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1, INTRODUCTION

1.1 General

i R

Sraonth or deformed welded wice fabric is commonly used to rein-
sorce floor slabs. Lap splices of adjacent sheets of fabric are used to

es from one sheet to another.

o
v—?

transfer
The splice requirements for smooth and deformed welded wire
fabrics have beea the subject of several investigations (1, 2, 3)F and
building codes have provisions regarding the splicing of these materials
The investigations which considered smooth wire fabric (1, 2), were
restricted to styles and sizes of reinforcement most commonly utilized
in building construction. At present, there is an intere 25t in the appli-
cation of heavy styles of smooth wire fabric as the principal reinforce-
ment in slabs and other structures. These styles of fabric can contain
four times as much steel per linear foot as fabrics studied in the previous
srnooth wire fabric investigations. The application of existing splice

requirements to these heav stvles of fabric will not result in adequate
o4

strength (4).
1.2  Scope

The objective of this study is to evaluate the variables which
influence the strength of lap splices of heavy smooth wire fabric in one-
way slabs. Consideration is given to design recommendations for the

design of lap splices.

#Numbers in parentheses refer to entries in the list of references.




1.3 Notation

The symbols used in this report are:
A + grea of tensile reinforcement, 89 in.
A = area of longitudinal wire, sq in.

h =  width of slab, in.
~ Tar: 7 , .
(“1 = constant relating vi, to shear strength of concrete

D ¢ diameter of reinforcement, in.

d = effective depth of reinforcement, in.

f = gteel stress, psi.

i; = compressive strength of concrete, psi.

ff = steel stress at failure, psi.

J = constant relating the internal moment arm to the

effective depth.

I. = total lengths of wire extending beyond outermust

o] ; . . .
transverse wires, for eacn pawr of spliced
wires, in.
4 = distance between outerrost transverse wires in
bl

lap, in.
M = moment, in-kips.
M = calculated strength of splice, in-kips.

ultimate moment applied to siab, in-kips.

5
1i

Mu = yield moment, in-&ips.
p = reinforcement ratio.
Sz = distance between longitudinal wires, in.

u = ultirnate bond stress, psi.

pus |
1}

3.14
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2. EEPERIMENTAL PROGRAM

™

2.1 BSpecimens

Thirty-six one-way flexural slabs reinforced with smoocth welded
wire fabric werea tested; details of the specimens are given in Table 1
All slebs were 182 in. long and, with one exception, were 36 in. wide.
One slab, Mo, 25, was 32 in. wide. The overall depth of the slabs was
varied from 6 to 16 in, to permit the study of various parameiers

Specimens were cost in forms lined with a plastic film, and the
splices were located at the center of the slab. Reinforcement was sup-
ported by standard beam volsters. With the exception of the steel in
ihe two specimens with nes ted splices, the fabric was positioned with
the longitudinal wires on hoth sheets oriented nearer the tensile face of
the slab. Except in nested splices, the longitudinal wires in the splice
were oriented directly above one another and were separated by the
transverse wires on the lower sheet of fabric. The strength of lap was

measurad between the outermost transverse wires in the lap.

2.2 Materials

2.2.1 Cencrete

The concrete used in the study was obtained from a local ready-
mix plant. Type 1 portland cement and aggregate, meeting relevant
ASTM specifications, were used for all concrete. The ready-mix
concrete contained sand from a local source and crushed limegtone
coarse aggregate. The mixed proportions by weight of cement, sand,
and gravel were 1.00:3.63:4. 57 and 1.00:2.32:3. 36 for mixes developing
compressive strength of 3000 and 5000 psi, respectively. The water-

to-cement ratios were 0.76 and 0. 55 for the 3000 and 5000 psi mixes,

respectively.




2.2.2 Reinforcement

Previous investigation of the lap splices of amoeoth wire fabric

]

-
ceinforcement considered fabric which contained as much as 0.35 sq in.
of steel per linear foot. The fabric styles chosen for this gtudy con-
tained 0.60, 0.90, and 1.20 sq in. of steel per foot. Longitudinal wires
were spaced at either 4 in. or 8 in. end the transverse wires were
spaced at either 8§ in. or 12 in.

A summary of strength properties of the fabric is provided in
Table 2, and average stress-strain curves are given in Fig 1. The
fabric exceeded the reguirements of the ASTM Standard Specifications
for Welded Steel Wire Fabric for Concrete Reinforcement, A185-69,
except that fabric style 4%6-W4A0xW 20" did not meet the required 35, 000
psi weld shear strengih cequirement. All fabric styles exhibited a

strength of at least 73,000 psiata strain of 0.0035.

2.3 Experimnental Procedure

All slabs and control specimens were cast in accordance with
pertinent ASTM specifications. Slabs and control cylinders were
removed from forms 24 hours after casting and were cured under wet
burlap for 6 days. Control cylinders, which received the same curing
conditions as the the slabs, were tested at frequent intervals during the
curing period. Based upon the strength gain curves developed from
these cylinder tests, the slabs were scheduled for test at nominal

compressive strengths of 3000 or 5000 psi.

*Fabric style designated as 4x8:W40xW20 indicates that longitudinal and
transverse wires are spaced on 4 in. and 6 in. centers, respectively,
and that the cross-sectional areas of the longitudinal and transverse
wires are 0.40 and 0. 20 sq in., respectively. A common industrial
method of designating this style is 4" x 6''--. 714" x . 504",

are g



Slabs were inverted from the casting position and placed in the
test sei-up shown schernatically in Fig 2. The load, which was applied
through a hydraulic systern, placed the slabs in a concave downward
curvature, lLoading was applied in increments cgual to 2 per cent of
ihe calculated yield monient. After each increment was applied, the
toad was held consiant for approximately 2 rainutes, while measure-
ments of the load and deflection were made and recorded. Surface
cracking was ohserved and marked on the surface of the specimen and
rocorded photographically at the completion of the test. Between 2 and
3 hours were required for the test of each slab. Control cylinders
were tested at the time of the slab test to provide an accurate estirate

of the compressive strength of the concrete.




5 EXPERIMENTAL RESULTS
3.1 Genegal

A1l slabs failed in the gplice except slab 8 which fuileq by crushing
of the concrete at the compressive face of the member. Vigual obser-
vation of cracks on the lateral faces of the slabs vevealed {he develop-
nent of multiple horizontal and inclined cracks at the level of the splice
shortly before the maxiraum load capacity was reached. Ay failure,
these cracks were interconnected and formed a continuoun failure sur-
face bet'affeexu the outermost transverse wires in the splice  Phe longi-
tndinal wires which extended beyond the ontermost transveprge wires
exhibited a pull-out type of failure. The outward characlepistics of the
splice failures closely paralleled the types of failure whir}, have been
noted with splices of deformed wire fabric (3). No failurey were a
result of weld failure.

The results of the slab tests are presented in Table 3 From a
design standpoint, it is convenient to exXpress the data in tcprms of a
nominal design strength. The frequently-used ultimate ot rength eqia-
tion (16-1) of ACI 318-63(5) was chosen for this purpose

A f

M =0af(ad - m_;?;-;fw) « 107"
u ERRAS 1. -'ch

where: Mu = yield moment, in-kips,

¢ = 1.00,

AS = area of tenciie reinforcement, sS4 in

fy = yield strength of reinforcement, psi,

d = affective depth of alab, in,

f; = compressive strength of concrete, pt. and

b = width of slab, in.
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Because the designer seldom has a knowledge of the actual yield strength
5 the reinforcement, the minimum specified yield sirength for sImncth
wire fabric, 63,000 psi, was used to calculate the yield morments given
in Table 3, It should be emphasized that these yield momernts are not
intended to represent the actual maximurm moments the slabs would have
developed if the splices were completely effective, They are us ed to
allow comparison of the actual splice strength with a standard strength
which tight be used in desiga. The influences of various test para-

neters on the strength of splices are considered below,

LA

3.2 ¥ffect of Length of L.ap

‘The following parameters and results of the study of splice length

are given below:

Slab Reinforcement Splice M, M, /M
Style Length v tu
ey in.-kips
in.
1 4x12:W40xW20 14 1206 0.76
2 4x12:W40xW 20 26 1574 0.91
3 4x12:W40xW20 32 2000 1. 14
4 4% 12:W40xW20 38 1936 1,11
5 4x12:W30xW20 s 638 0,63
6 4%12:W30xW20 14 754 ¢,75
1 4x12:W30xW20 26 1081 1.07
8 4%12:W30xW20 32 11486 116
9 412 W20xW12 2 247 0.5
10 4x12:W20xW12 8 393 0.81
11 4x12:W20xW12 14 461 0.95
624

12 4% 12:W20xW12 26 T 1.29

where M,t ig the maximum test moment obtained with the slabs and
Mt/Mu is the ratio of test moment to the calculated vield moment.
All specimens had a nominal strength of 3000 psi, a cover of 1 in.,

and a reinforcement ratio of 0,0011. The results are plotted in Fig. 3,




where it can be seen that the strength increases with an increase in
splice length. |

Specimens 1 through 12 had overbangs cqual to cne-hall of the
transversal wire spacing, or 6 in. beyond the outermost transverse
wire. Results {rom specimens in which all variables except overhang
were held constant are given below. It can be seen that bond along the

overhangs provides significant stress trangfer.

Slab Reinforcement Splice Overhnang, M, Mt / M
< T [ 3 v ) h
Style Le‘ngth, in. in:-kips
in.
28 4x12:W40xW20 26 0 1217 0.70
2 4x12:W40xW 20 26 6 1574 0.91
29 4x12:W40xW20 26 12 1893 1.08
30 4x12:W20xW12 14 0 323 0.65
11 Ax12:W20xW12 14 5 467 0.95
12 500 1.01

31 4x12:W20xW12 14

3.3 Yffect of Cover

Details of six slabs used to study the effect of cover are given

below:

Slab Reinforcement Cover, Mt’ MJ.{/M
Style in. . o Lo
in.-kips

2 4x12:W40xW 20 1 1574 0.91
13 4x12:W40xW 20 2 1726 0.97
14 4x12:W40xW2a0 3 1850 1.08
11 4%12:W20xW12 1 467 0.95
15 4x12:W20xW12 2 457 0.9t
3 432 0.90

16 4x12:W20xW12

The alabs had a reinforcement ratio of 0. 0011 and were tested at
compressive strengths of about 3000 psi. Splice lengths of 26 in. and

14 in, were used with slabs 2, 13, and 14, and with slabs 11, 15, and




————
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18, respectively. These results, which are plotted in Fig. 4, indicaie

that the amount of cover did not produce a large effect on splice strength.

3.4 Eifect of Concrete Strength
The details of 6 slabs ased to investigate the influence of concrete

strength are given hHelow:

Slab Reinforcement Splice Cover, f;‘, M,
Xt T - “L 3 - t
Style Length, in. o
. pbl ].l’l.";{}pb
in.

2 4x12:W40xW 20 26 1 3000 1574
17 Ax12:W40xW 20 26 1 5000 1843
14 4% 12:W40xW 20 26 3 3000 1850
13 4%12:W40xW20 26 3 5000 2179
16 4%12:W20xW12 14 3 3000 432
20 4y 12:W20xW12 14 3 5000 593

The results for this study are plotted in Fig. 9. It is seen that increas-
ing the strength of the concrete produces a slight increase in splice
strength and that the strength of the concrete appears to have an equal

influence on the strengths of slabs with a cover of either 1 in. or 3 in.

Nine slabs were cast and tested to study the influence of the rein-
forcement ratio on the strength of sp lices. Data regarding these speci-
inens are given below.

All slabs were cast with 1 in. of clear cover and were tested at a

pnominal strength of 3000 psi. Specimens 24, 34, and 35 had a lap

length of 14 in; the other six alabs had a lap length of 26 in.
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Siab Reinforcement P M, W/
Gtyle : , Lo
in.-kips
) 4% 12: WAORW el 0.01106 1574 0.91
21 412 W40xW20 0, 0086 2116 G.87
22 4%x12:W40xW20 0. 0068 2612 0,83
i 4x12:W30xW 20 0.0112 1081 1.07
32 4x12:W30xW 20 0, 00806 1444 1.06
3. 4%12:W30xW20 0,0070 1835 1.05
24 4x6 W20xW12 0.0105 B27 1,10
34 46 - W20gW12 0, 0074 748 i.05
35 4x8:W20xW12 0.0057 825 0. 96

As shown in Fig. 6, there is a small increase in values of I\/)[g:/l\f,(l1
with an increase in the reinforcement ratio. These data suggest that
deeper meinbers which have smaller curvatures and strain gradients at
ultimate may be slightly weaker; one might anticipate that this cffect
would be most proncunced in the case of splices in structures such as

water tanks where a minimum of flexural action occurs.
3.6 Effect of Reinforcement Style

The table below indicates the variables considered in this phase

of the investigation.

Slab Reinforcement Splice p ML, M, /M
[ PRI ¥~ Cyk L 4(, u
Style Lcinguh, in. -kips
in.

2 4x12:W40xW?20 26 0.0116 1574 0.91
23 4x6:W40xW20 26 0.0116 2612 0.76
}1 4x12:W20xW12 i4 0.0111 477 J. 95
a4 4%6:W20xW12 [ 4 0.0105 527 1.10
25 8x12: W40xW20 14 0.0108 341 0.82

Slabs 2 and 23 and slabs 11 and 24 were used to investigate the influence

of spacing of transverse wires. In the case of slabs 2 and 23, reducing
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the gpacing of the transverse wires from 12 in, to 6 in. did not improve

o

the strength, while the results from slabs 11 and 24 indicate that reduc-
ing the gpacing of transverss wires is beneficial., Slaos 11 and 25,
which contain the same amount of steel per linear Joot, provide data on

ihe influence of the lengitudinal wire spacing. Resulls indicate an

increased steength results from smaller wires more closely spaced.
3.7 Effect of Nesting

3lab data pertaining to nested splices is given below.

Slab Reinforcement Remark Mt’ Mt / Mu
Style
n. -kips

2 4x12: W40xW20 not nested 1574 0,01
%6 4x12:W40xW 20 nested 1330 0.717
11 4x12:W20xW12 not nested 467 0.95
27 4x12:W20xW12 nested 360 0.75

Although slabs 2 and 26 and slabs 11 and 27 contained similar
cover, concrete strength and overlap, & significant reduction in sirength

and 27 which contained nested splices. A poo-

N

occurred with slabs 26
sible explanation for this reduclion in strength is that the close proximity
of adjacent longitudinal wires hinders the placement and consclidation of

concerete around the steel,

3.8 Effect of Spirsl Reirforcement in Lap

Splitting failures in lapped splices or in anchorages are a resuli
of the relative weakness of concrete in diagonal tencion. In beams

stirrups are sometimes used to minimize splitting failures; however,




ia slabs reinforced with fabric, stirrups are unsuitable because of the
difficulties encountered in placing them. To investigate an alternative
to stirrups, slab 36 was cast with a length of 7 in. diameter spiral
ceinforcement laid in the splice regica. The spiral was fabricated from
No. 2 smooth bar with a pitch of 4 in, .

As indicated in Table 3, slab 36 was not stronger than Slab No. 1
which was georetrically similar but did not contain spiral reinforcement.
Tris indicates that the case of spiral reinforcement to prevent splitting

rmilures is not satisfactory.
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4, ANALYSIS OF DATA

The moment which is applied Lo any section of a reinforcaed con-

coote beo r\ is resisted by an internal moment, This internal moment
14 coroposed of egual and opposite forces in the steel and the concrete
aciing ot 2 digtance jd apart.

Phe internal lever arm, jd, remains fairly constant after flexural
crmeks have developad., For this reason, the steel stress, f, at any

h)

ad level

[y
s
Q

L, D,

can he estimated as {(M/ Mq)fy, where Mu is the cal-

culated yield moment based on the specified yield strength fy'

ta Analysis

The test results indicate that although the strength is strengly
related to the length of lap measured between the outermost transverse
wires in the splice, the influence of bond stress acting along overhang-

ing longitudinal wires coniributes significantly to the strength of the

splice. This type of behavior was noted in an earlier study of the behavier

of deformed wire fabric (3). It was found in that study that the test mo-
ment can be related to bond acting along the overhanging longitudinal
wires, to the distance belween the outermost transverse wires, and to
the strength of the concrete. Noting that the slabs failed when, as a
result of the high shear stress in the concrete between the sheets o
fabric, a horizontal crack developed between the ouatermost transverse
wires in the lap, the stecel stress at failure can be expressed as
uuTTDLO + CNI; S.Z Zs

f f = I/s > -
W




oy
o

-+

£, = estimated steel stress at failure, D5,

whore

u = wultitaate bond stress, psi,

1, = total lengths of wire extending beyond outermost
croes wires, for each pair of spliced wires, ia.,

» = diameter of the longitudinal wires, in.,

/
(f,‘l = constant to relate fc to shear atrength of concrete,
n! . : o .
tiC = compressive strength of concrete, psi,
5, = spacing of longitudinal wices,
L = distance bebween outermost transverse wiras in the
5

lap, in., and

A = cross-sectional area of a longitudinal wire, 3q in.,

[
n £ T 1 ~ I p
_1.\::!:3: - ‘f_f_. = u n~) 5 + L ‘i\[f C g ..-:
f A~ x 65,000 :
u N W

Assuming that the bond stress u | is approximately constant for
ihe ai~es of wire encountered in this study, the above equation was used

so anelyze the resnlts obtained from tests of slebs 1 through 12, The

]

constants 1 and Cl were evaluated by the method of least squares and

fovod to be 340 psi and 2. 17, respectively. Using these values, cat-

oy
o
goed
jA5)
ot
a1
e
4]
[
-
@
=
V5]
[l
—
—
w
=
o}
L]
€]
ot
&
e
.
[}

i through 12 were obtained with the use of

2, T . ' v o6
M 340TDL_ + 2,171 5,4

o
M A% 65,000 :
u w

N ~ “ ~ 3 . . . s r
A comparison of calculated to actual  strength is shown in Fig 7.

Noting that the method predicted splice strength reasonably well,
the same approach was applied to the data obtained from 30 slabs.

bl S |

Slabs 26 and 27 with nested splices and slab 8 which failed by crusﬁing




ather thanafailure of the splice were not considered.

~orete ratl

iclon, o preliminary end lysis of data indic ted that the computad

31 would be at least 30 per cent greater han

ool alabs 12 9
peir v trengths; because cuach strengths were not pvhysically poes-
sibie, fhrae slabs were not congidered in the analysis. Slab 19 was

s in meazurement of the failure load.

effect of bond stress and relate the strength

Jon to ihe distance between ihe outermost wires in the lap, or to

length, or to the number of transverse wires in the lap, were

55 accurate than the above approach.

o g
esbh o

A i P PSS 8
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5. DESIGH CONSIDERATICKS

sted (5) the splice requirvements fer smooih wire

Lapped splices of wires in regions of maximum
are carrying more than cne-half of the
‘ avoided wherever possible,
1 he so made that the overlap
L eross Wi ires of each fabric
scing of the cross wives pius

k]

haif the permlastm otrefss shall be so ‘mac‘e 1at the over-
51

Splices of wires stressed at not more than one-

lop measurcd between outermost Cross w ires is less than

T . 11
2 in.

Tne intent of these provisions is to insure that there is sufficient weld
strength fa the overlap. It is emphasized that alihough the decp,
haavily reinforced slsbg in this atudy did not fail as a result of weld

chear, the above recommendations should remain as minimum length

reqiiirements.

o
O, s

To account for the types of splice failure encountered in this

‘avestigation, two design approaches can be taken which are based on

u i - g
g T CneSs
A x 85,0600 :

The value of u, can be taken as 250 psi which is in close agree-

went with test results and conforms to the bond strengtis permitted

for smocth wire by the ACI Building Code (5). The value of (31 obtained

for all data was 2.72. Recognizing the fact that this constant is ex-

pressing the magnitude of diagonal tension which can be developed in a




splice, it is recommended that it be taken equal to a slightly lower
vaiue of 2, 50,
For the designar who either has no knowledge of the len oth of

over-bangs which will exist in the gplice or who wishes to neglect hond

stress for the gake of simplicity or greater conservatlude, the slrengin

expression reduces to

e
SN

ased on a concrete strength of 2000 psi which is typical for

floor slabs,

g W

S 8 0.00211 5. 4
M O’!BO 9 L’)” Cs o 0002115, 8
Az 535 A . :

lt%\'ﬁri2
(A_/foot)= —T—m—
substituting into the above equation,
M 0.0254
= S

—— 25 —.7‘...._]?_,,..._: 3
M (A Toot)

[

If 2 designer wishes to obtain a splice capable of transferring the full

<

strength of the beam, I\/’[C/Mu = 1,00, then £_ = 4C6(A /icot). For a
M 2 %]

splice to transfer at less than one-half of the permissible moment,
L =2 20(A [foot).
If a designer wishes to obtain a minimum length of splice, he will

k3

now need to consider the contribution from bond acting along the over-
o

hanging longitudinal wires.




Since A = mD"/4, this can be rewritten as
v
MC LO
el R o
hii gob

1

Since from a design standpoint the ratio M / R’.u iz equivalent to the

ratio (A vequired/foot)/(A provided/foot), the distance bztween outer-
pel 2

raost cross wires in the splice ghould be at least
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e
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O
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—
o8
@
jo R
e
)
Q
O
o
s

40(A required/foot) -0.80 T, (A provided/foot).

5.3 Exsmples of Design Procedure

5.3.1 Design a splice to transfer the full perrnissible stress in a
4x12:W40xW20 fabric which has longitudinal wires (W40) with 6 in.
overhangs.

(A provided/foot) = 12 x 0.4/4 = 1.2 sq in. /1t
and
£ = 40 {AS required/foot) - O. 8OL.O X (AS provided/foot)
or

L =40 X 1.2 - 0.80%x (64 6) % (1.2)= 36.5 in.

S
The existing ACI Building Code provisions which require a minimum
distance of 14 in. between outermost cross wires for this fabric styie
are satisfied and the required distance between the cress wires is at
least 36.5 in.

5.3.2 Design a splice to transfer the full strength of 4x16:W20xW12

fabric which has longitudinal wires (W20) with 8 in. overhangs.

(AS provided/foot) = 12 X 0.2/4 = 0.6 sq in. /ft,
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and

i 7 R S o~ N oT I PPN Nl F )
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6. CONCLISIONS
6.1 General

Rased on the results of 36 slabs which contained various rein-
forcement styles, lap lengths, cover, concre ete strength steel percen-
tages, and lap configuratioas, it is concluded that existing Building
Code splice requiresments which require one or two Cross 5 wires in the
splice length to transfer less than 50 or more than 50 percent of the
permissible stress in the fabric are not conservative in all cases. It is
further concluded that for slabs which contain high to moderate amounts
of steel per foot, the strength of splice is controlled by the amount of
stress which can be carried by bond along the overhanging lengitudinal
wires and by shearing stress in the concrete between the overlapped

sheets of reinforcement.

6.2 Recommendations for Degign

It is recommended that the existing splice requirements for
smooth wire fabric he revised to reflect the findings of this study as
stated below.

6.2.1

Lapped spilices of wires carrying more than one-haif of the per-
missible stress shall preferably be avoided. Where such splices must
carry more than one-half of the permissible stress, they shall be so

ade that the nverlan measured between the outermost cross wires 1s
in no case less than the spacing of cross wires plus 2 in: and, to prevent
a splitting failure, the overlap distance shall not be less than 40 times
the area of steel required per linear foot unless the checks of 6.2.3

are made.



6.2.2

Spiices of wires stressec st not more than one-nzlf the permissible
stress shall be so made that the overlep measured between outermost
cross wires is in no case less than 2 in.; and to prevent a splitting
failure, the overlap distance shnll not be less than 20 times the area of
steel required per linear foot unless the checks of 6.2, 3 are made

6.2.3

To prevent a splitting failurc between the sheets of reinfercement,
the amount of overlap measured between the outerinost cross wires shall
not be less than (4O(AS required/foot) - 0.80 LO(A Sprovided/foot)) where

.

L is the total lengths of wire extending beyond cross wires, for each
y ,

pair of spliced wires.
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