomercial-
8izy deformed burs as lopgitudinel reinfercemont. And sesond, the beaxms
should Ye sufficiently szmall so future tests under dymmmic lczdins could
possibly be made with the came si2e upecimen, Mith these considerations
in mind, a berm oross seciion of 6 in, by 12 in, and a beam span length of
9 £+, were chosen, Thw oSverall length of the test beams was 10 £%.

The besms were loadsd at the third points in order to subject a
sonaiderable portion of the specimen ¢o pure flexurs and still keop within
reascuatle losd and shaar requirsments, losd vas applied through btearing
blocks vhich were 8 in, square add 3 4a, taick,

In the seriea of tests smploying tension reizforcement only, tiw
ninfmiuinduqspfr/fénlnriodinmhamr ap to cover the
range from bezas hRaving less reinforcsment thar specifisd by wsnal dosign
codes to beams having sufficlent reinforcement to cbtain initial soncrete
compression falluren, This is ahown im ths plot of g v, rg, in Mg, 3,

In oxder %o vary the paraneter q in the series ¢f beazs rein.
forced in %‘ension only, tke concrete strength, fe" vay varied fram 2000 to
000 psi, and the rercentsge of *ansion rsinforcementd prwas varied from
0.34 to 722 percent as shown in Table 1, In ordar to vary the tensile and
compressive resistance of the beams reinforced iun tension and compreasion,
the following faotors were varied as shown in Table 23 conervte sirength,



1Q.

fég frem 2000 to 5C00 prip the porecentage of tension reinforcezent, T frou
1.58 to 9.61 percent; the percenlage of ccummwrsselon veiniorcezent; 3', frox
0,625 to 2,80 percent; the ratio of the area of commession relnforcemsnt,
Ds to the area of the tension reirforcement, pt, froz 0.454 to 0,7333 the
tdes in the region of pure flexure, from no tles tc tles st one=quarter of
the spacing required by the A.C.I. Code (318-51); and the zamrer of ¢ying
the compression reinforesment as shown in Fig. 4.

Since tlo shaar requirements of A.C.I., 218-51 were amatiaficsd, zs
shear reinforcemsrnt waa mrovided in the firat eight beams, Eowever, the
firat two beaus tested failed in diagonal tension, and shear reinforcement
wes therefore provided in the subsequent tusts. OQutside "clamp-on'
stirrups, as shown in Fig, 5, were used on ithe beams already falxicated
without web reinforenzent, and conventional vertical stirrups were rovidsd
in tze recaining beazs. These stirrups wers designed to carry all of the
medicted maximas shearing force at a cozputed unit siress in the stirrups
of 30,000 pad.,

6. Haterials

(a) Gement Type I Portlecd Cement wes used in all test beams,
The coment was purchased in paper bags in two lots from & local desler and
stored under proper conditions:

(b} Fine snd Coarpe Azgregates The fira sggregate was Wabagh
Biver torpedv msnd having &u aversge fineness modulus of 2,1, The coarss
aggregate was Wabash River gravel of l.ip, mexdmm gize, The gravel had a
- rather high percoutege of finss. The aggisgatc clsve snalyses ere given
iz Tudle 3. ibe specific gravities were Z.65 and 2,70 Zor =and and gravel,
respectively. ‘he absorption of toth fine and ncsrss epgregate wss about



one percant Iy woigut of the mwriacs dey egeregatss

The crigin of thssze spgregetes ia a glsclal outwesh. ualnly of the
Yiegcomsin gleciation. Tha major consitusnis of the grevel were lirestons
sd delomte, end there were zminor quontitlss of quertz, grenite, gneilssg
s¥tc, Toa sand consisted nmainly of gquertz with the cosrser firactiors sinilar
to the gravel.

The aggregates were purchased in three lcts from a local desler
axid atared umier mreoper conditions,

(e) Beinforcing Stesl Sswen sizes of daformed bars were used as
longitudinal reinfcrzement; Ko, 3 through Fo. 9. All of the deformed tars
used met the ainiwm requirements far deformatione of deformed ateesl burs
for conorete reinforcement, ASTM Designation 4 305-50%, & photograph of
sauples of these bars is glven in Mg. €. Ope becz was reinforced with
plain bars, A1l bars were of intermedlate grade steel meeting the reanuire-
ments of ASTH Deslgnation & 15-39.

The staal reinforcement was purchased in 22.ft, lengths from a
commarcial desler, 4ill bars wars from the same lot except the bars in the
£irst two bermas falricuted woich were frum the laboratory stock, Properties
of each bar ussd; dotermined from tenslim tests, are listed in Table 4, and
a typloal stress-strain cuwrva for each size of tvar ie given 4in Mya. 7, 8,
9, and 10, The teasts wers made in a 120.00C-1b, capacity Baldwin Southwark
Tete=Eznory bydrawiic testing machirs. and strainy vere massurad with an Redn,
extsnsometer and recordsd with an aatmmatic resording device, The extenso-
meter exploys a Ffnlcroformer™ =~cll in measuziv; strain, As used, the
extonscmeter hed a8 rawgs of Lwpercent stroin end an error of loss than ore

percent of tke reading.
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7. Fakddewniion sad Curing

{a) ZErepsyation of Stosl Rednfercszsut The first siep in the nmanua

—Ea

facture of the spreimens was to cut the longitudinel hars to length., Tas
tars, a3 supplicd; were of wuch dimenslcns that tio Lengthes of Ilongitudinal
reinforcement snd ons tension test coupon could be obtained from each bar,
The gage Uree for the mmchanlaal sws’n gages were then marked and the

gage hnles uunctad and drllled. & small plecs of sleciriciarnts taps was
ylsced over ezck gege hole %0 protact 1% during the casting of the conmerete,
Corks were wired to the bars at esoh gags-hole location in order to form core
holes in the sidesz of ithe beam 40 ravide access to the bara, The corc Loles
a5y bave slightly influsnced the formatiea of tension cracks. bt such
cracks would have coocured in amy event before the steel stresses became
largu.

Tae stirrups and tien were fatricated in the laboratory, amd the
reinforcoment wvas aspembled into a wait before it was placed 4in the Zorms
as shuam 4n Mg, 6. The longitudinal steel was placed insids e stirmupe
or ties arvl sacurely wired to them as sbowa in Mgz, 11 and 12, Specer dars
oI ohairs ware waeld 1o inmure scowrate speolmg of these bars, All bars
bad approrisately ¢me inck of comrete seviring ot axy swl:cs.

In #ix of t-ha.‘cwtln beaus with vemrression reinforcing, 8B~
clactric resistance atrain sages wers wounted on this rvinforcemsat., To
laciiitate mounting of theas gagas, the lugs wers gromd oif over hslf ibe
perlratar of tha bar for a length of about 1.5 in, Tt hLan been foumd 4n
other Znvestigetions that s yield polnt and uliinste strengin of the bav

is littie aifssted by the local rexoval of “he iwgs.®

- ——— ——— — e — . —

% Hogrested; E.; "A Study of Com™Mred Berding end axisl Lo=d in
Reintoried Goncrste Menbers®, Undwersiwtr +f T1linols Engluccring Experimsnt
Stetdos Pulletin Ro. 359, Nove 1951, P. 18.
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(o) Cuabl

Cuabing of Coungrats &4 comersto wus riwad 1n a non-tdltdung
drim type rimer of 6-cu, £t. cepscily and pleced with the eid of a high
frrquency laborastory-typs internal vibrator. Two baichze were veen In each
beam., In epdte of the uso of a butter mix to condition the wixer prilor to
the first batch, the strength of the two ceprarale batches having the same
nezipal woportlons vevled to some extents In ordsr that ths comersis 4n
the ccnstant naoment section of the baum be from the same batch, the first
Latch of eech mix was placed in the outer quartars of the beam and the
seccnd bateh in the centrrl half, Tue properties of the mixes are glven in
Table 5 and tha test=dsay und 7-dey strengths are plotted against the cerent-
water ratio in Mg, 13,

Although the pix was designed 1o huve a slwmp of 2 to 3 in,, the
gotual alwmps varied from 0,5 to 7 4z, as akswn in Table 5., The cone-
sistency was diffiocult to control because the moisture antent of the
aggregate veried srd the mixing of ¢nly two batohes afforded little chance
for sdjustasmt,

The beaxe were cast in steel forms. The formr were reméved the
day after the besms were cast, and the besxs wera atored undsr molst ocon-
ditions for ap addi+ional six days., They werc then stored in tha sir of
the laboratcory until testsd, BSix 6 by 12-1n, cortrol cylinders were cest
from eachh bateh of concrete ard wors vibrated and owred in ths same zanner
as the beazs, Thras of thome oylindsrs wers tented at seven deys to givy
gore indinatlon of the compremsive sirsngthy {he rexsinipg three oylicdsara
ware tested on the dey the barn 1tssif waos tsstud,



IT _DESCRIPTICY OF APPARATIZ 4D JE3T FROCADTE

&, Decordption of Test Arpavstus

(a) Igeding Apparetus The beams were tested om a 9=f+, span with
lozsde applied ah sach one-thlrd roint, The besns were tected in a 200,000 -
ib. capaclity Rlehle sorow-type testing mackins ond “ore offsst in the meeh-
ine to mrovide access to the entlivu longth of the beam for mechanical atrain
gage recdings, as whsm 4n Figa. 1/ and 15, %he jack on the west end of ths
loading rig was used to Jieep the loading beam arproximately level during
testing, 7The testing machine was usod to apply defcrmation, axd a 125,00 =
1b, elastdcring dynmacweter was vged to mease the applied load. Tud
veight of the distrituting beam, 600 1b,, was taken into account in ¢)l1 cal-
culations since the dynsmummter did not measure this load,

be Inainmptation Tensile stralms iz itbe stsel were measwred on
six-inch gage lengths with a mechanical type strain gage: 4 Derry ope
mechanical strain gage wus used wnill the straing exceeded its renge, after
whioh a direct=reading type strain gage was eaployed., The Perry gage hdd
a xultipliocation ratio of 5,32, and was equipped with a 0,001-in. ddal zioro=
wcar. The preolsicn of reedings with this gage was on the order of 0.00C02
strain, The ddrecteresdirg gege was squipped with a 0,001-in. dial nicro-
neter axl was resd tn ‘Lo nearess 0,001-1n,

dp showm in Mg, 16, ¢hs six-inch mechanicel gage lines or sach
bar of the tension reinforcesment vers continuous throughout tiis entire span
on the first 16 beams tested, Rowever, afier s study of the “est data
obtained froz thosa beamm; 1t was decided io eliminate the gage Jiues in the
cuter thirds of ihe psn on the remaining 17 beaxs,
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Tre coofreselra suwrain on the iop siofzcs of th2 ceonoieiv wae
csarured with SP=4 elactric reolstancs strain gages. 1bese gagns were
loraved s shown in Fig. 16. 1Trhe “hrae centrel S2=4 gapaz (Houe 2,344)
wvere of type 4-9, wlth six~inch gege lengths and were located &5 ec to be
directly altove tae thres central gago 1dues ou ths temsion rsirforcemen:t
in ordesr that the apgle-chatge at mldspan could be mesgsured, Tue cuber two
gazes (Hos., 1 and 5) werc of type A=1l, with one-inch goge lengtks, and werw
uand as chenk gegen at e outér eTirexmities of the scnetari moment seotlonm,

The strains in the cmpression steel at midspan of zix of +he
twelve beams reinforced in cempressicn were maszed by meaus of &R-4 elect-
ric resistance sirain gages, *73 A-1l, with one-inch gage lengths., These
geges vere awunid on ibe bara and carefully waterpreofed with Petrolastde
aspaaltdic campound er Cyalsweld C-1li cement so tRat they would fumation
preperly after Wing embedded in the fresh conerete,

The deflections of the beams with Tespect t0 the hed of the taste
ing aachime weTe manred o the mearest cne-nundredth of an imeh by asans
of a stesl scale and crous-seotion prper targets cn the siden ef 2o besus.
Thene deflections were miasured at seven locstions aleng each side of the
f£irst 11 beans tested, ond at nins locations on sach 3ide of the reamalntng
22 baxme &9 shown in Mg. 17, In order ¢o dsternins 4the midepen deflevtior
curves oore adcurately for the last eight beaus teasted a 0.001-in, dial
inddcatsr deflactometer was used,

The appearance of the fallure of the first bean suggested that
ihe diagonal tenalon fellure could havs been inttlated by a bond fallureg
there?nsrs 0.000%win, dlal indicaters wore mounted on the gecond beam 4n

order to dslece’ sny end-glip of the tensien reinforcszernt, The fallure of



Tie geconf heem vus siidleyr to thu fivet twen and. gince no end-slip wae

otserved, thare xeasurszinte were not xade cn tne rezainiues bears,

9. Demcriptlon of Test Proculdurs

Tiie beams were tested at ages fron 28 to 70 days as shown iu
Tabls 5,

Tue incremente of lcading wey= hamsed nupon the critical Factors
during sach stage of the iesting rroceduwre, Up to the yleld load, tbe in-
srexsnto were besed upon the dynamcmeter resdings which measwred the upplied
load, The l1:ad4 vhich caused yieldiug ocould te estimated closely from cal-
onlaticons based <0 an ultira’d *theory or from the resulis cf revicus tests,
After 7ielding, the increments of loading were based upon the concrete
straia mntdl the conerete 4in the zmpmession sone crurhed, After the ro1-
erete crushed, the imcrements ware based upor the measured deflections wntdl
thes Deam collapsed or until the tess was steppsd because of the inmstability
oF the losding apparatus, Jron four % alx apmroximately equal inorements
of load were applied between sero losd and the yield load,ard depeniing
upon the dusiility of ithe besm a total of 9 to 25 inoremsnts were applied
between sero losd and collapse,

The follewing measureaents wore reccrded aftar ihs applisstisn »f
etwch increment of defermation: <4he maximm Joad attaired during the
applicution of the defoirmation, ths deflections along ths bemm, ths sirains
‘n wWe concrete, the slralns inm the relnforcement, end the load the bHesa
was cerrylog after sll weasurc=ents kad been tsker, Ir addition to thoss
»easurensats, the crack peitern waz marked after each incremsad and a runaday
log of auy cignificent change ia the behavicr of the test wiz kspt.

A contdruons wmebographi: reucrd was mrde of the buawo during test-
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inges. These photogrephe wers taken al every signiilcent chenge in the crack
pattern or iu the gerorsl appearances of Ui Tesw. Tussc 18cords oot nede

£o.a A

¢n 35 zm. £iln rrom whdeh poritdes 1iln steise wors primied. By profecting

48]

these photographv on = screen the appearance of the beuns during teoting and
thy develorrant of oracky cnuld be studied,

The applicatliorns of eacn iuerewent of losa eud the tsking of 211
the maumm; raquired about 20 ninutes. The sntire testing of ous besm
recguired froa five to eight hourv.

(n the day tho beeam was tested, slx conomite contrel eylinders
vare tested, three {rom each baich of concrete in the boam,
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CRITICAL MOMINTS AND DAFCRMATIONS

10, Amumptieng

Toe followlng ere the assupptiony mede in thke calculationg Jor

thesretdonl loadedoriaction relations

(1)

(2)

(3)

%)

Lipear strain distrihution, ldinear dlstrivution of strsins
throughou: the derth of the beaxz ia assumed at all stages.
Stregy-ptrain yelationenip for stesl, The stress-strain
rolationship for the stcel 18 assumed to b knowa, JIn the
tiwary, the actual stress=sirain curve of the steel is approx-
insted by an !dealised cuxve oonelsting of three straight
lines as shovn in Fig. l.

Xo tenpion repisted by coporete. Tension siresses in e
conorete ars neglacted. Although some tension stresses must
alvays axist, their effeot on the mement-carrying capacity
axd deforrations of interest in thie repoxt caz be maglested
with 144tle error.

Somabdas of copersie gt < limitink strein. The thecry 1s
based upon the assummption that the maxirze flexvral capacity
1o reached when ike concrete cruuhes, The oruziding of the
concrate is asmimed to osour when the concrels strainm 1enobes
scoe liziting valus thsl L eassumed tc Le « Sumctdon of the
coniyremaive strength of the concrets,

Anzxling of somprepslon stasi. The comprossion stsel im

assmxs to huskle as m=oon &8 L« cpgrncrete orushas,



() RBond_batveen conopsta sod nteel. Tho bonu condition bow

tween 1oe reinforcezent uad the 2omersisa infliuancos the
condition of competibility of atrains. Dorfect btond is
sssumed to axist between the concrete snd steel, %his
asgumption 15 no% strletly corrsct elnce locel bond fell-

ures occur in the vieinity of oracks,

A, EEAMS HEINTORCED IN TEMSION ONLY

1. At Xield Point
The load azd deformation at the yleld point can be satdsfactorily

isternined Uy ume of the conventional "straighi-line® theory whioh asames
1 lizear siress—strain relationship for the conorvte and thus leads to a
dnesr stress distribution in the comorete., In reality, the stiress dist-
ributdon 4z the consrete will b linesr only 1Y the maximun fiber etress
1t the top of tbe beam is well below the cozpressive strength of the cone
'retes This will be true only for wnder-reinforced beanms; that is, beams
raving porcentages of reluforcsdent or valuas of g below those necessary te
srodnns simultaneous fellwe by ormushicg of the conorete and yleldlzg of
the atasl, If a more mresise caloulatior s desired, a conorete streses
blook similar to that shown in Mg, 2 ucy be eaployed.

T€ linaay siress-strain dlstribution in the concrste is assuned,
as shovm 1lu the sketoh on the following pags. ithe yield.polint aoment amd
defrrmations for beinz reinforced in tenslon only and falling by yleldirg

5f the rainforzemext cen be computed as folleows:



S

alay

v

20:

d u—J})

TrAsy
Streps Distrdbution
If wo defime
n= :—:' (1)
and
o fé (2)

then, as in the conventional "atrsighi-line® theory, thu depth to the
pmastral axie fs kd where

k=\2m + (m) - @ (3

The mocent acting ou tie beam when the reinforceuent is stressed to the
yield point, zy, e thent

g{y:m(?_ﬁ):x.fd( ) (4)

-
=
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AR
The wonent of irertis of the seciion, transformed to cencrets, dsg
bi?

L, =2 ¥ » @ (@ -5y (5

And the curvature of the btesn dus to woment iss

¢ = % ©)

Since 128 M =« @ curve is approximately a straight line up to
vielding of ths reinforcement, the distribution of curvature along 4l
bean is the sxme as that for zioment, ThLarefore the yield point deflection
at aidapan of a beax with third-poeint loading ist

o, =Bk ¢ 2l
]
where [ is the span of the bemn,

12, g=C

The losd apd deformations at maxizmm losd—carrying capsoity can
be determinad by ths use of an ultimate ‘usory, derivsd in the following
peragraphs. Iu this thecry 1%t im nsceusary to assume 8 stiess blevk {n the
conorats whichl is represented by three paramstars klg kzg apd k3 &8 shown



in ™Mg. 2 and in the sketch below,

T
Q
d
H-.gu)
B ‘ v ?-Alf. v
Strain Belation Stress Relation
(a) Maximz- Moment The maxdmum flexural loade-carrying cap-
aclity of a concrete hexx can be scaputed es followss
From statics, referring to thy mreceding sketch:
kyk,five = &, F, = phaf, | (8)

mf,
3

»

n

v -—l
—
o

]
Syt

Mooy = T(d - ip8) = phde, (d - k.8) (9)

Ry substitutirg Eq. (8a) in Bq. (9), M.,y 18 obtaired as follows:

£

L gl
Hr;g E pzsbd Q- Tk’.l.

k. p?
7
3 ¢

(9a)



The naximm rmozant given by Eq. (9a) can b determined iF £

k %, —
axd the quantity E—ﬁ— are knowns Tbe value of E:-LE— variee semewhav
173 3

Wit fé, but fyem this and other investigations, a valus of 0,5 has been

fourd to provide the hest agreement with tke zesults of exporiment, The

stesl Biress _fg zey be 8t tha yileld point, above, or below it, depending

on the mropertles of the beam, IExmessions for £, are derived subsequently.
(b) Naximum Msment Deformationg- m’gerornationa corresponding

to the aaximum moment csn be scomputed Af the vliimate astrain, R in tho

top of the beam and the ccrresponding steel strain, c_, are knmown, Ultizate

e
suvnerete straliis measwred in the tests of these bem_em shown in Mg, 18,
Por the cslewlations included in thie report, it Las beon assumed that €y
is {ndependent of 5 and equal to 0,004, -
If +he atrain in the tensicn reinforcemmnt, £, and the ultirzate

i

sonorets atrain, £y 1n the top of the besm are Yaown, the swrvature of

e
.-
the besm at the locaticn ¢f maximum moment caa be expresssd ass

E_*C
B, - 1y
Toe strain in ths tension reinforcexent may bte computed as

followas
Pror the sirain relat.ona:

i_-: —: . (11}
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yhile frox tie atress relatiornss

}2) )
= (12)

From 3gs, (11) and {12)13

kéf'
Cs = &y klpr £-1) (13)
¢

Values of iki determired frox the test results are plotted aes a
fwiotion of the couorste strength in Mg, 19, For the caloulations in this
report the following empirical squation has besn used,

Xk, = 0,625 ¢ -,-2—2-9%5-5 (14)

The relsticon of this empirical expression to the rexults of the testa is
ddecesed further iz Secticn lBa.
iy Eﬁ ard f_! are kmown, the stesl strain, €4s C2B be datarained,
thvs erabling the ocwrvature of the begm at the locatio;-ot zaximm noment
to e computed, Expressions for f. arc derdived in the following section.
(o) Datermination of S_mgg in Topsion Reinforcement, at Maxdimim
Morsnt The stress in the {ension reinforcemount, f}_a_' at maximm mozeat can
be computed if the ultizmste conorete astrain, €yr in the top of 'he beem,
ths valuee of k1k3’ axd the stresgs~sirain rel;;ionahip for the steel ave
owvn, The ul-;i;te conerete straim, £, ls taken as 0,0Q43 klkj is cozputed

fron Eq. (14); snd the ytress-strain relationshi{p for the atesl is deterziped
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by coupor test or from an idcalized etress~stysin curve as shown in Flg. 1.
Solving Eqs. (11) ard {12) for E.E‘

'e
-1 3c"u
rs_-p-(i-?zz) (15)

If the streas in the tension reinforsemsnt is Telow the yiald
points

£l
€y F g: (from #g, 1) (16)

And golving Bqs. (15) and (16) for &, tives

,\X_I.r.lkl}f& i; (f-.}. ElEl (17)

If the stress in the tension reinforcemsnt is above the yield

podnts
t, = £, 4 c.8, (frox Mg, 1) (18)
and
£ =f
G
g © -g.-——- {13a)



Ard solving Egs. (15) and (182a) for £, zives

e

oklkfcu %G '2

VMo

¥ = Boy ~ £o) (19)

The remasining case is for the sirees in the tension reinfaorce-
mert at tks 7ield point, for whieh

f. L 4‘;‘, (fm Mg, l) (20)

In onder %o de’eraine vhother the stress in the tenmsion rein-
foro-en:; is above, at, or below the yield point, the oritical values
orq-?z‘comamndiutoc.=a’1nc'=c°mthh:m. These nay

b computed as followss
pt
Solving Eqs. (11) sxd (12) for 77
e

)-14
= L @)
€ 1.8

cu

At'bothcsr-se andz:e:ao, f!=t snd thus

y y
pt £k

o0 m (22)
¢ 142

L]
g
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Thaz wpper oritical valus of q is designated &s Gy’ It merks ths
tourdary between initdal fallure of the beam by crushing ;;‘Eue sonorete
and by ylelding of ths reinforcement. For q)qcr, fedlure occwrs initially
by crushing of ths cozcrets while the reinforcement ie atill stressed be-
low the yleld point; that ig, ra<£y. The sirein in the reinforcement; E.E.'
gt the liwmiting condition for ylsld failures is equal to £_. Substituiing

4
this valus in Ey. (22), q,.. 18 obtained as followss

—l_i- (’!3)

Tow lover oritical valwe of g, differentiating between 1" = fy
and t.) r, at fallure; 43 designated as c_lg. The strain in the reinforos-
ment for this limttdng condition is RN Substituting this valus in

Eq. (22), q, s cbtaimed as followas

k

() Determimaticn of Midspan Neflsotion at Yaxiwm Noment

The daflsction of a beam can ba computed if the meletion betwsen memsnt
and cuwrvature 1s kmown. The momeut to which a beam was subjsated is kmown
from the measured load and the dimsnaiens of the bean, The relation be-
twsen the moment and curvature cen be determined from measured strains at
a-given lvsd, Bowever; the matimum ﬁozseh*&nc&*rying caracity of a reir-

forced concrete Deam can be coxputed froa Eq. (Qa) and the’curvsiuve of
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%ho besn due to pure flexuro from Eg. {10).

The coment and curvature at the yield poimt can be computed froxm
Ras. (4) and (6), and the mozent and curvaturs at ths maximum load-carry-
ing capecity can be comruted sg stated above. Frou tliese values, the
diagrem of mozment vs., curvature can be ropresented approximately by straight

lines as followas

‘Hmui
M,

The general nature of tkhis curve agreas very wvell vith the results cbtained
fron measured gtrains in ths constant zoment region of the test beams,

At the maxiwum load-ocarrying capacity of a beam, the ‘nt::lm
sowant oan be ccrted by Bq. (9a), amd tue dlatribution of moment along
the besz carn be doternined from statics. 3The M =-§ relationehip deter-
Alned for ks ssotion of pure moment is asmumed to apply throughout the
eutiza length of the beam 1 the orscking dus o shear is nepligible, If
this sgsumption is mede, the LJollowing distributicn of curvature at the
maxinm load-dsrrying capacity of s beax losded at the third polnts is



obtsinads.

Y

/| A\ ®,
i%/ ¥ L\H_t.

Howsver the deflection of the beam 1ip little affected by the

shape or aagnitade of the curvature diegran in the outer tiurd of the
bema, Conseguently, a simplified distribtmtica of owrvature has beexr

assumad ap followss
——e R —"a-u Sm— T—

@JH

I@/* M

For ibe above distritution of ourvature alorng a beam loaded at

the third points, thy midarsn deflsation at maximum load-carrying capacity

can be oareased as folicws:

2 D
By = él‘zéﬂt[” +8 "’L:PﬂJ (25)

{te shove computstions fer A"nlt are vulid oanly 4f the cvackirg



dua %o shear iz nogligible. This 18 trus for the beemns which were reilzn:
forced for shear with ths clampeon stirraps becuuss the stiirups mestressed
the beum vertdcally in th» culter-thirds of the beem. With the c¢racking due
10 shear thus Inhibited, the bearms acterd us 1 they wore sublected to purs
zomert which was conetant in the certral third of the teex oman and waried
linearly from maxizum to zero in the outer thirds,.

Hownver, the heazs whicn wore reinforced for shear with conventisnal
vype silrraps showed extensive shear oracking in tue oulter thirds of the bear
span, Thia is dua to the fact that the conorets must crack before the
stirrups can becows effective, In most cases the orocking in the outer
thirde dus to coxbined shoar and iloment was as exteusive as tha craoking in
the central third of the beazs. Tuerefore, for caleulatisn of the deflections
of the beamas reinforced in shear with conventional stirrupm, the eflentive
cross section vhich thecretically eaiatzd in the central third of the beam
vas assmed to act throughout the entire length of itha beam. If +his assump-
tion is made +he distribution of curvature correaponde %o the distribution
of noment at maximim load-carrying capecity as shown below.,

—

Yor the above distridbutdon of curvature along a besz loaded u* the third

points, the midspan deflection st msximm load-carrying capscity cen be

ex1rossed as followa:

B = %%é * ‘}ult (26)
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13. 4 Yield Point
As in ihe case of beams reinforced in tenslion only, the loxd und
deferzatlion at the yield 1oint of beams reinforced im both tension wud
conpression can be determined satisfaotorily by usec of the conventlonsl
"gtreignt-line® theory. Howevsr, if a more ecise calculation is desired,
e ccnerete stress block similer to that shown in Fig. 2 may be cuployeds
If a 1linesr stress-strain distribotion in the concrete iz assumed,
ac shown in the sketoh below, the yleldepoint moment and deformations for
beaze reinforced in tensicn snd compression and failing by ylelding of the
reinforcexent con e computed es followes
N
' fok'bd
Cet Aty

L_* T.A‘fy

Distributis

From the properties of tne transformed sesntion:

kt =\}2E3p + {1 . x") (n- l)p‘] + [(n - 1l)pt + n;]?'ﬁ - En - llpt » np]

(27)
whars

n=3 /B (28)
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o

and
AB
pT ?a- (29)
and
Al
p' = B-;- (20)
£ pf" (31)
From statice, = S TS :
8" iy 4 BLLE ;' )]
and, from geometry,

The moment acting on the beanm vhen the ternsion reinforcement is«treased to
the yleld point, ¢

.l’ LR T

el r 1
X = ‘ﬁfck'd'b{.l - §-} xrdae

; (33)

The aorent of irertis of the secilon, transformed to concrets isg

1. \3 »
Iy = Eggléu_ + pnbd3 (1 - k')z + p'(n = l)bds[g’ 2 L i]2
(22

)

anG the curvature of the besm due to momert isy

(35)
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33.

Since the U ué curve 1ig suproxdnately a straight Line up to
7ielding of the tansion reinfercerent aend the diagonal tension creacks are
negldzible, the distribuidon of curvaturn clonz the beem is the cece as
thet for merment. Therefore, the yleld point deflection st zideren of @
besm with third-point loasdinz iss

A,-:é-}h-:%r (36)

where ], 1s the span of the beex,

U A loac-Ca a

The losd and deformation at maximan loadeoarTying capacity cen
e determined by the use of an ultimate theory, derived in the following
peragrapne. In this theory, which is a modification of the thsory used for
beaxs reinforced in tension only, it is necessary to assuxe a atrees dblock
in the aonsrete whion is represented by three percmeters, kl:.' kz. k3, a8
shown in Mg, 2, and the stresa in the compression steel to ha at the yield
point. The theory, resented in the following peragrapts, assumes that
the compression ateel has ylelded a%t the maximum load and that it buckled

vhsn the concrete crushed, :
£y y Xafe

}‘ ! . F-Eabj-:f-‘—.;? :kzﬂ
k kyflaha
! a
g | l Kd
) - TzA,f
‘_Fb L‘_f:.L_H] - e B 5.

Stroin Relstion Siress Relation




() Maxdram Iozenh,  ihe newiram £lsiural losd-carxylng capacity

can b8 cozputed as follcws:

Fren atatiost

kykafiba + £1pthd = prde, (37)
pif - pldf}
as .__;‘1 31-& (37l)
and
Mpuy = EyXgtlbu(d =kp0) + r{rpibdzx- (28)

By substitutiag tbe value of § froa Bq. (37a) into Bq. (38), Moax is
obtained as follews:

N AR, BN

™ axxiwmm floxural capacity of a beam omm be Ueteained Uy
2. (38a) 1t & aad the quantity are Imym. 4s in the compatations
of the mascimun flexural capacity of beam reinforced in fexnsion only,

is asaumed to be 0.5, Tha velus of f‘ Eay be at ths yield pcint, above,
or below 4%, dependipg on tis rroperties of t2e beam, Wxpmwessions for .{l

are derived mubeequrntly,

(v) zant Deforzgtions The deformations correaponding

the coaputatior of the delformations of the bsama relrferesd ia tenaion cnly.



Por these coxputatdoug ¢, 1s &33ursd T bo dndspindent of £f scd eansl to

b
I(

0.0,
¥rom the styalr relation:

L S
Q= (39)

The strain in the tonsion reinforcexzent may be commuted as

follovwss

§ - i (40)

while from the stress relations:

. = pift
i"-;_:i;r—‘ — 7

¢

Froa Bos. (40) amd (41):

=g rkl Kals - .L:I (42)

pigl

The values of h._k3 ars obtainad from equation (14).
I¢ klks and the expresasion for fg are Imown, the atesl atraia,
£ cAD pe determined, snd the curvoture of the beam a% the location of

meximrs moment cen be computed. The expressisns for if-'. are derived in +the

iolilewing ssotdoen.



(6) Duternination of the Stress in Tonsion Esinfoccszient ot

R

Naximum Mezsat. With the asswaption that the tesm reachez its nmazimum
flexvral capavidy wken tke coucrste crushes, the efress at maxdimum uoment
can ba coaputed if the ultimste cencrete strain, £y in the tep of the
besar, the veluss of klkj’ ené the stresc-strain r;ationah.ip for ths stesl
are known. Toe ultimats cororste sicrain, :.',3, is asmmad 10 be 0,003

klk3 is computed from Bq. (14)3 and the stress-strain relationship for the
stesl 18 determined by coupon test or from an idealized atress-strain
curve as shown im Mg, 1.

Solving Eqs. (40) amd (41) for fl‘

k.k.21¢c
t = %[-%.2:‘}-: * p'ry'] (43)

1€ the strvwes 1n the tension reinforcement is Delow the Tleld
poiats

£
T (26)

ther solving Ig. (43) and Bq. (16) Zor 2.3

k.

!

.2 “:']r *r pied PILs
RTINS I .
@)



I ths stross in the tansion reinfercenant 18 above the yield

points
£,= 8+ el (18)
and
£ «f
€e © -Lt'-g {18a)
0

then solving Bq, (43) ard Bq, (18a) for f‘x

EXxk.fic +Be¢ #'f - pifs prLd
ry ' :
p'f[‘r
- - - —
iEocu =3 J (4%)

The remaining case is fur the stress inm the ‘easion reinforce-
ment at the yleld point, fer whici;

ta= iy (20)

In order to letarnins viweiber the stress in the tennion rein-
forcedeat 15 abave. &t, o7 halw tha yislid polat, the oritical values of




Pl = ptf) )20
-8 ¥ _.ldn
TR, )

it both €, €6, 8nd ¢

Yy -]
mI-PE— i_klk,?au .
o]

The upper criticsl value of g! is designated as alae I%
establishes the bowndary betwwen !nitial fatlure of the b-e:by orushing
of the concrete and by ylelding of tbe reinforcezent. PFor q!f q'“,
2ailure ocuuwrs initially by crushing of the comerete while the reimforsc-

oAt 48 still atrensed Delow the yleld pointy that is, t. fy. The straia

in the tensicn reirforcemsnt, E:lg at the limiting corditdon for yield

fallures 49 equal %o ¢_. Subsiltatiag this valme in Xq. (47) gjg 49

sbtained as follews:

L

22 48

The lower oritical valws of 3! sarkirg the boundary botwsen
ti 2 f? and tl !.'7 at {.. lure; i3 designated as &!. “he strain im the

te23ion reinfercememt for thls limiting caps isc_ e Subtstituting

thie valus 4in Bq. (47) g 418 obtained as followss

~
IO»D

i:;;

qé = (49)

o

d 4

oy
o
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(d) potietion of Mldoven Deflecidcon et Mewlrunm Momsa%w.  The -ddspan

deflection vi & beam can b5 computed &f +he rsletion between moment and
ourvatnrs 1a knewm., All the pears reinforced in comjreseiow had conventional
stirrups ap abear reinfcroemeant., Therefore, the cracking due t¢ ahear was
axvaziive for the same reascons atated In the case of besms reinforced In
wnalon only epd reinfnrecsd for mhear by conventional stirruypc, Sicce tbe
beams were exteasively srsckud in the euter thirds nf the bDezm span at the
aiximoa load, the distributiop ef cmatmie aong the bea=s is assmmed o
corTespand to the ddstribution of moment at the maximm load-carrying cap-
esity of the bemm 22 akown Delows

@u it

For the above disiribtuiiea of swrvatrre along o beam loaded at
the third points, the aldspan daflection at maxriwm load-carrying campoity
can bo‘conpntod as follovss

Ay =58 174, (50)

15. Smmary of Equationg
The following equstians, walch were derived in ils jreceding
eaotlone, 2an bs nmed o computs the critical auantitdes for the detsra-

ination of the losd-lefleciicn curves or the 2owent-rotaticn carves for



raipfepess conorets bearss

Boaxs veirforced 1o tension onlys

- 3
HS’ = Asf?d(l - 3)
M
é ::.*-.!_"
Vo By

I 2P
4, %Bon

24
2 .
el
R L I
ém""’"d_q
fer Domms in which the shear orackisg was inbibiied;
O p
m'bz ut’:’”&:‘

for besxs in vhilch the abear oracking was not inhiltdted:

A, = %123 s 22

Beams reinforced in tsmsion and corpressiom;

H._, 12 'Bck'd.zbEL - %ﬂy pu;fé

AR

&)
(6)

(7)

(9a)

(20

(25)

(26)

(33)
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A =22 %L 36)
N PETSS Ec%‘ "

- N pf = pir]

L _+
é-.ﬂt = '—GT"H (39)

A = . Lzéult (50)

(A11 beams exhitdicd extensive shear cracking)

The quantities which arv essential in the deternination of the
above quantities can be cbtainmed from tbe following:
Boms reipforced in tension enlys

Q= (22)

X
1+cu
- I
b= ", (24
l+c



"'20

g

I qda,,

PO o L5 -
1L q,.>9>q,

fs = f’ (20)
It 9<q,

z, =‘—‘—k-1;ﬁ-“— +d (e, - r;; =¥ B, -2) (19)

Beaas reinferced in tenalion and coapressions

K, -~ pitd
q! -"-ﬁ-ei—z- (47)

25k

qér £ 48
1
.k
4y = 2
142 (49)

[
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- iEot.,. -2 - :I (45)

X
The values of kK, "'712? 4 ¢ wre obtained eapirically as

followss

t’u = 0.0’0& (rign J.B)

"E-?"‘ = 0,5

k%,

60! .
klks = 0,625 + m (Mg. 19) (14)
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16. Measured snd Derived Quantities

Tre follewing meamiremeLts were recordsd after the epplicetion
of each ircrement of losd or deformation: the maximim lozd sttalned
during 1he application of the incremInt, *hro deflaction aleng the beas,
the atrains in the concrete and in the reinforceasnt; and the load *he besax
vas carrying after all msasurement had bsen texan., In addition to these
measements; the orack pattern was maried after sach increment; 2 running
log of amy significant obange iu tiae ‘mlmﬂd' of the test was Iept, and a
centinwous phetegraphie record was made c¢f the beans during testing,

dotliary tests were mde to deteraine the occncrete streagth amd
the stTess=a%tein characteristion cof <be reiafercemsat, The consrete
strength vas detarmined frem thres comarets eylinders cast from sach hateld
of comarete, and the stresc-straia charasteristios of e stesl wore
dotarnined frsa’s teusion ceupon taken frem sach ber wsed in the fatri-
cation of the besms, These tests are deueribed in Seetdorn 3,

The follewing quantitios were derived from ihe messured quaniitiess
arimm acment atlained diring em iacrement of laad or deformation, and the
ratio of that mament to the macduum momwsut carried by the beamj angle
change 11 the region of puro flexiwre, from ths weasnmred ccutrete and steel
pirainij siress 4o the reinforcement. from msasured sirains and the stress-
virain sharsaterintic= obtaired froc coupon testsy and the deflecticn of
ths central portion of the bean dus to pwre flequre, obt«dned by aubtxaet,;u
ing the third-point deilsstion from the midspen deflastion.

Tue yesmnc? and derived quantities are preesnisd grapnlcaily
$n che {igumey of the appendix. Tre figwes 4 the apperdic contain the
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£ollanug plets Tor such Yeen testeds applied losd ve, teneicn ahecl

siraln a% mddspang applled load vse concrats etvain on top of s at nide
grznj upplied load va. midepan doflectdon; applied losd va., losd=point
doflection; deflectlen along the beam at varlous ctages during testing;

retio of applied roment %o maxdmum monent attsined during test ve, anzls
change at midspan; retdo of applied moment to maximm moment atteiped dur-
irg test va. deflection of midspan wiih rospect to loed-peint; ratioc of
arplied load to maximmam load ettaimed in test vy, wldspan deflentlion; and
ratioc applied load to maximum load attained in test vs. load-point deflection.

17. Mede of Fallue

() Zndtial Tenwicn FRilue. The bemms vhich failed inttially
in tension exhibdted large deflisciions between the yileld load and the load

crusing collapse, 12 sheva by the load-deflection cuwrves in tbe appendix,
The relative mgnitudes of these deflsotions are dependent upon the pars-
mter q for bemmas reinforced 12 temsicn only, as can be seen in Mg, 20,
The following stages were observed Zuring the loading 10 collapee
of beams reinforoed in tensicn enlyt Ths conirets cracksd in tension under
e rslatively small load; as the lamd was iucreassd ths tempicn reinfarse-
rent gielded; then the bean urderwent a relatively lurge deflsotlon with
iittls further lnoresse in load, Whea the concrete in the compressicn
tone roscked itm 1imiting strain, the maxismm load-narrying capeoity of the
bteam was reachsd and conpresalion fallure occurred.
In a beam reinforced 4in tension only, tus distance down from the
top of tke hesm over #hich orushing occcurred was dependent uporn tho

reletive megnitude of tke tenslle force and the coucreta strength, This
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aptald Ly the quantity q = I ¥ren the depth of
c

Tavis de Lost roprs
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Ivdtlel compreselon failwrs 4a 5zl compared ¢z the depth of *re Lsam,
thopre 1s »mple concrete remuining after indtiel fsilure to carry the
comprearive force tict existed et maxiwm load., However, the lever arm
between the tensila and compressive forces is reduced, Consequently the
load-carrying capacity is lowdred und it conidunues o decreses g2 the
compressisn fallure progresses dowa thropgh the depth of the beam. Cn the
other hand, if the dapth of initiil commressicn fallure is large, the
remaining conerote in the compression sord my be able to cerry only a
suall porticn of the compressive force that existed at maximum lesd, Con-
sequently, the loadose>rying capacity drops ¢o a very saall fractiem of
that at aaximom load as soon as the concrets crushes, The above dis-
cunsion shows that g is & majer factor {n the determination of the rate
of drop in tos lscducartiing capacdiiy once tbe maximm losd-carrying
capacity is reacksd, This is also shown ix Mg, 20 vhere the rate of
drop ia the load-carrying capacity, im peroont of the mximm lcad
atteined, 1s seen to vary with the minforeing izdex Q.

Mtil the tension steel yleldp, besrs whick are reinforaed in
both tezslion end compression exhidtdt muoll tha same behavior as the besms
reinforced in tansiocn only. The behavior after ocrushing of the concrete
deperds largely upen ihe ssount of compescion inforcement and the
effeotivensss of the ties, If the ccoxmession reinforzexsnt is net tied
or 1s poorly tied 1€ will buckle as soon as ths cousrets crushes, EHowever,
1f the tiar are effective, they will InhilAt the buckling of the comp-

ressior stesl after the couervie kra orazhed, Effsctive tias olso forcs
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the comrression rzinfercing bars o bueikle locelly betwesn tne tiss which
snatles ths Dema to exkiblt e muh zmure ductile fuilure then if the coap-
reszion rainforcement buckles over a long length as in the cams of ire
effective tiles,

Flgure 21 showe the influsnce of affective arnd ineffective tley
on the load deileciion cwrves, The Des¥s canszen for sonpariscn had compar-
able conorste atrsngihs and Idsntical reinforcement except for the method
of tying tbe commression reiufercemsnt.

As discusmed in Chapter IV, the magnitude of the strain in the
tension reinfoarcemsat at the maximum losl-carrying capacity is depexdent
upen b4 parametar g for the beans reinforced in temsien only end q! for
the bemn reinferced in tension and compmession, If the strain ix tbs
torsien Miafercersnt at tds naximm lorA-oarrying capacity of a bem iy
borend ths yield range thers will be a larger perceat of iacreass 11 t2e
leaé~earrying capteity betasen tho Yiold and maxiww leads than if the
ptrains fa the tension reinforcement at fallure are withia the yleld range,

Bestis which ¢ 0 reinforeed in taxoion and compression defleet
raok more before there is a substaniiel less of load-sarrying capacity than
8 comparable bean reinfarced im texsion enly. This 1s dw mainly to the
much larger strains in the tension rsinfovesment cbtainadle in besms rein-
forced in both tension and comprossion. Mpure 22 1llustrates ths relative
migidindes of the atysine that wmre attained in the tenmion relufwcemant.
of comparable beans ~ orne with and one witkou? ocapression reinforcoment.
Teane becms had comparsble ccmerete strengths smd identical percentages of
tension reinforcement.

(b} Iniidel Comprepsion Failuyrz This dlocussion im coucerued

iith hegas reinforced in tension onlv becoiuse in théce tagls compression
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feilures ware obzerved only in zesms witusuv conpression reinfsrceent.

In arder for & beex o £eil Initially in comywrcsion Atmormally
high percentuges cf tension rainforcement ares zcoulred, An overarein-
2ot2sad beasm 18 one in which the concrate 4n the comrression zone fails be-
fore %ns tension atesl reaches 1ts ylold polit, Thia mods of fellurs,
oxranplified by bemm T11L, shows 1ittle if any ductility., 4s the beax is
deflected, the conerete in the temsion zome cracks, then with a relatively
emall additionsl deflection the conorete iz the compresslion aone orushes,
Since a rethar large tensile foroe is required 40 cause a bemm to fail ix
this mexmar, the 4y 2 of canorete lavelved 4z the Imitiel cuajosaalen
failure is large compured to the deyih ¢f 4ie bete) therefore, e losd
sarrying capecity after & congrensiva failwre 45 caly a small peroceatage
of the maxiwwm losd-sarrying capecity. 7The load deflection cxrw of ama
T11L, FHg. § ef the appendix, shews als abrupt drop-off ia the load-
SurTYing esapaoity after the naximmm lead is attalned {2 an overe-reinfcroed
bean.

4s shown in Py, 23, tha losd~rarrying capacity of a beem failing
ixdtlally in cemprosnion in depenisat upem the comereto strength: Om the
other hand, the marimmm losd-carrying capacily of a beam falling im tensican
irs Jittle effented by the crmerele stremgth,

(e) Palagced Peilure 4 belamced fallice ip ore in which the
tension relnforcement ylelds at the gase Zastant that the concrete cruahss.
The losd-defleotiun characteristics of beams whiah fail in this zanner are
vory cimiler {6 those of beans with comurension fallure, It is beli:ved
that the {ellures of beane Ti(fl and TZE are remesentative of this tyrs
lallure.
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{d) Premature Shear Failure A8 stuted jwevicusly, mo ehesr

reluforcersat was provided in Lernis TiMb, T2Ma, TIMb and T2Mo becauge the
shear recnirexenie of A.0.I, 318~51 for bemme withcut chear rainforcement
were satisfled. Deams TMa and T2Mb were reinforced in temsion with
atraizht deformed bars, beanm T2ZMe with hooked deformesd bsras, and beam TlMb
with kesked plain bars.

Beszs TlMa, T2b, and T2Mo failed im shear whereas TiMb failed
in flexure with & secordary failurs iu bord ln the middle third of the
bexmm span, Hooking the bars in T2Mb did not rrevent the ghear failure,
Table S gives data and comparisons for the beams falling in shear and Mg,
24 shows some viewa of thase desms after fallures

In that the ebject of tals phase of the iavestigation was to
deternism the lead-—fefermation eharacteristics of bemms failing {a flsxwre
0 feriher stadlies were made of o phoxomenn of shesr fallures.

18, Rifesh of Yariables

(a) Qomsrete Btreagih Ty offsed of the concrete strengta s
the maximwm lead-oarrying capaoity Ls aegligible for bexms falling initially
in tension, This i 1llustrated by a ccuperisvm of the maxism momeats ree
sinsted by beans T1ID and T1Ms. Deam T1Lb with £1m 2520 ed p ¥ 0.62
reslioted 20,17 £4.-kips, and beanm T1Xa with gl = LS00 apd p = 0,62 resisted
19,51 fte=kips, EewoTer, the comcreis strength has 2 much grestar effest
on the marimvm leadecarrying capecity ¢f besas wbioh fall initislly in
comprsasion. The load-deflection curves of bDeame T5H rpéd 1111 4n Hg. 23
illustrave this,

The couotete strength had 14itle 42 smy consisbaut effast upon -
tae defleotion at the et luad-carrying napasity teciuse the ulitizstes



concrete strain ia relatively indepsndant of the couorste sirenzth, Thin

i3 sbown in Mg, 18 in which tbe wl{imaie ccncrats strain 14 plotied sgainst
e cornrats strergth. Although there is some soabter, thers i ro trend
“1th ceozarete otrength and o valws of C,004 is & reasonably gosd average

for the uliimata sexcrete ntrair.

Az shown in Mg, 19, tbe fecter k1k3 vhioch 1is relatad to shape of
the stress hleck ip dependant upon the conerete sirongth. The exast re-
latiornship is wmknown but the empirical cumrve giver in Mg, 19 yields values
of klks wvilch are in falr spzeement with the values found in this and in
incther investigatdion in this lateratory., By using the valuwos of klka
deternined by this eguation, wltimate deflections can be computed which
agres vith the 4est resnlte, Hewever, the ewrve is not ascurately defimd
ip the regien of low comorets strensihs, The ampirical cwrve 40 2ot in-
tended to Do whed for conorete strengths belew 2000 pai, and furtber ia-
vestigatien is needed tomtablisk the relaticn betwen k113 snd conerete
strongih in tads regicn,

(o) Naresatage of Topsdoa Melaforcemeny: In these tests, the
magnitnds of tke teneile rerintanes of the berms vas varied chiefly ty
enploying differsat percentages of reinfarcsment; however, miner vari-
ations were woduoed by the differences ia the yicld strangths of the oeipe
foroing bavs, Sinmce the maximm losd-carryimg capacity of Beeus vhieh fail
dritislly in tension ia dependent on the tansile resistamce of the steel,
1t varded wisarily vith the percentages of tersile reinforcement, T™is can
te sesn in Fig. 25, ir vhich <ky plots uf load ve. deflection ¢f beams with
srorexizately equel conerete siragtas and varyiug percentagep of tensicn
reinforcomornt ard pressnied,

il SATEEE



Cn the other hsnd, “he tarsile resittance of the stesl is nct a
oritical factor in tns deteraination of the maximun loocd-csrrying capacity
of basnms which fall ipitielly in compressicxn,

{c) [Doinforeing Irdax. For bmans reinfarced in teusion only the

reinforoing index is g = ?Tz’ arsi for beams reinforced in wanelor arnd cozp-

£
rescion 1t ia gt = _Lf-‘"—"'xc
¢

the peramster g was found to e the ccntrolling faotor in determaining the

In hamma with tansion reinfsrcement only,

shape of the load-deflertion curve sfter the yilsld losd was attained. Spec-
{meus with low values of q oexhitdted a éduotile f< lure: that is, they were
abls to undergo large Geformations at relatively cczstaat high leads Be-
fore the marimm load was atteined and the drop—off in the losd~carrying
capaoity vas very gradwal beyoad the maximwm, On the othor hamd, these
with high valwss of q exhititad a brittle fallure, that is, they wede able
to waderge 1ittle deflection before the maximum losd was attalmed and the
drop=eff in losd-garrying capedity vas abtzuyt beyond the maxiswm, The
spoimens with intermedinte valws of g Rad lead deformaticn character~
istios between the two extremss depcribed adews, The losd-doformation
characteristics of beams with varicus veluwes of q are shewn ix ¥ig, 20 ia
vhich the lead-ratic is plotted aguizst midspen deflsoticn fer bBesms witd
different valws of Qe It cen be seen from this figure that q =0t only
has & definlte effect on the deflection at the raxiwmm leid-carryiag car-
acity, tut also ¢n the overall shape of the lowd Jefisction curwe,

In ths beoxs provided with compraseion reinforcement, the effect
of ¢! on the shape of the lvad-deflection erve 1a perially macked by the
edded duncidlity moeduoed by the effsctiveness of thy eompression reinforce.

mant tlem, Eevwwer, the .osd-ratio vs, defleciion plets of beams GC2um,



C3xs and Goxm in Pige 26 sugugsst that, for heams having the cemprsesion
aital tded 4n the caze manrar, the shape ¢f the loud-deflecticn cwve be-
youd ylelding is dependent to soms degres on the paramster gl. However,
o nora cozprshensive study 45 ueeded before thls cen bo definitely stated.

(d) Gommession Reinforcement. As a general ruie, ths eadditdon
af a nominal emount of comprocuion reinforcement makes it almogt impossible
to deaign s rectengular beam that will fall ipitially in comrression be-
cause of the excesaive srount of temsion reinforcement thut would be re-
quirad, EHEowsver, no tests have been mad? in this investigation to validate
this statement,

™he additicn of campression reinforcement did not appreciably
inerease the neximm Losdecarryirg capaoivy of & beam which would harve
Zailed iaitdally 13 temsion without the compression steel, provided the' .«
tension reinfercemest wad a0t straimed into the work herdening regioa ia
elther c229, This i shown by comperiscas ¢f the ruximm losd-carrylag
capacities o2 bemms TLID, C2w and C2xm, whieh ware 40,7 Elp=fi,, 41,7 Kp.ft,,
id 8 Hip=Lt,, respectively, The tension reinforcemsnt of 02w and 02mm wes
strained {ate wozk Rardenicg twt 20t t0 a marksd degree., However, if a
bem would have falled initially im compreseion witbout compressien rein-
foroement, the edditien of enough cemme:sisn reinforcement to revent
initial cemprescion failure would foroe the beam %o fall inttislly in
teision snd {GArely raise e mxixm= losdecarrying capesity.,

s shown in Fig. 27, toe addition of effectively tied comzression
rajufovcement onabled beaz C2xm to carry a load near the maximum with legger
defleoti{ons <han the compe..ble beam T1lHs reinforced ip tensicn only., The
sddition of coamrsesion reinforciment strengthens the cemmressior sone and

thus raiwes the zeutrel axls., Thie eaables s laryger angle changs 4 iamke



pluce befors ths comerste oruvshec, =nd theraby incraases the deflection
through whish the Besm can c2rry neer muxdmmz loads.

(s) Mnthed of Tying Comrreszion Reirfcrcezent In arder for
the ceonrression reinforcezant o add the grasatest acount of ductdlisy to
¢ beam 1t muat be effecctively tied; that is, the ties must he etrong erough
to force the bars of the compression reinforcement to huckle locally ip-
stesd of over a long length. Mgure 23 shows photogruphs of d2faotive amd
ineffective ties afler beam fallura, 7The tler of beam C2xm ahown in Mg,
28a were erfective and forced the coamression steel to Luokle loecully,
vhereas tha ties of C3xm shown in Mg, 28b were not effective,

dotually, the <ies do not come into play until after the corereis
bas orushed; consequently, *he ties affect the ahape of the load-deflection
curve only after the naximum loadscarrylsg cepacity has been reached, This
can be seen in Fig, 21 ip whiel the losderatio vs, the nidapan deflsotion
is pletted for comparadle beans.

The two methods of tylng tde compression rsinfercement axe
1llustrated in Fige 40 In this serios of tests, method 3 of fabtrinatizg
the ties was supericr to metiod J. Simce tdes faizicated by mikod 3 were
apchered in the tensicn sous, the onds of tbe tie bars could not pull apert
wien the comprassion fallure of the consrete ocourred, Those tiss fabe
rdoated Dy method j were anchered in the compression soze and could readily
prll apart vhian the compreselon feilure of the conorete coowged,

(f) Zzpd 24 Shear Beinforcemant  The conventicnal vertdcsl
stirrups that were exployed in zost of the beams of this investigation were
et offective until the conersty cracked and ¢onasquently could do 1ittle

to prevent crasking of ithe conerste, Thersfcra, evan i & t=an wes neavily
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reinforecd in shesr with convenlionel stderups, thers uweunld 84411 be oracks
in a region of high shasr., Hewever, when the clamp~on tope stirrups,
illustrataed in Fig., 5, were vsod, ths beam wap rpreotrescod iu a vertdcel
direction, and the craoking due ta shesr ves inhiblted or 4in sve casesg
aven eliminated, The crack patterrs for beams with conventional etirrups
and with cle=p-on stirrups are shown in the puotvographs of Mg, 29.

Since the conventional stirrups allowed the beam to crack ex-
tensively in the reglon subjected to shear, the effectivs stiffness of
the bcam in thia region was reduced, This erabled the bean to deflect
more than if the cracks had rot formed, es in the case of a beaa with

clamp=ono slisrups.
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VII_ CAREnTISeN OF TAFRRDMENTAL ARD ANALETI

BIPe e]

The resulis of ths thecreticel snalyels snd the experimentol in-
vestigation are compared in figures and tables. Although the ulhizete aln
1s %o develop momeni-rotation relationships. most of the comparisons are
of wsasured deflections rather than measured rotetions since the deflectlons
could be determined mere sccurately.

Comparisons of the analyticsl and teal results havs Dboen maids
for the following quantitiest <tenrlon reinforcement stress at the maximm
acment, yield-point noments, marimm mcrents, midepen deflecilion at the
yieldepoint, and midspan deflection at the maximm moment, The resulis are
given 4in Tables 8, 9a, 9, 10s, and 10L%

The theoretdonl 7alues of the gtreas in t2e temsion meinforcement
at te maximm noment, from Bqs. (17), (19)y or (20) for besms with tension
reinforcenent only and from Bas. (44), (45), e (20) for beams with tezsion
and compresaion reinforoement, coampare faverably witd the experimental (=
sults, A8 shown in Table &, the ratio ¢f e experimontal o the theorete-
1cal values for besms reinforued in tensicn only has an average of 0,99
with a zange of 0,90 %0 1,06 and for beanc with tension snd ccapession
reinforcenent 4z aversge of 1,06 with s range of 0,98 to 1.18, Toe sistmp=
tions involved in the coaputatiozns Af tus strese in the tensiocn relnforese-
mnt t the aaximum mozent ere 49 followss ile maslingm cozent 4o bhe
reached wion ths conorete orushes, on nltimate conerate strain of 0.0,
the eapirical values of klk3 to be valid, an idsalired sircass-straln cuive
for the steel az shown in Pig. 1, and the compressien steel to bs yieldasd

2t the naximm moment.
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The thaoraticel Taluss of the sdield-point mozonto, from Bg. {3)
for hears with i#nciou reinforcement only and froa Ig. (23] for beaus with
tenelior ard cormszilon reinforcemsnt, are in reasnnably closs agesement
wlth tby st recultss A8 shown in Table %a, the ratlo of the experizsntal
to the theoretical values for beams reinforced in tension only hes &r
avaraze of 0.97 wvith a rarge of 0.82 to 1,05 azd for besme roinfsrced in
tenaion ard commession an averages of 1,01 with a range of 0,97 to 1.08,
Tha msjor assumption in these calculaticns is the straight line distribution
of the strese in the concrate., 48 can be seen in Table Sa, the beams with
high velukp of 1 bBave higher axpewimenial velues of‘!i than the theory gives
because the stressy diptribution 4in the comerete at the yleld point is no
longer apmroximately linear iz besams vhiok approach a balanced feilure,

The theoretical values of 4 maxixvm-moment capeacity, from Bq.
(Se) for besms reinforced ia tensien oaly and frem Eq. (38a) for bemms
reinforoed i both tension amd ccapresaion, are inm good agreement with the
experimextal values, As shown in Table 99, the ratie of i experimsntal
te the theoretical values for beams reinforoed im tenilon ozly hLis an
average of 0,99 with a range of 0,85 te 1,08 axd far beans reinferced ia
Leasicn and compression ¢n average of 1.02 with a range of 0.9% to 1,08,
ALl of the assumptions made in the calculation of the thnsioa reinfuice-
mnt siress plus kefklk3 = 0.5 are made in these caloulations.

The “hecretical values of {he midepan deflection at the ylold
point, from By, {7) for basxs with tension reinforcement only and froa Eq.
(38) 2ox beams with tension and compression rainforcenent, are consistently
lover than the tezt results, 7The valwm of the exrorimental yleldwpeoln’

deflactica 4s takern o8 *the velus at whinh the deflesticn atarts to ireraase



rapldly with 1ittle or no dxmercnns in Xond. A5 shown dn Tavle 10g ilis retlo
of the experimsntsl to the therretdcal valuas for bisms reinforced in
tsneion only hes zn average nf 1,22 wl+h & range of 1.04 to 1,96 szd Lfor
pgary reinforced in tension and coaprosslon an sveruge of 1.29 with a rungs
of 1,15 %o 1453, Toe consistently low theoreticsl valums probably cen be
attritited to the valuee of Bc ard the asmmption of linesr siress dlste
ribution in the concrete ugeg—in the coaputatdens, It also mat ba realized
that the yleld point deflection is 3ifficult to sscertain by experiment
since the deflsctdon inoreases rapidly withent frrther increase in load

once the yield point is reached, Therefore, the measured valus would alvays
be larger thar the actual valus unless a continuouws record were made with

an sutomatic device,

The thacretical valwes of the midspan deflection cnrresponding to
the maximm-moment capacity, from Bqs. (25) or (26) for beams with tension
reinforcemezt cnly and from Bq. () for besms with tension and cozpression
reinforcement, are in fair agreemsnt with the test results. 4s shown in
Table 10b, the ratio of the experimental tc theoretical valuss for beams
reinforced in tension only has sn average of 0,93 with a runge of 0.76 to
1,28 and for beams reinforced in tension aid commredsion an average of
1,15 with a range of C.78 10 1.77+ The low theoratinsl value of the Jo-
flsction of bezma Tlla can probably be atiributed to the uncertainties of
the conorute charscterdutics in a beam with s very szall percentage of 1ein-
fercement; that 13, 1t is diffioult to determine th: prepsrties of the con-
crete Jben only a very omall area i» involved in resioting the tensiorn
force. The luw valus of the ratio of experinmentsl to theoretical valucs of
the dsflection for berm TiMb 43 most likely dms to & prexature bond failure

rear the maxizm lead since this besm was relaforced with plsin bars. 7The



ogh velues of the ratio of oxporinentzl ta therrotleal daflections of fhe
bescs reinforced in *eonsion end corrrssslon are jwobably dus to the effect.
ivoness of ths coarression reirfercenant tlios vnereas the low velue of tks
retlo for veam C7w can rrobably be attributed to ineifsctiveness of the
conpracsicn reinforcenent beceuse the large bars used ss comyression reln-
forcemsnt were not tied in ory manner.

The theoretlicel end experimental values of the yleld-point end
marimm 1oads and the corresponding deflections havs also besn compsred by
Plotting the theoretical values on the experimentsal load-deflection curvs,
for each beam. The theoretical amd experimental valuss are in good agree=
2ent as can be sesn in the plots rrepented 1m Mge, 1 through 33 of the
appenddr,

The thecretical apd experimental values of the maximum moment
capacity of the beams provided with tension reinforcexent only are compared
in Fge. 30 and 51, In Mg, 30 the values of M, (0bs)/bd°t} ve, g have
been plotted, and 4in Mg, 31 the values of Hiux/bdzfé va, p:’/ré have been
plotted., In the computaticn of q the valuss of the yleld roint stress of
the t2nsicn steel have beop used, shereas in the computation of pta/fé the
values of the tension astesl stress computed from Eqs. (17), (19) or (20)
bave Ttesn used, It can be saon from Mg. 30 that a falrly scourate result
can bs obtained by using ths yleld point stress in the ccmnutation of the
naxdmer-nozant capaclty of beams falling in teansion even if the stress in
the tencion relnforcemsnt is in the work herdening reglon. FHowever. e ruah
more aceurate §ésult can be cbtsined in the cemputation of the maximm
moment capecity of beans f2illng in temsion 1f the coawmited tension steel
stress 1s used. The latter method is slso applicsble to beans fadling in

conpression wueress the forzer 1s not.
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Thae leondegorlaction cimrves

ey he spproxdimaten by connseting
with straight iipss tue podnts correspouding to zero lond aud deflection
to the 71leld losd and deflectioen; end o the maximin moment and deflsction.
Cozparisons of the moagured ernd thaoretdcal losd-deflection cuiven ore
rrevented in Figm. 1 thaough 33 of the aprpendir,

Table 10 gives a comparison of the values of the negsured sird
compruted "usadble erergy®. Toe "usahle emergy” is the area under the load-
aidepan deflection crve up to the deflection given in Table 10L where tue
load sterts droppdng rapldly., The agresmen’t betirsen the measured ard
theoretical values 1s as good as conld be erpscted since the inacorracien
of the compuiaetions of the writicel memeats and deflections sre inherent
in the compuled values of the "usable emergy”., Also the thecretioal lcad-
defleotion curve is composed of straight lines whervar the dctual curve ia
irregular. As shewn in Table 11 the average ratio of the experimental to
theoretical values is 0,88 with a range of 0,63 to 1.47 for temmas rein-
forced in tenslon only and an average of 1,15 with 2 range of 0.0 to 1.84
for beans reinforced in tensfon and compression.
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SUMMARY oF NESULTS

i, 1

*OR_FRAMS EBINFORCED 1N TESSION ONLY

——

R R oo RV B SO e
psi Sise in. psi .4 KHp-ft.

T1la 2150 2=3 10,79 54300 0,34 Clamp=on 13.81 Tension
TILL 2520 2-4 10,72 46000 0,62 1@6&" 20,17  Tensicn
T2la 2120 245 10,65 40400 0,97 1@4" Do Tensicn
21D 240 25 10,65 25,00 (0,97 Clasz-on 29,84  Tensien
Tile 2380 27 10,51 44100 1590 Clamp-em  39.30  Tenaden
T4Lb 2810 2-8 10444 43300 2,52 3/8@4" 47,60  Tensicn
$L 2500 2-9 10,37 4®R00 3.2 3/8@4%  33.87  Tersicn
T1L 2400 4=5 9423 45300 7.22 3/8@R2" 67.56 Comp.

TiMa 4600 2ud, 10,72 46200 0,62 Claap-on 19,51  Tensicn
TIMb 4750 2608 10,58 42900 1,33 Noue 32,83  Tensien
2Ma 4320 26 10,58 47700 1338 None 27,69  Shear

T 4020 2b% 10,58 48300 1,28 None 29,31 Shear

T2M k460 2.7 10,51 46800 1.90 None 37.52  Shear

TiMa 4800 2«9 10,37 41000 3,22 Claapon 61,06 Tension
b 4110 2-9 10,37 41700 3.22 Clemp=on  62.89 Tension
T1Ha 5880 2-6 10,58 44200 1.38 3/8 @3%" 35,10 Tension
T1Eb 5180 246 10,58 52200 1,328 Claop-on  40.66 Tension
TH 5400 2-8 10,44 45600 2452 3/8 @3%" 53.98  Tensivn
T3H 5920 4= 9,52 43200 4,20 3/8 @2" 67.72  Temsien
T4H 5260 48 9.38 42000 5,61 Clampwon  77.97 Tension
T2 5900 49 923 40800 7.22 3/8 @2" 86.30 Tension

T ———r —

® Deformed bars hocxed

#% Plaln bars hooked
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TABLE NO. 3

-~
*

.VE ANAIYSES OF

-~
[

ATES

SAND
ot Percent Paseing Sleve Xo, Flzeness
L 6 16 30 50 100 Modulus
1l 93 82.6 6-‘..9 32,1 7.1 L 3.17
4 93,2 8.8 66,0 37,0 1.6 1.2 3.08
3 98.0 80.6 6:‘05 e 1044 21 3.10
QRAYEL
Lot Fercent Pasaing Sieve ¥o,
W 3/4 38 " L 8 16
1 100 76,7 374 12,5 9.1 7.6
2 100 56.8 1.1 4e3 Ll 4.l
3 100 T6.9 36,1 6.7 245 1.6
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TABLE NO. 5

FROFIRTIES OF COSCRETE HIXIURDS

-

N W S A —— S——_ TR, ——

Peax Concrete Cemort® Aggogate® Agpragate® &lump  age
Staength Waler Dexent Sand -
pai in. Cavya
- ~Batch il Re) —_Rwer.
2

b 2 S1 1 2

?1la 1860 2150 0,98 1,00 10,80 2., 6 2 &7
TiLb 3550 253P  0.88 0.0  10.70 2,12 5% 6 57
™la 2690 2130  1.13 1.07 10,10 2,15 2 2 59
T2Ld 4740 240 1,03 0,97 10,30 235 9 7T A4
T,la 2910 2280 0.99 0,99 11.0¢ 226 3 2 63
T4l A20 2810 1.02 1.2 10.80 2.28 1% 1 61
8L 3720 2500 0,86 0,86 10,80 235 2 2k 60
T11L 3500 2900 126 1.2 T8 257 P 1 57
TMa 3840 4600 146 1.42 8.47 271 1% 3 28
TIMD 4850 4720  1.57 1.57 6,71 2,5 3 2z 29
ToMa 4280 430 1,28 1,77 7.44 2,55 4 1% 36
oMb 3860 4015  1.45 1.54 7440 2,50 6 08 2
T2Me 4560 4280 1,79 1.79 6,75 255 ¥ 1 36
TiMa 4550 4AL10 1,47 1.4 8.47 2,68 1% 2 70
T1Ea 5880 %880 1.89 1.89 5491 280 3 :3 52
TIED 4540 5180 1.65 1.6i 8.00 2,53 1 1% 43
28 5590 5400 1.95 1.95 5,01 2,52 3 2 40
3B 8790 5920 2,15 2,00 6.05 2,51 24 2 26
TAE 5100 5260  1.62 1.60 8,00 2,52 3 1% 42
TSR 5940 5500 1,81 1l.89 6,02 2.5 2 2§ 35
C2v 4100 3940 1,32 1.32 8460 264 2% 3 52
C2m 3720 AP0 1.40 1.6 8.58 2,66 2 2 L8
Caw 4650 2310 1.37 1.40 8.60 2464 25 3 52
O 3360 3890 1.37 1.77 8,50 2,66 1+ 2 .8
C3yaa 3530 2330 1.26 1.26 8.74 2,52 3 1% 28
C3ynd 4490 4860  1.52 1,52 &.65 2,62, 1 1 47
Cdxna 2510 2450 0,94 0,94 10,60 2.22 6 & 34
Cixnd 2000 2430 0.92 0.9% 10,60 223 6 6 4
C4rn 3240 3570  1.47 1.77 8.60 263 ¥ 4 L3
CSyn 4150 2280 1,42 1.2 8,60 265 2 35 40
Goza 2400 680 1,32 1.% 8.62 265 6 3 34
Cw 3570 2480  1.29 1.29 8,54 266 z 3 50
®* All ratios based on weight



TABLE NO. 6

TEST EEQULTS OF ERAMS FAILTNG

Bsen Dats
2 I Zk
Average conorete atrength;
6 x 12 in, cylinders-psi 4320 4020 4470
Reinforoing steel:
Fercent - p 1.28 1.38 1,90
Yield Points ry-pni ATT00 48300 46800
Depth to steelj &-in. 10,58 10.58 10.%1
)34
Reinforoing Indexy q = gt 0,152 0,166 0.1%9
0
Exd Anchorage Rone Hooks None
Test Bacultn
Ultizate load capacityy P ,-obarld, 17400 18450 23900
Koxinal shear streas at Pult{»obs) vepait® 192 204 223
A8 fraction of fé 0.0% 0.4 0.048
* v
v=m vheres V = total vhear
j=1-%

3



TARIE H0. 7s

el AR sty T—

[ N

R
Tlla 0.09 1.09 Ce2b Tension
T11d 0.11 0.85 0.22 Tensicom
T21a 0.18 115 0.30 Tension
b 0,22 Q.88 0.27 Tension
Tile 0,33 0.¢7 0.30 Tenaion
TLlb 0.3¢9 0.79 0.19 Tenaien
™ML 0.52 0.92 0,2% Tennion
1L 1.13 0,67 02l Comp,

Tl 0,06 C.59 0.15 Tension
Tt Q.12 0.61 0,32 Tersian
T 0,15 0.61 0.16 Sbheur

T 0.7 0.62 0,17 Skear

Ta#% 0,20 0.%9 0.26 Shesr

b o)) 0.27 0.58 0,13 Teoasiom
12 Q.33 0.62 0.16 Teraion
T1Hs 0.10 0.55 0.14 Tenslen
Tiat 0.1 Q.56 .14 Tenpgion
7o .21 0.56 0.17 Tenaion
T2E8 Ja30 0.9 0.2C ‘fension
VAL Ded 0.51 0,19 Tensicn
T5E#* JeEO G.50 0.17 Tension

# Tuo lszare of tension ™minforcemeat
#% Plaip Lara for reinforcemezt



TABIE RO, 7o

a!l Mode of

t t
e : Yo ° Failure
C2w C.09 0,63 0.18 Tension
C2xm 0.08 0.58 0.18 Tension
Covw 0.10 0.62 D14 Tension
Coxm 0.14 0:63 Calb Tension
C3yna 0.9 0,71 0.17 Tensiem

¢tymb .09 0,61 0,14 Tensica
Cixma  0.19 0495 024 Tension
dxmd 0,11 0,97 0.23 Tenaion
C4sa 0.12 0.68 0,15 Tensies
Ciym® 0,28 0.55 0.28 Tensien
com®  C.33 0453 0,21 Teasica
Ciwe 0.32 0.48 0.17 Tensdon

% Twe layers of tensiea reinforcement



TiDLE B8

CCOMPARISOY OF EXFERTESKTAL AND THEGHITICAL VALUES

OF STRRSS 14 TEE TPESTICE IEINTOINDNT AT

I#dxs with Tension
Beinferoeent Only

MAY 1MOT MOMERET

=

Deam f’,a§rgl‘x - ksl
o Exp Theo %%B

Tlla 718 TI.T 0.%3
11b 58.0 6.9 1.
T2la A8.4 48,9 0.99
pyra’-) 58.7 58,6 11.00
Tla 4.2 M. 1,00
TALD 43,0 43.3 0.99
)" 40,5 40.2 1.0
L 33.2 33.2 1,00
T 56,0 62,3 0,90
iR 42,7 A2.,9 1.00
I2Ma 41,0 41,0 1.00
T 42,0 41,7 1.0
IlHa 1.7 47.8 1,00
T1Hb 55,7 51.9 1.0
Tl 45.6 45,6 1.00
T3d 43:.6 43,2 1.00
T4E 41.5 42.0 0,99
158 406 40,6 1.00

Average Ratlo 0,99
Rerge 0,90 - 1.06

Besemp with Tepaion and

Cearression Reinforsement

Bean £, @y - X8t

o e 5,
Cow 51.8 53.2 0,98
C2m 68.2 60.7 1l.12
Ciw A5.1 447 1.01
Cixm 435 434 1.00
C3yna 58.3 51,6 1,13
C2mb 5455 45.8 1l.18
Cidxna 50,8 48.2 1.05
C4xnd 57.3 53.8 1.06
C/izn 50.5 43,3 1.17
Cosz 43.8 4.0 1.00
Céxa 40.8 41.8 0,98
CTw 41.2  41.6 0.9

Average Ratin 1.06
Bangn 0.98 - 1,18



€T TIEID-?0i50 W-LAT

3442
31.3
65,1

81.7

83.7
9945

0.82

Avarage Ratio 0.97
Range 0,82 - 1,03

& Cc-.qria:iaa fed e
o Eyperimatal velws noi recorded

— -

T it e k. S — et =S

Eeang with Tension anpd

Cenpreasion Reinforcoment

Eosn H - dp-f%

Rxp. Theo E-!
02y 224 30,9 1.0%
02xa 38,0 36,3 1.05
G3w 624 61,3 1.2
S the8 AL.5 1,08
Clhyma 41,0 40,9 1,86
Clmd 624 62,1 1.00
Cizne 40,1 41,8 o
Cdxrd 4.8 42,3 1.0
Cdsn 59,3 60,7 0,98
05yn g7.6 8.7 0.98
Céxn &.9 8.9 1,00
Chv &.0 8.3 1.0

Average Ratio 1.C1
Ra::,gl 0,97 - 1,08



TABLE Ob

COVPARTISON OF ZXFRRIMENTAL AND UHECRET
OF THS MAXIMTM MOMENT

A= CRE
ADA
=X

DA
‘L
~
e

Dearms with Tensicn
Rainforcereant (mly

Besn - kip-f%
E:;ax Theo %ﬁfo
la 3.1 U4 09
ni» 9.4 18,8 1,03
T2la 23,5 238 0.99
T2Ld 29,1 28.4 1.Q2
T4la 7.8 38,2 0,9
“T4L1b LTeQ 47,9 0,98
5L 3.1 51.8 1.03
111 66,8 61,7 1l.08
T1Ma 18,7 21.2 0.8
gpisty 32,0 31.0 1.C:
T3Ma 62,1 61,5 1.4
T2¥b 61,1 60,7 1.0
T1Ha 3e3 2.8 0.99
T1Hb 30.9 3.2 1.07
12H 53.1 55.9 0.9%
T34 670 69,7 0.,%
prA 77.2 80,4 0.%
T5E 25.5 100.2 0.85

Average Ratio 0,99
Range 0.85 < 1.08

Begms with Tension ard

SEICAL VALUES

Caavression Bsinfercezent

Beam o ¥ip-ft
Exzhax Toeo %ﬁfo
C2w 40,9 33,1 1.7
Caxnm 4,1 43,1 1.2
C3w 69,3 68,6 1.01
Cixm 69.5 66,5 1,05
C3yna 49,8 46,3 1l.0B
C2ynb 73e4 694 1.06
Clxma 432 4540 0.9%
C4xmb L8.2 50,1 0,96
Cixn 71.3 66.1 1l.08
C5yn 80,1 91,9 0,99
Céxm g5,8 6.1 1,00
Chw 8.5 FA.0 0,98

Aversge Ratio 1,03
B.ange Oo% - 1,08



CF MIDSPAN

TAEIS 104
COMPARISON OF EXFRRTFERIAL AT THE
TEFIECTICN

AT YIELL FOTNL

Besms with Tension
Rainforcemunt Only

Besm 43.? - in, - __
Exp Thec ?ﬁgg‘

Tlla 0.30 0,27 1.11
T1Ld 0.30 0,25 1,20
T2la Ce2?7 0,25 1.08
T21b Cedd 0434 1,06
Tila 0e38 0,32 1,19
41b 0u4d 0434  1.35
T5L 0.9 0,35 1,40
T111% - - -

T1Ma 025 0,24 1.0
bah 1) U3, 0026 1,31
13K 0,50 0u32 1,56
T3Mb 0,38 0.2 1,12
T1Ra 0,37 0,27 1.37
T1Hb 0,37 0.32 1,15
T2H 0,37 0.32 1,12
): 0.8 9,39 1,23
TLHe - Oubl ~

T5H 0u55 0447 1417

Average Ruatlo 1,22
Range 1,04 = 1.56

% Comrression Fsilure

e

Bsgns with Tension end

IHECROTICAL VaL(e8

Coopresslion Feinforcenent

Bes N

Exp Y Theo ?b,r;o
C2w 0.36 0,27  1.31
Coxn 045 0032 1,39
C2w 0sdb  0.30 1.53
Cixm 0.,4C 0,31 1,21
Goyna 0,28 Q.30 1l.27
C2ynb 0.42 0,30 1,39
Cldxra .37 Cu31 1.1y
Chxnb 0,28 0,31 L.,2%
Cien 40 Q.20 1,31
C5ym Ce50 0441 1,22
Céxm 0,50 0.40 1.2%
Chw D.46 0,40 .15

Average Ratio 1,25

Bﬂ.ﬂ.g. lel5 =

Deilectlion at ylaldwpoint not obtaired

1:52



TADIE 10b

COMPARTSON OF EXPERTMENTSL AMD THE(HSTICAL TALUES

Besms with fension
Redsioreemant (nly

CARREIING. GARACITY

Bean A - in,
o B
T3 4,95 3,87 .28
T 3, 9m  4.01 0.9
T2a 307 35,33 Q.93
by} ) 1.3 1,77 1.03
Tila 1,10 1.26 0.%7
24Lb 1,01 1,33 0,76
™L 1,08 1,13 Q.93
1114 - 0,58 -
. 35.30 3. el
T 1,92 3,06 (0,63
9% 0 0,97 1,19 O0.83
gt i 0,93 1,08 0.8
T1Ea 2,64 3,19 0.83
TIH  1.87 1.85 1,01
128 I8 1,74 0.85
234 1036 1.9 loG4
748 1,87 1.5 1.0l
TEE® - 0,82 =

Average Ratic 0,93
Range J.63 -~ 1,28

Deens with Tension anmd

Comrrasston Reinforcement

Benn ‘3u1$ - in,

Exp  Theo m_ﬂ |
C2w 3.23  3.53 0,92
Sz AeR2 3,10  1.36
03w Fdb6 3,22 1,07
ks 4,10 2,81 1.6
Clyza 402 Zd49  1.32
G3yzb 6.9 3,76 1,62
C4xns 2,98 289 leu
Chxmd 4,29 3.58 1,20
c"n 5&30 301(- 1.77
G5y 1,00 1,95 0,50
Obam 1,21 1,77 oM
Chv 1,75 25 0,78

Average Ratlo 1,14
Rangs 0,78 = 1,77

® Tliizate deflection not chssrved



TARLD KO, 11

CC-PARJSON OF DAPERIMENTAT AND THEORSTICAL VALUES

Beszs with Tersion
Eeinforcement Only

DL "TSABLE KNERGYZ

Beaxz "Usable FEnergy" kip-in.

Erp  Theo me
Ta 38,5 302 1.27
2ILE 457 434 1.05
22la 437 A& 0498
T2 30,5 294 1.04
Tla 22,6  28., 0.80
LD 2440 ET.8 0.6k
2L, 28,0 34,9 0,80
ML - 11,9 -
TiMe 38,2 35,0 1,09
T 7.0 58,8 0,63
*IMa 28,6 414 0,69
T 29,5 36,5 0.8
T1Ha 53,0 66,0 0,81
T 43,2 41,0 1,08
T2H Ll o5 7.2 0,78
38 9.1 30,2 0,98
LI 20,0 29.9 0.67
15K+ - 388 -

Average Ratio 0,88
B&Jlge 0063 - 1-27

* Defisction not obituined at P&u

Beana with Tension and

Compreusion Reinforcezsant

Beam "Usable BwpTgy” kip-in

Zrp Theo >
Cow 73.8 T7.8 0.95
C2xa 1113 7744 Ledd
Cow 142.9 132,68 1,08
Cixa 178.4 1132 1,57
C3yma 1356 96,9 1,40
Cayad  263.,3 158.0 1.66
Cdxna 768 Ti6  0.95
Cdxmd 122,% 125,80 1,17
Cisn 235.0 127.0 1.8
C5yn 43.5 107.0 0440
Cxm  53.2 86.C 0.62
Chw 8l.8 116,0 0.71

Average Hatlo 1.15
Bange 0,40 = . 1,84



|
——
it

I I, Yok i il L ¥ — r—t, T et A T W ;_
o —— [_.L o T - l 4
I ]
i
-—“‘
= ES!cpeu EL
/ 4

fLSlopo.- Es
!%——-H;
0

Strain "

FIG. | IDEALIZED STRESS-STRAIN DIAGRAM
FOR REINFORCING STEEL

ats .

kza

~ L= k'ksfébo

= —~

. K -

(» | FIG 2 ASSUMED STRESS BLOCK |
| IN GONCRETE AT - ULTIMATE j

L_“mmt:rm___n. —



Lo

NV HOOHd

~-

isd — =~}
000G

ONILS3L 40 3INITLNO € 914

— ypbuany s
000Y

12purjid STETall i %gY

0009

Q00¢ oone

T Y, Wl e LT .m_‘

¥ 4

—

DNIL
o

quiL o

e HZl

ﬁgxxﬁﬁumnwr
quAe) MEPEL

*uxg)H

UZIFde

9L

oseoapEﬁ

wi |

Hal
1 -x

AI0HD4  uoituI) — uetssdadwn)
FUD UOISUDY UL PIDIVJUIIN SWDIF @
2nyips uvoisud) [puoboig —
£luo ucizudy M1 PIdIojULIS SWDIG x

canjod uvorssdsduw)—
Ljuo ussuay u: pIdIopuLIs SWOIQG g
JIRINY UOISUD) ..
Ljup uoISuly Eu 0320135 SUIDIE o
A2

|
|
]

ﬂ vAQ)

JmFJ

\rhoﬁ

ﬁ:.

GO

90

L0




174" Tie—t+

Tensics

Reinforcerment \_____"}

Method

L IR

m

-

Tensict
feinforcament

!F

Comnression
Reinforcement

Comprettion

\

X

Reintorcement

Method

n

~1/a" Tle

FIG. 4 METHODS OF TYING
COMPRESSION REINFORCEMENT

o W

il % P— —r P} =

T TR




e R

e Y

2 Nl e e Ce T —

o e

!I.Il:!l.l!l"l!l-lﬂ.

dNUYILS NO-dWV1D 3AQSINO S 9id

pDd  MYDIT]

pog  PY10I]

N —
— ]
V

T B/S-1 2t

MR




PRLVSET A Tl T S ol il " T SRS T S TR TV I ) St it TR Wl I i, T Tk YT il A et I L T

LI

e e ket REFY Yy

,.‘v,.,.mi..,.d-wmm,i.ii‘ HD 4 ,

Reinforcing Bars Used in Beams

Typicai Steel Reinforcing Cage

FiG. © REINFORCING STEEL




Em;#—‘-;_‘d T B s B Rt e T S gl TRy T v T S e X ey R T e i T W T T 1
7 Y AR T g ——— T e e— t—ﬁc-r:r-—,rc:mmsaam-: A e oA —y E
[ }’”WE !
GO.WB_JL*__,_‘_“_______.- e —_— %
50?{ —i' -
4or4——-—l - _—
fadey o O —_— - —
4 - —
< No. 3 Detérmed Bor
Sél' .
- 10
L ‘
- 0 - "
g* ) 0 0.5 1.O 1.8 20 2.2 30 .'." 4.0
4 Stralh tn Parcent
N
a
" | W
£ &
/
g 80 b—vr—— rf-
Y 40 —
m—.—
m |
No. 4 Deformed Bar
) S ——
)
0 Ji_-'-
0o G5 1.0 1.8 290 2.9 3.0 55 4.0
‘ E¥rain in Percgeni
FIG.7 TYPICAL STRESS-STRAIN
CURVES FOFR REINFORCING RARS
I
’L-e_l -—_—rm__-n—-—-ﬁi



W

TG

T T L PR

? T el a W SR Y T e o A I N e W e e\ T T TR R POl RO T W T VW ML 'ﬂi.ﬂ‘tl‘g
{(_,"'3-‘“-“ S Y mmﬂ _'F“mwb e e r E-
E | | T i
eohz.__!_-__.ﬁ_,_‘__J.___m.L_, P, st Lol
| —T B ;
ob——— ——e SO VS I SO ‘
’q__—i}?/ ]
43 - ~ e — 5 e o e b — — — vy
30 ——— -
2 — o) B
No.5 Deformed Bar
foR § e
£
(5]
£ 0
= 0 0.5 1.0 1.5 20 - 30 38 4.0
e Strain In Parcent
o
S
4
2 TO
o 1
X 0
‘E "M/
50 ————— - /
A
[ T}
- 40
>
wn
30
r{e & b - —
No. 8 Deformed Bar
10 , ~
v] 0.5 1.O 1.5 2.0 2.5 3.0 35 49
Strain in Percent
FIG.8 TYPICAL STRESS—STRAIN
CURVES FOR REINFORCING BARS
_ - 5




> )}

;R; F?ﬂ—--ﬁ—a-\run-u—x-nﬂ-r:‘s—'—JTi R Hﬂm""—""‘-—rﬂ ] l
s | | | | - | i
R TR
| , } [ ‘ |
| | i |
r ._..__,_L_.L__-M__._.__.{.u__u_,._i.._____(,— -
Lo ; ( } ] ’7‘;,.45 ’_‘:F__
o ‘--Jm.—a ;‘M I
40 2 T '
{ T | g
| | | | } i
3 \ ji ":*—‘— -—-Jr J—
! | | ’
ﬂ i
20t — — -—~1—--—-f | L
| ] No. 9 Deformed Ber
S ol ‘
-
| {
v - ——
s %% 0.5 0 6 2.0 2.5 3.0 3.2 4.0
1 Strain in Percent
)
(%]
e 7 T J o—— "
! -
£ 60 1 — - ~
0
S 0 e
L
o gt j ]
| N ]
50 } ]'
|
20 ; A |
| | ‘ No 6 PIFR-~ Bar
0 ; -
I |
| . ]
0 0.5 1O 15 2.0 2.5 1.0 35 40
Strain in Percent

FiG.I0 TYPICAL STRESS —STRAIN
CURVES FOR REINFORGING BARS

MY S| N A ITER ¥ N B O




RIS G

T N it Koy E I Wl Ml e et AT, T T LT T S LY

ATNO NOISNIL NI (Q3IDHO4NISH SWv3d
HO4  INIFWIDHOANIFY 40 LININIONVHEV Ol

INIWIZHOINIIY NOISNIL 40 INIEIHOINAY  NOISNIL 40
$HIAYT OML M1IM  SWvV3IE YIAVT 3NO HiIM SWY3S
4
2-2 woneag - 4-1.uon23s, | Z-Z uopies [—) WO1AD3S

-

e Y J_ e 1t |

. i
.ﬁ lle L_ .u-lo ®
!
i drags _ a:.::* P 3
P , i
1Y | ﬁ *
SR ﬁ | n
\llmu :?\,_L r.lf\- lly e - .
.9
o 3v0 - ARPiowoiddo JO MDD I1I13U0)
10N
* 20,0
. >l e .
¥20ig w0k -0 1|M _ 5 -0 ‘ LELRY
Hunseg i b | buliovg
llll.F.|Hﬂ|.2'IdH — — — — o [ T o T T g
i “;_Jw_u - ”m__ﬁ R
I I __ ¢ A TN B O | B
) o ._ __ L - | T B T T | .
i.—nnﬂh..n. HbH\ H—”H.lm IFHI “n—.-a\ld—“vl“—FvVWFllJm_nu, F‘lur—v'lﬂ.\m_hhlli—r _”
| 1
; A
o:.upn L dnaany: syooyg Ouun? _




|

2T e e rie T T E TR T Rl TR £ O LT tl'm::ﬂg
5

NOISSIHANOT ANV NOISNIL NI Q3Cd0A4ANI3Y SWv3dg

404 LINJWEDHO4NIIY 40 INIWONVHUY I 9id

ININGTHOANITY NOISN3IL 40 AININIOUOSNIIY NOISNZL 40
SHIALTT OM1 HLIM SWY3d Y3AVT JNO HLiM  SKivid
c-g uonyonag {—-( Woi33g -2 uonleg }—I1 U0ijdag

| e m——— r .; . !
Tk el L P e
1 | R | e

_ﬂ M __— i P a:i-m.tl “ P v_ | <l
| s +Han
; driay —,u\\gf ! ﬂg @ #

i3 L , | Y1 L
,um 13y woiss3dwo) Tmllw > |
f "
u. ‘Yyanm Iuo  Apjouxosddo 3o 1IASI MAIRU0)
m 340N
m « 3 — 01 >
w 0~ m IJ.L ¥o0lg
y emhwmm buiinag
m_ T ﬁr__ T A
; t RN “w N
m____ nr.m — I“n_;rl_r_ _i | l.__.rl th
i o
d Ilﬂ-..ﬂ N O._F_chm Snﬂuwnc.w_u
n
Baam o e e

£l

-



war

F?ﬁtmmmu O LA TR PN RS A e = P e o ) T Y T T T T T el K e, L T e -n.}':::'!
»

Lt}

- |
TN A gy

2
o
|
|

- ‘_ L
=% “e '/7/— r
| * . !,

« * ) .!

a » .1 .

ﬁ
t [ 3. " ) 4 J
:4000 e GRS A *
> . Strength ~ X J {
s . /’;" ‘e X x

»

5.\{"' * e * e | . / x 1
fémc / ] x ‘Vé/

o} -
'/ ’

. X x
© by ' 'Il %

' . 7 Doy i8S th
£ VLN \07 AL ¥
o X

tx ¢ '

£ 2000 ,4{ : ~
) 1, x Ky )

X oxx .

I~
2 x? x
z.z ] !J

S
g_ 1000 =
8 * Test Doy Strenghth
X 7 Day Strength
oL — _L : L L
o {.0 2~ [.& 1.6 1.8 20

Cement — Water Ratio by weight

FIGI3 CONCRETE STRENGTH vs
CEMENT-WATER RATIO




F e n:_—\l.i

A LT et . T o T -l ST L L el TR ATk T e TR S L W

X

—
——]

1d Crmm

SNIVEVYddY

ONILSZ1 ANV Wv3d +i9ld

LLA L LSS EILLILILL L III LIS LI LLLLLLLL LI L

Juiyoopl OBunszsay 3o pag

HWog ¢ sa1otd duicag

SI0MIPIS  ILIIIUOY

FETTIe Y] old bunibag

woag

1531

FET: | ..ulkmmn a__cmmpmuv::._u furinag

woag

CUDIE —] :m X:NRINIL m—:—b.ﬁuunmﬁ_

-

nog 2

131 3vI0wDUA( '
buyp o150y "G-000'6 2!
210|g Butipsg

914 Bdunoag

1340)4 BDuispeg

-y

X IX 8 s230id bunoaq |1y
D 9/~ siIloa 1y
:310N

b——— 1B T3Pp3d

Bunaay] 10} woop

13101

15¥5

woa»g Dujpoo

1S3

—

swpag -y

[
=
o
N
N

L]

\

dUYIDM

= o

|

Buijsa) jo poay Sumopy




F"_n&'. T e T IR A i LT DA T T g, o N Sl ¥R - T NN Sl T I sl P A R R el 0 e e el wmﬁﬁ

.';
i

South Side

FIG. 15 VIEWS COF BEAM TESTING
APPARATLUS

A Ty SR SRR, v . ST - P R £ A T AT - Tt P r S —— e




ﬂu’g"‘i\l

jorty, Bl

T ML LA

‘ E:‘a‘m PR T o gy S B T A S R T e e B e x5 2 el . e R e WS R L o g

SNOILVSOT LNINIYNSVYAN NIVHLS 91914

{9221 puo £1133) sauit 899 uwoONS

[DUPYIIN .9 —w

2z
6—Y 3dhy - ¢,n..N 0009 WID4YS INDIKTIY IINIHT »-HYS ——
$1-v ds) - g1 N ’ 4
®m31\ UODARIT  YiION
o
!d'ﬂ“ g
iol-m —/ :l°.l-f1. — IOIqW -
" _ : _ Q2ield
3 L y — bunog
1 —o -t ———a >t - o—oo——ao——o >————— e | )
/ 9 &' #  £i % o o s ~ € ¥ £ < ) _
“ | |
_ ! ! L 1
| L “
v Sid _ mag m 4
| % . 2% | |
_ _ _ ;
" |
! ! asip, doy
tsvm | | ' 1z03
| 'y 3 ' ™ )
' + )
“ — (4 U ] M—‘. _
ST
| el 319 1% !
- ——

—




T L AT L L1 — . \.J
m SNOILVOOT LININWRNSYIW NOILDIII43a Li9id
i}
% vk g) quig) unz) QWL 021 _
3 ury) nukc) aZ) HEL DHIL
L a3 quxyd wxgs L HZL qmil 1104 SUOI;DID
g _ wxg) cuxgd ac)H HSL am21 qL 13010} ..o_,.,z_tg(_
W © D-£x0-) @2 - O-€ = 609% 1 O-€ =,0-1 V¢ \J_
ﬁ. e T S R s S L
; | |
K U _ : m
! oL Tz '

TIGL1 GNE) I qHna ]
w :v»r ONE L D14 1034 swoitpd0) afun)  woydjfag
: S >4 + > = _
m LE - | 9-9:-_1-199 _ 2 F-
; - - + ——+ [+I»l.!+!_—.l|+il|+ - 1
m_ m : ' ]
m " 1 OwW2L _ “
) onzL . !
ﬁw | pwi1 04 seouoo0y jaBaog wornoaisag ,r“ m
m < 0-6=.5-1 @3 | - j
] + - b - 1 : + - + i -
| | _ | |
L _ < — Sl oo lrm
_m 0-¢ _h ol¢ N 0-F -
m .,ﬁLrJ 243u0123142 ._ooo&,\ ‘
} 3
w _ ! m ! _ |
I i - _ . | S _ -
i i _1 ! ; -~ |
“ woag uo spafio) o uoynao |
i 1
ot e J
M



e - —=g=

inl iy 4

T AT T N e T Sl T T TR A L i e T R RN TP % ke T BT

=

TR AP S Sl S T

I TOOU N " W e,

HADNFH1S JLIHONOD sa NIVMLS J13HONOD JIVINLLN 81914

isd — d5 _ ybuasyg  ayasouon
oomw N 000§ 000% 000¢ 00ce
i {-
b 1
| T
L J
e _
®
—6 e o ® .. ®
®
L L] e
L P Py
] wooo.a.u\
[
* L.
L |

m

34DWHIN

N9 . uipipg 819.40U0H

c.OlX

—



E,

B o N S S E o oY

P = I

ekt SIRIIRA S

T R

e
f-l:ﬁgdlﬂi!!i

— -
. oo )
HIONSHILS JIFUINOD SA MM 61914
15°d —~2) - yjbuayg 9ja.0U0)
0009 0cos 000Y 000€ - 0002 coOI 2,
w V20W0])  Pes sl “
; 0 woobgeIw) Uy QN4 X _
,_ _ wychysam) sy wosy , m
—{vo {
! g
Lo . = |
ILT“IJ‘ITP”/ re — go <
._ ¢ ¢ -”/ 3 _
“ .,.m ™ -
005! —3 -G-Sxly
Li ~ 55|+ S5290-5% i -
UOHNGIISIG SIS “
$pqdxyg .Al_|ﬂ)
c H ' P B o ;
248059 14 =0 - ﬁc_
A -
- oe —
§
- - A oy

R



T L | R

ALIDVAVO  ONIAYHVO

Sy u] uoydaq uodspIN

-QY07 NI 440-dodd 3HL No b 10 10344302914

, 2 ) 9 S v £ 2 | o)
, - r T T - 0
“ , a _ “ ,
| “M — - | _
i 1
u P 1= 1 —— B 20
! _u ‘
. 298 L6560 221 0065  HGL !
- 092y 8BED ©EZ 0182 AL _ azab
i gggs €120 2% 039S HA :...Illlfw ggT-b "o 1y
; _ bZve veIo 160 0212 °PIRL “ ql 1 +0
m | 32 €M 290 0262 9k ] / ksl
1 m i@l 9800 b£0  USIZ BTl _ "
b -6 % roc _
o] I:ll. S b d Y woag \ »a1 =b 1 _ :
k Ny . ci21L
—{ 30

B |
~

//

cir=b
qQtTIL

e e vk T Ry TR T T e 3 TR L ]
e e O o T T Y o
@O
[=v}
Q
et

-
i

3 e

80

Ol

XU/, ooy poo

.




ey

0.4 ———— \A\

= .

2 Beom Tie N
\“-042 L Spacing Type | \.___..._
a —e C2w None

0—0 C2xm | 8in m_J

.2 ° 2 g € g 0

; Oeflaction At Midspan In incres

Begm Tie \ \r
Spceing  Type \
-2 (3w None <

x—x C3I xm 2 m

o—0 Ciynb g In. n

0 | L - . ‘J

0 2 4 6 3 10
Deflection A% Midspan in inches

FIG.21 EFFECT OF METHODS OF TYING

GOMPRESSION REINFORCEMENT ON
LOAD - CARRYING CAPACITY

i ws -t €




ST L -

E -

|

= M SR T R R T TS ST T TR Y

Bt = St

==

==

_ e -
- > ——m

e

ININIOHOINGY NOISSTMAWNOD LNOHLM ONY HLIM SWvag

20 HSNWYLS LNIWNICHONIEH NOISNAL 40 NOSIHVANO2 22914

JU32I3d Ul WDNS  URWRRMOUIY

Iisu,

0?2 93 21 90 +'0 v
m W _1 | u
1
W N
ﬁTll S R i _ e - A
GCEYr  0oG'Gh 860 061 0542 ouNpD
_ o'ty 061 08£2 ©Opi
i il 1sd * % 13d _
R A; K qd 5} uoag
e

, oL
|

k\ ]

o

‘———*_qh—

- Ol

0Z

oL

ov

IBiCL

sdiy Ul pooT
L‘mmumm-l



D — E— —— !
m S3HNNVE NOISSIHIWOI-NOLLDFTH3d avo1 NO

m H1ONJH1S 3134ONOD 40 103443 €2 9id

: 8 L 9 g o gl e wemhn ! o

W w - T _ —
0 I I A Y |
! ! T J.,;/..u |
w_m mr m | J_ oz _om
i _ 2
] i
w _ | _ _ 1% ¢
m - _ i | . | ot

m | |

i3 O£98 @@L 0065  HgL 05

; o oesue  zzz ooez L HEL

u 1. %.ﬂ_ ' ._wm_ - I co
b |



b4

n.w-a

Vo M, T Wr—

E e gl o - o, A Re—rea S A T s T U

= '_“JIQW_Z"_‘__’“W”“MHA“ T — et i

Norta Side of Beam,

South Side of Bzam

FIG. 24 VIEWS OF BEAM T2Mb

AFTER SHEAR FAILURE !




e
Rl |

at ma

o ——— T

e ———

s kT e

Dy P SRR - R T

o=t TRt L E

o e

e PR LI g T

el

AINDG  INIWIOHOINIEZY FUSNTI— ALOWIVO ONIAYD

WXV NO - INTWAEIDHONEIN NOSNAL 40 103443 m&oclm _

SYIUY Ul UOIIIAC updspin m
g 8 2 g G » < z t 0,
.“illllnl"llj.d M 11_ — 1~ ~—
: _ . )
\ - T~y . '
J'. "~ " [
- . .__.
v L r Y A\ R 1. 1P
; TN N [T
t h -
J N\ _ f - I
_ i .
i I . —
I ' perO~0 §! o
i - ! . 0z 2
1 o -1 w _ R
i .
m o
| # Ll
m]:}\ 2 » A 1 —— - _n.ldr.
g : ’ < n
4
w iTES 3150 22¢ 0062 _ :
S T-Y R 88£°0 242 0182 _
m L28€ 2650 06'l 08ge i
i vR62 0226 160 oveZ" N 1ZL 4 - L _o¢
_m 402 85Wo 290 02¢2 9L o—a :
i3el ! 9800 , €D 0612 o ! m
BGM 18 % isd S
.ﬂﬁ:.ru’h ' b ‘ .uh ie _
- - {06 m
4 L

Cud



— e——

B0 M Sy VRS RO o T

et

ﬂmwrcmrmw:@
O
liinnn - Sussnerisbtennbrony. N 52

SIAHND  NOLLDI43A
— v01 40 3dVHS NO b 40 192423 9294
SIYIU] U] UDASPIN IV uoyR|RQ .
8 2 9 s v € z ] 0,
_ il T T
. i
998 OEF0 082 (9% O8I WXy X——x
= ]u.__m SR N Z0L 90910 £61 22T 068 uxg) e—s | 26 m
T G¥¥ 1800 $230 @1 O¥2y UXD o—o =
v // gﬂ-ﬂ“- % % w:. wuc
wwﬁ.ﬁm mﬁ V¢ o | . o &
LS | 2
_ 5




N L Tl e L e, T LT T I S T T LT e T e TN e P e T TSN

VT L N LT P— ] —

ANIGWISHOINIFY NOISSIHAWOO 1NOHLIM ONV
HLIM SINWV3IE HO4 NOILO3143Ad 'SA OlLvd-QavOoTi L2 Did

SaYydu] U] uondspiy AV uoyIAN;IQ
[ A 9 G L4 n ..N i o o
. vt 290 8E) Cpr2y ungd | 0—o0
i I'Se — 8€7 088G CHIL| »—o
_ K- % % isd
R r\{lJ\<jlllir13\:fnlJ# XOW gy 4 d ) wodg

S \ )

DU
a/q

R T T TN Sty AR e 1

T I W T R =
|
L
|
T — e —
o o

Ft;, b ALl e R SECR ey g

0l4dd pDOT

L3 . N |



L

;

Beam C2xm With Effective Ties

Beam C3xm With Ineffective Ties

FIG. 28 VIEWS OF EFFECTIVZ AND
INEFFECTIVE TIES AFTER BEAM FAILURE

L L e AN



Beam T3Ma With Clamp-on Stirrups

deam TSL With Conventional Stirrups

FIG. 2% EFFECT OF TYPE OF STIiRRUPS
ON CRACKE DISTRIBUTION
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Tae appendix contains the followlng plots for each
bean testsd:
Appe Pig. 1 = 33
(a) load ve. midspan deflection
(b} Lload vr, locad=-point deflection
App. Mg, 34 - 65
(a) Deflections along besm at verious load
inocrements
App., Mgz, 67 -« 99
(a) losd ve, tension steel strain at midspen
(b) Llosd va, concrets strain on top of beam at
aldspan
App. Mg, 100 = 132
(a) Ratio of applied load to maximm load
attained in test ve, midapan deflecticn
(b) Ratdo of applied load to maximum load
attained in test ve, losd-point deflection
App. Mg, 133 « 165
(s) Ratio of applied moment to maximm moment
atteined in test vs, arngle change at aidepan
of bean -~ v
(d) Ratio of applied mnoment to ma:»:..ﬁ' o.unt
attaired in teat vea, deflection at midspan
with reapsct %0 the load points.
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_ADDITIONS AND CORRECTIONS

l T0 THE BEPORT

AN _INVESTIGATION OF THE LOAD~DEFORMATION

- o
CHARACTERTSTICS OF REINFORCED ONGCRETE
BEAMS UP TO THE POINT OF FATLURE

The following additions end corrections are to be made to the

report An Investigation of the Ioad-Deformation Characteristics of Re—
inforced Concrete Beams Up to_the Point of Failure, by J. Re Gaston, C. P.

Siess, and N. M. Newmark, which was issued to the Office of Naval Research
under Contract N6ori-071(34), Task Order 34, Project NR-064-372 in December

1952

BEAM DESIGNATION
The significance of the letter and numeral symbols used to desig-

nate the various beam specimens was not given in the original report.
The letters and numerals serve to identify the various beams in
the following manner:

For besms reinforced in tension only:

The letter T indicates that the beam was reinforced in tension
only in the region of pure flexure.

The numeral following the letter T is the value of the reinforcing
index q= ;:Z in tenths, rounded to the nearest tenth.

T;e letter L, M, or H appearing next designates the concrete
strength; that is low, medium, or high, where low is from 2000 psi to
3000 psi, medium is from 3000 psi to 4000 psi and high is from 4000 psi to

by

6000 ij. .



2
The lower case letter a, b, or ¢ following the concrete strength
designation identifies the individual beams when two or more similar spec-

imens were tested.

For beams reinforced in compression as well as tension:

The letter € indicates that the beam was reinforced in compression

as well as tension in the region of pure flexure.
pf.

The numeral following the letter C is the value of q = §4¥ in

[ T

tenths, as before.

The letter w, X, Js or z appearing next indicates the spacing of
the ties in the region of pure flexure. The letter w refers to compression
reinforcement without ties; x indicates that the tie spacing was that speci-
fied by ACI 318-51; v indicates that the tie spacing was one-half that speci-
fied by ACI 318-51; and z indicates that the tie spacing was one-fourth that
specified by ACI 318-51.

The letters n or m indicate the type of tie used, as shown in Fig.
4 of the report.

The lower case letter a or b, where it appears, indicates that two
similar specimens were tested,

Examples:

Beam TlLa is reinforced in tension only, has a value of the rein-
forcing index g equal to 0.1, a concrete strength between 2000 and 3000 psi,
and is one of two or more similar beams.

Beam C3yna is reinforced in compression as well as tension, has a
value of q equal to 0.3, has a tie spacing in the region of pure flexure
one-half . that specified by ACI 318-51, has type n ties, and is one of two

or more similer beams.



ADDITION TO TABLE NO. 2
RUMMARY. OF REDULIO
_FOR BEAMS REINFORCED IN TENSION AND COMPRESSION

Beanm kn

Cw 0.897
Caxm 0.878
C3w 0.857
C3xm 0.857
C3yna 0.866
C3ynb 0.850
Clxma 0.884
C4xmb 0.856
Cizn 0.857
C5vyn 0.833
Céxm 0.833
C7w 0.833

*knd = distance between the centroids of the tension and compression rein-
forcement; where d = distance from the top of the beam to the centroid of
the tension reinforcement.




CORRECTION TO TABLE 9a

COMPARISON OF EXPERIMENT AND THEORETICAL VALUES

Beams with Tension and
Compression Reinforcement

Beam M - kip-ft

Exp
Exp Theo Theo

C2w 324 31lel  1.04
Cxm 38,0 35.4 1.07
C3w 6244, 6044 1,03
C3xm 66.3 61,5 1.09
C3yna 41.0 40,1 1.02
C3xnb 6244 62,0 1,01
Cixna 40.1 4l.4 0,97
C4xnb 42.8 42.2 1.01
Chzn 59.3 60,7 0,98
C5ym 87.8 89.5 0,98
Coxm 84,9 85.2 1.00
Ctw 84.0 84,7 0.99
Average Ratio 1.02
Range 0,98-1.09



OTHER CORRECTIONS AND ADDITIONS
A value of the modulus of elasticity of the reinforcing steel,
Ey of 30 x 106 psl was used throughout the report.
Pa 22
Equation (31) should read:
. pfy .

o = v o BRI + k"-1)

kt

Equation (35)\‘Ehould reads

r

(X 2 -
kS PO LI T R TN
‘ B~ k! ni,

LY
Page 38:
; Third line below Eq. (47)

“"For q'>qc'=r, e o ot
Fifth line below Eq. (47)

" . « o9 that is, fséfy n

Second line below Eg. (48)

", LR and f8>fy "

TABIE 1, "SUMMARY OF RESULTS FOR BEAMS REINFORCED IN TENSTON ONIJ"

The entry under the column entitled "Stirrups® should read "None"

for beam TlMa instead of "Clamp-on'.

TABLE 2, "SUMMARY OF RESULTS FOR BEAMS REINFORCED IN TENSION AND COMFRESSION
The heading for column 9 should read " pl=- Z", instead of " p -Z ",

TABLE 4o PROFPERTIES OF REINFORCING STEEL
The heading for column 9 should read "Blongation in 8 in., Z"

instead of "Elongation in 6 in., 7, ".
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The following ncte should be aide |, "The 8"—-cimension of all

bearing plates is paralle. tc the axis of tue beam®,



