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The Designing Engineer, figuring thre
recinforcing baers to be placed in a concrete structure,
rust, cduring the course of his investirstions, do two
things:

(1) Determine the size and number
of bars needed to sunply suffic-
ient bond betwveen the stecel end
concrete.

(2) Determine the length of bar
necessary to furnish sufficient
anchorage so that the bar will
not be pulled from its original
position.

After finding the final length of the
straigsht tar, a hcok is put in the end as en edded
neasure of sefety. In feneral nrsctice this hook is of
standard size deternined by the size of the bar. The
dimensions of the hook will be discussed in detall
later.

“hen studying Reinforced Concrete, nothing
was ever said as to how much of the total strain weas
taken by the hook, or its eactual strength. The

necessity of wvriting a thesis rave an exccllent
& o
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orrortunity for inveztipction, gnd uncn inqguiring,
nothing: was found to sipnify tret werk rad been done
to any extent along trese linecs.

It wes therefore determnined tret the oblect

cf tvis pener would he to test the standerd sfzes of
hocks by embedding therm in cconcrete, curing the spec-

irmens, and exerting a tensile force on the bar until
tr.ere occrared one of the fonr follewing feilures:
(1) Straishtening of the hook.

Sv]

) Crushing the concrete.

3

) Brealilng of trhe rar, leaving
tre hook intact.
(4) £ corbination of the ahove three.
Due to a 1lirdt on time end materials, it wes
npcesible to nse only one mix of conecrete, therefore, s
comnlete set ¢l cdeta conld not he obtained. If time

red been allcwed, different lengths of bers, snd

3

nerhans a different ¢imeasion of hecox could

nsed in these tests.
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e, for teasion steel, bhe;ins only
1

after the bers have rpacssed out of the tension re;ions.

<

Therciore thie armount ¢f enchorege is lelt to the
iiscretion of the cdesipgning enginecr.
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Round Dar:

“hen fs ecuals the fiber stress of %tre steel

and "a" the diarmeter of the round ber or the sides of
the scuare bar,
N e= o —S 2
.’.-‘LSAS-f T 8% o
4

To pnrevent force T from ceucsing the bar to
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elanced by a bond force hetween the

6]

1 . .
n Per r " Twe Desizn of Reinferced

Cenerete Structures™, iew York: Jeotn Viler ¢ Sens



Let 1 equal the btond stres
tren: Tond forze = u x surfioce s
= v x W7 a L
and: T = Dond force
. R o -
therefore: (o g7 _ 27 = ulal
4
L = 2_a
s
41
Souare raors:
-
m o = “
T Tq Bg fS il
Dend ferce = u l 4 &
then: .82 m4ula
s
therefcre: L =1, =a
4

Tnis eqmation feor finding

et scuare and ronwnd beors.

Snecificallions stote that

ri-id frarme, shell have a length of anchore
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Positive Stecl:
The ancrorsge for positive steel mst be

extended a2t least 10 har

1

fol

fareters nast the face of

sannorts.,

Y

= ultimate corprecsive streng;th of cencrete

Ibid., Pn. 412






FZoure two gives tiie dinensions of the
standard hooks used In t-is experinent.
'3D
1
b B [}
4+ Lo “ e
The diareter of the ber ftseclf determines the radius
of the Loolz, as well s the tangent lencth on the end
cf the hook.
D = Par Diercter.

£ test bar th
length, and t

In

jan}

s

By
N A
<

qual chen

n
~

trenpgth of t

ree foot long wes chosen es & convenlent
e hoolzr nlaced in the end.
order to give all bars cf the cane slze

ce, and in corder to test only th
3 J

e hook 1tself, the bond hetween tre

steel and concrete was destrcyed along the sheaf

roint 1, the point of tangency tc the
T3 wes accomplished in two diffcrent
WS e
l. Plein bars--ciling trhe sheft
wvithh a rmedium welyht of ¢reese.
2. Deformed bars--o0il alcne on
deforied bars would not allow

the s'afts to be free, so they



were wranncet with heavy paper

<

as wvell.
Both of thesc metrhodd effectively destroyed ell of the
hond as was in evidence wren the snecirens were

broien.

Pize 3.
Tipure & gives & crosse-sectional view sghov-
ins mow the bar wes plececd In the concrete. At lesst
three inches allecvirnce was left betvieen the bhor and
the ecdpe of the sneclimen to rive a rood bond ag viell
as ;ood strength.

In bars up to 3/2 " inclnsive, the specimen
ves riade in the recular 6" cylinders used for comn=-

ressive streagul. tects. Vith bars of larger sizes 1t
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wag necessary to builld forms sc that the th.ree ineh
clezrance could be msintained.

Choosing a vroper mix of concrete to give

ne ior nreblem. It wvas finally declded that a concrete
mix of betveen 250C and ZCOC 1lhs. per square inch
cormnrressive strengsth would sult the probler, sc
towards tiat end the following mix was designed:
weter Tenent fiatio: 6 to 1
ix vy Vol.: Ccment Send Creavel

1 | 2 )
e send wieliglied 112 1lbs. per Cu. ft., and
the gravel 114 1bs. per cu. ft.e A slump of between

=

1 5 N . .
1, and © Inches gave thie desired strength et 20 days.

Lfter the specine

o

s hed scquired their
initiel set, they were recmeoved from the forrs and
pleced in a water-vepor room end ellowed to remain

trere for the 1l 20 davs., The srarts of the hars

v

wvhrizh stood out from the concrete vere rubbed with an

ciled cloth at frecuent Ilntervals to nrevent corrosion.
The rachine vsed to brealt the snecinens was

o Iiehle 1rmeterials tester made in Philadelpha. It

ves commosed of a stetiornary unner jfew, and a noveshle

lower jaw. The uprer jaw wes reroved, the sncecimen to

be tested inverted, aand the bar placed througl the

opening left by the removel of tre urrer jaw, The
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rioveable lower Jjow wes then clarmned to the bear, and

pressure onnlied until failure took pleze. The

3

brealkin; force came from a hjydro pressure mwwn, £nda the

force recordecd on & bheam sccle.
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Upon completion cof the 22 dey veriod of curing,
each specimen was remcved from the water-vapor roomn and
oprepared for breaking by drying the rods snd removing
the irease.

The specimens were then fractured snd the dota
on the follew!n: vares was recorded. An Inspection will
shew that in 211 but one case the fracture which took
place was due to failure of the her i1tself in tension,
outside the regions cof the hook, and not a crushing of

the concrete or streishtening out of the hook,.

)
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ure 4 shoevs twe tyricel swpeciriens used in

|1

Sneclirien oe I'=1 In vart A had alresdy been

broxzen, but tte pcint of fracture was not shova in the

}de

nizsture. Uiie rod stretched until the yield point wes

reache:d, and trlen parted. The croscs-secticnal area of
the bar at tihe point of fracture wes much smalier thon
the cross-sectional area of the rest of the bar.

Snecimen To. =1 In pert B illustrstcs a t picsal
test ber before fracture. £An inspection of all the
brolen snecirens revecled no cracits or fajlures cf eny

ind in the concrete.
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'icure 5 st ows one of the tcsted specimens vwhich
rad heen broxen open to shcw the bond on the hook, and to
see how effectively the bond on tle shaniz had heen
cestroyed. At pcoint A Is shiown where tl.e paper wrapning
berins so 88 to vrotect the shank. Low well it did its
work ves shovm as the entire niece of concrete, labeled
as "B", ccnld be roved to any vosition on the har.

Tlie hoox tec the risht of point "A" was still
well bonded to the cencrete,

In oaly one ceacse dld the concrete f211 belore the
bar, and that vas with a cne Inclk square deforred ber.

A view of this is sheown in I'i;

. 6 on the next nace,

’) -
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Above noint "A" in fisure 6, can be seen tlre
protective naner coverins arouna the shenk of the bar.
Here a;ain 1s anctrer proof of the effectiveness of this
method of destroying the boad. In this test the concrete
failed before trhe bar broke because cf unequel nressure

on tkhe concrete. Thils coused the rar to spring outwerd in

5
the direction cf the plece wiich broke off, putting the
cencrete under tension. The bond between the hcook end the
concrete rad not been destreyed and gave no evidence of

failure in that directicn, a2lthousnh the ultimate stren

of the steel bar had alrecst heen reached.
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The purpose of thias thesis vas not to revise
the anchcrase desisn for reinforcing bers, or to deter-
mine a new riethod of ancherage, but to see how effectiv-
ely the present cdesi n sccemlished I1ts »nurncse, end
in scme cases melke rnocsible a sevins of reinforcing

rewever, tilat this conld re accorm-

lished with the relstlively smell arncunt of rescerch dene
here, btut furtter investigatlion ni ht nake 2t ncssible

to econorize on large construction ‘obs, It has hteen

h

stown in this tlesis, as for cs was anconnllished, that
the anchorage hook was stronger than thie bar Itself.

The feollewing are exempless s»owing how rmch
conld be saved on reinforcing steel by using the results

shcvm In tris paver:

Exerinle 1.

u = .05 £} .05 x 2,000

= 100
L =7fga a = 20,000 =z 1
pastel Zx100
= 50" past face of sunport

Tew length

L=2x3D+ 210

2

S6x1l+ 411
= 6 'f 1‘.'.\)
= 13.56"

Saving Z1.44" reinforcing bar.



a definite rule cculd be

anchorege design.

tested as

certain that & new decl. n weould weri

wew leng

L

u

-20=-

05 £L = .05 x 3000
150
foa 2 20,000 x
4 4 x 15C
16.67" rest face of
2 x 2D+ 2T7TTr
[}
~
.
6E 2z + 4 IT
)
(&7
3 + 6.20
9.29"

Saving 7.20" reinforeing bar.

Iizh nmore vicrk

well a5 &ll

the nresent =set un.

mas

c
:
o

zes

t be done

b

steted to decrease tlre

of

-

as

bars hefore we can

support

however, before

presen

£1]1 designs of concrete must be

be

eflectively es

t
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