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ABSTRACT
. Maximum Shear Strength of

g Dapped-end or Corbel

Siong Ket Liem o

. t

The behaviour and the ultimate shear strength of a
dapped-end with horizontal and vertical reinforement have
been studied extensively. This study is devoted to a dapped-

end with inclined reinforcement.

-

LY

The analysis of a free body diagram of a dapped-and
showed that the ultimate shear strength of a dapped-end with
45° inclined reinforcement should have twice the strength, of

a aapbed-end with horizontal or vertical reinforcement.

Six models of deep beamg‘resembling twin corbels
s

wﬁen seen upside down were tested in the first series. Eigh£
full scale models of a dapped-end with different diameters

of reinforcement and varying shapes of a dapped-end were

tested in the second series. During the test, crack appearance,

type of failuEe and ultimate capacity of samples were recorded.
’ ! s \r h "0’; '
The test results were compared with calculated values

based on the analysis of the free body diagran.

i

In order to avoid a secondary collapsé, it was

proposed to limit yield strength of steel to fy = 40 ksi

(280£§1397). A design procedure for the dapped-end has been

. Y
proposed and a numerical example has also been presented.

< 3
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- Factor of safety

-vii -

~ bepth of equivalent rectangular block

- Shear Span (masmd frcm center of sug:ort to
interface of dapped—aﬁd)

‘ - Area of horizontal web reinforcement

- Steel area in general
- Area of main dapped-end reinforcement
- Area of vertical web reinforcement

- Total area of main reinforcement (projection . area
of reinforcement perpendicular to crack)

- Width of beam

- Campression foroe
- Effective depth of full beam
- Effective depth of dapped-end, deep beam or corbel

- Limit st¥ain in concrete in tension direction at

failure under biaxial tension and campression

- Modulus elasticity for steel
= Uniaxial compression strength of concrete
- Stress in steel et

- Tension stress in copcrete under tension and

campression biaxial stress state

- Uniaxial pure tensich strength of concrete
- Yjeld stfength of steel

~'Depth of dapped—end beam (full beam)

- Depth of deep beam, dapped-end or corbel
- Horizontal force applied

~ Applied load
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Vucr

V test

V*totest

Vucal .

Vcal

gc
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- Total tension force (flexure) Y

- Tensian force in horizontal dlrectlcn due to
honzcntal reinforcement

-'Pens:.mmvemcal direction due to vertical
reinforcement

- Tension force oorrespcndmg to the yield of the
steel

Tension force in direction along the inclined bar

- Projection of Twf in horizantal direction

- force and stress at the time of concrete
cszrtﬁjng )

- Ultimate shear strength of cmcrete subjected to

pure shear loading

- Nominal shear stress with respect to effective
depth of dapped-end

- Nominal shear stress with respect to full depth
of dapped-end

,Ultimate shear strength at failure (full shear
"1oad)

Ultimate cracking capacity

Ultimate shear stress for reinforced concrete at
cracking

- Shear force at failure

- Calculated shear streng't-h by applymg reduction
“factor, )

- Calculated  shear strength with ¢=1.0 ,

- Principal campression stress in concrete under
biaxial stress state

- Principal tension stress in concrete under Biaxial
stress state

- Reinforcement ratio
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Ratio density of web reinforcement in"45° inclined

direction

.
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= Reduction fagjor (according to A.C.I.

- Angle inclination of reinforcament with respect

) horizmtaJ/pds .
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1.1 General v

i

. Connections are one of the most important element that should °

be oconsidered in design of precast concrete st.ructﬁres: The émnec—
r X
tions may be subjecte’d(to high strebses as well as to unforseen -forces

°

such as temperature changes.
The dapped-end beam provides an efficient and econamical
ccmectlm of precast to precast or precast to cast-in-place ;:mcfete,

camponents. The comnection has several econcmical advantages such as:

€

i

1) The cost of material used f‘)r the connection is reduced by
eliminating all*miscellaneous steel inserts and welding.

2) The comection is normally located at the point of inflection,,

thus ﬂ;é mament and corresponding flexural reinforca:i;nt are

!

reduced. :
" AN
3) The cost of construction can be reduced further by providing a

simple connection such as drop-in beam.

The dapped-end beam connection may have wide practical

applicatichs. Figure 1 illustrates examples of possible applicatians,

_such as a drop-in'beam between two corbels, a drop-in beam between

two cantilever beams, a connection between joist to beam and a

N1

connection between beam to colum. ’

&

ot S e oot e e 4 AT




-, -

- Beam:

-

]
Cantilever <% Beam

b

__._/l,_l__. - 1 (b)

\.

S SRS
E"" Drop—in Ee%l *IL
S ]

A

% Fig.l.1 Same of the applications of dapped-end
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" the dapped-end zones with inclined reinforcement provides a satisfactery

- . : v M

- [

1.3. pPrevious Research Work = Ve
(1)

-~
~
|
=Y
1
»
.
b
.
)
.
TR . e g it R

In 1970, Sargious and Tadros presented finite element analysis
of "Stresses. in Prestressed Concrete Stepped Cantilevers Under Concentrated
Ioads". However their data were not ccmpared“‘witk} experimental results,
In 1973, Werner and Dilger (&2) presented a paper entitled "Shear
‘

Design of Prqstres:sed Concrete Stepped Beams", which compared finite .

element analysis with an experimental program. The results of €he

' experimental program agreed closgly with the finite element analysis.

The finite element method was used to find the maximm stresses at the re- :
entrant corner. It was found that qu first crack appeared when the
tensile stress in conc;:ete reached the approximate value ot( 6VF'C . The

ultimate shear strength was calculated with the following formula

Vu=Vec +Vp+ Vs (for horizortmal reinforcement) ’
Vu=Vc + Vp + Vs sin o ( for inclined reinforcement) ¢ . .
where : ¥
Vu = Ultimate shear strength b .
Ve = Shear force at cracking . ) - .
Vpaz Shear force due to presi:ress'ing (vertical component ,
of tendon)
Vs = Shear force in web reinforcement
R a :‘ Angle inclination of the reinforcement with respect ) ;
to horizon axis ‘ |
In 1975, Hamoudi, Phang and Bierweiler (3) , found that the shear
strength c‘>f a prestressed concrete beam with dap?ed-end can be pre- 4 |

dicted accurately based on elastic analysis. Moreover, prestressing

.

method for web reinforcement and furthermore prevents shear cracking of a

dappeq-ends at working loads.
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N ‘ In 1979, Mattock and chan‘®) published results of eight =

dapped-end tests on four dapped-end beam models. Those beams had

. horizontal and vertical reinforcement. Four models were subjected to

R vertical Toad cnly and four were subjected to a cambination of vertical
load and horizontal force corresponding to volume change in structu_re.

. The analysis of their design was based on modified shear friction ‘

theory ntcam\ended by P.C.I. (5)

corbel or bracket, wvu ghould be less than 0.2'f'c. Based on their

which assumes the shear stresses of

research work, Mattock and Ch,an' showed that it is possible to have vu
increased to 0.3 f'c, provided the ratio of aS/dD is not more than

1.0. They proposed that the shear span "a " should be measured fram

the line of act.'Lon of Vu to the center of gravity of the bundled

~1.3 (bjective of Proposed Research
= . » -

) . :
The purpose of this research work is to study the maximm

shear strength of a dapped-end or corbel with inclined reinforcement
and canpare them to the behaviour of dapped-end with horizontal and

vertical reinforcement studied by Mattock's Group(d) .

Based on the analysis of the free body diagram, it can be
shown that a dapped-end with inclined reinforcement has twice the
strength of a dapped-end with horizontal and vertical reinforcement.

This research was undertaken in order to prove the validity of this

cbservation. Deep beams resenbling twin corbels when seen up~-side down i
&nd full scale.models of dapped-end beams were tested in the first and
second series respectively. /
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_CHAPTER - 2

EXPERIMENTAL PROGRAM -

i A
2.1 Description of Test Models

- 2.1.1 First Stage Tests

. In the:first stage, it was decided to test samples in the
) L4
form of a deep beam resembling rectangular twin carbels when seen in
the up~side down positian. Each sample has a dimension of 1.75" x 12"

in cross section and 38" in length, as shown in figure 2.1.

B Six test sanplﬁes were made in two series, with series A
having a lov strength of cancrete of f'c = 2000 psi (14 NAm?) and
| od )

series B using a normal strength of concrete of £'c =4000.psi (28 N/m?).

'All reinforcing bars were of #4 (10M) and fy = 60ksi -
(420 N/Am ). Samples 1, 2, 4 and 5 had 6 #4 (6 x 10M), equivaldnt to

reinforcement ratio p = 0.057 and samples 3 and 6 had 4 #4 (4’ x 10M) bars

1 4

and p = 0.038. The above ratios of reinforcement were calculated
-

correspanding to full section, i.e. p= As/bil.' It should be noted that
there were no stirrups provided but only inclined-and horizontal bars

over the shear transfer area.

The amount of the reinforcgnent was the same for samples of

series A and B, and it was chosen in such manner that series A would
. i}

fail earlier than sarrk:le of series B.

¢Ihe details of the reinforcement and the, concrete st:.rength of

sampleé series A and B are shown in figure 2.1 and Table 2.1.

£l
L]
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Fig. 2.1. Iocation of the reinforcement and detail dimensiors of the sample.

o%

i

Table 2.1 Design properties of test samples

SAMPLE - Strength and Tyope Reinforcement
of concrete, psi No. of Bars As o
Mark ISeries a b cla (in?)
L : 1 |12 |2 |1.2 |o.057
Cement mortar of
2 B | £'¢ = 2000psi (Ldmpa) 1 1 |2 |2 |1.2 |o.057
3 1 - 2 1l |0.8 0.038
4
Concrete of 1 1 (2 \2 l.2 {0.057
B o _ .
5 f'c = 4000psi (28mpa) 1 1 |3 5 11.2 lo.0s7
¢
6 1 - |2 1 |0.8 10.038

Note: All bars are of #4- (10M) and fy = 60 ksi (28N/m?).

(?
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2.1.2 Ssecond Stage
<4 In second st-age, four rectangular beams having both end
dapped were cast. Each beam had a dimension of 5" x 24" in cross section

~
and approximately ,10' in length, as shown in fiqure 2.2.
. .
Four bear® were produced é\assuming the same strength of
concrete, but with different diameters of bars and different shapes of
dapped-ends. Only 4:5?> angle inclined bars were used as reinforcement

over the dappe@i~ends. ‘ M
. ' 4
The samples were chosen to have the same dimensions as those

tested by Mattock's(4) . exceiat that horizontal reinforcement ‘was replaced

L4

by inclined bars.

‘ Beams Bl and B 4 had the same amount of reinforcement made of
20rm bars, fy= 60 ksi (420 mpa) and dedign concrete strength of
f'c = 4000 psi (28 mpa). It should be noted that the location of the
is different frcn B "

reinfaorcement of Bl

Beams B, and B, had the same number of bars but diffevent //

2
diameter of 10mm and 15mm respectively. The same strength of concrete
of f'c = 4000 psi (28 mpa) and the yield strength of steel, fy=60 ksi

(420 mpa) were assumed for both samples.

-«

The details of the dapped-end beams showing different .

diameters of reinforcement and different shapes of dapped-ends are

presented in figure 2.2. Moreover, the details of those dapped-end

beams are shown in table 2.2.

2.2} Testing Arrangement

All samples of first stage were tested as sinple sixpported

'k —_——
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beams under ' one load in the center. Thesloading scheme is shown in
| figure 2.3. Rollers'were used on the supports and undér the point load
to~glj.minate ‘the hofizontal restramt The samples were supported on
-rigid steei plates and intermediate bearing pads made‘of layers of -~
padcmgboxcard)o;rd, except for sample 1 which was supparted and
loaded through 3" neopréne pads. An overall view of the testing set up

shown in figure 2.4.

In the second stage, all dapped-end beams were tested as
sﬁrple supp'rted beams In this case the load was applied at a q.;gstance
of 223" fram the end of the dapped-end as in Mattock's test. The loading
scheme for the test is shown in figure 2.5. A roller suppoft is
provided on one side and pin connection support under the dapped-end.

A 6" x 8" x &" thick hardwood pad was placed between the goncrete and
steel plates. Moreover, mortar was used on top of‘. the concrete at the
loading location to have an even distribution of load. An overall view

of the testing is shown in figure 2.6/ (a) and (b).
J/
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procedure was used for B

repeated until the ultimate capacity of .the dapped-end was reached.

2.3 Testing prowdure
In order to facilitate the cbservations, all samples had their

main reinforcement drawn on bothside faces. In adﬁition, grid lines
were drawn to facilitate the location of cracks during testing.‘

In the first stage of the experimental program, the twin corbe
were loaded at the center. The loads were initially increased by -
increments of \5 kip. ' .

After each load increment, the crack patteins were marked. This

procedure wasrepeated uz?til the corbel reached its ultim;te capacity.
. The dapped-end sample tested in the secand stage of the experi- . {
mental program were loaded initially by 5 kip increments and later by
10 kip increment., | o

Specmen BlR was loaded in increments of 5 kip until the load , '
read‘led 100 k1p and then 10 kip mcrenenlts were applied. - A different ‘
4 lL and B3L which consist of 5 kip load /
increments till 30 ki.p was reached then 10 kip increments were ‘applied. B ' )

R, B,L, B

Finally, specimeﬁ B3R, 82R and BZL were loaded to failu:oe with increments

of 5 kip. , p .o 3

o N [

After each load ‘increment, the crack patterns were marked, and . N
_mareadmgs of all strain gauges were. reoorded "This procedure was

At failure, the failure load was marked and photographs were
taken, |

It should be noted ‘that each dapped-end besm was tésted twice.

Once the test of the right end was done, the beam was turned around and

then test of the left end was campleted. : I T
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2.4 Ioading Measurements

First stage tests wére done an a Tinus Olsen testang machine. The
loading measurements weré read directly fram machine gauge.

In the case of the dapped-end, the load was appliedbyn‘eans of a
hydraulic jack {hrough a calibrateé load cell with a strain indicator.
Fram the strain indicator the loads/we{réwrded and the equivalent of
loads were cbtained from a calibrating table.. ! J

Electrig.strain guages of 3500 were used on the inclined” rein- .
forcement as shown 1n figure 2.7. Afte.r attaching the strain gauges,
the wire was soldered and then protected by means of M-bond. The wires
were wrapped with tape and bxmc_;t‘mt w to the surface of the beams.

Electric strain gauges of 1200 were pla;ded on the c;:ncnete
surface as shown also in figure 2.7. ' |

Corresponding to the load applied, the readings of all strain

g gauges were recorded. _Recorded measurements were plotted as shown in

Appendix C.

2.5 Materials

2.5.1 Reinforcement




2
v v S R ke

. b m

-~ 17—

*
sebneb utexys JO UOTIELNOT £z “Bra
-
" NDIIOES " MAIA
uw i
:.v\m.* o O
0 O N
- =~ A
(%) BE= N \
& sebneb urems STIIOATD LOSE - ‘ .
sobneb uterys STIISITE BOZT /Wv\ﬁv -
i 00 . — -
¥ :@\ Mh 00
ﬂ
—
- ) - >
n cg -
7




e

P

2.5.2. Concrete
Test cylinders were cast together with beams to verify the

strength of concrete Z:hich .wés tested at the.same time as beams. Six
/ o

-

'cylinde.rs 6 x 12 in were tested for each beam under campression

force. The test results are shown in table 2.3\ )
Three split-cylinder tests of 6 x 12 in of each beam were

carried out in order to check the nomal tension strength of the

' concrete.

,—./
Based on splitting tests shown in table 2.4, the norfial tension

strength was established which was approximately £\t = 0.0734 f'c.

'I;he nomal tension strength of concrete (6) nder biaxial stress state,
ftc is a linear furctdon as shown in figure 2.9. Based on this
figure it can be calwlatéd that the pure tensile strength of
concrete, fto = 1,28 f 't, 'I‘ile test results were transferred to

v

pure tensile strength as shown in table 2.4.

N

- e e ot e 7=

o n o ah Ahiee alberhe okt o . b mC
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Table 2.3 Compressive gylinder test results (second stage)
- : AVERAGE
BEAM CYLINDER 108D STRESS ~ STRESS
NO. NO. (1b) (psi) (psi)
1 97,200 3437
2 145,000 5128
3 .
1 150,000 5305 | 4928
4 151,000 5340. ,
5 143,000 5057 i
6 150,000 5305 ,
- 1 150,000 5306 ‘
2 142,000 5023 :
3 147,000 5200
2 z 4265
4 65,000 2299
5 139,000 4917
6 80,500 2848 s
1 104,000 3678
2 105,000 3714 .
) 3 129,000 4563 .
3 ' 4141
R 4 125,000 4421
5 120,000 4244 '
6 119,400 4224,
1 126,000 4456
)
2 91,000 3218
0 3 110,000 3890
4 _ 3991
4 114,000 4032
5 128,000 4527
6 108,000 3820

«
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r
LOAD AT | STRESS AT
BEAM CYLINDER SPLITTING | SPLITTING |fto=1.28f't| AVERAGE
NO. NO. -1 Pu(le) f't (psi) +(psi) fto, psi
1 37,600 332.5 425.6
448
.2 -| 49,300 435.9 557.9
3 31,800 281.2 360
a -
“ -
I R 40,000 353.7 452.7
' {
&
. 1 432
2 38,000 335.9 430
3 36,500 322.7 413
1 36,000 318.3 407.4
_l
/u ‘ 377.6
2 36,700 324.5 415.4 ‘
3 27,400 242.3 310 ,
1 28,900 355.5 327
2 27,300 241.4 309 370
3 41,900 370.5 474
1 )
. e - 2PU
-

o s e i 2 st
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CHAPTER - 3
TEST RESULTS AND CBSERVATIONS

!

3.1 Test Results

The test results of twin corbels and dapped-end beams are shown
in table 3.1 and 3.2 respectively.

Tables also show the actuf':xl strength of n:aterials, calculated
and recorded shear strength limits for each beam: |

Cmparism of results for a dapped-end with inclined reinforcement
obtained in our tests with results cbtained By Mattock's Group(4) is
shown in table 3.3. Calculated strength for Mattock's dapped-end beams
based an free body analysis are shown in table 3.4.
3.2 (bservations

.3.2.1 Behaviour of Deep Beam

Beam 1 of series A was loaded as a simply supported beam. The
sample was supported on and loaded through 3" neoprene pads, Because of
the lateral shape change and expansion of neoprene, concrete spalling
occurred over the support. Therefore, this sample was rejected and its
result excluded fram the cawparison. The sample failed at 36.5k and
first spalling of concrete qccurred at 20k at the loading point, and then
28k near the s?pport. ‘

Beam 2 of series A was loaded through rigid steel énd intermediate
bearing pads made of layer of packing cardboard. The first inclined
crack was observed at 32k, and this crack was extended as the load

reached 65°. Another crack occurred at the right support .and fail at

I

. ' ,
775, It shiuld banoted that the failure of the sample was caused by

splitting of concrete.
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Table 3.4. Calculated strength for Mattock's tests according to free body -

v

.

Analysis.
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' inclined and flexural wks'Werg, abserved at 50k and 70k respectively.

/

Beam 3 of series A had the same support conditions as beam-2.
The first flexural crack was cbserved at 38k and it was extended when
the load reached 60k. The first inclined cracking was cbserved at 58k,
and it became wider when the load was increased. Furthexmore, diagonal

splitting occurred at the same loaction. At the area of. the left support,

\ ‘
‘there was spalling of the concrete and the sample fa'ried)iti\a load of 68&k.

Beam 4 of series B was loaded and failed at 90k. The first

inclined cracking appeard on both load-support segments at.a load of

' 50k. As the load was increased, second and third inclined cracks occurred

on both load—support segments. The first flexural crack was doserved at;.

80k, In the area .of the right support, failure of the sample was

6bserved between the poin‘t loading and the right segment of the s‘\pgort
Beam 5 of series B was loaded and failed at 90k. Failure of the

sample occurred around the inclined bar of the left support. The first

Y

!

!

Bean 6 of series B was loaded and failed at approximately 90k .
The first crack at 20k was an inclined crack. The crack was extended‘}
the load reached 25k. As the load increased, ne® cracks appe'azedaround
that area. Wwhen the load reached 35k, a flexural c<rack was cbserved.

The location of the fglure was identical to beam 4. This sample failed -
because of steel yielding. Photographs of eall crack patterns are shown

in Appendix B. ’

3.2.2 Behaviour of dapped-end beam

BIR : A fow flexural cracks were first cbserved at 25k. Same of them
propogated as the load was increased, and' same of them had longer crack,
patterns than the others. When the applied load reached 80k, a wide crack

v

o
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was.doservecicnear'the previous crack, and it became wide; as the load

reached 100k. At the re-entrant comer of the dapped-end, cracks were
cbserved at 2012 and 55k. Diagonal inclined cracks were cbserved at 30k

and 40k which propagated as the load was increased. The failure load

of this beam was 110k. It should be noted that specimen BIR failed in

flexure because -of steel yielding.

BIL: A nuber of cracks were cbserved along the dapped—énd area. Those

cracks propagaged as the load was increased. More diagonal cracks

occurred between the point 1oad and the left segment ;f the support.

The first diagonal and flexural cracks were tbserved at 20k and 40k

respectively. New flexural cracks continued to appear until the load

[ 4
-

reached 110k.

o

Diagonal cracks started at 40k in the fronk-face of the beam and

at 20k in the back face of the beam. The failure load of the dapped-end _
was recorded at a load of 110k. Secondary collapse occurred within the
load-support segment and at that time failure of the dapped-end occurred. .
secondary collapse occurred because of excessive strain defarmation of ‘

steel which resulted a failure cawparable to diagonal splitting.

B2R: This dappedvend had identical behaviour with specimen B1L, except

the fallure load was cbserved at 68k. At the re-entrant carner, a track

was cbserved at 10k. Moreover, the first inclj.nqd and flexural cracks

appeared at a load of 10k and 20k respectively. A number of incliheﬁ

cracks occurred at the dapped-end area. Even though a lot of crack B \ ,
occurred, the flexural failure and yie%ding of the steel caused collapsg - .
of the specimen. - " ‘ ' .

B2L: The first flexural and inclined cracks were cbserved at load of
20k and 15k respectively. The flexrual cracks appeared in the middle of

.
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the beam -and as the load was increased it propagated to the bottam fiber

as well as to the top fiber. Similar to specimen B2R, the diagonal cracks e

of specimen B2L occurred on both load-support segments. Careful abser-
vation of the dapped-end zane showed that diggonal cracks were less
mmerous than the other end (B2R). The fhilure load of the dapped-end
was at a load of 72.5k, and it was flexural failure.

B3R: At the re-entrant corner of the dapped-end, a number of Jl.nc]_ined
cracks were cbserved. At that-}ocation, cracks occurred at loads of ’
15k, 35k and 45k in the front face of the beam and occurred at a load
of 30k and 45k 1n the back face of the beam. At the dapped-end zone, a
few inclined cracks appefted in the frontiface of the beam, but there

were not any inclined cracks appearing in tﬁe back face of the beam. In

general, cracks appearing on each end of those beams had similar pattemns.

The first flexural crack was cbserved at a load of 25k. Between the
pﬁint load and the right segment, inclined cracking became wider as the
load was increased. In addition, faiEl.ure by diagonal splitting og the
beam occurred at load of 65k. ’

._B_BLIi: The first inclined and flexural cracks were cbserved at a load of
15k and 20k respectively. A number of inclined cracks occurred perpendi-
cular to the inclined reinforcement of the dapped-end as well as at the
dapped-end zone. In this beam, number of flexural cracks appeared and
propagated as the load was increased. Flexural failure was observed at
a load of 70k. At the re-entrant comer cracks were cbserved at 50k in
the front face of the beam and at 15k in the back face of the beam

B4R The first flexural and inclined cracks were cbserved at loads of

el o . . wr e ey L emrate o

5
H
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15k and 20k respectively. Flexural crack propagated as the load reached
25k. Similar to specimen B4R and BlL, a nutber of inclined cracks of the

specimen B4R occurred perpendicular to the inclined. reinfgroexent of the

\
dapped-end beam. At the dapped-end zone inclined cracks started at a

load of 50k and it became wider as the load reached 80k. Secondary
collaps® occurred and introduced fa\iluxe carparable to diagonal splitting
at the dapped-end. Because of that, there was crushing of the carfcrete
and there was failure a load of 90k.

B_41§_= In general, the dapped-end had an identical behaviour with specimen
B4R. The first flexural and inclined cracks were cbserved at loads of

20k and 25k respectively. As usual, cracks propagated and became wider

as the load was increased.” Secondary collapse occurred and introduced
failure comparable to diagonal splitting at the dapped-end. Moreover,

failure occurred because of concrete crushing. The failure load was’

to the f'ul.l shear Joad, Vu. All crack patterns and pl'xotlographs taken are
- ~n# ' -

e ¢ f
shown in Appendix A and B respectively.
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JCHAPTER - 4
ANALYSTS OF DAPPED-END OR CORBEL
4.1 Introduction |
Acofbel, deep beams z)radapped—endinthevicinityofsmport,
may fail because of inclined cracking when subjected to pure shear or

canbined loading. Corresponding to a pattern of inclined cracks, a f(ree

’ body diagram in the form of multiple inclined cémpression struts of

concrete cambined with the reinforcing bars which acts as tension menber,
can be used as working model for strength ;-mlysis.

Theoretically, it can be shown that a dapped-end or corbel may
have much higher ultimate shear transfer capacity than is accepted in
present de;ign practice, if proper and sufficient reinforcement are used.
This has 'been’proven in tests an corbels with’ horizontal web réinforce—

(4),(7),(8),(9),(10)

ment done by Mattock , and in our tests described in

this report. -
Analysis based an free body diagram for a model with inclined
ranforoener}t under 45° angle leads to the dcbservation that the ultimate
shear strength can be twice as great as that dbtainable yith a horizontal
or vertical web ;:einforoement.
Based on their research the following definition of strength
limits in shear has been proposed by Zielinski 11,

4.2. Shear Strength Limit

Shear transfer capacity in reinforced concrete is dependent upan
the magnitude of loading, the amount, placement, and strength-of rein-
forcement, and also on the strength of the concrete itself.

The shear capacity limits can be differentiated for two basic
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failure modes:
1) Strength limit at cracking

2) Ultimate strength at failure

4.2.1 Strength at cracking vl
‘ : o

Consider a dapped-end or sfoxbel on an interface line A-B as

shown in figure 4.1. The bi-axial stxess ,state'with arthogonal

4

compression stress oc, and tensian stress ot occurs on that interface
line, where both stresses act in the 45° inclined direction with respect

to horizantal axis. Under pure shear action, both stresses are of equal

T

magnitude, i.e., oc = ot.

According to previous work done by zielinski(1%)r (13)

and lately
by Tasuji et ‘al(14) , it can be stated that under a bi-axial stress state,
a corbel will fail by mcllned cracking as shown in figqure 4.2, when the
limit stress vsu will be reached. The value of vsu is equal to :

vsu = ftc =~ 0.9 fto (1) .

If uniaxial tensile strength of concrete, fto is assumed to have a

strength of 6/f'c , then the ultimate shear strength of unreinforced

concrete corresponding to bi-axial stress state when oc = ot will be
equal to: ) , N
- .
vsu= 0.9 x 6/f'c = 5.4/fc (2
or approximately - = 5.5/f'c
According to figure 4.1, the ultj_imate shear capacity can then be express-
ed as follows:
W = (é+'1‘) ¢/V2 = C¢/2Z OR = T¢v2
= oc¢th or otdxth' (3) ,
Based on equation (2), the 1imiting shear force can be written as follows:
Vu=gvsubh = ¢5.5ECbh,  (4) .

!

-
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(10)

Ve e e .
.

Camparable values of vsu were observed in Mattock's push-off

tests and on deep beams and wall beams tested by Zielinski (12 (33 g
Taner (15) .
When the absé\stress is reached; inclined cracks, will occur-as
shown in fiqure 4.2. |

It is necessary to note that, the cracking of 'concrete as shown
in figure 4.2 will not mean failure of the dapped-end or corbel, whgn the
corbel has reinforcement which is able to take o'ver the whole tension
force, T. Only the reinforcement which intersects the cracks may take -
the tensicn force. Obviously reinforcement which is placed perpendicular’
to the cracks will be the most efficient in providing the tension
strength. Thus the web xeinforcement, Awf on the line perpendicular to
the crack's d.i.rectlcn should be considered as follms':

Awf = Ahf sin a + Avf Cos a (5)

(4

For a dapped-end or corbel having horizontal and vertical reinforce-
ment which make'a 45° angle with respect to the line of the crack direct-
ion, the web reinforcement will be: .

Awf = (Bhf + AVE) / /2 Lo

According to our tests and test results by Tasuji et al (14) ’

cracl\(s appear in concrete when under equal bi-axial cmpression &nd

tension, the strain in the tension direction reaches the limit of approx-

imately ect = 0.0001. Thus at the time of cracking, the reinforcement,

fs = ect.Es = 3000 psi




C=Vu//2_
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4

Hg 4.1 Free body diagram of dapped-end or corbel
\
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Fig. 4.2 Crackfpattems of dapped-end or corbel under bi-axial stress

state
) o
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As a result, the ultimate cragcing capacity, Vucr of a reinfqiced'

dapped-end or corbel can be expressed\qs below:
L
Vucr = vsu ¢bhy (1 + owE 3Qoopsu) | (6)
Thus the limit shear stress at cracking can\)e expressed as follows:

,

vucr = (5.5/F'c + 3000 pwf) ¢
5.5F7c ¢ (1 + pwf 545{/f'c) (7) |

\

i 4 s e TR g e e s

t

L where owE = AwE /2/bhp

If the amount of the reinforcement is not sufficient and the

-

IShea'r force exceeds the cracking force Vucr, failure of the dapped-end or
. v

dorbel is expected. In such a case, failure of the dapped-end will be
S sudden and without warning. 4
' The minimum amount of reinforcement required to vrevent sudden

]
*-— failure of a dapped-end can be derived as follows:based on equation

(3) and (6) the total tension foxloe garpmexmt at the time of cracking
— cén be expressed as: ‘
T = ysu bhp ¢ (1 + pwf 3000/su)/vV2
= Vvucr ¢/y2

At the moment of cracking, this force must be taken over entirely by the
reinforcement, which should not bé subjected to yield.Therefore, sudden
failure can be prevented if Ty > T. Where

Ty = ¢ AwE fy = ¢ owf bhy /2

¢ pwf bhy /2 > vsu ¢ bhp (1 + pwf 3000A7su) /vV2

. /J s ettt o > < s
)
!

or. pwf fy 5 vsu (1w pwf 3000/ 5u) -

As a result, the minimum ratio of web reinforcement, pwfcr

required to prevent rapid failure at the moment of cracking of a dapped-

B L o

e S e S Y iU
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end can be defined as follows:

pwicr = pwf > vsu/(fy - 3000) !
- = 5.5 /fc/(fy - 3000) (8) .

By am}lying an additional factor of safety against the sudden failure in ’ ’
shear at cracking, equation (B) can be defined as: '

spwicr > 6/E7C / (fy = 3000) (9) ;
The above fom§ démmstrates that "pure shear" cracking strength of ;
reinforcoed concrete eliements varies and depends érimarily on the ‘
strength of the concrete. The contribution of steel for cracking
strength is -rath'er insignificant.

4.2.2 Strength limit after cracking .

After inclined cracks agp%é'.r, further functioning of the rein-
forced concrfete dapped-end is still possible if the amount of rein- .
forcement is sufficient,

Cansider a free body diagram which ha‘s inclined campression
struts defined by cracks and inclined or horizantal web reinforcement
as it is shown in figure 4.3 and 4.4 respectively.

The use of the .free body diagram requires the definition of "C"
the ultimate capacity of concrete in this state,

It is proposed that the strength of the concrete in cracked struts .

be reduced to fcs = 0.7 f'c.
) As a result, the total compression capacity of all concrete struts
would be: ' \

C= fcs bhpy ¢ V2 = 0.7 £'c ¢ bhp//Z

(et

C= 0.5 f'c ¢ bhp 0

0N
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The capacity of the in.cl;'med tension member provided by the reinforcement
would be :

TwE = Awf fy (11)

- ‘

As it is shown in figure 4.3, the ultimate capacity of dapped-end having
45° inclined reinforcement can be expressed as the sum of vertical pro-
projections of C and T which leads to the equation below:

Vuz (C+17T) ¢ /VZ ' (12)

: S
= (Cv + V) ¢

Substituting equations (9), (10) and (11) into (12) we will get:

vVu

¢ (0.5 £'c bhp + AwE fy) NWVZ

(?135 $ f'q bhp + 0.7 ¢ AwE fy (13)
where ¢ = 0.85 (capacity neductla; factor for shear strength). From
equation (13) the ultimate shear stress for 45° inclined reinforcement
can be rewritten as below: D |
vu= (0.35 f'c + 0.5 pwf fy) (14)
Since for equilibrium of intermal forces, T = C must be satisfied the
,equations (13) and (14) can be written #n similar form based on the capatity

of the steel or concrete only as :

Vu = 1.41 ¢ AwE fy ’ (15)
or Vu=0.7 ¢ f'c bhy - ’ (15b)
and the correspondmg ultimate naminal shear stress a\sI
< vu= ¢ pwf fy ) (16a) /
or WUz

/ 0.7 ¢f'c : © (16b
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-
Based on equations (15) and (16), the required amount of inclined

-

web reinforcement can be calculated as follows:

AwE = V9/1.41 ¢ £y © (17a)
vu
P or pwf = Awf V2 /¢bhp = E)ng (17b)
or pwf = 0.7 ¢ £'c/fy (17¢c) N
\»5—.—//
X

b
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¢ (C+T) N2

g
"

1,41 ¢ C = 1.41 ¢ TwE

R
g
"

2TH = 2Tv

g
"

A

Fig 4.3 Free body diagram of reinforced dapped-end
with inclined reinforcement
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" concrete (shear balanced condition).

T.
Vu C
/
_Fig, 4.4 Free body diagram of reinforced dapped-end with - *

horizontal reinforcement .

The maximmm usable amount and correspcndj_ng ratio of inclined web
reinforcement can be deflned by camparing the ultmate capacity of

ccnpressmn struts mth the ultimate capac1ty of tension (steel) cam-

‘ pcnent which must be in equilibrium as follows

0.7L ¢ AWE fy = 0.35 ¢ £'c bhy .

Therefore the maximum usable amomnt and Ftio of webvreinforéement .

will be respectively equal to:’

Awf < 0.5 f'c bhy/fy (18a) , -

and owf = 0.7 ¢f'c/fy (18b)
It should be stressed that the usable amount of web reinforce-
ment is limited to the amount corrésponding tethe ultimate capacity of

- In otder to eliminate secondary collapse due to excessive crack-

ing and shape change of free body model, it is proposed that the

<
»

Wit e sl KF 4 0 N Qe L e RO whetr B R ” " e
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" maximum strain in the tensicon direction shoild not exceed a certain limit
which is proposed here to be €= 0.00125. As a result, the maximum usable
yield strength of web reinforcement, fy Md be’taken as :
 fy = 0.00125 x Es = 40,000 psi (280 Mpa)
Following the above procedure, the ultimate shear capacity of a
dapped-end with'horizmtal minfoMt can be easily derived fram a free
" body diagram as shown in figure 4.4. In this case, the maximm usable
\m transfer capacities can be expressed in terms of strength of steel
or concrete respectively as: e
Wi = 9T =¢ Anf fy ‘ (19a)
or Va=4¢C/V2 =¢ 0.35 f'c th (19b)
Corresponding to maximm ultimate noriinal shear stxe7é, (19) becomes:

=%— = ¢ phf fy

. or wh = 0.35 ¢f'c (20)
'In addition, the maximum usable amount and ratio of horizantal web
reinforoetent will be:
~ am = YWk or phf = Vuh/pfy \ (21a)
or  phf= 0.35 ¢ £'c/fy (21b)
, It should be noted here that this ratio web reinforcements represents %
of the amunt for a dapped-end with inclined reinforcement.

The ratio densityiQf harizontal web reinforcement, chf should not
be less than V2 opwcfr in order to prevent rapid failure without warning
at first cracking. Henoe, |

ohf < 7.7 f'c / (fy - 3000) (22)

Based on equation (19a) it should be noted that, the ultimate shear
strength is equal to the whole capacity of the horizontal reinforcement.
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As a'resglt, the required amount of horizontal web reinforcement can be
calculated by assuming the whole shear forcé is carried by steel only.
¢ By applging the reduction factor of ¢= 0.85 (as is used in
practice) , equatiom (20) can be written as follows: , «° / .

L

0.35 ¢ f'c - | Y Dy

vuh

O35x085f‘c-03f' (23)

'Itus stress limit was recorded in tests done by several authors(a) ),
(10)'(12)'(]5)’(1?). Omparism b:;veen equation (16b) and (23) shows
that the dapped-end having J.nclmed reinforcement had twwe the capacxty

of the dapped-end having honzcntal reinforcement.
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CII\IC}I.USIG\I BND DESIGN PROCEDURE
\ N 5.1 Conclusion
| The following conclusions can be drawn fram the results of the
! cmcluded tests and analysis.
1. The present A.C.I. design concept based on thé naminal shear must be
revised. If the nominal shear concept is retained then the max1mum

allowable naminal shear stress value could be increased to 0.3 f'c for

<o e

corbels and dapped-ends with horizontal reinforcement and to 0.6 f'c in !
the case of 450\ inclined reinforcement. ) : o
2. Free body diagram analysis.can be safely applied for predicting the |
capacity and calculating the required reinforcement for deep beams,
corbels, and dapped-ends.
T ‘ 3. After crac]'dngﬂthe contribution of concrete and steel is equal.Thus — ‘
shear capacity is defined by the capacity of the conc_:rete or steel
‘ campanent whichever is smaller. Increasing the amount of web reinforce-
mént over pwf = 0.7 £'c/fy which defines the balanced condition will not "
increase the strength ,of deep bean‘m, dapped-end or corbel.
4. In erder to eliminate early collapse in shear, the yield strength
of steel used for shear reinfercement should be limiited to 40 ksi
(280 mpa) . : |
5. Generally all dapped-ends subjected to k;igh shear fail because of
the steel capacity. The capacity of the concrete is usually greater
than the steel camponent. Same of  the beams tested had flexural failure

which did not reach the capacity in shear.

" J
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p
6. The test results of s;ecmens BIR and Bl1L as well as B2R and B2L
had equivalent st.;:engths for each beam, thI‘JS the variations of dapped-
end profiles did not change the ultimate shear strength. '
7. The remforcanent detailing of specimen Bl resulted in an 18%
increase in shear capacity over those chtained fram specimen B4.

8. Dapped-end beams with inclined reinforcement are vZ times more

econtmical than the horizontal reinforcement with respect to the

amount of steel required as shown in equations (17a) and (21a).

5.2. . Sumary on proposed design orocedure

l. For a given load, calculate the full shear load, Vu and the maximum
moment of the beam,

2. Choose appropriate section for a given load or m§ and check
whether %s/hp < 1. \ '

3. Calculate the area of steel required, Awf or Ahf needed ‘to carry the

full shear load such that:

AwE = ib—l%_fy ;, for inclined reinforcement
or Bhf = qTYf;_ for horizonta re\inforcenent
4. Check approximate oconcrete strength, f'c on balanced
candition:
Vu = 141 ¢ AWE fy (15a)\ *
Vu=0.7 ¢f'chbhp J (15b) !

" ' . E' 1041 Itwf gi
c -
. D

A\

Y
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i

5. Check capacity of dapped-end reinforcement

T= THI + TH
THI = TWE Cos 45°
M=T (& - a/2) )
Nb'ment, M should be greater than moment at A, otherwise repeat
procedure 3 and 4. v
6. theck capacity of main reinforcement ”

T = As fy

M

T (d - a/2)
Mament M should be greater than mament at B, otherwa.se repeat
procedure 3, 4 and 5.

7. Vertical and horizental stirrups are provided for structural
purpose. ,

In applying the above procedures, a numerical e:énple of designinga
dapped—end is \presentied in appendix D. Calculation of the ac;:ual shear
strength of éll the samples cérresponding to actual strength of the

materials are presented in appendix E.
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5.3 Recammendation

This paper shows the improved behaviour of dapped-end beams
with inclined reinforcement. Since all the beams of the second series
failed in flexure,” it is therefore recamended that the next samples

e
should fail in shear. The following figure demonstrates this.
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APPENDIX A

CRACK PATTERNS OF THE TEST
SPECIMENS .
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Nurerical Exanple

Beam 1 N ‘ ’
The beam was designed to carry ultimate shear strength of
Va = 110k and assuming steel' flexural strength fy = 60 ksi (420 mpa)

oo N
oconcrete strength, f£'c = 4000 psi (28 mpa).
StEE 1 s 4
P\ 18,5
, 4ll
— , —
’ R B A :
iy 2
— - > Vu
~ k v ’
- T vua = 110
Mg = Vu x 18.5
- = 1730 k in
MA =Vuxi4 ,. )\
C = 3714 k in
Step 2 ‘

'

The chosen cross sections of the dapped-end and cross section of

full beam: 5" x 12" and 5" x 24" respectively (see sketch below).

[}

. * P )
A l L
— - = x
{
—_—
12" o
e
C e IT ' N é 24"
Vu '
v
sn
[
[ R
’ Co
i ©op kiAo Ky o ” -




. equation (15b):

\ g 3
B, - 98 - *
. (‘ )
‘. F] [N v
Step 3 P
From equation (12) and (15) -
Vus= (C+T) ¢ V2 | ' . AR
or Vus 1.41 ¢ AwE fy !
: y
or Vus=0.7¢ flebhy-
Assume limited yield stxeﬁéth of steel for dapped-end, fy = 40 ksi. °
’therefdre, ) N
‘ Vu .
S M= .
_ 110
. = T. 85%1. 41360
= 1.53 in?  Use 4 x 20M and 2 x 10M (see sketch below)
’ . Awf = 2.12 in? > 1.53 in®> o©k.

Check capacity of Vu correspondj.ng to the strength of concrete. From

¢

" vu=0.7¢ £f'cbhp

= 0.7%x0.85x 4% 5x 12 - ~
14 > 1005 k.

Therefore expected failure due to steel strength.
(N . » < .
Step 4 )
It was assumed, f'c = 4000 psi.

Step 5 ‘
; Dapped-end Reinforcement  (flexure)

T \ 4 x 20M | /

Vu

|
|
I




v THI o= 117 x Co 43°

3

- 99 -

. Flexural tension strength of steel

T = Awf fy
=1.95 x 60 = 117K
Horizontal camonent of above;

= 82.7k

0.78 1
Effective depth:. 12" - 0.5" - cos 45° - 2cos 457" =~9.69"

Additimal tension strength of horizontal oonfinement reinforcement /

2 x 1M, \ /

! TH = 0.12 x 2 X 60 = 14,4k’
Depth of compression stress block:
' c=p.85fcba

For underreinforced, C = T, then:,

Ao THL+T 827 +14.4
“*=0.851f'cb - 0.85x4x5

=5.7"

M=T (& - a/2) -
"2 97.1 19.69 - 5.7/2)

664k in > 374 k in  ok.
Step 6 |
' qumtatsectimB—B,M:lnokin
T=117k

Effective depth: &

24" - 0.75" ~ 0.375{ - 0.75" - 0.5
21.63"

I
Since steel yielded before omcrete crushing, ie:

' C="T 4

{




-».—-._‘:_—.r—e--.e.—-. e - T - .....,,.ww/... - ,...‘..» P - .

”
- l?({—
N
Stress block deth '
2K 117 .
| a- 0858 - 0.85xd5 - ©-88
N
M=T (d - a/2)
\/'
- 117 (21.63 - 6.88/2) g
’ = 2128k in > 1730k in. ok

'

.Y .

. A e A A AT AT ST R T

Since all of the requirements are satisfied, therefore repetition of

#  procedure is not needed.
Step 7 L
All stirrups are prowded for structural purpose only.

flnal -arrangement of the reﬂ{xfo t shown below:

-/ '. !

«~ 40y

“ !.‘l | '
-

4 Mﬂ

13

-
n
n
b

The

(\\ -

"
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APPENDIX E

1

ULTIMATE CAPACITY OF THE TEST
SAMPIES



e - 100 - : - |

12"

10" 58"

A

'_l
<
Y v

! S §

A

Series A

Sample No. 1 Reinforcement .
f'c = 2150 psi ) a: 1 c: 2
fy =60 ksi T, b: -1 d: 2
According to the F.B. diagram theory,
Va=vZdC or /24T

c

0.7 f'c b h/VZ >

Vu

0.7 f'cbh ¢

0.7 x 2150 x 1.75 x 12 x 0.85 |
- 26,864 1b

Vu = 26.86k

Due to concrete

T=AWE fy ; ME = (AVE'+ Ahf) N3
{

t

L4 .
v wirte e coes




R i i e

e g m———— e e e

O T ORI PP A

Vuz¢ V2T -
:f2-¢’Awffy ) A
= V2 ¢ (Ahf + AVE) /72 fy

= ¢ (Afh + AVE) fy for horizental and vertical
© - reinforcement

Vu=¢ /2 2s fy for inclined reinforcement - ,
Vu= ¢ (VZAs + Ahf) fy c /
- 0.8 (1.4l x4x0.2+"X).") x60

= '7.9 k (Steel yielded)

Series A |
Sample No. 2 Reinforcement -
f'c = 2150 psi ‘ a: 1 c: 2
fy = 60 ksi N C b 1 a2

All properties are same as sample 1, therefore\lt will h‘ave the
same shear strength. o

- IVu = 26.86k (Cmcrete)’
Vu = 77.9k (Steel) ,
Series A ¢
Sample No. 3 ~ Reinforcement
f'c = 2150 psi ar 1 c: 2
fy =60 ksi’ b: 1 d: 2 /
' 4
VWu=0.7f'cbhé¢ )
= 0.7 x 2150 x i.75 x 12 x 0,85/1000
= 26,86k  (Concrete strength) - -

’

.
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’1
} ) ¢
Vu= (1x0.2'+ 3x0.2 x,11:41) X 60 x 0.85
=53.3k (Steel )pielded;
Series 'B ' ' .
3 No. 1. | : Reinforoe@t
«  f'c = 4846 psi /’ az 1 ° o 2
fy =60ksi ‘ b: 1 & 2
"Vu=07fcbh¢ |
= 0.7 x 4846 x 1.75 x 12 x 0.85
= 60,550 1b . | '&
= 60.55k  (Concrete)
y Coe . .
Vo= (2%0.2+4x0.2x 1.41) x60x 0.85
= M (Steel) : -
Series B
Sample No. 2 Reihforcarent
flc = 4846 i a1l e 2
. fy =60ksi b: 1 d: 2
V}i = 60.55k \(Cmcmtg)
Vu=77.9 k (Steel)
Series B
Sample No. 3 , Reinfo;:cement
f'c = 4846 psi | a: 1 c: 2
fy .= 60 ksi b: 1 di 2
Vu = 29_25_]:( (Cotterete)
V= (1%0.2+3x0.2x1.41) x 60 x 0,85
=533k (Steel) )
L

PYTIEON

S o AL b M Sl b WA R N W
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BR  °
Check Capacity of Main Reinforcement
A
pl. 9
’ N
' A fy (exp) =
’ e -
‘ ﬁ f'c (ave)
Vj A 4x 20 ' '
[
' A
Section A-A "'
o
\)}. .
1- - .
i , - C=0.85f'cba
2x10M
4){201‘4,\1:\0) R -JL_’T-ASfY
{ 1)
‘ d = 24" - 0.75" - 0.375" - 0.75" - 0.5"
wf : .
d = 21.63"
-As = 4 x 0.487 = 1.95 in?
T = As fy v
’ ' = 1.95 x 61402
© "2119,73% b ‘
7= 119.7% c=0.85f'cba

-

b



- 105 -.

T=¢C

2

119734 = 0.85 x 4928 x 5 x a

a

5.72"

, M(A-A) =T (d - a/2)

" -

. M(A-A) =. 187.28 k—ft‘

O

119734 (21.63 - 5.72/2)
= 2,247,407 1b in

5%?‘ - 94"

_; Ma=0
P (77.5) = R, (94)
Ry = 0.824 P

M(A) = 0.824 P (18.5)
=15.24 P

Theoretical Ultimate P

15.24 P = 2247.4

P = 147.5 k

R, = Vn = 121.5k

Vu = 0.9 x 121.5

= 109.4 k
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Check capacity of dapped-end reinforcement

T=~2s fy ~

= 1.95 x 61.4

119.7 k , ’

:

119.7 Cos 45°
A

84.6k

2 Stress block depth
~
C=0.85f'cbap o
Since it is ungérreinforoed, ie

C="T

;’“ .
. +Th _ 84.6 = (0.12 x 2 x 61,4)
=85 s = 0.85x5x5

dp = 12% - 0.5" - 0.78/Cos 45° - 1/2Cos 45°

= 9‘.69"
M=T (& ~ a/2)
; =99.3 (9.69 - 4.67/2)%

e

= 730 kin > 374 k in

a3

= 4.67"




* . . . -
\ . - 107 - R
Accordlng to free body diagram,
N , ' )
' . »/C=0.7f'cbhi2
. = 0.7 x 4928 x 5 x 12 /72
\ .
» = 146,354 1b
- ' Therefore, > ‘
C = 146.4%
\ e .
wE = Awf fy \ 4
= (1.95 + 0.245 sin 45°) x '61.4
o = 2,12 in® x 61.4
] N /~’\‘
. ‘ = 130.1K
/ € 2 v
Ultimate shear strength
’Qz;./
: ﬁ‘ __ Concrete: . X
Az ‘ Vu=1.41 6 C
§
) - ez 1.41 x 0.85 x 146.4
= 175.4 k
f Steel:
ﬁ : Vu = 1.41 ¢ TWf = ¢ (ah fy + ps /7 fy)
Lo = 1.41 x 0185 x 130.1
| = 155 k
L
i . . ,
.’ £ »
l L]
‘ o+
boa . V-.’ ‘ R . “w i . 0 ) - . ’

e o e Akt v ————r—
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Check capacity of Main reinforcement

e 4

3 - . P -
y
7
, o
4520M
Vu _%Al,
18.5" | F
l . 1
/ 1'*1 ’ ' 82,5
(" : 4
< ./ ’]Rz
M@]: =0 |

¢

P(64) = Ry (82.5)
Ry = 0.776 P

Mp~= 0.776P x 18.5 '

- 14,35 P

Mascimym mament capacity of dapped-end beam, Mu

3

Mu

114.35 P = 2247.4

P = 156.6 K

1%

Ry

156.6 x 0.776 "
1215k |

2247. %m (calculated above) .

22

o




A e 8 23

BlL (Cont'd.) \

Vu

¢ Ry -
= 0.9 x 121.5

109.7 k

Check capacity of dapped—end reinforcement

= Mament capacity calculated has the same amount as it was
" calculated for speciment BIR.
M= 730k in > 374 ‘Kin
l Ultimate shear strength
e The ultimate shear strength had the same strength as it was ‘

calculated for speciment BIR.

Concrete:

Vu = 175.4k
Steel:\ -

Vu = 155k

' . R
e
»

¢ ' N ¢ - '

v
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B2R:. ) .
. \ ]

Check capacity of-main reinforcement )

"
{_~ £y = 73932 vsi

e f'c = 4265 psi

_Section A-A " - /J\

C d = 24" - 0.75" .- 0.375"

As = 0.7913 in?

s
T = Awf fy
= 0.7913 x 73932
= 58,480 1b
‘ Therefore,
T = 58.5k

20104 T .C=0.85fcba
2x10M d
2x150 /
R @ el 5 T=nsfy
p

.2 (0.2739) 0.30 « 2(0:1217) 1.4969

- 2(0.2739) + 2(0.1217




S Y sy o A= o e v h s T

B2R (Cont'd)
T

584&0

a

\ M(A-A)

" Therefore,

M@A-A)

C
0.85 x 4265 x 5x a

3.22 in
T (d - a/2)

5848Q (22.2 - 3.22/2)

1204,103 1b in

100.3 Kft ‘ P

71" .

oM
P(52.5)
Vn

0 3

Vn (71)

0.739 P

Vn (18.5) -
0.739P (18.5)
13.67 P

1204.1k Coe
[ J

88.10k
88.10 x 0.739

0.9 x 65.10

65.16 k VWax

- 58.6k

%,

Lctd

o e e e n e o et e et
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3
Check capacl&x of dapped-end reinforcement

Tk As fy
0.791 x 73932/1000
8.5 k

THI = 58.50 Cos 45°
- 41)36 k

Stress block depth:

’

C=0.85 f'cb a
_THI « Th ®
% = 95.85 T'c b
41.36 + (0.12 x 2 x 73.9) _ 3.26n

=T 0.85x4.26x5
dp = 12" - 0.5" - 0.6/Cos 45° - 1/2 Cos 45°
M=zT (& - a/2) .

= 59.1 (9.94 - 3.26/2)
491 kin > 68 x 4 = 272 kin

/ .
o —— -
v
i
;
N
-
.
!
|
~ t
i
!
i
!
{
;
@ -
i
i
Al
H
H
i
% -
‘
‘
. |
- W
.
¥
< -
.
) .
-
!
1
1
’
T .
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Check ultimate shear strength

"C=0.7f'cbh /2

= 0.7 x 4265 x 5 x 12 /V2
= 127,042 1b

n

127.0 k

TwE = Awf x £y = (0.8 + 0.245 sin 45°) x 74.3 = 72.3%
Steel: . o
Vu = 1.41 ¢ TwE

1.41 x 72.3 = 0.85

= 86.65k
Therefore,
vy, = 86565k (steel yielded)
‘ it . | -
Concrete: . .

Vu= 0.7 £'c ¢ bh
' = 0.74x 4265 x 5 x 12 x 0.85/1000

152.3k .(concrete failure)

3

129
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Check capacity of dapped-end (B2L) °

— Pl"‘f—l

Section A-A ~
- N \
1
A )
2x10M .~ ® < C=zo0.85f'cba
d - N
2x10M : .
2x15M T | T=2s fy
VA B
, ' " , .
d = 24" - 0.75" - 0.375" - 0.66" " )
= 22.2"
) = As fy T=C
i = 0.7913 x 73932 “ a = 3.22 in
= 58,480 1b
P 18, 5"
»/Therefore, = 58.50 kK .l[*
|
=T (d - a/2)

- 58480 (22.2 — 3.22/2)
= 1204,103 1b in = 100.3 kft
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B2L (Cont'd.)
o P(52,5) = R,(71)
Ry =, 0.739 P, f”'
M, = 0.739P x 18.5
. = 13.67 P
Maximum moment_ capacity, Mu . .

A

. Mua = 1204.1 k in

13167P = 1204.1
P-88.1%k _—
R, = 88.1 x.0.739 .
) = 65.03 k
LT vu=¢ R, .
v = 0.9 x 65.03 o
‘ - 58.53 k

Check capacity of dapped-end reinforcement P

v

Mament capacity calculated has the same amownt as it was
calculated for speciment B2R.
M=491 kin> 72.5 x 4 = 290 kin

~» L.

. . . T
| .

-




B2L (Cont'd.) . .

>

Ultimate shear strength

: . ,
The ultimate shear strength has the same strength as it was

. . 1 3
‘calculated for speciment B2R. . !
For concrete: - ’
Vu = 152.3 k
_For steel_:
: Vu = 86.65 K '
/ : .
¢
- .
. . B
. ‘ »
4
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Check capacity of Main reinforcement (B3L) ,
I : ' ; ’
P l A <—| - c
—_ , £y =-74260 psi
<> . "f'c = 4141 vsi
(]\ A I . #
v L{/” 2X10M §& 2x15M |

Section A-A : . ’

4

2x10M [f—o

C=0.8 f'eba

i a )
2x10M ‘0 - , T=Asfy_
2X15M ~
. w | N
Casa -0 - 0. - G
d= 22.2"
As = (2 x 0.2739) + (2 x 0.1217) |
= 0.7913 in? " . "
T - s fy | ' !
: = 0.7913 x 74260 . N
= 58,762 1b '
' Therefore, ‘ "

T=58.76 k .
( .
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B3L. (Cont'd.)

58762

»
T=C

‘a =z 3.34"

- 118 -

=0.85x 4141 x5 x a

//“\
Ma-py =T @-2a72) 7
‘ =-58762 (22.2 - 3.34/2)
= 1,206,383 1b in -
A = 100.53k ft
]8 5" P ‘
I \ ]
'}{i %6 ;I
Vh _
. M, = 0
P(77.5) = Vn (%)
Therefore,
Vn = 0.807P.
M apn=0.807 P x 18.5
e = 14.93 P
14093P - 1206-4
P= 80.8 k
VY ., = 80.8 x 0.807 x 0.85
= 58.68k
Therefore,

V\.\ = 58.68k

[N

< v b

e~




Check capacity of dapped-énd reinforcement .

T-Asfy"

= 0.791 x 60

58.76 k

Z

58.76 Cos 45°  * \ - .
= 415 X ~
Stress block depth: ‘ “ L )
N C = 0.85 f'cb ap
Since. it is underreinforced, ie.
' c=r1 , A

LY 24

. ML+ T _ 415+ (0.12x2x 60) _ 3 1
0.85 f'cha = 0.85x4.14x5 =

12" - 0.5" — 0.6/Cos 45° - 1/2 Cos 45° = 9.94"

F
1t n

=
]

T (& - 3y/2) . - - 4

41.5 (9.94 - 3.17/2)

36 k in > 70 x 4 = 280 k in

N
)
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Ultimate shear strength

C=0.7 f'cbh /2

= 0.7 x4142 x5x 12 //2

= 123,278 1b
K =123.4 k

TwE = Awf fy

= (0.8 + 0.245 sin 45°) x 74.3

- 72.3 k -
Steel: ‘ ‘
Vu=1.41 ¢ TWE °
=1.41 x0.85 x 72.3
= 86.65k
Therefore, )
VY .y = 86.65k
A
Concrete:
Vuz=¢ C

1.41 x 123.4 x 0.85

= 147.8k

F3

)

A

r’/'\\

P e e

ST
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* Check capacity of Main reinforcement ' 5
. . 18.5"
«—— 3]
L - o
T |

Maximum maoment

1]

. N . 3 R e A
% R-. 47" ) “

]

r - IM@l = Q- i ,‘
P(28.5) = Ry (§7)

W= 0.606 P !

' MA'=R2 (18.5)

= 0.606 (18.5) P

,=1.21p =

PEY
P

. . \
capacity of dameci-end beam, Mu

.

Mu = 1206 kin (same as B3L)

1206

11.21P
P=~107.5 k

Y

107.5 x 0.606

[

n°
it

65.1 k

[
4

L1

Vu = ¢R2 .
0.9 x 65.1

ol

58.6 k

.
o ‘ *

LS
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Check capacity of dapped-end reinforcement °

It has the same mament resistance as it was calculated for

specimen B3L. Therefore; \ n

M= 344Kin > 65 x 4 = 260 k in, therefore, O.K.
» ’ ! ‘

. Ultimate shear strength
The shear strength exactly the same as it was calculated for

specimen B3L.
Concrete: /
Vu = 147.8 k i
) . a Y
Steel:
Vu = 86.65k
\\ '
*
\ ‘ -
R
' 3
? )
\
e e o S ———
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~ Check capacity of Main reinforcement (B4R)

/

A
I‘ 18.5" EIP (—l

fy (exp)
f'c(ave)
' | <\
] — 4x20M
Vu N— ‘I’I
/
n s -
Section A-A )
° !! : 1 ; '
2xl(_]@!/+/ C=0.8 f'cha

A\ W 4

4x20M

v

————» T = As fy

= 24" 2 0,75" - 0.375" - 0.75" - 0.5""

21.63"

= 4 x 0.487 = 1.95 in?
= As fy

1.95 x 61402
119,734 1b
119.7 k

;
61402 psi

3991 psi
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T=C

119734 = 0.85 x 3991 x 5 xa

a=7.05 "

T (@ - a/2)

Ma-a) = ,
119734 (21.63 - 7.1/2)

= 2,167,784 1b in

= 180.6k ft
18.5"
r .
~
e .’ 96"
r%kl s
P(77.5) = R2 (94)
RZ = 0.824 P
M(A) 0.824P (18.5)

Y
= 15.24 P

Theoretical Ultimate P

15.24 P = 21677
P = 142.2 k
Vn = 117.1 k

Vu=¢ Vn = 105.3 k




Ultimate shear strength

TwEf = Awf fy
(1.95 +0.24 sin 45°) x 61.4

= 130.1 k

z: 0.7 f'cPh//i
0.7 x 3991 x5 x12 //2

= 118,880 1b
C =118.8 k \

Concrete: )
Vu=1.414C
= 1.41 x 0.85 x 118.8
, = 142.4 k '
Steel:

Vu = 1.41 ¢ TwE
1.41 x 0.85 x 130.1

155 k .

A

s
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v )

' Check capacity of dapped-end reinforcement

T = 119.7

THI = T Cos 45° | I
119.7 x Cos 45° N

84.6 k

Stress block depth: '
: C=0.8 f'cb
o \\ ) 4 aD
Since it is underreinforced, ie =
C="T /

_THI +#TH 846 + (0.12 x 2 x 61.4) _ oo
®p=0.85fcb - 0.85%x3.99 X5 =2

dy = 12" - 0,5" - 0.78/Cos 45° - 1/2 Cos 45°
™~

.

9.34"

=
n

T @ a2

99.3 (9.34 - 5.86/2)

636 kin > 90 x 4 = 360 kin, therefore, O.K.

W A o
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- 1]
Speciment B4L .
. . ’ 5 s /
All the calculations and the strengths of this specimen are '~ ™ \/If

the same as those calculated for specimen B4R, $ince it had same

¢

properties and same support length condition.
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