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SYNOPSIS

COMPOSITE SYSTEMS WITHOUT ROUGHNESS

Arguments are assembled in support of the concept of composite systems of tees and
hollow-core slabs without intentional roughness as required by section 17.5.4 of the ACI
Code.

Previously published research on compaesite systems of narrow beams with cast-on slabs
indicates that the strength of concrete-to-concrete bond at the interface varies from 140 -
500 psi, depending on the degree of surface roughness.

An analysis of the final report of ACI-ASCE Committee 333 (attached here as Appendix 8)
indicates that the shear stresses presently allowed by the Code may be based on misinterpre~
tation of earlier data,

CTA tests of 16 composite prestressed beams with 2 1/2" topping demonstrate that full
vltimate moment can safely be developed at horizontal shear stresses of up to 150 and 350
psi by composite beams with shear span/effective depth ratios of 3.5 and 7.7 respectively.
This was found to hold true even for intentionally smooth contact surfaces and cases where
the surface was fﬁfenfionully dirtied before casting the topping.

An investigation of horizontal shear stresses in composite double~tee and hollow-core
members supports the idea of constructing such systems using @ conventional float or vibrating
screed finish. The minimum factors of safety against horizontal shear failure would be ap-

proximately 10 for double tees and 4 for hollow-core slabs,
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INTRODUCTION,

Composite concrete flexural members are defined in Section 17.1.1 of the ACI Code as

"concrete elements constructed in separate placements but so interconnected that the elements
respond to Joads as @ unit.” Precast beams and slabs often have topping cast an them to

cover utility ducts, promote uniform camber, allow for heavy concentrated loads and tie
members together for resisting seismic loads. To the extent that composite action is achieved,
this topping is beneficial in reducing live-load deflection and increasing the ultimate

flexural strength of the member, On the other hand, when composite action is lost, the
topping is simply additional dead load.

The effectiveness of composite flexural members is determined primarily by their ability

to transmit horizontal shear across the interface between the two elements. In design, this

shear is treated in accordance with the requirements of Section 17.5.4 of the ACI Code, which

specifies roughening of the contact surfaces, provision of sieel ties, or both. This section of

the code is based on investigations of compasite tee beams formed by casting slabs on beams.
Since the interface in such members is close to the neutral axis and the contact surface is
narrow relative to the flange width, horizontal shear stresses acress the interface are large

and the method of connection is of critical importance . In holtow-core, single~tee and double-

tee_members with topping, the interface is a considerable distance above the neutral axis and

the contact surface is wide, thus the horizontal shear stresses are rarely enough to neces-

sitotes ties. The intentional roughness required by the Code, however, can be costly in pro-

duction and Is subject to arbitrary rejection. It is, therefore, of practical interest to in-
vestigate the relationship between bond strength of untied joints and the roughness of the

interface.

The purpose of this report is fo examine the concept of composite systems without rough-

ness, particular attention being directed toward the performance of such systems under service

and cracking [oads and the ability of composite beams to achieve the ultimate Hexural

capacity of a monolithic beam of identical properties,
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PREVIOUS RESEARCH.

].

Revesz (1952).

Tests at the Imperial College of Science and Technology in London (ref. 1)
involved 3 prestressed and reinforced composite tee beams without ties. Fach of
the beams exceeded its calculated ultimate flexural strength, including one beam.

which failed in horizontal shear at a stress of 134 psi (-}/—?— = 143 psi ). This

beam had a smooth contact surface joining a 21 1/2" flange to a 3" web. Load ot the
time of fatlure exceeded calculated ultimote by more than 12%. Four other speci-
mens foiled in flexure at an average of 228 psi horizontal shear. The outhor con-
cluded that it is desirable to roughen the contact surfaces of the precast web and
cast-in-place concrete of composite beams,

Ozell and Cochran (1956).

Tests of prestressed composite lintel beams of the University of Florida (ref. 2)

included 9 specimens of varying depths, none of which employed ties across the
interface between the bare lintel beam and the core. In the authors' words, "the
surface of the bare lintel beam in contact with the core was extremely smooth . ” -
Yet none of the specimens failed due to horizontal shear or loss of composite action,

shear flexure being the mode of failure in every case. The authors concluded that

“natural bond between the bare beam and cast-in-place portion provides reliable

resistance to horizontal shear,"

Hanson (1960).
Tests of composite beams conducted by the Portland Cement Association (ref. 3)

included one specimen with no ties crossing the interface. This beam failed at a
caleulated horizontal shear stress of 350 psi, under a mechanism described as shear com-
pression preceded by rather substantial loss of composite action. The surface was
described as intentionally roughened, the final finish having depressions and peaks
approximately 3/8" below and above the average level.

" Hanson concluded that the ultimate horizontal shear strength of a smooth bonded

joint is about 300 psi and that of g rough bonded joint is 500 psi.

CTA-74-B6
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Saemann and Washa (1964).

Tests at the University of Wisconsin (ref. 4) included two composite T~beams

without steel crossing the interface. The cast surface was retarded and mortar brushed

out to obfain a surface with 1/8" deep depressions. Failure of the two specimens oc-

curred by horizontal shearing at calculated stresses of 420 and 606 psi, and the authors

concluded that the ultimote horizontal shear strength could be given by the equation

2700 . .
Y = X+5 (psi)

where X is the ratio of the shear span (or the distance to the first concentrated |oad)
- to the effective depth.
AC! Code Requirements for Horizontal Shear.

The evolution of present-day code requirements for horizontal shear in composite
concrete members is outlined in Table A, below, which lists the allowable horizontal
shear stresses for different types of surface and connectors, The first column contains
the values recommended by ACI-ASCE Committee 333 in its 1960 report (ref. 5, ot-
tached here as Appendix B). The middie column shows the values which were adopted
in Section 2505 of the 1963 AC! Code, while the values in the last column are the
permissible horizontal shear stresses given in Section 17.5.4 of the 1971 ACI Code.

Table A: Permissible Horizontal Shear Stress (psi)
ACI-ASCE 333 ACI318-63 ACI 318-71

Surface Ties (1960) (1963) (1971)
Rough None Working - 40 -
Ultimate -— 76 80
Smooth Min. Working 40 40 —
Ultimate 80 76 80
Rough Min. Working 160 160 --
Ultimate 320 304 350

Since the allowable stress of 80 psi first appears in the report of Committee 333,

it is of interest to examine the dota upon which this figure is based, mest of which is

taken from the test results presented in references 1, 2 and 3. Note that Table 2 on

page 624 of the Committee's report is described as listing nine specimens which failed
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in horizontal shear; however, none of the specimens reported by Ozell and Cochran

(Committee reference 9) failed in horizontal shear, and thus they appear to be listed

erroneously in Table 2. The one specimen taken from Revesz (Committee reference

10} is listed in Table 2 as having failed at a horizontal sheor stress of 122 psi, al-
though Revesz records the same specimen at 134 psi and VQ/ 1b is calculated to be
143 psi.

The four specimens credited to Hanson (Commitiee reference 8) have been reduced

by an average of 30% from Honson's values as taken from figure 15 of his report. An

additional specimen tested by Hanson fBR-]) was not included by the Committee, even
though it did fail in horizontal shear and provided valuable information about the per-
formance of composite girders without ties.

The apparent discrepancies between the Committee 333 report and the test results

given in the references are summarized in Table B, below.

Table B: Horizontal Shear Strength (psi)

Table 2 Original
Investigator Specimen Committee Reference Comments

Revesz J 122 134 Smooth surface with no ties,
specimen exceeded calculated
ultimate flexural load,

VQ/1b = 143
Ozell & - A2 78 - Specimens named do not appear
Cochran c2 100 - in referenced paper. No speci-~
A3 122 - mens failed in horizontal shear;

investigators concluded that
smooth contact surface was able
to develop adequate bond.

Hanson BS | 350 490 Results have been reduced an
BS I 340 470 average of 30%. Specimen BR |
BRS | 450 670 without ties not considered by the
BRS I 580 510 Committee,
BR | - 350
CTA-74-84
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The 1971 ACI Code refers to tests by Saemann and Washa, Hanson,

Mattock, and Kaar, and Grossfield and Brinstiel, as the basis for the require~

ments on horizontal shear. In all the above references, only three specimens

without steel ties were tested to failure, and these achieved 350 psi (Hanson),

420 psi and 606 psi (Saemann and Washa) of horizontal shear, respectively,

It must be concluded that the present-day allowance of 80 psi for an intention~

ally roughened contact surface without ties derives from the report of Com-

mittee 333 discussed above.

CTA TESTS,

A series of tests was conducted in the CTA Loboratory to study the performance of composite
beams without ties and determine the relationship between the roughness of the interface and
the degree of composite action. A full report of the tests is contained in Appendix A. The
following parameters were considered.

1. Surfoace roughness -

a)  Smooth (hard-steel trowel finish).
b) Intermediate (wood-float finish),
c) Rough (serrations formed by dragging « sharp object across the wet surface),

2,  Surface condition before casting slab -

a)  Clean {(broom-swept before casting fopping).
b)  Dirty (dust, oil and paper scattered before casting topping).

3.  Topping concrete -

a)  Normal weight f:; = 2400 - 5000 psi.

b)  Lightweight f; = 3000 - 5000 psi.

4.  Shear span/effective depth ratic, X
a) X =3.,5 |
b) X =7.75
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TEST RESULTS.

The performance of 16 test beams loaded to failure is recorded in Table C . No specimen

foiled at a toad below the maximum allowed by the code for a monolithic member of the same
dimensions. In the two cases where the failure was due to or occompanied by horizontal shear-
ing, 5-7-5 and 5-8-§, the test loads were 6.7 and 6.5 times greater than the maximum load
which the code would have allowed for a composite beam with an intentionally roughened
contact surface. Both of these specimens had smooth contact surfaces and were able to sustain
loads in excess of their computed composite ultimate before failing.

Specimens 5-5-1 and L-5-1, which had a conventional wood float finish similar to that
left by the vibrating screed often used in production, were deliberately dirtied with dust, bits
of paper, ond form oil before the topping was cast. Both of these beams failed in flexure at
foads exceeding the calculated ultimate composite moment. Although the calcuiated herizontal
shear stresses were 421 psi and 155 psi, respectively, there was no evidence of separation of the
two elements of the composite beam.

If two specimens, S-1-1and S-2-1, are omitted from the averages because they failed pre-
maturely due to vertical shear, the test beams are found able to achieve the computed ultimate
flexural loads of the full composite section. In the range studied, no apparent correlation exists
between the degree of roughness at the interface and the observed ultimate moment. Similarly,
all test beams exhibited full composite action within the range of working loads, irrespective of
the degree of surface roughness.

Comparison of the measured deflections of specimens with smooth and intermediate surfaces
against those with rough surfaces indicates that, in the range of loads approacﬁing ultimate,
deflections increase with the smoothness of the interface. This phenomenon, indicative of
greater relative slippage between elements, is observed only after cracking and does not affect

the load carrying capacity of the member.

COMPOSITE SYSTEMS WITHOUT ROUGHNESS.

CTA test results, as well as the findings of other investigators, provide support for the concept

of composite systems without the intentional roughness required by the ACl Code. Table D |ists
the maximum horizontal shearing stresses at vitimate load (1.4D + 1.7 L) from amongst the most
heavily loaded composite double ~tee and hollow-core members in the CTC catalog. Even for an

intentionally smooth interface, the factor of safety against failure due to horizontal shearing is at

CTA-74-B6
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least 5 for all double tees and at least 2 for all hollow-core slabs. If the bond strength of
composite systems finished by the conventional vibrating screed is taken conservatively as 255
psi (300 psi reduced by an understrength factor of .85), the respective factors of safety atf full

vltimate load are 9.1 and 3.3.
Table D: Maximum Ultimate Shear of Standard Composite Systems

Maximum Maximum

Type of Member V Q/1b (psi) V /bd (psi)

16" D.T. .28 36
20" D.T. 23 33
24" D.T. 20 31
8" H.C. 77 96
12" H.C. 50 75

CONCLUSIONS.

1. The ACI Code requirements for horizontal shear may, in part, be based on incorrect
interpretation of previously published research.

2. Previous research indicates that the shear strength of concrete-concrete bond ranges from
140-500 psi for very smooth to very rough contact surfaces.

3. Sixteen compaosite prestressed beams tested by CTA were able to exceed the maximum load
capacity the AC! Code would have allowed for a similar monolithic section.

4. Within the range of variables considered, there was no apparent correlation between the
interface condition (roughness and cleanliness) and the degree of composite action as measured by

a) the effective moment of inertia of test beams under pre~cracking loads and
b) the ability to achieve full ultimate moment of the composite section,

5. Under loads ranging from cracking to ultimate, specimens with smeooth and intermediate
surfaces exhibited greater deflections than those with rough surfaces, resulting in deflections at
70% of ultimate loads of;

a) 10% greater for both smooth and intermediate specimens with a shear span/effective
depth ratio of 8 (horizontal shear stress approximately 130 psi),

b) 18% greater for intermediate specimens with a shear span/effective depth ratio of 4
{horizontal sheor stress opproximately 300 psi), and

¢) 29% greater for smooth specimens with a shear span/effective depth ratio of 4
(horizontal shear stress approximately 300 psi).

6. Comparing test results to the maximum horizontal shear stresses expected in composite
hollow-core and double-tee elements, it is concluded that composite systems with nominal topping
and wide contact surfaces, but without steel ties, can be expected to perform beyond load levels
indicated by the ACI Code even without the intentional roughness prescribed by the Code.
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TEST REPORT

PERFORMANCE OF COMPOSITE PRESTRESSED BEAMS WITHOUT STEEL TIES

QOBJECTIVE.
A series of tests was conducted to determine the flexural performance of pretensioned
beams composite with cast~on topping, with particular emphasis on deflections under service

and cracking loads and ability to achieve full ultimate moment of the composite section.

SCOPE.

The investigation was limited to specimens designed so as to simulate the behavior of

composite single and double tees, hollow core and other members with thin topping and a wide
contact surface. Companion pairs of composite beams were fabricated to provide comparison
between specimens with relatively high and low horizontal shear stresses at the interface under
ultimate flexural loads. The following variables were considered:

1. Degree of contact surface roughness —- smooth, intermediate, and rough.

2.  Strength and density of topping concrete — 2500 - 5000 psi, 110 & 150 pcf.

3.  Degree of contact surface cleanliness -~ clean and dirty,

DESCRIPTION OF SPECIMENS,
The bottom beam used in the test program is shown in Figure 1 and Table 1. Figure 2 and

Table 2 contain the material quantities and properties of the topping. Fabrication of the test
beams is shov;m in Figures 3, 4, 5, and 6,

Three degrees of roughness were considered. Figure 7 shows the contact surface of
"smooth” specimen, achieved by finishing the surface of the bottom beam with o hard steel
trowel. Figure 8 is an "intermediate” specimen, the finish having been applied with a wood
float, and Figure 9 shows a “rough" surface, attained by dragging « bar across the top of the
fresh concrete at regular intervals. Figure 10 is a "smooth” specimen which has been sand-
blasted,while Figure 11 is the surface of a Basalt Rock Company double tee, formed by a

vibrating screed.
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F‘MESHzA‘SZ’# . Ec N q . _ 6::
CHAMFER) N2 B ® P ® )} 5. = ASI
Figure 1: Bottom Beam
. ASI [ F Yo-e | AS2 ! W
S ps c c
PR din?) | ki) | (m) | G602 | (ps) | (pef)
S 21861 141 1.5 116 7062 155
L .9186i 141 1.5 116 6933 155
Table 1: Bottom Material Quantities
-~ 24" ~
<3 & ® ) 2 @ i1
Figure 2: Top Slab
AS3 fL Wo AS3 fe We
Specimen . . Speci
P (mz) {psi) {pcf) pecimen (in2) | {psi) (pct)
S-1-1 2.64 3640 150 ; L-1-} 1.76 {2400 150
§-2-1 2.64 | 3960 | 154 L-2-1 1.76 4735 | 157
$-3-R 2.64 4760 153 {-3-Rr 1.76 15048 155
S-4-} 2.64 3220 108 L-4-] 1.76 4340 111
S5-5-1 2.64 4760 113 1-5-1 1,76 {4620 113
S5-4-R 2,64 4120 114 L-6-R 1.76 {5450 113
5=7-5 2.64 5500 115 L-7-S 1.76 15444 113
$-8-$ 2.64 4058 110 L-8-5 1.76 |4318 109
Table 2: Top Material Quantities
CTA 74-86
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Figure 6

Figure 5
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TEST PROCEDURE.
The beams were Toaded with a single concentrated load applied at midspan by a hydraulic

jack, as shown in Figure 12, After a few cycles to cracking lead, the beams were loaded to

failure in small increments, Deflections were measured at center span and near the support

points by means of dial gages.
Table 3 contains the test results in summary form. Figures 13-20 and 21-28 show the failure

modes of 4' and 9" specimens, respectively, in sequential order.

Toble 3apresents, for comparison to actual performance, the maximum allowable loads on
these specimens based on various criteria in the 1971 ACl Code. The derivation of these values
is illustrated in the sample calculations following.

Table 30: Code Allowances
P, Allowed by Code (kips)

Type of Specimen Span (ft.) Van Vei M,
S 4 23 100 126
L ? 23 48 51
Sample calculations ( £ =9*)
, v, v, = 1.4 kips
1. (Sections 17.5.3 & 17.5.40) dh = 80 psi = 855 Pu = 23 kips
vV
2. (Sections 11.2.1 &11.5.1) v = v_ = 0.6 /F + 700 M”d = (0.6) /7000
b -
\'

+ (700) ) _ 2 JF = i = O
7l 141 psi, 2 f'c 167.3 psi  use 168 e
V, = 24kips P = 48 kips.
PL

3. (Sections 9.2.1.1) ‘v~ _ g m = (.9 (1525)
4 u P = 50.8 kips.

CTA-74-B6
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Figure 12 - Loading Setup
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COMPARATIVE ULTIMATE FLEXURAL CAPACITY.

The principal matter of concern in the behavior of composite flexural members is their

ability to achieve the ultimate moment of the full section without failing prematurely due to
horizontal separation. Table 4 lists the theoretical and observed ultimate moments for all speci-

mens, calculated in the following manner:

Sample calculation (specimen L-5~1)

P (rest) = s8.28"
b (58.28)(106)
'Mu (observed) = i = = 7\ = 1544 .4 k-in,

71 -0.6P'F ~
su -

MU (theoretical) = (ASS)(Fy)(7.5 - 1.5+ p'AG Fsud : -
Nk
‘&
Where p _ ASI-(AS3 - AS2) 270,
G
6-(1.76 2=
_ 9186 -(1.76-.116) 770  _
_ 1-0.5p" 270 _ 1 - (0.5) (.002712) (270)] _
and £ _ 270[ i 270 [ — = 248.6
M = (1.76)(60)(6) + {.00271 2)(24)(8.5)(248.6)(7)[1 - ('6)(032672‘2)(248'6)]
= 1512 k-in.

Note that the span length is conservatively taken as 106" to allow for relocation of the point

of support at high loads.
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Table 4: Ultimate Moment

Mu (k-in) MU (k~in)

Specimen Observed Theoretical  Specimen Observed Theoretical
S-1-1 1189 1611 L-1-} 1345 1382
5-2-1 1330 1622 L~2-1 1494 1516
5-3-R 1772 1636 L~3-R 1470 1526
S-4-} 1729 1605 L-4-1 1520 1502
§-5-1 1763 1636 L-5-1 1544 1512
S-6-R 1729 1625 L-6-R 1544 1536
$-7-§ 1751 1643 L-7-5 1594 1536
5-8-S 1708 1624 L-8-5 1420 1502

The importance of the interface roughness with respect to achieving ultimate flexural strength
is illustrated in Table 5, below. i is apparent that, if two specimens which failed in vertical

shear are dropped, the averages for varying degrees of roughness do not differ significantly.

Tc:_ble 5: Comparative Mu (observed)
Mu (theoretical)

Smooth Intermediate Rough
1.038 (L-7-5) * 738 (S-I-1) 1.083 (5-3-R)
.945 (L-8-5) *..820  (s-2-1) 1.064 (S-6-R)
1.066 (5-7-5) 1.077  (5-4-1) 263 (L-3-R)
1.052 (5-8~5) 1.078  {5~5-1) 1.005 (L-6-R)

973 (L-1-1)

.985  (L-2-1)

1,012 (L-4-1)

1.021  (L-5-1)
1.025 1.024 1.029

* Omitted due to vertical shear failure.
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COMPARATIVE MOMENTS OF INERTIA.

One measure of the effectiveness of composite action is the ratio between the apparent

moment of inertia as determined from measured deflections and the calculated moment of inertia

of the full section. Tables é and 7 contain all deflection measurements and moments of inertia.

The observed moments of inertia were calculated from data recorded in the range

of working loads by the method demonstrated below for Specimen L-5-1, The deflection, & , was

obtained by subtracting the average of deflections measured near the support points from the de-

flection at center span.”a™ and "b" are the ratios to the span length of the distances between

these end dial gages and the centers of support.

Sample Calevlation (Specimen L-5-1):
Gage Pressure, y, (100 psi) 0 5 10 12 14

Deflection X ('IO3 inches) 0 22.5 51 66.5 76

y = KX +c. Using least squares, K is best approximated by:

NG xy ) - s x <, _ (5) (2484.5) - (216) (41)

K= = = 1795
= 2. . 2 (5) (13305.5) - (216) (216) -
N(Zx") ~ &x.)
7 (.1795) (100) (1000) (18.8) =337420 (Ib/in)
- _ p,(ga (l-3(c+b)-4(a3+bs)\
s 4BET 5 y,
193 fi-3 .3 3)
- P/ § (0 + b) 4 (Cl +bhb )
I % (e \ 7
_ e (106)3 (/1 - 3 (.0967 + .1226) - 4 ((.0967)° + (.1226)3) ) B
B $  [48) (5300000) 3 : ) =
= 3.67x 1090/ = 1068in”
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On the basis of geometry and material properties, the theoretical moment of inertia is
caleuloted as follows:
= {ASH(-1)(1.5) + (AS2)(n-1)(2.) + (AS3NHn~1){7.25) + (24)(6)(3) + (24X)(2.5)(7 .25)
e (ASI}{n—-1) + (AS2) (n-1) + {AS3} (n~1) + (24)(6) + {24X)(2.5)

(.92)(4)(1.5) + (. 12)()(2) + (1.76)(4)(7 .25) + (24)(6)(3) + (24)(.508)(2.5)(7 . 25)
{(.92)(4) + (\12)(4) + (1.76){4) + (24)(6) + (24){.508)(Z.5)

= 3,836 in.

24(6)° + 24 x (2.5 + (ASH(n-1) (ye - 1.5 + (AS2)(n-1 Nye - 2% + (24)(6)
I 12 T2

(ve - 33 + 24x)(2.5)(yc - 7.25)° + (AS3)(n-T)y - 7.25)

2

= 432+16+101+355+20+2 +82=1008 in4

Table 8 shows the ratios of observed to theoretical moments of inertia for 16 specimens according
fo surface treatment. The average values demonstrate that there was no significont difference in

effectiveness of composite action over the range of working [oads.

Table8: }%f::ﬁiqr for different surface roughness

Smooth _ Intermediate Rough

1.066 (L~7-5)

1.076 (L-8-5) .938 (1=1-1) .938 (L-3-R)
.928 (S-7-5) .893 {L-2-1) 1.002 (L-6-R)
.924 (S-8-5) 961 (L-4-1) .927 (5-3-R)

‘ 1.060 (L-5-1) 1.095 (S-6-R)
1.016 (5-1-5
1,045 (S-2-})
1.057 {S~4-1)
1,237 (5-5-1)
.999 1.026 .991
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COMPARAT IVE DEFLECTIONS NEAR U LTIMATE LOAD,

Since even slight relative slippage along the interface may cause measurable increases in

deflection, the average readings of specimens of different roughness were compared to determine
the effect of the type of surface on the amount of deflection under |oads approaching vitimate.
The deflections  In Tables 6 and 7 were "normalized" by subtracting the apparent residual
deflection ¢, determined from a least~squares analysis, and dividing by a factor to correct for

the focation of the end dial gages. The resulting "deflections” were then compared using the
averege of specimens with a roughened contact surface as a basis. Figures 13 and 14 show the
comparative deflections of smooth and intermediate specimens, the deflection of rough-surfaced
specimens having been subtracted out, Both figures reveal a marked increase in relative average
deflections around cracking load.  The gap increased steadily towards ultimate load, reaching
maximum recorded deflections in the 9' specimens of 10% greater for both smooth and intermediate
contact surfaces than rough, In the 4' specimens, those with a smooth surface had maximom
recorded deflections29% greater than those with a rough surface, while the intermediate specimens
had 18% greater maximum recorded deflections than the rough. Note that Figures 13 and 14 show
the ret difference in deflections, not the ratio. The significant difference in deflections at higher
loads indicates that relatively more slippage took place in those specimens with smooth and in-
termediate contact surfaces after cracking. The ability of the composite beams fo achieve full

ultimate moment was not impaired by this slippage, however.
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$1/65=1.10
Os /6, = 1.098

INTERMEDIATES

CSMOOTH

1 o P(kips)

~/fpcmckén3
O 47 94 4l 188 226 264 30] 338 376 414 (R =55)
Figure 29

Excess Deflections of 9' Specimens

A CS’S,I - Jﬂ

SMOOTH&-

UINTERMEDiATE..

i e, .

7 3 i N <7 n% ) L L Lo p(kJPS)
N Pcmcl(in )
0 8.6 82 576 47 564 658 752 646 94 5, ~150)

Figure 30

Excess DeflectBid of 4' Specimens
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CONCLUSIONS,

1. Sixteen composite prestressed beoms have been tested and found to perform adequately

with respect to the load allowed by the ACI Code for similar monolithic sections.

2. Two specimens exhibited failure modes due to or accompanied by horizontal shearing
between the two elements, at calculated shear stresses of 398 and 429 psi.

3. Under loads in the range up to cracking, there was no apparent correlation between
effective composite action as reflected in the relative moment of inertia of the section and:

a) the degree of surface roughness and cleanliness at the interface, and
b} the strength and weight of the topping.

4. There was similarly no apparent correlation between effective composite action as

reflected in the ability of the member to achieve full ultimate flexuvral load and:
a) the degree of surface roughness and cleanlinesss at the interface, and
b} the strength and weight of the topping.

5. Increased deflections of smooth and intermediate specimens in the post-cracking range
were atfributed to slippage between the two elements, At a horizontal shear stress of approximately
130 psi and 75% of ultimate load, specimens with smooth and rough interfaces exhibited 10% greater
deflections than those with @ rough interface. At o horizontal shear siress of approximately 300
psi and 70% of ultimate load, specimens with intermediate and smooth interface exhibited 18%
and 29%, respectively, greater deflection than specimens with a rough interface. This behavior
was not observed in the range of working loads, nor was there any apparent detrimental effect on
the ultimate load carried by such specimens.

6. The tests demonstrated conclusively that composite prestressed members with thin topping
are able to perform as monolithic beams ot least up to horizontal shear stresses of 150 psi and 400
psi for shear span/effective depth ratios of 8 and 4, respectively, even when the topping is cast

on a smooth surface.
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