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I. TINTRODUCTION

A. General

During the period of October 1968 through September 1980, the
1968 Edition of the AISI Specification was used for the design of
steel deck webs that could withstand web crippling and combined web
crippling and bending.(]) The design formulas used to prevent web
crippling were developed primarily on the basis of tests conducted
in the 1940's and 1950's at Cornell University.(2'4)

Recently, new types of cold-formed steel sections have been
developed and used in building construction. The use of unusual
geometric configurations has complicated the design of such members.
In order to develop new design criteria, additional studies of
the crippling strength of beam webs have been made in several
countries. (9722)

Since 1973, a research project on a study of beam webs has been
carried out at the University of Missouri-Rolla (UMR) under the
sponsorship of American Iron and Steel Institute. Based on the
available test data obtained from research at Cornell and tests re-
cently conducted at UMR, modified AISI design formulas for web
crippling have been proposed in Ref. 21, Because these modified for-
mulas are based on the test data of channels, I-beams, and hat sections
having vertical webs with relatively small R/t and N/t ratios, these
proposed design provisions may or may not be fully suitable for the
design of steel decks when they have inclined webs with large R/t and/or
large N/t ratios. In addition, various types of embossments and indent-
ations are usually formed in the webs of the steel decks to be used for

composite slabs. These deformations may affect the web crippling strength

]



of steel decks. Ffor this reason, a research project was initiated
in 1979 at the University of Missouri-Rolla to study the web
crippling strength of steel decks. This project was cosponsored by
Steel Deck Institute, American Iron and Steel Institute, and H. H.
Robertson Company.

8. Purpose of Investigation

The objectives of the investigation were (1) to establish
experimentally the web crippling strength of a selected group of
steel decks, (2) to determine the effect of bending on web crippling
load, and (3) to demonstrate the validity of the proposed design

formulas for preventing web crippling of steel decks.

C. Scope of Investigation

In order to achieve the first objective mentioned above,

a total of 84 web crippling tests of steel decks were conducted at the

University of Missouri-Rolla during the period of September 1979

through March 1980. During these tests, 40 specimens were subjected to

interior one-flange 10ading, and the remaining:44 specimens were sub-

jected to end one-flange loading. Details of the first phase of the ex-

perimental study are presented in Articles Il and 11l of this report.

Comparisons between the test data and predicted web crippling loads are

also included in these two articles.

In the second phase of the study, 56 specimens having relatively
long spans were tested as simple beams and continuous beams to determine

the effect of bending on the web crippling strength of steel decks. The

test data have been used to determine the validity of the AISI interaction

formulas that are used for the design of steel beams subjected to combined

web crippling and bending. Details of the second phase of the study are



presented in Articles IV and V.
Finally, the recommendations for future research are discussed

in Article VI.



11. EXPERIMENTAL STUDY OF WEB CRIPPLING
STRENGTH OF STEEL DECKS SUBJECTED TO
INTERIOR ONE-FLANGE LOADING (IOF SERIES)

Since September 1979, 40 web crippling tests have been conducted
for interior one-flange loading. The test specimens used in this
experimental study were fabricated from steel decks recefved from five
manufacturing companies. Figure 1‘shows the type of test used in this
part of the investigation.

The following discussions deal with the preparation of the test

specimens, the tgsing of the specimens, the results of the tests, and

evaluation of the test data.

A. Preparation of Test Specimens

Nine different types of sfeel decks were used in the tests of
web crippling strength for interior one-flange loading. Figure 2
shows the cross-sectional configurations of the steel decks used. The
actually measured dimensions of the test specimens are presented in
Table 1. A1l symbols used in this table are defined in Fig. 3. Table

2 lists the following design parameters for the steel deck specimens:

Design Parameter

Range
Web jnclination angle, O 48.1 - 90.0 degrees
R/t ratio 3.05 - 7.24
h/t ratio 46.65 - 107.43
N/t ratio 63.40 - 208.80
N/h ratio

0.94 - 3.17

Yield point, Fy 39.3 - 49.9 ksi




Prior to testing, the tension flange of the steel decks was
braced by two 1/8x3/4 inch rectangular bars along the inside edge of
the end bearing plates. Self-tapping screws (#12 x 14 x 3/4 Tek
.Screws) were used for connectors.

B. Testing of Specimens

(a) Tensile Coupon Tests

The mechanical properties of the steels used for the test speci-
mens were established by standard tensile coupon tests. A1l the
coupons were tested in a 150,000-1b Tinius Olsen universal testing
machine. Table 3 lists the test data on yield point, ultimate
tensile strength, and elongation measured from 2-inch gage length.
Each value is the average of four coupon tests.

(b) Testing of Deck Specimens

For the 40 web crippling tests of interior one-flange loading,
38 specimens were tested in the 150,000-1b Tinius Olsen universal
testing machine. Only two wide specimens (IOF-19A and IOF-19B) were
tested in the 8-foot wide, 9-foot high, and 21-foot long Toading
frame located in UMR's Engineering Research Laboratory.

(i) Test Setup

Each specimen was tested as a simply supported beam by using
two large bearing plates (N2) at both ends and a small bearing plate
(N]) under the concentrated load applied at midspan as shown in Fig. 4.
The clear distance between the bearing plates was equal to approximately
1.5h, where h is the width measured along the plane of the web. The
minimum distance of 1.5h between bearing plates was chosen to eliminate
the effect of a two-flange loading action. The same criteria were

used previously for the Cornell and UMR tests.(3’21)



Figures 5 and 6 show the test setup used in this phase of the experi-
mental study.

(ii) Test Procedure

During the tests, the specimens were loaded continuously
to the estimated allowable design load, beyond which an increment
of 20% of the estimated allowable design load was added to each
specimen following a waiting period of five minutes; A1l specimens
were tested to failure. The maximum load at failure was recorded

for evaluation of the test data.

C. Results of Tests

The results of 40 web crippling tests of steel decks subjected
to interior one-flange loading are presented in Tables 4 and 5. In
these two tables, (P)test is the total failure load for web crippling

under the concentrated load, and (M)test is the bending moment

computed from the load (P)test and the actual span length.

Typical failure modes for web crippling of steel decks subjected

to interior one-flange loading are shown in Figs. 7 and 8.

D. Evaluation of Test Data

The results of the 40 steel deck tests have been carefully
evaluated and compared with the predicted ultimate web crippling loads
and the ultimate bending moments determined on the basis of the 1968
Edition of the AISI Specification(]) and the 1980 Edition of the AISI

ces o as 23 :
Spec1f1cat1on.( ) Details of these comparisons are given below.



(a) Comparison of the Experimental Web Crippling Loads and
the Predicted Loads Determined on the Basis of Addendum
No.2 of the 1968 AISI Specification

In Table 4, the predicted ultimate web crippling 1oads,(Pu)comp,

for interior one-flange loading were calculated from the following

equations:

(1) R/t <1
_ 2
(Py) comp/web = 1-85 {t° [305 + 2.30(N/t) - 0.009(N/t)(h/t)
- 0.5(h/t)1x[1.22 - 0.22(F /33)] (F /33)}sine
(i1) 1 <R/t<4 (1)
P comp/web Eq. (1) x [1.06 - 0.06(R/t)] (2)
where t = web thickness, in.

N = actual length of bearing, except that in
the above formulas the value of N is not
to be taken for a value greated than h, in.

h = clear distance between flanges measured
along the plane of the web, in.

F = yield point, ksi

R = inside bend radius, in.

6 = web inclination angle, degree.

It should be noted that in Eqs. (1) and (2), (Pu)comp/web

predicted ultimate load per web in kips. For this reason, the

is the

predicted ultimate web crippling load per specimen is computed as

follows:

(Pu)comp (Pu)Comp/web

With regard to the predicted ultimate bending moments, the

/specimen = (Number of Webs)

following considerations were given to the computations of (Mu)comp:



(1) The value (Mui)comp was calculated from the yield point
of steel and the section modulus based on the effective
width of the compression flange determined in accordance
with Section 2.3.1.1 of the AISI Specification and the
full area of the tension flange and webs.

(2) The value (Muz) was calculated from the yield point

comp
of steel and the section modulus based on shear lag
consideration (i.e.,the section modulus was based on the
effective widths of both compression and tension flanges

in accordance with Section 2.3.5 of the AISI Specification)
and the full area of the webs.

(3) The value (MuS) was calculated from the section

comp
modulus based on the full area of the tension flange

and webs combined with the effective width of the
compression flange determined on the basis of Section
2.3.1.1 of the AISI Specification with f = Fbw or

0.60 Fy, whichever was smaller. The stress used for
computing the ultimate beﬁding moment was either 1.67Fbw

or F., whichever was 1 i
y ess, where Fbw is the

allowable stress for webs subject to bending stress. It

was computed by using Eq. (3):

_ 520,000
"o T )2 (3)
Al1so included in Table 4 are the (M
: . e )test/(Mu)comp and (P)test/
Pu) comp Tat10S, in which (M) comp i5 the smallest value of

M
( ul)comp, (Muz)comp’ and (Mu3)comp' The correlation between the

test results and the following interaction formu]a(]) is shown
graphically in Fig. 9.



Pltest , Miest _ |3
(P,) (M ) ' (4)

u’comp u’comp

It should be noted that only four test points are shown in Fig. 9
because for other specimens, the R/t ratio exceeds the AISI limit

of 4. As listed in Table 4, the mean value of A/1.3 ratios is
1.707. This high mean value and Fig. 9 indicate that the design
provisions included in the 1968 Edition of the AISI Specification
are very conservative for the design of these four test specimens.
This possibly is because in calculating the predicted web crippling
load acccording to the 1968 AISI Specification the bearing length,
N, was taken to be not more than h. In addition, the test specimens

exhibited a considerable postbuckling strength.

(b) Comparison of the Experimental Web Crippling Loads and
the Predicted Loads Determined on the Basis of the

1980 Edition of the AISI Specification(Z3)
In comparing the experimentg] and the predicted loads deter-

mined on the basis of the 1980 Edition of the AISI Specification,

the predicted ultimate web crippling loads for interior one-flange

loading, (P ') as given in Table 5, were computed from the

u ‘comp’
following equations (Equation 3.5.1-3 of Ref. 23):

(i) N/t < 60

. _ 2
(Pu )comp/web = 1.85 {t kC]

x [ 1+0.007 (N/t)]} (5)

6269[291 - 0.40(h/t)]
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(i) N/t > 60

2
" . = kCc.C,C.[291 - 0.40(h/t)]
(Pu )comp/web 1.85 {t C] 2 e[
x[0.75 + 0.01T1(N/t)1} (6)
where k = Fy/33
¢, = (1.22 - 0.22k)

[
1}

, = [1.06 - 0.06(R/t)] < 1.0

Cg = 0.7+ 0.3(6/90)%
= angle between web and bearing surface, degree
N = actual length of bearing, in., except that
the N/t ratio shall not exceed 210 and the
N/h ratio shall not exceed 3.5
R = inside bend radius, in., except that R shall

not be greater than 7t for steel decks.

As far as the predicted ultimate bending moments are concerned, the

values of (Mu1)
4. The value (Mu3')

i d in Table
comp and (Muz)comp are the same as those listed 1

cormp was computed from the section modulus based on

the full area of the tension flange and webs combined with the effective

width of the compression flange.

of Section 2.3.1.1 of the AISI Specification with f = 0.60 F

The latter was determined on the basis

y or Fbwa

whichever was smaller. In the calculation, the value of Fbw was deter-

mined by using Eq. 3.4.2-1 of Ref. 23:

Fpw = [1.21 - 0.00034 (h/t) /F ™ 1(0.60F ) < 0.60 F (7)

The ratios of (M)teSt/(M ")

presented in Table 5.

u ‘comp and (P)test/(Pu )comp are

The correlation between the test results and

the interaction formula given in Eq. (8) is shown graphically in

Fig. 10.
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(P)test + (M)test

u ‘comp u ‘comp

1.07 = 1.42 (8)
It should be noted that Eq. (8) is the basic interaction formula
used to develop the AISI design formula (Eq. 3.5.2-1 of Ref. 23)
for beams having single, unreinforced webs subjected to comb%ned
bending and web cripp]ing.(Z]) Therefore, Fig. 10 indicates the
validity of the AISI design formulas for single span steel decks
subjected to combined bending and web crippling.

Unlike Fig. 9, a total of 40 test points are shown in Fig. 10.*
This is because in the 1980 Edition of the AISI Specification, the
1imit of the R/t ratio was extended from 4 to 7. The mean value
of the B/1.42 ratios is 1.188 as given in Table 5. This mean value
and Fig. 10 indicate the improvement of the AISI design equations
for web crippling and combined web crippling and bending as com-
pared with the 1968 Edition of the AISI Specification.

If the shear lag consideration is neglected (i.e., the value
)

the correlation between the test results and the interaction formula

of (M) is either (M

u’comp ul r (M)3) , whichever is less),

comp ° comp

can be shown as in Fig. 11. It can be seen that Eq. 8 may be used
for the combined web crippling and bending of steel decks used for
single span tests having relatively short span lengths. It should
be noted that this equation is conservative for steel decks with flat

webs.

*For Specimens IOF-2A, 2B, 9A, 9B, 10A, and 10B, the R/t ratios are
slightly larger than 7, See Table 2,
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(c) Effect of Intermittent, Longitudinal Embossments and
Indentations on Web Crippling Strength
The effect of intermittent, Tongitudinal embossments and inden-

tations on web crippling strength can be observed by comparing the

test results of several specimens. As listed in Tables 1 and 2, the
material properties and dimensions of Specimens Nos. 1,2,5, and 6

are practically jdentical with Specimens Nos. 9,10,11, and 12, except
that for the composite decks (Specimens Nos. 9,10,11, and 12) the
embossments and indentations as shown in Fig. 12 were used in the
inclined webs. These deformations may reduce the web crippling
strength of steel decks according to the size and arrangement of the
embossments. Table 6 presents a comparison of the test results for
eight different specimens subjected to interior one-flange loading.
1t seems to indicate that for the type and arrangement of embossments
used in this comparison, the reduction of web crippling strength
occasioned by the longitudinal embossments is within 10%,

E. Summary

A total of 40 web crippling tests were conducted for interior

one-flange loading. Even though short span lengths were used in the

tests, a considerable amount of bending moment was developed for most

of the specimens.

The test results were carefully reviewed and evaluated. Com-
parisons between a limited number of test data and the equations

used for combined bending and web crippling indicate that the R/t
ratios of most of the steel decks used in this study exceeded the AISI
limit included in the 1968 Edition of the Specification and that the

1980 tdition of the AISI Specification can be used for the design of



steel decks. It has been noted that the AISI design provisions are
conservative for stee] decks having flat webs.

A comparison of the test data obtained for several specimens
indicates that for the panels used in the tests, the web crippling
load is slightly affected by the intermittent, longitudinal emboss-
ments and indentations formed in the webs. More tests should be

conducted in this area for a detailed study.

13
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III. EXPERIMENTAL STUDY OF WEB CRIPPLING
STRENGTH OF STEEL DECKS SUBJECTED TO
END ONE-FLANGE LOADING (EOF SERIES)

During the period of September. 1979 through March 1980, 44
web crippling tests were conducted for steel decks subjected to
end one-flange Toading. Figure 13 illustrates the type of tests
used in this phase of investigation. The test specimens used in
the experimental study were fabricated from the same steel decks
used in the web crippling study for interior one-flange loading
that were reported on in Article II.

The preparation of test specimens, the testing of the specimens,

the results of -the tests, and evaluatien eof the test data are discussed

in the following sections.

A. Preparation of Test Specimens

As in the tests for interior one-flange loading, nine

different types of steel decks were used in the web crippling tests

for the end one-flange Toading condition. The cross-sectional con-

figurations of the steel decks are the same as those shown in Fig.

2, except that specimens Nos. EOF-13, EOF-14, EOF-15, and EQF-16 were

tested in an inverted position. This test setup was used to eli-

minate the effect of continuous Tongitudinal stiffeners on the web

crippling strength at both ends.

The actually measured dimensions of the test specimens are
presented in Table 7.

Fig. 3.

A1l symbols used in Table 7 are defined in

Table 7 presents the design parameters for the steel decks

used for end one-flange loading. The ranges of design parameters

are similar to those listed on page 4,
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Prior to testing, the tension flange of the steel deck specimens
was braced by two 1/8 x 3/4 inch rectangular bars along the inside
edge of the end bearing plates. In addition, a short piece of the
same steel deck was attached to the central portion of the specimen
to prevent premature failure of the deck at the location of the
applied concentrated loads. This type of reinforcement was used
for all tests, except for specimens EOF-13, EOF-14, EOF-15, and
EOF-16 with continuous Tongitudinal stiffeners.

B. Testing of Deck Specimens

A11 specimens were tested in the 150,000-1b Tinius Olsen
universal testing machine. The test setup and procedure are des-
cribed in the subsequent sections.

(a) Test Setup

Each specimen was tested as a simple beam as shown in Fig. 14.
Two large bearing plates were used under the applied concentrated
loads, and two small bearing plates were placed under the specimen
at both end supports. The clear distance between the bearing plates
was approximately 1.5h. Figures 15 and. 16 show the test setup used
for the experimental study of end failure.

(b) Test Procedure

The procedure used for the web crippling tests of steel decks
subjected to end one-flange loading is the same as that used for
the interior one-flange loading. For details, see Article II.B.b.ii.

C. Results of Tests

The results of 40 web crippling tests of steel decks subjected
to end one-flange loading are presented in Table 8. The value of the

(P ) is the total load applied to the specimen at failure, in kips.
u’test
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Typical failure modes for the web crippling of steel decks
subjected to end one-flange loading are shown in Figs. 17 and 18.

D. Evaluation of Test Data

The results of 44 steel deck tests have been carefully evaluated
and compared with the ultimate web crippling loads computed on the
basis of the 1968 Edition of the AISI Specification.(]) and the
1980 Edition of the AISI Specification, (23) The equations
used to determine the predicted ultimate web crippling loads are
given in the following sections.

(a) Comparison of the Experimental Web Crippling Loads and

the Predicted Loads Determined on the Basis of the 1968
AISI Specification
In Table 8, the predicted ultimate web loads for end one-flange

Toading were calculated from the following equations, whichever was

applicable:
(1) R/t <1
(P )comprweb = 1.85 {t°[98 + 4.20(N/t) - 0.022(N/t)(h/t)
= 0.01(h/t)] x [1.33 - 0.33(F/33)]
(Fy/33)}sine (9)
(1) 1 <R/t <4
(Py) comp/web = E9- (9) x [1.15 - 0.15(R/t)] (10)

A1l the symbols have been defined previously.

In view of the fact that Eqs. (9) and (10) deal with the predicted

ultimate web crippling 1oad for one web at each end support, the pre-
dicted total ultimate load applied to

an entire specimen was computed
as follows:
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(Pu)comp/spec1men = 2(Number of webs)(Pu)Comp/web

Also listed in Table 8 are the ratios of (Pu)test/(Pu)comp'
Because most of the steel decks had R/t ratios larger than 4, only
six test results could be used for this comparison.

(b) Comparison of the Experimental Web Crippling Loads and

the Predicted Loads Determined on the Basis of the 1980
Edition of the AISI Specification§23)

In comparing the experimental data and the predicted Toads
determined on the basis of the 1980 Edition of the AISI Specification,
the predicted ultimate web crippling loads for end one-flange loading
were computed from the following equations:

(i) Beams with Stiffened Flanges (AISI Eq. 3.5.1-1)
(Py') comp/eb = 1.85 {£°kC3,C 1179 - 0.33(h/t)]
x [1 + 0.01(N/t) 1} (11)
(ii) Beams with Unstiffened Flanges (AISI Eg. 3,5.1-2)

N/t < 60,
. _ 2
(P, )comp/Web = 1.85 {t°kC3C,Co[117 - 0.15(h/t)]
x [ 1 +0.01(N/t)1} (12)
N/t > 60,
(Py" )eomp/web = 1.85 {t2kc 3C4C[117 - 0.15(h/¢)]

x [0.71 + 0.015(N/t)]} (13)
where k = Fy/33

Cy = (1.33 - 0.33k)

C4 = [1.15 - 0.15(R/t)] < 1.0 but not less than 0.5
Cy = 0.7 + 0.3(6/90)°

8 = angle between web and bearing surface, degree
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N = actual length of bearing, in., except
that the N/t ratio shall not exceed 210
and the N/h ratio shall not exceed 3.5
R = inside bend radius, in., except that R
shall not be greater than 7t for steel decks.
Consequently, the predicted total ultimate load applied to each
specimen was determined as:
(Pu')comp
The ratios of (P

/specimen = 2(Number of Nebs)(Pu')

u)test/(Pu )comp
and are listed in Table 8. For two specimens, the R/t ratios

*
comp/web
for 36 specimens were calculated

slightly exceeded the revised 1limiting value of 7. Figure 19
shows the relationship between the‘computed C4 and the R/t ratio.
It can be seen that the Tower 1imit of 0.5 for C4 is justified.
The larger scatter is due to the fact that many parameters con-
cerning the deformed webs are not included in the design formulas.
A study of the ratios of (Pu)test/(Pu)comp indicates that the
1968 AISI Specification is slightly conservative for the design
of steel deck webs as far as the web cfipp]ing at end support is
concerned. This is possibly due to the available postbuckling
strength of steel deck webs. The 1980 Edition of the AISI Speci-
fication based on a previous study of channels and hat sections
gives a conservative design except for Specimens EQF-13 and EQF-14.
The Tow failure loads for these specimens were probably caused by

the use of intermittent, 1ongitudina1 embossments in the webs.,

In order to study the effect of support conditions on end failure.

*Specimens Nos. 1 thr )
flanges; Specimens Ng:gh e | Webs all comnected to stiffened

Flanges: Soecimens Nos: 17 and 18 had 2 webs connected to unstiffened

19 and 20 had 6 web ;
flanges and 2 webs connected to unstiffenedsf?g:gggtEd to stiffened
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Specimens EOF-5C and EOF-5D were supported by two W shapes as shown in
Fig. 20. No connections were used at the ends of the specimens.

Figure 21 shows the failure mode of the steel decks tested. The total
failure load per specimen is given in Table 10. In addition, Specimens
EOF-5E and EOF-5F were spot welded to two end bearing plates by

Mac-Fab Products, Inc. (Fig. 22). Three bolts were used to connect
these bearing plates to support beams as shown in Fig. 23. For this
case; the failure mode of the steel décks is shown in Fig. 24 under

the faijlure load given in Table 10.

A comparison of the total failure load given in Table 10 indicates
that when the steel decks are placed on support beams with or without
connections, the steel deck webs can actually resist a larger load
than that obtained from simple beam tests for which the bearing plate

is allowed to rotate. For design parameters see Table 9.

(c) Effect of Intermittent, Longitudinal Embossments and
Indentatjons on Web Crippling Strength

In order to determine the effect of intermittent, Tongitudinal
embossments on the web crippling strength of the steel decks sub-
jected to end one-flange loading, the test results of Specimen Nos.
1, 2, 5, 6, 9, 10, 11, and 12 were compared and are presented in
Table 11. This comparison seems to indicate that for the case of
end one-flange loading, the effect of longitudinal embossments on
the web crippling strength is slightly larger than that for the
case of interior one-flange loading. However, the reductions of

failure loads for most of the test specimens are within 10%.
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E. Summary
A total of 44 web crippling tests were conducted for the end

one-flange loading condition. The test results were compared with the
predicted loads computed by using the 1968 AISI Specification and the
1980 Edition of the Specification. The effect of a support condition
on end failure was also studied briefly.

Several pilot tests showed that usually end web crippling is not
a problem, because without any web reinforcement, steel deck speci-
mens failed prematurely in the central portion of the specimens rather
than at the end support even though the $pan length was kept very short

and the bearing plate under the load was much wider than the end bearing

plate.
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IV. EXPERIMENTAL STUDY OF COMBINED
WEB CRIPPLING AND BENDING:
SIMPLE BEAM TESTS (BC SERIES)

Simple beam and continuous beam tests have been conducted for the
purpose of studying the interaction between web crippling and bending
of steel decks. Since March 1980, 24 long span steel decks have been
tested as simple beams, and 32 Tong span steel decks have been tested
as continuous beams. This Article deals only with the simple beam
tests.  The continuous beam tests are described in Article V.

The following discussions cover the preparation of test specimens,
the testing of the specimens, the results of the tests, and evaluation
of the test data obtained from the simple beam tests.

A. Preparation of Test Spécimens

Seven different types of steel decks were used in the study
of combined web crippling and bending. Figure 25 shows the cross-
sectional configurations of the steel decks used in the long span simple
beam tésts. The measured dimensions of the test specimens are given in
Tables 12 and 13. It shoqu be noted that the steel decks listed in Table
12 were used without end connections in 16 simple beam tests, and those
listed in Table 13 were used with end connections in eight simple beam
tests. The symbols used in both tables are defined in Fig. 3.

The design parameters for the steel decks are presented in Tables 14
and 15. The following summary covers the ranges of design parameters

employed in this investigation.
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Design Parameter Range
Web inclination angle, 6 48.9 - 90 degrees
R/t ratio 3.20 - 7.12
h/t ratio 54.15 - 107.85
N/t ratio 85.39 - 202.39
N/h ratio 1.00 - 2.68
Yield point, Fy 39.3 - 51.0 ksi

Before the steel decks without end connections were tested, the
tension flange of the deck was braced by 1/8 x 3/4 inch rectangular
bars along the inside edge of the end bearing plates. For the simple
beams with end connections, a rectangular bar was fastened at the mid-
span of each specimen to brace the tension flange. Self-tapping screws
(#12 x 14 x 3/4 Tek Screws) were used for connectors.

For the specimens with end connections, four foil strain gages were
placed on the bottom face of the tension and compression flanges at the

midspan. The arrangement of strain gages is shown in Fig. 26.

B. Testing of Specimens

(a) Tensile Coupon Tests

The mechanical properties of the steels used for the test specimens

were determined by standard tensile coupon tests. All the coupons were

tested in a 150,000-1b Tinius Olsen universal testing machine. Table 16

is a Tist of the test data on yield point, ultimate tensile stréngth, and

elongation measured from a 2-in. gage length. Each value is the average

of four coupon tests. The 1isted mechanical properties were used for
the long span simple beams with end connections and the continuous beams.

The mechanical properties listed in Table 3 were used for the simple beams
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without end connections.

(b) Testing of Deck Specimens

The test setup and test procedure used for the long span simple
beam tests are the same as those used for the interior one-flange load-
ing described in Article II.

(i) Test Setup

Each specimen was tested in a 150,000-1b Tinius Olsen testing
machine on which two wide flange sections and tubular members were
used as support beams. Before a specimen was tested, large bearing
plates (N2) were placed at both ends of the specimen, and a small bearing
plate (N]) was placed under the concentrated load applied at the midspan
of the deck. Figure 27 shows the test setup used for long span simple
beams without end connections. For this case, both ends of the specimen
were free to rotate. Prior to testing, a dial gage was placed under the
specimen at the midspan for measuring the deflection.

The test setup used for single span beams with end connections
is shown in Fig. 28. At both ends of each two-foot wide test specimen,
three 1/4-in. diameter bolts with 1/2-in. diameter washers were used to
connect the steel deck to the bearing plates and the tubular members,
which were fastened to support beams through three 7/8-in. diameter bolts.
For the one-foot wide steel deck, only two bolts were used at each end of
the test specimen. This type of end connection simulates the actual
field conditions. Prior to testing, a dial gage was placed under the
specimen at the midspan for measuring the deflection. Strain gages were
connected to a data acquisition system for recording the test data. Figures
29(a) and 29(b) show the actual test setup used for single span beams with

end connections.
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(i1) Test Procedure

During the tests, the specimens were loaded continuously to
the estimated allowable design load. Béyond this, an increment of
approximate 20% of the estimated allowable design load was added to
each specimen after a waiting period of five minutes. A1l the specimens
were tested to failure. The ultimate failure load was recorded for each
test. |

During the tests of the single span beams with end connections,
strain gage readings were usually taken at every 20% of the estimated

design loads. In addition, the deflection at the midspan was recorded

for every load increment.

C. Results of Tests

The results of 24 single span beam tests of steel decks subjected to
combined bending and web crippling are presented in Tables 17 to 20.

In these four tables, (P)teSt is the total ultimate load at failure. The

value of (M)

test 15 the bending moment computed from the load (P) d

the actual span Tength, i.e.

(M yost = 174 (P)

test 2"

b

test (L)
Typical failure modes at the midspaa of the specimen are shown in
Figs. 30 and 31.

The midspan deflections and strain gage readings are presented in

Tables Al and A4 respectively of the Appendix. Figures A1 to A8 of the

Appendix show the Toad-deflection curves for single span beam tests.

The tensile and compressive stresses developed under varjous loads are
shown in Figs. A41 to A48,
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D. Evaluation of Test Data

The results of the 24 steel deck tests have been carefully evaluated
and compared with the predictions on the basis of the 1968 AISI Speci-

fication with Addendum No. 2(1) and the 1980 Edition of the AISI Speci-
(23)

fication. Details of these comparisons are given below.
(a) Comparison of the Experimental Data and the Predictions on the
Basis of Addendum No. 2 of the 1968 AISI Specification!l)

The predicted ultimate web crippling loads, (P )

for i rior
u’comp’ nterio

one-flange loading presented in Tables 17 and 18 were calculated from either

Eq. (1) or (2) whichever was applicable.

It should be noted that in Eqs. (1) and (2), (Pu)comp/web is the

predicted ultimate load per web in kips. For this reason, the predicted

ultimate web crippling load per specimen as given in Tables 17 and 18

was computed by multiplying the number of webs by (Pu)comp/web'
With regard to the predicted ultimate bending moments, the same

considerations used in Article II for the IOF series were applied to

u)comp'

Also included in Tables 17 and 18 are the (M)

the computation of (M

test/(Mu)comp and

(P)test/(Pu)Comprat1os in which (Mu)comp is the smallest value of
)comp’ (Mu2)c0mp

results and Eq. (4) is shown graphically in Fig. 32. It should be noted

(M , and (M The correlation between the test

ul u3)comp‘

that only two test points are shown in this figure, because for other
Specimens, the R/t ratio exceeds the AISI limit of 4. 1In Table 17,

the mean value of A/1.3 Eatios is 1.365 with a coefficient of variation
of 0.020. This indicates that the 1968 AISI design provisions are con-

seryative for the design of these two test specimens, because the test
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specimens exhibited a considerable postbuckling strength. However, it
should also be noted that these two specimens are specially made hat
sections. They are not the normally used steel decks.

(b) Comparison of the Experimental Data and the Predictions
on the Basis of the 1980 Edition of the AISI Specifi-
cation(23)

In comparing the experimental data and the predicted loads

determined on the basis of the 1980 Edition of the AISI Specification£23)
the predicted ultimate web crippling loads for interior one-flange loading,
(Pu')comp’ as given in Tables 19 and 20, were computed from either Eq. (5) or
Eq. (6), whichever was applicable.

As far as the predicted ultimate bending moments are concerned, the
values of (Mu1)comp and (Muz)comp are the same as those listed in Tables
17 and 18. The value (Mu3!)comp was computed from the section modulus
based on the full width of the tension flange and the effective width

of the compression flange determined on the basis of Section 2.3.1.1
of the 1980 AISI Specification with f = 0.60 Fy or Fbw’ whichever was

smaller.
Eq. (7).

The ratios of (M)

In the calculation, the value of Fbw was determined by using

test/(Mu|)comp and (P)

test/(Pu!)comp are
presented in Tables 19 and 20.

The correlations between the test results

and the interaction formula given in Eq. (8) are shown graphically in

Figs. 33 and 34.

Figure 33 shows that for the simple beams without end connections,

only the results of five tests (BC-]A.1B,13A,17A, and 17B) can be used for

a comparison with the interaction formula included in the 1980 Edition of

the AISI Specification. The mean value of the B/1.42 ratios given in
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Table 19 for these five tests is 1.076 with a coefficient of variation
of 0.112. For other tests, the interaction formula is not applicable

because the (P) ratio is less than 0.393, which is the

test/(Pu')comp
/(P )

Tower 1imit of (P)test u ) comp

when Eq. (8) is used. This figure also
shows that for four test specimens having embossments in their webs
(BC-9A, 9B, 12A, and 12B), the margin of safety is considerably lower
than that for other specimens having flat webs. The ratios of (M)
(Mu )comp and (P)test/(Pu )comp
19.

test/

for these tests are presented in Table

Because the cross-sectional configurations of the test specimens,
the mechanical properties of the steels, and the test procedure used
for the short span tests for interior one-flange loading discussed pre-
viously in Article II are practically the same as those used for the
relatively long span simple beam tests reported herein, a comparison of
Fig. 11 and Fig. 33 is in order. From these two figures, it can be seen
that, in general, the relatively long span simple beam tests give a Tower
safety factor than the corresponding tests in which the short span
specimens were used. This is apparently attributed to the large deflection
of the long span speciméns that causes an uneven distribution of pressure
under the bearing plate at midspan.

In order to determine the effect of end connections on the load
carrying capacity of the steel decks, eight additional tests were conducted.
The setup for these tests is shown in Fig. 28. For these tests, 1/4-in.
diameter bolts with 1/2-in. diameter washers were installed at both ends
of each specimen to connect the deck to the bearing plates. The test
results and the computed data are given in Table 20 and shown graphically

in Fig. 34. Because the (P) ratio was less than 0.393 for

test/(Pu )comp
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these eight tests, the interaction formula for the combination of bending
and web crippling could not be used for the purpose of comparison. On
the basis of the (M)test/(Mu')Comp ratios listed in Tables 19 and 20 for
specimen Nos. 2, 12, 16, and 19, it can be seen that the end restraints
usually improved the load carrying capacities of steel decks from about
7 to 12%. However, the increases of the moment ratios for specimen No.
16 are more than 20%. The low (M)testl(Mu‘)Comp ratios for specimen
Nos. 12C and 12D seem to confirm the need for a refined design formula
for predicting the ultimate bending moment for composite decks. Of
course, this is not an easy task because of the unlimited variations
in dimensions and arrangements of embossments in webs.
E. Summary
A total of 24 single span beam tests were conducted on steel decks
having flat webs and webs with embossments to study the interaction bet-
ween bending and web crippling. Among these tests, 16 specimens were
tested without end connections, and the remaining eight decks were tested
with bolted connections fastened at both ends of each specimen. The
purpose of this phase of the investigation was to determine the validity
of the 1968 AISI design criteria and the 1980 Edition of the AISI Speci-
fication for steel decks subjected to combined behding and web crippling.
The test results were carefully reviewed and evaluated. A comparison
between the test data and the equations used for combined bending and web
crippling indicates that the R/t ratios of most of the steel decks used
in this experimental study exceeded the previous AISI limit of 4.0. As 3
result, it is not possib]e to use these data for determining the validity

of the 1968 AISI design criteria for combined bending and web crippling.
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As far as the 1980 Edition of the AISI Specification is concerned,
a comparison between the tested and the computed data indicates that the
newly revised equations are adequate for steel decks having flat webs
provided that the decks are properly connected to support beams. For
steel decks having embossments in their webs, refined design formulas

are needed for bending, web crippling, and a combination thereof.
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V. EXPERIMENTAL STUDY OF COMBINED WEB
CRIPPLING AND BENDING:
CONTINUOUS BEAM TESTS (CB SERIES)

Steel decks are often used as multispan continuous beams to
support uniform loads. The interaction between bending and web
crippling at interior supports and the ultimate strength of con-
tinuous beams were investigated in this phase of the study.

A total of 32 continuous beam tests of steel decks were con-
ducted in UMR's Engineering Research Laboratory during the period
of May through July 1980.

A. Preparation of Test Specimens

Seven different types of steel decks were used for the continuous
beam tests. Figure 35 shows the cross-sectional configurations of
the steel decks used in this program. The measured dimensions of the
32 test specimens are given in Table 21. A1l symbols are defined in

Fig. 3.

The design parameters for the steel decks are presented in Table

22. The ranges of the design parameters are listed below:

Design Parameter Range

Web inclination angle, 6 46.7 - 74.6 degrees

R/t ratio 4.38 - 6.99
h/t ratio 47 .06 - 109.69
N/t ratio 64.50 - 210.28
N/h ratio

0.95 - 3.09

Yield poi
eld point, Fy 44.2 - 51.0 ksi
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At the interior support, which is the location of maximum negative
moment, four foil strain gages were mounted on the top surface of the
tension and compression flanges of each specimen. See Fig. 36 for the
arrangement of strain gages. For a few specimens, additional strain
qages were mounted on the top and bottom flanges of the spacimens at the
end support and/or at the location of maximum positive moment,

B. Testing of Specimens

(a) Tensile Coupon Tests
The mechanical properties of the steels used in the continuous
beam tests were established by standard tensile coupon tests. The test
data are listed in Table 16.
(b} Testing of Deck Specimens
The steel deck specimens were tested in a vacuum loading
apparatus, which consists of a 9-foot wide, 2-foot high, and 30-foot
long chamber connected to a pump and a data acquisition system. Figure
37a is a photograph of the loading system. For the plan and side view
of the uniform loading apparatus, see Fig. 37b. Of the 32 specimens
tested,.28 were tested as two-span continuous beams, and the remaining
four (CB-3A, CB-3B, CB-4A, and CB-4B) were tested as three-span con-
tinuous beams.
(i) Test Setup
The test setup for the continuous beam tests is shown in Fig.
38. Figures 39a and 39b show the top views for the three-span and two-
span continuous beam tests respectively. Under each specimen, two
large bearing plates (N2) were used at both end supports, and a small

bearing plate (N]) was used at the interior support as shown in Fig. 38.
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Each specimen was connected to all the bearing plates by 1/4-in. diameter
bolts with 1/2-in. diameter washers at an approximate transverse spacing
of 12 inches. Before being tested, the chamber was covered by a 0.006-1in.
thick natural polyethylene film, which was tightly sealed along all the
edges.

Specimen Nos. 1 through 6, 9 through 12, 19, and 20 were tested in a
normal position. In order to eliminate the effect of a continuous long-
itudinal stiffener on the interaction between bending and web crippling,
Specimen Nos. 13 through 16 were tested in an inverted position. For
these specimens, two rectangular strips were used to connect the top
flanges over the interior support. See Figs. 35 and 42.

(i1) Test Procedure

During the tests, the specimens were loaded continuously with
a uniform load up to the estimated allowable design load. Beyond this,
an increment of approximately 10 to 20% of the estimated design load was
added to the specimen after a waiting period of five minutes. The pres-
sure and the corresponding strain gage readings were shown on the screen
of a data acquisition system. At every 20% of the estimated design load,
the midspan deflection was measured with a level. In addition, the applied

uniform load and strain gage readings were recorded.

A1l the specimens were tested to failure. The ultimate failure

load was recorded for each test.

C. Results of Tests

The results of 32 continuous beam tests are presented in Table 23.

In this table, (w)teSt s the ultimate uniform load per specimen in

kips per linear foot measured along the span length, and (P) is the

test
maximum Toad in kips computed from the following equations:
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(a) For two-span continuous beams
(P)test = 1.25(w)test(L), kips (14)
(b) For three-span continuous beams

= 1.1 (w) (L), kips (15)

(P)test test
in which L is the span length in feet.

The values of (M) were computed from the ultimate load

test
by using the following equations:
(a) For two-span continuous beams
(M)poeq = 0.125 (W) o, (L2 (12), dn-kips  (16)
(b) For three-span continuous beams,
(M) aet = 0-1 (Wogy (L)% (12), in-kips (17)
The failure modes for the different types of steel decks are
shown in Figs. 40 through 43. During the tests, the bottom flange
and the inclined web usually buckled within a small precentage of the
failure load. However, the postbuckling strength of the specimen over
the interior support permitted a moment redistribution for the con-
tinuous beam. Consequently, it was possible to develop a consider-
able positive bending moment in the middle portion of the span.
Figures 40 through 43 show a different type of failure pattern as
compared with the simpie beam tests.

D. Evaluation of Test Data

The results of the 32 continuous beam tests have been evaluated
and compared with the 1980 Edition of the AISI Specification. No
attempt has been made to compare the test data with the 1968 AISI

design criteria, because the R/t ratios exceeded 4.0.
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The predicted ultimate web crippling load per specimen given in

Table 23 was computed by using the following equation:

(P')

2 comp/ specimen = (Number of webs) (P

u )comp/web

where (Pu') is the predicted ultimate web crippling load per

comp/web
web, in kips. It was computed by using either Eq. (5) or (6),
whichever was applicable. .The predicted moments, (Mul)comp and (Mu3 )comp’
are the same as those described in Article II. It should be noted that

the requirement for shear lag is not applicable for the continuous beam
tests because of the uniform loading.

The ratios of (M)test/(Mu')Comp and (P)test/(Pu')Comp are given
in Table 23. A1l the B/1.42 ratios exceed 1.0 and range from 1.029 to 2.337.
These high B/1.42 ratios indicate that the interaction formula (Eq. (8))
for combined bending and web crippling is very conservative for multiweb
steel decks having inclined webs when they are uséd as continuous beams.

A comparison between the test data and the predicted moments and
web crippling loads is shown graphically in Fig. 44.

The midspan deflections and the strain gage readings are listed in

Tables A2, A3, A5,and A6 of the Appendix. Also included in the Appendix

are Figs. A9 to A40 for load-deflection curves and Figs. A4S to A80 for

the stresses computed from the strain gage readings.
E. Summary

A total of 28 steel deck specimens were tested as two-span continuous
beams, and four snecimens were tested as three-span continuous beams. A

comparison of the limited test data and the interaction formula (Eq. 8)

for combined bending and web crippling indicates that Eq.(8) is very con-

servative for the multiweb steel decks used as continuous beams. This
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can be attributed to the.different postbuckling behavior of the steel
decks over the interior support and the moment redistribution that
occured in the continuous beams.

In view of the fact that the above preliminary conclusion is based
on the results of a limited number of tests, additional study is
necessary in order to develop a refined design method for multiweb
sections that are to be used as continuous beams. The future program
should include a study of the ultimate strength of steel decks as affected
by the inclination angle of the web, the dimensions and arrangement of
the embossments, and other design parameters. The development of an
exact design method for this particular case is beyond the scope of this

phase of the investigation.
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VI. RECOMMENDATIONS FOR FUTURE RESEARCH

Since September 1979, web crippling and combined web crippling
and bending of steel decks have been studied at the University of
Missouri-Rolla. This study has dealt with (a) the web crippling
strength of a selected group of steel decks, (b) the effect of bending
on web crippling load, and (c) the validity of the 1968 AISI design
formulas and the 1980 Editéon of the AISI Specification. Research
results based on the testing of 84 short span steel decks and 56 long
span specimens are presented in this report.

This study has been limited to the scope of the investigation
outlined in the research proposal submitted to the sponsors. Even
though some of the research findings have been used to develop the
revised design provisions included in the 1980 Edition of the AISI
Specification, many questions on web crippling and combined bending
and web crippling have not been answered by the results of the ‘pre-
sent investigation.(24) “This is particularly true for steel decks
used as continuous beams.

It is therefore suggested that this research project bhe continued in
the future. The future research may include the following activities:

1. Desdermining the bending strength of steel decks having em-

bossed webs.

2. Using the multispan condition to study further the combined

bending and web crippling of steel decks having embossed webs.
Determining the ultimate load carrying capacity of rectangular

decks, hat sections, tubular members, channels, and Z-sections

that are to be used as continuous beams.



Analyzing continuous beams by considering the interaction
between web crippling and bending over the interior support
with a moment redistribution in the beam.

Developing design criteria.

37
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TABLE 1a
Dimensions of Steel Deck Specimens used for Web Crippling Tests
Interior One-Flange Loading

No. of No. of No. of No. of Type Cross-Section Dimensions (in.)
Specimen Ribs-per webs_per .Top Bqttom .of T D D D D W W
No. Specimen Specimen Stiffener S;1ffener Sidelap T B E 1 2

IOF-1A 2 4 1 1 1 0.0299 1.990 0.305 0.300 - 0.670 1.350
I0F-18B 2 4 1 1 1 0.0294 1.985 0.290 0.305 - 0.660 1.370
I0OF-2A 2 4 1 1 1 0.0290 2.025 0.310 0.280 - 0.760 1.315
I0F-28 2 4 1 1 1 0.0294 2.025 0.315 0.290 - 0.840 1.285
IOF-3A 2 4 1 1 1 0.0463 2.010 0.310 0.320 - 0.790 1.290
I0OF-3B 2 4 1 1 1 0.0441 2.010 0.315 0.330 - 0.910 1.290
I0F-4A 2 4 1 1 1 0.0452 2.055 0.375 0.330 - 0.970 1.300
I0OF-48B 2 4 1 1 1 0.0451 2.050 0.350 0.330 - 0.760 1.320
IOF-5A 2 4 1 1 1 0.0302 3.015 0.310 0.300 - 0.890 1.435
IOF-58 2 4 1 1 1 0.0303 3.030 0.305 0.295 - 0.980 1.265
IOF-6A 2 4 1 1 1 0.0302 3.040 0.305 0.290 - 1.050 1.295
I0F-6B 2 4 1 1 1 0.0296 3.060 0.310 0.300 - 0.900 1.355
I0F-7A 2 4 1 1 1 0.0463 3.080 0.330 0.350 - 0.950 1.325
I0F-78B 2 4 1 1 1 0.0470 3.080 0.330 0.350 - 0.950 1.325
I0F-8A 2 4 1 1 1 0.0470 3.010 0.350 0.315 - 0.910 1.350
I0F-88B 2 4 1 1 1 0.0469 3.010 0.305 0.315 - 0.950 1.410
I0F-9A 2 4 1 1 1 0.0298 2.035 0.320 0.305 - 0.820 1.290
I0F-98B 2 4 1 1 1 0.0297 1.990 0.315 0.300 - 0.870 1.305
IOF-10A 2 4 1 1 1 0.0299 2.030 0.315 0.305 - 0.810 1.270
IOF-108 2 4 1 1 1 0.0296 1.985 0.315 0.310 - 0.850 1.300

Ev



TABLE 1a (Cont'd)
Dimensions of Steel Deck Specimens used for Web Crippling Tests
Interior One-Flange Loading

No. of No. of No. of No. of Type Cross-Section Dimensions (in.)
Specimen Ribs per Webs per  Top Bottom _of T D D D D W W
No. Specimen Specimen Stiffener Stiffener Sidelap T B E 1 2

CIOF-11A 2 4 1 1 1 0.0309 2.970 0.305 0.300 - 0.970 1.410
IOF-T1B 2 4 1 1 1 0.0313 3.060 0.295 0.300 - 0.970 1.270
I0F-12A 2 4 1 1 1 0.0305 3.090 0.295 0.290 - 0.990 1.270
10F-128 2 4 1 1 1 0.0311 3.040 0.300 0.290 - - 1.000 1.310
I0F-13A 2 4 2 1 1 0.0337 2.003 0.305 0.310 - 0.850 1.400
I0F-13B 2 4 2 1 1 0.0333 2.020 0.315 0.300 - 0.660 1.420
I0F-14A 2 4 2 1 1 0.0336 2.010 0.300 0.310 - 0.840 1.460
IOF-14B - 2 4 2 1 1 0.0334 2.020 0.290 0.300 - 0.830 1.350
IOF-15A 2 4 1 - 1 0.0352 3.070 0.300 - - 0.830 1.400
IOF-15B 2 4 1 - 1 0.0349 3.090 0.300 - - 0.760 1.380
I0OF-16A 2 4 1 - 1 0.0353 3.040 0.301 - - 0.720 1.410
IOF-16B 2 4 1 - 1 0.0351 3.030 0.300 - - 0.800 1.360
IOF-17A 1 2 - - 1 0.0293 3.030 - - - 1.880 0.219
IOF-17B 1 2 - - 1 0.0292 3.020 - - - 1.860 0.219
IOF-18A 1 2 - - 1 0.0288 3.030 - - - 1.900 0.213
10F-188 1 2 - - 1 0.0295 3.020 - - - 1.910 0.210
I0F-19A 5 10 - - 2 0.0286 1.890 - - - 0.600 0.793
IOF-198B 5 10 - - 2 0.0285 1.890 - - - 0.600 0.793
IOF-20A 4 8 - - 1 0.0284 1.890 - - - 0.590 0.760
10F-208B 4 8 - - 1 0.0286 1.890 - - - 0.590 0.760

Note:

For definitions of symbols, see Figs. 3 and 4.
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TABLE 1b
Dimensions of Steel Deck Specimens used for Web Crippling Tests
Interior One-Flange Loading

Cross-Section Dimensions (in.)

Specimen W

No. 3 Wy Wg We W, Wg Wg 10 b
I0F-1A  1.670  0.520  0.260 ; 1.700  0.520  0.280  0.920 ]
I0F-1B 1.690  0.490  0.310 - 1.655  0.530  0.290  0.920 -
IOF-2A  1.700  0.505  0.280 ; 1.660  0.530  0.280  0.880 ;
I0F-28 1.685  0.530  0.300 ] 1.665  0.525  0.300  0.870 -
I0F-3A  1.675  0.510  0.320 ] 1.715  0.480  0.320  0.850 ;
I0F-38  1.675  0.520  0.330 - 1.720  0.480  0.330  0.850 ;
IOF-4A  1.690  0.520  0.310 ; 1.680  0.520  0.300  0.940 ]
I0F-4B  1.670  0.490  0.310 - 1.695  0.535  0.270  0.880 ;
IOF-5A  1.680  0.490  0.320 - 1.635 0.510  0.320  1.030 -
I0F-58  1.755  0.470  0.290 - 1.630  0.475  0.350  1.000 .
IOF-6A  1.680  0.500  0.320 - 1.685  0.500  0.290  1.040 ;
IOF-68  1.700  0.510  0.300 ; 1.685  0.475  0.350  1.040 ;
IOF-7A  1.690  0.500  0.320 : 1.655  0.525  0.300  1.120 ;
I0F-78 1.690  0.500  0.320 ; 1.655  0.525  0.300  1.120 -
IOF-8A  1.730  0.495  0.290 ] 1.650  0.485  0.370  1.050 -
IF-88  1.715  0.475  0.310 . 1.680  0.505  0.290  0.960 ]
I0F-9A  1.680  0.475  0.390 ; 1.750  0.455  0.340  1.020 ;
I0F-98  1.710  0.455  0.350 ; 1.735  0.470  0.320  0.910 ;
I0F-10A  1.705  0.525  0.300 - 1.675  0.530  0.280  0.910 ;
IOF-10B  1.680  0.505  0.330 ; 1.675  0.515  0.320  0.840 ;
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TABLE 1b (Cont'd)
Dimensions of Steel Deck Specimens used for Web Crippling Tests
Interior One-Flange Loading

Cross-Section Dimensions (in.)

W

PRoren Wy ", W5 Y W7 ¥g "y 10 "n 12 51 2
IOF-11A  1.680  0.490  0.320 - 1.635  0.510  0.350 1.010 - - _ -
IOF-11B 1.680  0.500  0.310 - 1.640  0.500  0.310  1.010 - - - -
Iof-12A  1.680  0.515  0.290 - 1.700 0.480  0.360  1.020 - - - B}
IOF-128  1.675 0.510  0.320 - 1.670  0.475  0.370  1.010 - - - B}
JOF-13A  0.990  0.430 - 0.930  1.890  0.420 - 0.850 - - - B}
IOF-138  1.050  0.430 - 1.020 1.750  0.400 - 0.700 - - - -
IOF-14A  0.990  0.410 - 0.975 1.910  0.405 - 0.800 - - - -
IOF-148  1.050  0.410 - 1.060 1.900  0.390 - 0.850 - - - -
IOF-15A  1.855  0.410 - - 4.650 - - 0.800 - - - -
I0F-158  1.850  0.410 - - 4.620 - - 0.900 - - - -
IOF-16A  1.830  0.410 - - 4.680 - - 0.750 - - - -
IOF-168  1.840  0.410 - - 4.680 - - 0.820 - - - -
I0F-17A  7.940 - - - - - - 1.950 - - - -
IOF-178-  7.790 - - - - - - 1.900 - - - -
I0E-18A  7.910 - - - - - - 1.970 - - - -
IOF-188  7.930 - - - - - - 1.900 - - - -
I0F-19A  3.240 - - - 1.210 - - 1.200 - - - 0.350
I0F-198  3.240 - - - 1.210 - - 1.200 - - - 0.350
I0F-20A  3.275 - - - 1.300 - - 0.600 - - - -
I0F-208  3.275 - - - 1.300 - - 0.600 - - - -

Note: For definitions of symbols, see Figs. 3 and 4.



TABLE 1c

Dimensions of Steel Deck Specimens used for Web Crippling Tests
Interior One-Flange Loading

. Cross-Section Dimensions (in.) Web Overall Overall
PR Ry Ry Ry Ry Re Ry Rg n In(Cd]e1gnraetej)on ?:g“)] L((e??n“)]
I0F-1A 0.200 0.200 0.210 0.280 0.210 0.250 - - 2.21 60.7 20.99 28.44
IOF-1B 0.200 0.200 0.210 0.280 0.210 0.250 - - 2.22 60.2 21.06 28 .44
I0F-2A 0.210 0.210 0.220 0.280 0.220 0.280 - - 2.22 62.4 20.94 35.44
'10F-28B 0.210 0.210 0.220 - 0.280 0.220 0.280 - - 2.20 63.2 20.99 35.44
I0F-3A 0.210 0.200 0.210 0.230 0.200 0.240 - - 2.16 62.7 20.89 28.44
I0F-3B 0.210 0.200 0.210 0.230 0.200 0.240 - - 2.16 62.7 21.09 28.44
IOF-4A 0.210 0.210 0.220 0.250 0.210 0.250 - - 2.20 63.2 21.27 35.44
I0F-4B 0.210 0.210 0.220 0.250 0.210 0.250 - - 2.21 62.7 20.91 35.44
IOF-SA 0.220 - 0.200 0.210 0.250 0.210 0.240 - - 3.16 69.4 21.59 33.96
I0F-5B 0.200 0.200 0.210 0.250 0.210 0.230 - - 3.11 72.4 21.08 33.96
I0F-6A 0.200 0.200 0.200 0.260 0.210 0.260 - - 3.13 71.9 21.29 40.96
I10F-6B 0.200 0.200 0.200 0.260 0.210 0.260 - - 3.18 70.9 21.47 40.96
I0F-7A 0.210 0.190 0.200 0.260 0.210 0.230 - - 3.15 71.7 21.43 33.96
I0F-78B 0.210 0.190 0.200 0.260 0.210 0.230 - - 3.14 71.7 21.43 33.96
I0F-8A 0.200 0.210 0.220 0.250 0.210 0.240 - - 3.09 70.9 21.48 40.96
I0F-8B 0.200 0.210 0.220 0.250 0.210 0.240 - - 3.11 69.8 21.59 40.96
I0F-9A 0.200 0.210 0.210 0.260 0.220 0.230 - - 2.22 63.0 21.15 28.44
10F-98B 0.200 0.210 0.210 0.260 0.220 0.230 - - 2.19 62.0 21.09 28.44
IOF-10A 0.210 0.210 0.220  0.260 0.210 0.250 - - 2.20 63.7 21.01 35.44
I0F-10B 0.210 0.210 0.220 0.260 0.210 0.250 - - 2.18 62.3 20.99 35.44
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TABLE 1c (Cont'd)

Dimensions of Steel Deck Specimens used for Web Crippling
Interior One-Flange Loading

Tests

' Cross-Section Dimensions (in.) Web Overall Overall
PRy Ry R3 Ra Ry R Ry h In(Cd]eignraeti:)0n ?::u)] Li??\tr)]
IOF-11A 0.210 0.200 0.210 0.250 0.210 0.230 - 3.10 70.5 21.49 34.05
I0F-11B 0.210 0.200 0.210 0.250 0.210 0.240 - 3.13 74.3 21.02 33.98
I0F-12A 0.200 0.200 0.200 0.260 0.210 0.260 - 3.11 70.5 21.30 41.12
I0F-12B 0.200 0.200 0.200 0.260 0.210 0.260 - 3.13 75.0 21.25 40.87
IOF-13A 0.130 0.170 0.190 0.190 0.190 0.190 - 1.93 50.3 21.52 30.24
IOF-138 - 0.130 0.180 0.190 0.190 0.190 0.190 - 1.92 49.1 21.58 30.24
IOF-14A 0.130 0.170 0.190 0.190 0.190 0.190 - 1.94 48.1 21.49 37.24
IOF-14B 0.130 0.190 0.190 0.190 0.190 0.190 - 1.83 50.4 21.51 37.24
IOF-15A 0.130 0.190 0.190 0.190 - - - 2.78 65.4 21.22 34.86
I0F-15B 0.130 0.188 0.190 0.190 - - - 2.79 66.0 21.10 34.86
IOF-16A 0.130 0.198 0.190 0.190 - - - 2.78 65.3 21.30 41.86
I0F-16B 0.130 0.190 0.190 0.190 - - - 2.70 65.1 21.21 41.86
IOF-17A 0.095 0.095 - - - - - 2.97 90.0 12.21 33.00
IOF-17B 0.095 0.095 - - - - - 2.96 90.0 11.99 33.00

~ 10F-18A 0.092 0.092 - - - - - 2.97 90.0 12.21 40.00
I0OF-18B 0.090 0.090 - - - - - 2.96 90.0 12.16 40.00
I0OF-19A 0.135 0.135 - - - - 0.135 1.92 72.9 30.17 27.78
I0F-198 0.135 0.135 - - - - 0.135 1.92 72.9 30.17 27.78
IOF-20A 0.126 0.126 - - - - - 1.91 73.5 24.27 34.78
I0F-208B 0.126 0.126 - - - - - 1.91 73.5 24 .27 34.78

Notes: For definitions of symbols, see Figs.3 and 4.

For most of the test specimens, sidelaps were cut from the steel panels.

test specimens may differ considerably from the nominal width shown in Fig. 2.

Therefore, the overall width of



TABLE 2
Design Parameters for Steel Deck Specimens
Interior One-Flange Loading

Inside

Bearing Bearing

Web Web Yield

Specimen Thic:ness Rgg?gs wigth Unhgg%igd atgﬂg;grtlnc11?ation R2/t h/t N]/t Nj/h Pgint Lgﬁggh

No. (in.) R (in) N N2 (degree) yo (i)

(in.) (in.)  (in.) | (ksi)

I0F-1A 0.0299 0.20 2.21 2.98 '5.93 60.7 6.69  73.91 99.67 1.35 43.3 15.66
IOF-1B 0.0294 0.20 2.22 2.98 5.93 60.2 6.80 75.51 101.36 1.34 43.3 15.66
I0F-2A '0.0290 0.21 2.22 5.93 7.86 62 .4 7.24 76.55 204.48 2.67 43.3 20.75
I0F-2B 0.0294 0.21 2.20 5.93 7.86 63.2 7.14 74,83 201.70 2.70 43.3 20.75
I10F-3A 0.0463 0.20 2.16 2.98 5.93 62.7 4.32  46.65 64.36 1.38 42.9 15.66
I0F-3B 0.0441 0.20 2.16 2.98 5.93 62.7 4.54 48.98 67.57 1.38 42.9 15.66
I0F-4A 0.0452 0.21 2.20 5.93 7.86 63.2 4.65 48.67 131.20 2.70 42.9 20.75
I0F-4B 0.0451 0.21 2.21 5.93 7.86 62.7 4.66 49.00 131.49 2.68 42.9 20.75
I0F-5A 0.0302 0.20 3.16 2.98 5.93 69.4 6.62 104.64  98.68 0.94 48.1 18.45
I0F-5B 0.0303 0.20 3.1 2.98 5.93 72.4 6.60 102.64  98.35 0.96 48.1 18.45
I0F-6A 0.0302 0.20 3.13 5.93 7.86 71.9 6.62 103.64 196.36 1.89 48.1 23.42
10F-6B 0.0296 0.20 3,18 5.93 7.86 70.9 6.76 107.43 200.34 1.86 48.1 23.42
I0F-7A 0.0463 0.19 3.15 2.98 5.93 71.7 4.10 68.03 64.36 0.95 41.2 18.42
10F-7B 0.0470 0.19 3.14 2.98 5.93 71.7 4.06  66.81 63.40 0.95 41.2 18.42
10F-8A 0.0470 0.21 3.09 5.93 7.86 70.9 4.47 65.74 126.17 1.92 41.2 23.42
I0F-8B 0.0469 0.21 3.11 5.93 7.86 69.8 4.48 66.31 126.44 1.91 41.2 23.42
I0F-9A 0.0298 0.21 2.22 2.98 5.93 63.0 7.05 74.50 100.00 1.34 42.9 15.66
I0F-9B 0.0297 0.21 2.19 2.98 5.93 62.0 7.07 73.74 100.34 1.36 42.9 15.66
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TABLE 2 (Cont'd)
Design Parameters for Steel Deck Specimens
Interior One-Flange Loading

Yield

Igsige Web Beari;g Bearing Web

Specimen Thictness Rag?us Wigth Unégcagad atg:g;grtlncliration Rz/t h/t N]/t N]/h ngnt ngggh

No. (in.) RZ (in.) N'I N2 (degree) | Y. (in.)

(in.) (in.) (in. (ksi)

IOF-10A 0.0299 0.210 2.20 5.93 7.86 63.6 7.02 73.58 198.33 2.70 42.9 20.69
I0F-108 0.0296 0.210 2.18 5.93 7.86 62.3 7.10 73.65 200.34 2.72 42.9 20.69
I0F-11A 0.0309 0.200 3.10 2.98 5.93 70.5 6.47 100.32 96.44 0.96 46.1 18.15
IOF-118 0.0313 0.200 3.13 2.98 5.93 74.3 6.39 100.00 95.21 0.95 46.1 18.30
IOF-12A 0.0305 0.200 3.1 5.93 7.86 70.5 6.56 101.97 194.43 1.91 46.1 23.12
I0F-128B 0.0311 0.200 = 3.13 5.93 7.86 75.0 6.43 100.64 190.68 1.89 46.1 23.18
IOF-13A 0.0337 0.170 1.89 2.98 5.93 50.3 4,93 56.08 88.43 1.58 39.3 14.85
IOF-13B 0.0333 0.180 1.92 2.98 5.93 49.1 5.50 - 57.66 89.49 1.55 39.3 14.85
IOF-14A 0.0336 0.170 1.94 5.93 7.86 48.1 5.12 57.74 176.49 3.06 39.3 19.85
IOF-148B 0.0334 0.190 1.87 5.93 7.86 50.4 5.54 55.99 177.55 3.17 39.3 19.85
TOF-15A 0.0352 0.190 2.78 2.98 5.93 65.4 5.40 78.98 84.66 1.07 42.1 17.25
10F-15B 0.0349 0.188 2.79 2.98 5.93 66.0 5.39 79.94 85.39 1.07 42.1 17.25
IOF-16A 0.0353 0.198 2.78 5.93 7.86 65.3 5.61 78.75 167.99 2.13 42.1 22.55
IOF-16B 0.0351 0.190 2.70 5.93 7.86 65.1 5.41 76.92 168.95 2.20 42.1 22.55
IOF-T7A 0.0293 0.095 2.97 2.98 5.93 90.0 3.24 101.37 101.71 1.00 49.9 17.88
IOF-178B 0.0292 0.095 2.96 2.98 5.93 90.0 '3.25 101.37 102.06 1.01 49.9 i7.88
I0F-18A 0.0288 0.092 2.97 5.93 7.86 90.0 3.19 103.13° 205.90 2.00 49.9 22.85
10F-188 0.0295 0.090 2.96 5.93 7.86 90.0 3.05 100.34 201.02 2.00 49.9 22.85 @




TABLE 2 (Cont'd)

Design Parameters for Steel Deck Specimens

Interior One-Flange Loading

Inside Bearing Bearing .
Web Web Yield
. Bend : Length Length . - . . . Span
Specimen Th1ctness Radius w'gth Under Load atSupportInC]lfat1°n R2/t h/t N]/t N]/h Pg1nt Length
No. (in.) R2 (in.) N] N2 (degree) (ky') (in.)
(in.) (in.) (in.) si
IOF-T9A 0.0286 0.135 1.92 2.98 5.93 ' 72.9 4.72 67.13 104.20 1.55 41.2 14.70
TI0F-198 0.0285 0.135 1.92 2.98 5.93 /2.9 4.74 67.37 104.5%6 1.55 41.2 14.70
I0F-20A 0.0284 0.126 1.91 5.93 7.86 73.5 4.44 67.25 208.80 3.10 41.2 19.76
10F-20B 0.0286 0.126 1.91 5.93 7.86 73.5 _4.41 66.78 207.34 3.10 41.2 19.76
Notes: 1. For definitions of symbols, see Figs. 3 and 4. ‘ _
2. For specimens Nos. IOF-13, IOF-14, I0F-15, and IOF-16, the h value is measured as shown in Fig. 3c.
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TABLE 3
Tested Mechanical Properties of Steels
Used for Steel Deck Specimens

Tensile

Coupon Fy F, Elongation*
No. (Ksi) (ksi) (percent)
1 43.3 54.2 31.0
2 42.9 53.5 34.0
3 48.1 57.2 34.3
4 41.2 53.5 34.5
5 42.9 52.3 29.5
6 39.3 49.9 42.7
7 42.1 49.6 39.0
8 49.9 55.9 27.0
9 41.2 52.0 34.3
10 46.1 56.1 35.0

* 2-inch gage length.



TABLE 4

Comparison of the Tested and Computed Results for Interior One-Flange Loading

Based on Addendum Mo. 2 of the 1968 Edition of the AISI Specification(])

Test Data Computed Data

Specimen »per Specimen per Specimen (M)teSt (P)test A*

No. (P)test (M)test (Pu)comp (Mu1)comp (MuZ)comp (Mu3)comp (Mu)comp (pajcomp 1.3

(kips) (inzkips) (kips) (in-kips) (in-kips) (in-kips)

10F-1A 2.050 8.026 N/AYY 20011 13,938 20.0M1 0.576 N/A** N/A**
IOF-18B 2.020 7.908 N/A - 19.458 . 13.633 19.458 0.580 N/A N/A
I10F-2A 2.352 12.201 N/A 19.796 15.433 19.796 0.791 N/A N/A
I0F-28B 2.304 11.952 N/A 20.243 15.673 20.243 0.763 N/A N/A
IOF-3A 5.250 20.554 N/A 31.550 21.395 31.550 0.961 N/A N/A
I0OF-3B 4,975 19.477 - N/A 30.547 20.583 30.547 0.946 N/A N/A
IOF-4A 5.690 29.517 N/A 32.457 24 .254 32.457 1.217 N/A N/A
IOF-4B 5.520 28.635 N/A 31.508 23.625 31.508 1.212 N/A N/A
IOF-5A 2.545 11.739 N/A 38.822 29.701 38.822 0.395 -N/A N/A
IOF-58B 2.543 11.730 N/A 39.019 30.046 39.019 0.390 N/A N/A
I0OF-6A 3.125 18.297 N/A 39.826 33.027 39.826 0.554 N/A N/A
I0F-6B 3.060 17.916 N/A 38.906 32.368 38.906 0.554 N/A N/A
IOF-7A 5.825 26.824 N/A 54.216 39.884 54.216 0.673 N/A N/A
IOF-7B 5.900 27.170 N/A 55,054 40.470 55.054 0.671 N/A N/A
IOF-8A 7.225 42.302 N/A 52.781 42.507 52.781 0.995 N/A N/A
I0OF-88B 7.180 42.039 N/A 52.655 42.467 52.655 0.990 N/A N/A
I0F-9A 2.000 7.830 N/A 20.913 14.479 20.912 0.541 N/A N/A
IOF-98 1.973 7.724 N/A 20,101 13.988 20.101 0.552 N/A

N/A
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TABLE 4 (Cont'd)
Comparison of the Tested and Computed Results for Interior One-Flange Loading

Based on Addendum No. 2 of the 1968 Edition of the AISI Specification(])

Test Data Computed Data

specimen per Specimen per Specimen (M)test (P)test p*

No. (P)test (M)test (Pu)comp (Mul)comp (Mu2)comp (Mu3)comp (Md)comp (Pu)comp 1.3

(kips) (in-kips) (kips) (in-kips) (in-kips) (in-kips)

IOF-10A 2.392 12.373 N/A** 20,520 15.817 20.520 0.782 N/A** N/A**
I0F-108B 2.420 12.517 N/A 19.692 15.158 19.692 0.826 N/A N/A
IOF-11A 2.342 10.627 N/A 37.647 28.445 37.647 0.374 N/A N/A
I0F-118 2.460 11.255 N/A 39.476 29.990 39.476 0.375 N/A N/A
IOF-12A 2.900 16.762 N/A 39.357 32.456 39.357 0.517 N/A N/A
IOF-12B 2.920 16.921 N/A 39.168 32.302 39.168 0.524 N/A N/A
I0F-13A 2.655 9.857 N/A 21.565 14.773 21.565 0.667 N/A N/A
I0F-13B 2.660 9.875 N/A 20.239 14.235 20.239 0.694 N/A N/A
I0F-14A 3.025 15.012 N/A 21.561 16.423 21.561 0.914 N/A N/A
IOF-14B 3.100 15.384 N/A 21.666 16.523 21.666 0.931] N/A N/A
IOF-15A 3.000 12.938 N/A 41,337 32.388 41.337 0.400 N/A N/A
I0F-158B 3.085 13.304 N/A 41,287 32.419 41.387 0.410 N/A N/A
IOF-16A 3.875 21.845  N/A 40.985 34.740 40.985 0.629 N/A N/A
I0F-16B 3.750 21.141 N/A 39.993 33.845 39.993 0.625 N/A N/A
IOF-17A 2.158 9.646 1.457 12.149 17.083 12.149 0.794 1.481 1.750
I0F-17B 2.120 9.476 1.446 12.002 16.829 12.002 0.790 1.466 1.735
I0OF-18A 2.223 12.699 1.917 11.868 18.155 11.868 1.070 1.160 1.715
I0F-18B 2.210 12.625 2.030 12.172 18.396 12.172 1.037 1.089 1.635
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TABLE 4 (Cont'd)
Comparison of the Tested and Computed Results for Interior One-Flange Loading

Based on Addendum No. 2 of the 1968 Edition of the AISI Specification(1)

Test Data Computed Data
Specimen per Specimen per Specimen (M)test (P)test _A*
N?' (p)test (M)test (Pu)comp (Mu1)comp (MuZ)comp (Mu3)comp (Mu)comp (pu)comp 1.3
(kips)  (in-kips) (kips) (in-kips) (in-kips) (in-kips)

I0F-19A 4.392 16.141 N/A 22.888 23.074 22.888 0.705 N/A N/A
I0F-198B 4,392 16.141 N/A 22.775 22.996 22.775 0.709 N/A N/A
I0F-20A 4,250 20.995 N/A 17.794 18.956 17.794 1.180 N/A N/A
10F-208B 4.440 21.736 N/A 17.933 19.086 17.933 1.212 N/A N/A
* A= (P)test/(Pu)comp + (M)test/(Mu)comp Mean Value 1.707
** R/t > 4 Coefficient of Variation 0.030
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TABLE 5
Comparison of the Tested and Computed Results for Interior One-Flange Loading
Based on the 1980 Edition of the AISI Specification(23)

Test Data Computed Data :
Specimen per Specimen per Specimen (M)test (P)test B
No. (P)test (M)test (PJ)comp (Mu1)comp (Mu2)comp (MLB)comp (M&)comp (P&)comp 1.42
(kips)  (in-kips) (kips)  (in-kips) (in-kips) (in-kips)

I0F-1A 2.050 8.026 2.160  20.0M 13.938  20.011 0.576 0.949 1.121
10F-18B 2.020 7.908 2.076  19.458  13.633  19.458 0.580 0.973 1.142
I0F-2A 2.352  12.201 3.157™* 19.796  15.433  19.796 0.791 0.745 1.118
10F-28B 2.304  11.952 3.263™ 20.243  15.673  20.243 0.763 0.706 1.069
I0F-3A 5.250  20.554 5.198  31.550  21.395  31.550 0.961 1.010 1.438
I10F-38B 4,975  19.477 4.735  30.547  20.583  30.547 0.946 1.051 1.458
I0F-4A 5.690  29.517 7.281 32.457  24.254  32.457 1.217 0.782 1.446
10F-4B 5.520  28.635 7.228  31.508  23.625  31.508 1.212 0.764 1.429
I0F-5A 2.545  11.739 2.366  38.822  29.701 38.822 0.395 1.076 1.089
I0F-58 2.543  11.730 2.432  39.019  30.046  39.019 0.390 1.046 1.063
I0F-6A 3.125  18.297 3.818  39.826  33.027  39.826 0.554 0.818 1.007
I0F-6B 3.060 17.916 3.636  38.906  32.368  38.906 0.554 0.842 1.024
10F-7A 5.825  26.824 - 5.236  54.216  39.884  54.216 0.673 1.113 1.312
I0F-78B 5.900  27.170 5.389  55.054  40.470  55.054 0.671 1.095 1.298
I0F-8A 7.225  42.302 7.704  52.781  42.507  52.781 0.995 0.938 1.408
10F-8B 7.180  42.039 7.618  52.655  42.467  52.655 0.990 0.943 1.407
I0F-9A 2.000 7.830 2.091°" 20.912  14.479  20.912 0.541 0.956 1.102
10F-98 1.973  7.724  2.068"" 20.101  13.988  20.101 0.552  0.954  1.108
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Comparison of the Tested and Computed Results for Interior One-Flange Loading
Based on the 1980 Edition of the AISI Specification

TABLE 5 (Cont'd)

(23)

Test Data Computed Data
_ per Specimen per Specimen (M) (P)
Spe§1men ) ™ o) M. M) (M 'test ltest B*
0. test test u’ comp ul‘comp “ u2’comp ‘ u3’comp (M') (P") 1.42
(kips)  (in-kips) (kips)  (inzkips) (inrkips) (in-kips) Y ©O™ utcomp -

IOF-10A 2.392 12.373 3.365° 20.520 15.817 20.520 0.782 0.7 1.087
I0F-108 2.420 12.517 3.2715%  19.692 15.158 19.692 0.826 0.739 1.138
I0F-11A 2.342 10.627 2.424 37.647 28.445 37.647 10.374 - 0.966 0.991
I0F-118B 2.460 11.255 2.537 39.476 29.990 39.476 0.375 0.970 0.995
I0F-12A 2.900 16.762 3.799 39.357 32.456 39.357 0.517 0.763 0.939
IOF-12B 2.920 16.921 3.932 39.168 32.303 39.168 0.524 0.743 0.929
IOF-13A 2.655 9.857 2.666 21.565 14.773 21.565 0.667 0.996 1.220
I0F-13B 2.660 9.875 2.538 20.239 14.235 20.239 0.694 1.048 1.278
I0F-14A 3.025 15.012 4,110 21.561  16.423 21.561 0.914 0.736 1.198
I0F-148 3.100 15.384 3.938 21.666 16.523 21.666 0.931 0.787 1.249
IOF-15A 3.000 12.938 3.041 41.337 32.388 41.337 0.400 0.987 1.025
IOF-15B 3.085 13.304 3.011 41.287 32.419 41.287 0.410 1.024 1.061
IOF-16A 3.875 21.845 4.652 40.985 34.740 40.985 0.629 0.833 1.071
IOF-16B 3.750 21.141 4.701 39.993 33.845 39.993 0.625 0.798 1.041
IOF-17A 2.158 9.646 1.734 12.149 17.083 11.840 0.815 1.244 1.511
IOF-17B 2.120 9.476 1.725 12.002 16.829 11.697 0.810 1.229 1.497
IOF-18A 2.223 12.699 2.709 11.868 18.155 11.524 1.102 0.821 1.394
IOF-18B 2.210 2.832 12.172 18.396 11.887 1.062 0.780 1.336

12.625
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TABLE 5 (Cont'd) A
Compariscn of the Tested and Computed Results for Interior One-Flange Loading
Based on the 1980 Edition of the AISI Specification

Test Data Computed Data

per Specimen per Specimen (M) (P) .

Specimen P) o) CR) ™) M) ) ‘test test B*
No. test test u’ comp ul’comp ‘ u2’comp ‘' 'u3’comp ZMd)com (P')com 1.42

(kips)  (inzkips) (kips) (in-kips) (in-kips) (in-kips) P u P

IOF-19A 4,392 16.141 6.262  22.888 23.074 22.888 0.705 0.701 1.025
IOF-198 4.392 16.141 6.221 22.775 22.996 22.775 0.709 0.706 1.031
IOF-20A 4.250 20.995 8.152 17.794 18.956 17.794 1.180 0.521 1.224
I0F-208 4.400 21.736 8.249 17.933 19.086 17.933 1.212 0.533 1.256
* B =1.07(P) test/(Pu)comp * (M)test/(Mu)comp Mean Value 1.188

** The R/t ratio exceeds 7 slightly. Coefficient of Variation 0.144
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Effect of Longitudinal Embossments on Web Crippling Strength, Interior

TABLE 6

One-Flange Loading

Specimens Having Flat Webs

Specimens Having Deformed Webs

(7) (8)

(1) (2) (3) (4) (5) (6)

*
Specimen (P) *  B/1.42 Specimen (P) * * Col.5 Col.6
- test " test B/1.42 Col.2. Col.3
) (kips) : (kips)

I0F - 1 2.035 1.132 IOF -9 1.987 1.105 0.98 0.98
I0F - 2 2.328 1.094 I0F -10 2.406 1.113 1.03 1.02
IOF - 5 2.544 1.076 I0F -11 2.401 0.993 0.94 0.92
-6 3.093 1.016 I0F -12 2.910 0.934 0.94 0.92

I0F

* The individual value given in this table is the average of Tests A and B
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TABLE 7
Design Parameters for Steel Deck Specimens
End One-Flange Loading

Thickness I;Z;ge Web E::;igg Egﬁgiﬂg Web Span

specimen ="t Radius 1IN atSupport Under Load IMCTINAtION g sty Ny /h Length

. (in.) R] (in.) Nl N2 (degree) (in.)

(in.) (in.) (in.)

EOF-1A  0.0292 0.20  2.23  2.98  5.93  62.4  6.85  76.37 1.34 26.02
EOF-18  0.0293 0.20  2.22  2.98  5.93  61.6 6.8  75.77 1.34 26.02
EOF-2A  0.0301 0.2  2.21  5.93  7.86  62.1  6.98  73.4 2.68 33.27
EOF-28  0.0296 0.21  2.23  5.93  7.86  62.7  7.09  75.34 - 2.66 33.27
CEOF-3A  0.0442 0.20  2.18  2.98  5.93  63.7  4.52  49.32 1.37 26.02
EOF-38  0.0447 0.20  2.18  2.98  5.93  63.0  4.47  48.77 1.37 26.02
EOF-4A  0.0472 0.21  2.22  5.93 7.8  64.4  4.45  47.03 2.67 33.07
EOF-48  0.0471  0.21  2.21  5.93  7.86  64.5  4.46  46.92 2.68 33.07
EOF-5A  0.0311 0.20  3.16  2.98  5.93  69.5  6.43  101.61 0.94 30.77
EOF-58  0.0317 0.20  3.17  2.98  5.93  70.0  6.31  100.00 0.94 30.77
EOF-6A  0.0293 0.20  3.10  5.93  7.86  70.5  6.83  105.80 1.9] 37.82
EOF-6B  0.0294 0.20  3.15 593 7.8  70.0  6.80 107.14 1.88 37.82
EOF-7A  0.0488 0.19  3.10  2.98  5.93  71.3  3.89  63.52 0.96 30.82
EOF-7B  0.0479  0.19  3.12  2.98  5.93  72.2  3.97  65.14 0.96 30.82
EOF-8A  0.0460 0.21  3.09  5.93  7.86  71.3  4.57  67.17 1.92 37.87
EOF-88  0.0480 0.21  3.05  5.93 7.8  71.3  4.38  63.54 1.94 37.87
EOF-9A  0.0310 0.21  2.20  2.98  5.93  74.5  6.77  70.97 1.35 26.02
EOF-98  0.0310  0.21 2.20 2.9  5.93  73.7  6.77  70.97 1.35 26.02
EOF-10A  0.0295 0.21  2.22  5.93 7.86  64.0  7.12  75.25 2.67 33.07
ECF-10B  0.0303  0.2] 220 5.93  7.86  62.6  6.93  72.61 2.70 33.07
EOF-17A  0.0307 0.20  3.14 2.9  5.93  70.5  6.51  102.28 0.95 30.75
EOF-118  0.0308 0.20  3.14  2.98  5.93  70.8  6.49  101.95 0.95 30.78




TABLE 7 (Cont'd)
Design Parameters for Steel Deck Specimens
End One-Flange Loading

Inside Bearing Bearing .

Specimen T e s ider atﬁﬁﬂﬁiﬂq;uhﬁZ?iladlncrﬁﬁgt‘O" g;?lg LiﬁZ?h

©  (in) R (12 b N Ny egee) Ry/t b/t N/t Ny/h Fy (in.)

_ g N _ gree (Ksi)
(in.) (in.) (in.)

EOF-12A  0.0305 0.20  3.13  5.93 7.8 - 70.0  6.56 102.62 194.43 1.89  46.1  37.80
EOF-128  0.0311 0.20  3.10  5.93  7.86  70.2  6.43  99.68 190.68 1.91  46.1  37.79
EOF-13A  0.0351  0.17  1.92  2.98  5.93 50.3  4.84  54.70 84.90 1.55  39.3  27.72
EOF-138  0.0343  0.18  1.90  2.98  5.93  49.1  5.25  55.33 86.88 1.57  39.3  27.72
EOF-14A  0.0350  0.17  1.93  5.93  7.86  48.1  4.86  55.14. 169.43 3.07  39.3  34.77
EOF-148  0.0345 0.19  1.81  5.93 7.8  50.4  5.51  52.46 171.88 3.28  39.3  34.77
EOF-15A  0.0369 0.19  2.78  2.98  5.93  65.4  5.15  75.34 80.76 1.07  42.1  31.57
EOF-158  0.0363 0.19  2.79  2.98  5.93  66.0  5.23  76.86 82.09 1.07  42.1  31.57
EOF-16A  0.0361 0.20  2.78  5.93 7.8  65.3  5.54  77.01 164.27 2.13  42.1  38.62
EOF-16B  0.0365 0.19  2.70  5.93 7.8  65.1  5.21  73.97 162.47 2.20  42.1  38.62
EOF-17A  0.0293 0.10  3.01  2.98  5.93  92.0  3.41 102.73 101.71 0.99  49.9  30.02
EOF-178  0.0296 0.10  3.02  2.98  5.93  91.3  3.38 102.03 100.68 0.99  49.9  30.02
EOF-18A  0.0286 0.09  3.02  5.93 7.8  90.8  3.15 105.59 207.34 1.96  49.9  37.07
EOF-188  0.0288 0.09  2.98  5.93 7.8  90.1  3.13 103.47 205.90 1.99  49.9  37.07
EOF-19A  0.0288 0.14  1.94  2.98  5.93  75.9 4.8  67.36 103.47 1.54  41.2  25.52
EOF-198  0.0287 0.14  1.90  2.98  5.93  75.1  4.88  66.20 103.83 1.57  41.2  25.52
EOF-20A  0.0286 0.13  1.88  5.93 7.8  74.3  4.54  65.73 207.34 3.15  41.2  32.57
EOF-208  0.0284 0.13  1.94  5.93 7.8  75.1  4.58  68.31 208.80 3.06 41.2  32.57

Note: For Specimens Nos. EOF-13, EOF-14, EOF-15,

ratio because the specimens were tested in inverted position.

and EOF-16, the inside bend radius R2 was used for computing the R/t

(e))
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TABLE 8
Comparison of the Tested and Computed Results for End One-Flange Loading
Based on the 1968 and 1980 Editions of the AISI Specification

Test Data Computed Data
Specimen per Specimen per Specimen (Pu)test (Pu)test
No. (Pu?test 1968 AISISpec 1930 AISI Spec. (Pu)comp (Pu' comp
(kips) (Pu)comp, (Pu')comp

EOF-1A 3.807 N/A* 1.964 N/A* 1.938
EOF-1B 3.845 N/A 1.968 N/A 1.954

EOF-2A 4.705 N/A 3.092 N/A 1.522
EOF-2B 4.625 N/A N/ A%* N/A N/ Ax*
EOF-3A 9.500 N/A . 3.947 N/A 2.407
EQF-3B 9.605 N/A 4,007 N/A 2.397
EOF -4A 9.950 N/A 6.137 N/A 1.621
EQF-4B 9.788 N/A 6.123 N/A 1.599
EOF-5A 3.180 N/A 2.235 N/A 1.423
EOF-5B 3.265 N/A 2.315 N/A 1.410
EOF-6A 4.825 N/A 3.062 N/A 1.576
EOF-6B 4.850 N/A 3,058 N/A 1.586
EOF-7A 8.018 5.819 5.204 1.378 1.541
EOF-7B 8.025 5.536 4,952 1.450 1.620
EOF-8A 11.463 N/A 5.776 N/A 1.984
EOF-8B 11.260 N/A 6.188 N/A 1.820
EOF-9A 3.530 N/A 2.320 N/A 1.522
EOF-98 3.815 N/A 2.308 N/A 1.653

29

*

* *
R/t > 4 R/t > 7



TABLE 8 (Cont'd)
Comparison of the Tested and Computed Results for End One-Flange Loading
Based on the 1968 and 1980 Editions of the AISI Specification

Test Data Computed Data
Specimen per Specimen per Specimen (Pu)test (Pu)test
No. (Pu?test 1968 AISI Spec 1980 AISI Spec. (Pu)comp (Pul)comp
(kips) <Pu)comp‘ (Pul)comp
EOF-10A 4.325 N/A* N/ A** N/A* . N/A**
EOF-10B 4.470 N/A 3.118 N/A 1.434
EOF-11A 2.925 N/A 2.159 N/A 1.355
EOF-118 2.925 N/A 2.175 N/A 1.345
EOF-12A 3.910 N/A 3.183 N/A 1.228
EOF-12B 4,150 N/A 3.293 N/A 1.260
EOF-13A 2.275 N/A 2.421 N/A 0.940
EOF-138 2.410 N/A 2.320 N/A 1.039
EOF-14A 2.745 N/A 3.480 N/A 0.789
EOF-14B 2.475 N/A 3.468 N/A 0.714
EOF-15A 3.280 N/A 2.814 N/A 1.166
EOF-15B 3.075 N/A 2.744 N/A 1.121
EOF-16A 4.000 N/A 3.935 N/A - 1.017
EOF-168B 4.150 N/A 4.017 N/A 1.033
EOF-17A 1.988 1.500 1.524 1.326 1.304
EOF-17B 2.135 1.539 1.553 1.387 1.374
EOF-18A 2.735 2.504 2.321 1.092 1.178
EOF-18B 2.725 2.587 2.354 1.053 1.158
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TABLE 8 (Cont'd)

Comparison of the Tested and Computed Results for End One-Flange Load!ng

Based on the 1968 and 1980 Editions of the AISI Specification

Test Data Computed Data
Specimen  Per Specimen per Specimen (P) tost Eru)test
No. (Pu)test 1968 AISI Spec 1980 AISI Spec. (Pu)comp (Pu')comp
(kips) (PU)COmp (Pu')Comp
EOF-19A 6.575 N/A 3.869 N/A 1.699
EOF-198 6.055 N/A 3.840 N/A 1.577
EOF-20A 7.875 Failure occurred under interior bearing plates,
EOF-20R 7.105 not at end supports.
?ﬁi?fi’ﬂ:ﬁt of Variation 1.281 1.453
0.130 0.266
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TABLE 9
Design Parameters for Steel Deck Specimens
End One-Flange Loading

Inside Bearing Bearing .
_ . Web Web Yield
i . Thickness Bend . Length  Length ) . ; Span
. Speﬁ;Ten t Radius W1gth atSupportUnderLoadInchenatmn R]/t h/t N/t N]/h P?1nt Length
(in.) R] (in.) N] N2 (degree) (ky‘) (in.)
(in.) (in.)  (in.) 51
EOF-5A 0.0311  0.20 3.16 2.98 5.93 69.5  6.43 101.61 95.82  0.94 48.1  30.77
_EQF-5B 0.0317 0.20 3.17 2.98 5.93 70.0 6.31 100.00 94.01 0.94 48.1 30.77
EQOF-5C 0.0300 0.20 3.15 2.98 5.93 71.5 6.67 105.00 99.33 0.95 48.1 30.77
EQF-5D 0.0300 0.20 3.15 2.98 5.93 70.3 6.67 105.00 99.33 0.95 48.1 30.77
EQF-5E 0.0303 0.20 3.13 2.98 5.93 71.3 6.60 103.30 98.35 0.95 48.1 30.77
EOF-5F 0.0301 0.20 3.15 2.98 5.92 72.0 6.64 104.65 99.00 0.95 48.1 30.77
TABLE 10
Effect of Support Condition on End Failure
End One-Flange Loading
Specimen Support Connection Total Failure Load
No. Condition Condition per Specimen (kips) Remarks
EOF-5A Rotation of end bearing No connections are used 3.180 See Figs.15
EOF-5B plate is not prevented at ends of specimen 3.265 and 16
EOF-5C Rotation of end bearing No connections are used 4.250 See Figs.20
EOF-5D plate is prevented at ends of specimen 4.250 and 21
EOF-5E Rotation of end bearing Specimens are welded to 4.275 See Figs.23
EOF-5F prevented end bearing plates 4.125 and 24

plate is
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TABLE

1

Effect of Longitudinal Embossments on Web Crippling Strength, End One-Flange Loading

Specimens Having Deformed Webs

Specimens Having Flat Webs Col. 4
(1) (2) (3) (4) Col. 2
Snecimen (Pu)test* Specimen (Pu)test*
No. (k_l-ps) No. U('ipS)
EOF - 1 3.826 EOF - 9 3.673 0.96
EOF - 2 4.665 EOF - 10 4.398 0.94
EOF - 5 3.223 EOF - 11 2.925 0.91
EOF - 6 4.838 EOF - 12 4.030 0.83

The individual value given in this table

is the average of Tests A and B
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TABLE

12a

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests

Simple Beam Tests Without End Connections

No. of ! No. of

1

—

Specimen (Ribs per{Webs per Nofogf ggitg; Tyg$ : Cross-Section Dimensions (in.)
No. Specimen |Specimen|Stiffener|Stiffener Side]aq T D i DT DB DE w] W2
BC - 1A 2 4 1 1 1 0.0297 | 2.000 | 0.303 | 0.300 - | 0.670 | 1.350
BC - 1B 2 4 1 1 1 0.0298 | 1.993 | 0.295 | 0.305 - | 0.660 | 1.370
BC - 2A 2 4 1 1 1 10.0300 | 2.013 | 0.305 | 0.280 | - | 0.760 | 1.315
BC - 28 2 4 1 1 | 1 :0.0299 {2.013 | 0.308 | 0.290 - | 0.840 | 1.285
BC - 9A 2 4 1 1 1 0.0295 | 2.018 | 0.310 | 0.305 - | 0.820 | 1.290
BC - 98B 2 4 1 1 1 1 10.0297 | 1.970 | 0.318 | 0.300 - | 0.870 | 1.305
BC - 12A 2 4 1 1, 1 .0.0308 {3.070 | 0.283 | 0.290 - ] 0.990 | 1.270
BC - 128 2 4 1 1 1 1 10.0305 |3.005 | 0.280 |0.290 | - | 1.000 | 1.310
BC - 13A 2 4 2 1, 1 0.039 |2.002 | 0.303 | 0.310 - | 0.850 | 1.413
BC - 13B 2 4 2 1| 1 10.0348 |2.005 | 0.303 |0.300 - | 0.660 | 1.441
BC - 16A 2 4 1 -1 10.035 |3.020 | 0.29 - - | 0.720 | 1.410
BC - 16B 2 4 1 - L 1 0.0357 |3.015 | 0.295 - - | 0.800 | 1.360
BC - 17A 1 2 | - - 1 0.0297 |3.020 - - - | 1.880 | 0.219
BC - 178 | 1 2 | - - 1 0.0292 [3.000 | - - - | 1.860 | 0.219
BC - 19A | 4 g | - - 1 0.0290 | 1.920 - - - | 0.600 | 0.793
BC - 198 4 8 | - - 1 0.0284  1.935 - - - | 0.600 | 0.793

Notes: 1.

For definitions of symbols, see Fig, 3.

2. Specimens Nos. 1, 2, 17 and 19 have flat webs.

Other specimens have embossments in their webs.

[*)]
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TABLE 12b

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests
Simple Beam Tests Without End Connections
Cross-Section Dimensions (in.)

Specimen

No. w3 w4 w5 w6 w7 w8 wg w10 wH w12 52
BC - 1A 1.670 0.520 0.260 - 1.700 0.520 0.280 0.920 - - -
BC - 1B | 1.690 0.490 0.310 - 1.655 0.530 0.290 0.920 - - -
BC - 2A[ 1.700 0.505 0.280 - 1.660 0.530 0.280 0.880 - - -
BC - 2B 1.685 0.530 0.300 - 1.665 0.525 0.300 0.870 - - -
BC - 9A| 1.680 0.475 0.390 - 1.750 0.455 0.340 1.020 - - -
BC - 9B 1.710 0.455 0.350 - 1.735 | - 0.470 0.320 0.910 - - -
BC - 12A | 1.680 0.515 0.290 - 1.700 0.480 0.360 1.020 - - -
BC - 12B| 1.675 0.510 0.320 - 1.670 0.475 0.370 1.010 - - -
BC - 13A | 0.977 0.430 - 0.930 | 1.890 0.420 - 0.850 - - -
BC - 13B | 1.029 0.430 - .020 | 1.750 0.400 - 0.700 - - -
BC - 16A | 1.830 0.410 - - 4.680 - - 0.750 - - -
BC - 16B | 1.840 0.410 - - 4.680 - - 0.820 - |- -
BC - 17A | 7.940 - - - | - - - 1.950 - § - -
BC - 178 | 7.790 - - - - . ; 1.900 - - -
BC - 19A | 3.240 - - - 1210 - - 1.200 - P - 0.350
BC - 198 | 3.240 - - - E 1.210 - - 1.200 - - L0.350
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TABLE 12¢

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests

Simple Beam Tests Without End Connections

Cross-Section Dimensions (in.)

Specimen Web | Overall| Overall
No. R1 R, Ry ’ R4 R5 Re R, In%é;gi:;in wz?ﬁ?) L??a??
BC - 1A [ 0.200 ! 0.200 | 0.210 ] 0.280 | 0.210 | 0.250 - 2.211 60.9 ]20.990 | 77.88
BC - 1B ! 0.200 @ 0.200 | 0.210 | 0.280 | 0.210 | 0.250 - 2.22 . 60.3 |21.060 | 77.88
BC- 2A| 0.210 | 0.210 = 0.220  0.280 ; 0.220 | 0.280 - 2.22 ¢ 62.3 |20.940 | 80.00
BC - 2B 0.210 | 0.210 | 0.220 | 0.280 | 0.220 | 0.280 - 2.20 | 63.0 |20.990 | 80.00
BC - 9A | 0.200 , 0.210 | 0.210 | 0.260 | 0.220 | 0.230 - 2.22 | 62.8 |21.150 | 78.00
BC - 98| 0.200 | 0.210 | 0.210 | 0.260 | 0.220 | 0.230 - 219 | 61.8 |21.090 | 78.00
BC - 12A | 0.200 | 0.200 | 0.200 | 0.260 | 0.210 | 0.260 - 3.11 72.6  |23.810 | 92.00
BC - 128 | 0.200 | 0.200 | 0.200 | 0.260 | 0.210 | 0.260 - 313 | 71.4 | 23.970 | 92.00
BC - 13A| 0.130 | 0.170 | 0.190 | 0.190 | 0.190 | 0.190 - 1.89 | 49.4 |19.460 | 72.00
BC - 138 | 0.130 | 0.180 | 0.190 | 0.190 | 0.190 | 0.190 - 1.92 | 48.9 [19.300 | 71.63
BC - 16A | 0.130 | 0.198 | 0.190 | 0.190 | - - - 2.78 | 64.6 |20.750 | 92.00
BC - 168 | 0.130 | 0.190 | 0.190 | 0.190 | - - - 2,70 | 65.5 [20.740 | 92.00
BC - 17A | 0.095 | 0.095 - - - - - 2.97 | 90.0 }12.208 | 59.63
BC - 17B | 0.095 | 0.095 - - - - - 2.96 | 90.0 [11.98 | 60.00
BC - 19A | 0.135 | 0.135 - - - - 0.135 1,92 73.2  '24.738 | 72.50
BC - 198 | 0.135 | 0.135 - - . - 0.135 1.92 | 73.3 24734 | 72.00
l
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Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests

TABLE

13a

Single Span Beam Tests With End Connections

Specimen Rig:.pgi Sgéso;er NO1.'opOf gg%to;f nge Cross - Section Dimensions (in.)

No. Specimen |Specimen|Stiffener| Stiffener{Sidelap T D DT DB DE w1 wz
BC- 2C 2 4 1 1 1 0.0310 | 2.030 |[0.300 |0.300| - [0.730(1.300
BC- 2D 2 4 1 1 1 0.0303 {2.030 {0.300 {0.300| - |0.660{1.300
BC- 12C 2 4 1 1 1 0.0293 | 3.020 |0.300 [0.280 | - |1.000}71.280
BC- 12D 2 4 1 1 1 0.0294 |3.020 |0.300 |0.280 | - |0.940|1.280
BC- 16C 1 2 1 - 1 0.0354 |3.040 10.310 - - 10.800}1.390
BC- 16D 1 2 1 - 1 0.0360 [3.040 (0.310 - - 10.800(1.390
BC- 19C 4 8 - - 1 0.0290 }1.910 - - - 10.640|0.740
BC- 19D 4 8 - - 1 0.0280 |1.910 - - - 10.540)0.740
Notes: 1. For definitions of symbols, see Figs. 3.

2. Specimens Nos. 2 and 19 have flat webs. Other specimens have embossments in their webs.
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TABLE 13b

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests

Single Span Beam Tests With End Connections

Cross - Section Dimensions (in.)
Specimen
No. N3 N4 NS N6 N7 N8 Ng. N]O W11 W]z

BC - 2C| 1.690 0.510 10.310 - 1.670 10.525 [0.290 | 0.720 - -
BC - 2D 1.690 0.510 10.310 - |1.670 |0.525 [0.290 | 0.660 - -
BC - 12C§{ 1.700 0.520 |0.310 - 1.700 }10.520 (0.310 | 1.000 - -
BC - 12D | 1.700 0.520 (0.310 - 1.700 ]0.520 [0.310 | 0.940 - -
BC - 16C | 1.830 0.410 - - - - - 0.880 - -
BC - 16D | 1.830 0.410 - - - - - 0.880 - -
BC - 19C | 3.210 - - - 1.300 - - 0.640 - -
BC - 19D | 3.210 - - - 1.300 - - 0.550 - -
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TABLE 13c

Dimensions of Steel Deck Specimens Used for Combined Bending-Web Crippling Tests

Single Span Beam Tests With End Connections

Specimen Cross-Section D;menSi,ons (in.) Incﬁgation OVS?SH O\ng:]‘gl:]
No. Ry | Ry | Ry | Ry | R 'Ry | Ry | Rg h (degree) (in.) ~(in))
BC - 2C| 0.205) 0.205|0.215] 0.280 0.215%0.265 - - 2.18 62.7 20.75 79.94
BC - 2D| 0.205| 0.205|0.215/ 0.280(0.215! 0.265| - - 2.18 62.7 20.62 79.81
BC - 12C| 0.200 | 0.200{0.210| 0.250|0.220;0.250| - - 3.11 69.7 21.37  91.88
BC - 12D | 0.200 | 0.200(0.210|0.25010.220{0.250| - - 3.11 69.7 21.25 92.00
BC - 16C{ 0.130 | 0.195/0.190|0.190| - - - - 2.80 65.2 9.63 91.75
BC - 16D | 0.130[0.195]|0.190/0.190| - - - - 2.80 65.2 9.25 91.75
BC --19C | 0,130 [0.130| - - - - - - 1.91 74.5 23.94 71.88
BC - 19D [ 0.130 [0.130| - - - - - - 1.91 74.5 23.75 71.75
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TABLE 14

Design Parameters for §tee1 Deck Specimens used for Combined Bending-Web Crippling Tests
Simple Beam Tests Without End Connections

foetce Tcomutea | EariDd [ 5SS | compute
Specimen |1"Ckness Raagus o UndeE1Load * Snzport fnelihation R/t h/t | Ny/t No/h pint LiﬁSEh
o (i) | i) | Gin) | (iny) (in.) | (degree) iy | )
BC - 1A | 0,0297 | 0.200 2.22 2.98 5.93 60.9 |6.73 | 74.75 |100.34 [ 1.35| 43.3 | 71.95
BC - 1B | 0.0298 | 0.200 2.23 2.98 5,93 60,3 |6.71 | 74,83 [100,00|1,34| 43.3 | 71.95
BC - 2A | 0.0300 | 0.210 2.21 5.93 7.86 62.3 7,00 | 73.67 {197.67 | 2.67| 43.3 | 72,14
BC - 2B | 0.0299 | 0.210 2.19 5.93 7.86 630 7,02 | 73.24 |198.33|2.70| 43.3 | 72.14
BC - 9A | 0.0295 | 0.210 2,20 2.98 5.93 62.8 |7.12 | 74.58 |101,02|1.34 42,9 | 72.07
BC - 98 | 0.0297 | 0.210 217 | 2.98 5.93 61.8 |7.07 | 73.06 [100.34 | 1.36] 42,9 | 72,07
BC - 12A | 0.0308 | 0.200 315 | 5.93 7.86 72.6 | 6.49 1102.27 |192.53|1.91| 46.1 | 84.14
BC - 12B | 0.0305 | 0.200 3.11 | 5.93 7.86 71.4 | 6.56 101,97 |194.43|1.89 46.1 | 85.09
BC - 13A | 0.0349 | 0.170 1.89 | 2.98 5.93 49.4 l4.87 | 54.15 | 85.39|1.58] 39.3 | 66.07
BC - 138 | 0,0348 | 0,180 1.1 | 2.98 5.93 48.9 |5.17 | 54.89 ‘ 85.63 | 1.55| 39,3 l 65.70
BC - 16A | 0.0356 | 0.198 271 | 5,93 7.86 64.6 !5.56  76.12 [166.57 2.13| 42.1| 85.09
BC - 16B  0,0357 | 0.190 2.69  5.93 7.86 65.5 5,32 75,35 166.11 1 2.20{ 42.1 | 85.09
BC - 17A  0,0297 ' 0.095 2.96 2.98 5,93 9.0 3,20 - 99.66 100.34 1.00| 49.9 | 53.70
BC - 178 0.0292  0.095 | 2,9 2,98 5,93 90.0  3.25 100.68 102.05 1.01 49.9 ~ 54.07
BC - 19A  0.0290 - 0.135 | 1.95 2.98 5,93 73.2  4.66 67.24 1102.76 | 1.55, 41.2 © 66.57
BC - 198 0.0284 | 0.135 | 1.96 2,98 5.93 73.3 4,75 69.01 104.93 :1.55' 41.2 | 66.07
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TABLE 15

Design Parameters for Steel Deck Specimens used for Combined Bending-Web Crippling Tests
Single Span Beam Tests With End Connections

Inside Computed | Bearing |Bearing omputed Yield
. Bend Web Length Length Web
Specimen |Thickness Radius Width |Under Load]at SupportiInclination Point Span
t R,/t h/t N./t N./h

R h N N 6 2 1 1 F Length

No. (in.) 2 . ! 2 (degree) y (in.)

(in.) (in.) (in.) (in.) (ksi) .
BC - 2C 0.0310 | 0.205 2.21 5.93 7.86 62.7 6.61 | 71.29( 191.29 2.68| 48.2 72.08
BC - 2D 0.0303 | 0.205 2.22 5.93 7.86 62.7 6.77 | 73.27| 195.71 2.67| 48.2 71.95
BC - 12C 0.0293 | 0.200 3.16 5.93 7.86 69.7 6.83 |107.85| 202.39 1.88] 51.0 84.02
BC - 12D 0.0294 | 0.200 3.16 5.93 7.86 69.7 6.80 | 107.48 | 201.70 1.88| 51.0 84.14
BC - 16C 0.0354 [0.195 2.72 5.93 7.86 65.2 5.51 | 76.84 | 167.51 2.18| 45.5 83.89
BC - 16D 0.0360 |0.195 2.72 5.93 7.86 65.2 5.42 | 75.56 | 164.72 2.18 | 45.5 83.89
BC - 19C 0.0290 |0.130 1.92 2.98 5.93 74.5 4.48 | 66.21 | 102.76 1.55] 44.2 65.95
BC - 19D 0.0280 ]0.130 1.92 2.98 5.93 74.5 4.64 | 68.57 | 106.43 1.55| 44.2 65.82
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TABLE 16

Tested Mechanical Properties of Steels Used for Long

Span Simple Beam Tests with End Connections and Continuous

Beam Tests

Tensile Fy Fu Elongation*
Cong?n (ksi) (ksi) (percent)

11 48.2 61.7 20.3

12 44.9 50.7 33.3

13 50.4 59.0 28.4

14 51.0 58.3 29.8

15 46.4 50.6 38.4

16 45.5 51.6 37.2

17 44,2 53.0 32.0

* 2-in. gage length
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TABLE 17

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling

Based on Addendum No.2 of the 1968 Edition of the AISI Specification
(Simple Beam Tests Without End Connections)

Soec Test Data Computed'Data (M) P)
pecimen per Specimen per Specimen - test test ]A;
- f (P)test (M)test (Pu)comp (Mu1)comp (Mu2)comp'(Mu3)comp (Mu)comp (Pu)comp .
} (kips) | (in-kips)| (kips) | (in-kips)| (in-kips)| {in-kips)
BC - 1A §0.973 17.502 N/A** 19.999 20.059 1 19.999 0.875 N/A** N/A**
BC - 1B |0.975 17.538 N/A 19.828 19.916 519.828 0.885 N/A N/A
BC - 2A 1.020 18.396 “N/A 20.365 20.464 20.365 0.903 N/A N/A
BC - 2B 1.017 18.342 N/A 20.460 20.528 20.460 0.897 N/A N/A
BC - 9A 0.795 14.324 N/A 20.489 20.559 20.489 0.699 N/A N/A
BC - 9B 0.790 14.234 N/A 19. 846 19.942 19.846 0.717 N/A N/A
BC - 12A 1.218 25.621 N/A 40.647 41.018 40.647 0.630 N/A N/A
BC - 128 1.219 25.931 N/A 38.983 39.401 38.983 0.665 N/A N/A
BC - 13A 1.250 20.647 N/A 21.953 21.437 21.953 0.963 N/A N/A
BC - 13B 1.073 17.624 N/A 20.629 20.246 20.629 0.870 N/A N/A
BC - 16A 1.646 i35.015 N/A 39.978 40.876 ;39.978 0.876 N/A N/A
BC - 16B 1.690 | 35.951 ; N/A }40.524 41.457 ' 40.524 0.887 | N/A N/A
BC - 17A 1 0.995 13.358 51.502 512.317 22.536  12.317 1.085 E 0.663 1.344
BC - 17B ;0.985 13.315 51.446 511.887 21.772 11.887 ; 1.120 é 0.681 1.386
BC -~ 19A 1.072 17.841 * N/A ;19.118 21.442 19.118 : 0.933 + N/A N/A
BC - 198 51.083 17.888 Lﬁ/A j 18.754 21.231 18.754 i 0.954 é N/A N/A
Mean Value 1.365
TAT (P)test/(Pu)comp ! (M)test/(Mu)comp Coeffieient of Variation 0.020

** The design formula for web crippling is not
applicable because the R/t ratio exceeds 4.0.
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Comparison of the Tested and Computed Results for Combined Bending-Web Crippling

TABLE 18

Based on Addendum No. 2 of the 1968 Edition of the AISI Specification

(Single Span Beam Tests With End Connections)

{

' Test Data Computed Data (M) (P)

Specimen| Per Specimen Per Specimen test test A*

o- (P)test (M)test Pu)comp (Mu1)comp(Mu2)comp (Mu3)comp (Mu)comp (Pu)comp | '3

kips) | (in-kips](kips) | (in-kips}(in-kips)](in-kips)
BC - 2C|1.170 21.083' N/A* |23.168 ]23.256 23.168 0.910 N/ A** N/ A**
BC - 2D|1.202 |21.621 N/A 122.312 |22.415 22.312 0.969 N/A N/A
BC - 12C|1.400 |29.407 N/A 139.247 [40.580 39.247 0.749 N/A N/A
BC - 12D|1.405 [29.554 N/A [38.957 |40.262 38.957 0.759 N/A N/A
BC - 16C|0.867 [18.183 N/A [16.162 [16.454 16.162 1.125 N/A N/A
BC - 16D 0.872 |18.288 N/A [16.455 [16.730 16.455 1.111 N/A N/A
BC - 19C|1.200 {19.785 N/A 119.851 R2.211 19.851 0.997 N/A N/A
BC - 19D|1.180 [19.417 N/A |18.807 P1.083 18.807 1.032 N/A N/A
¥ A= (P)test/(Pu)comp ¥ (M)test/(Mu)comp

** The design formula is not applicable beacuse the R/t

ratio exceeds 4.
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TABLE

19

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling

Based on the

1980 Edition

of the AISI Specification
(Simple Beam Tests Without End Connections)

Test Dqta Computed.Data (M) (P)
Specimen per Specimen per Specimen test test B*
No. (P)test (M)test (Pﬁ)comp (Mul)comp (Mu2)comp (Mﬁ3)comp (Mﬁ)comp (Pﬁ)comp 1.42
(kips) !(in-kips) | (kips) |(in-kips)!(in-kips)| (in-kips)| -
BC-1A 0.973 17.502 2.130 19.999 20.059 19.999 0.875 0.457 0.961
BC-1B 0.975 17.538 2.138 19.828 19.917 19.828 0.885 0.456 0.967
BC-2A 1.020 18.396 3.382 20,365 20.464 20.365 0.903 0.302 N/ A**
BC-2B 1.017 18.342 3.376 20.460 20.528 20.460 0.897 0.301 N/A
BC-9A 0.795 14.324 2.044 20.489 20.559 20.489 0.699 0.389 N/A
BC-9B 0.790 14.234 2.067 19.846 19.942 19.846 0.717 0.382 N/A
BC-12A 1.218 25.621 3.876 40.647 41.018 40.647 0.630 0.314 N/A
BC-12B 1.219 25.931 3.783 38.983 39.401 38.983 0.665 0.322 N/A
BC-13A 1.250 | 20.647 2.851 21.953 21.437 21.953 0.963 0.439 1.009
BC-13B 1.073 17.624 2.763 20.629 20.246 20.629 0.870 0.388 N/A
BC-16A 1.646 35.015 4,721 39.978 40.876 39.978 0.876 0.349 N/A
BC-16B 1.690 35.951 4.862 | 40.524 | 41.457 ' 40.524 0.887 : 0.348 N/A
BC-17A 0.995 13.358 1.778 1 12.317 ? 22.536 - 12.045 ! 1.109 3 0.560 | 1.203
BC-17B f 0.985 f 13.315 1.727 ;11.887 i 21.772  11.600 % 1.148 ; 0.571 - 1.238
BC-19A ; 1.072 ? 17.841 5.142 f19.118 ; 21.442 19.118 0.933 E 0.209 ~ N/A
BC-19B g 1.083 g 17.888 4.946 | 18.754 21.231 ]18.754 ; 0.954 : 0.219 ~ N/A
, Mean Value 1.076
"B 10T Plrest/ Pudcomp * Mtest/ Mu)comp Coefficient of Variation 0.112

** The interaction formula is not applicable
ratio is less

because the (P)test/(PL)

than 0.393.

comp
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TABLE 20

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling
Based on the 1980 Edition of the AISI Specification( 3)

(Single Span Beam Tests With End Connections)

Test Data Computed Data
Specimen per Specimen per specimen (M)test (P)test B*
NOI [} ‘ ' : ] [}

(P)test (M)test (Pu comp (Mu1)comp (Mu2)comp (Mu3)comp (Mu)comp (Pu)comp 1.42

(kips) |(in.-kips)| (kips) |(in.-kips)|(in.-kips){in.-kips)
BC - 2c| 1.170 21.083° | 3.946 23.168 23.256 23.168 0.910 0.297 N/ A**
BC - 2D 1.202 21.621 3.771 22.312 22.415 22.312 0.969 0.319 N/A
BC - 12C| 1.400 29.407 3.672 | 39.247 40.580 39.247 0.749 0.381 N/A
BC - 12D { 1.405 29.554 3.697 38.957 40.262 38.957 0.759 | 0.380 N/A
BC - 16C | 0.867 18.183 2.487 16.162 16.454 | 16.162 1.125 0.349 N/A
BC - 16D} 0.872 18.288 2.566 | 16.455 § 16.730 16.455 1.111 . 0.340 N/A
BC - 19C | 1.200 19,785 5.523 % 19.851 22.211 19.851 ' 0.997 § 0.217 - L N/A
BC - 19D | 1.180 19.417 | 5.176 ; 18.807 21.083 | 18.807 1.032 % 0.228 - N/A

| ! ‘ i ‘ ‘
*B=1.07 (P)test/(Pu)comp * (M)test/(Mu)comp

** The interaction formula is not applicable because the (P)

t . .
test/(Pu)comp ratjo is less than 0.393.
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TABLE 2la

Dimensions of Steel Deck Specimens used for Continuous Beam Tests

No. of No. of No. of No. of Type
Specimen Spans | Webs per Top Bottom of Cross - Section Dimensions ( in. )

No. Specimen | Stiffener |Stiffener | Sidelap T D DT DB DE w1 w2
CB- 1A 2 4 1 1 3 0.0297 | 2.020| 0.300 0.300 |1.020 | 2.090 | 1.300
cB - 1B 2 4 1 1 3 0.0301 | 2.020| 0.300 0.300 |1.020 {2.090 | 1.300
CB - 2A 2 4 1 1 3 0.0300 | 2.020( 0.300 0.300 |1.020 |2.090 | 1.300
CB - 2B 2 4 1 1 3 0.0295 | 2.020( 0.300 0.300 |[1.020 | 2.090 | 1.300
CB - 3A 3 4 1 1 3 0.0462 | 2.070( 0.310 0.300 |1.050 | 2.090 | 1.280
CB - 3B 3 4 1 1 3 0.0461 | 2.050| 0.310 0.300 |1.020 | 2.100 | 1.300
CB - 4A 3 4 1 1 3 0.0461 | 2.060| 0.310 0.300 |1.040 | 2.100 | 1.290
CB - 4B 3 4 1 1 3 0.0459 | 2.040| 0.300 0.300 |[1.060 | 2.100 | 1.240
CB - 5A 2 4 1 1 3 0.0297 | 3.060| 0.300 0.300 {0.970 | 2.100 | 1.220
CB - 5B 2 4 1 1 3 0.0300 | 3.050( 0.300 0.300 |1.000 | 2.100 | 1.260
CB - 6A 2 4 1 1 3 0.0286 | 2.970| 0.280 0.280 |0.970 [ 2.100 | 1.280
CB - 6B 2 4 1 1 3 0.0303 | 3.050] 0.270 0.270 | 0.970 | 2.7100 | 1.280
CB - 9A 2 4 1 1 3 0.0304 | 2.0001 0.300 0.317 - ( 2.100 | 1.230
CB - 98B 2 4 1 1 3 0.0304 | 1.970| 0.300 0.317 - 2.070 | 1.330
CB - 10A 2 4 1 1 3 0.0303 | 2.060| 0.300 0.317 - 2.030 | 1.200
CB - 10B 2 4 1 1 3 0.0294 | 2.080( 0.300 0.310 - 2.120 | 1.280
CB - ITA 2 4 1 1 3 0.0289 | 3.080| 0.270 0.270 |1.000 { 2.100 | 1.280
CB - 11B 2 4 1 1 3 0.0290 | 3.060 | 0.270 0.280 |1.000 { 2.7100 | 1.280

08



TABLE 21a (cont'd)

Dimensions of Steel Deck Specimens used for continuous Beam Tests

No. of | No. of No. of No. of Type ; . . _ _
specimeh spans | Webs per | Top Botton of § ! Cross - iect1on D1Pens1ons (in.)
No. Specimen | Stiffener | Stiffener| Sidelap ? T | D Dy Dy ? Dg W) W,
CB - 12A 2 4 1 1 g 3 % 0.0287 @ 3.050 | 0.270 { 0.270 ?1.000 2.100 | 1.280
CB - 12B 2 4 1 1 3 ;0.0303 3.050}0.270 @ 0.270 1.000 | 2.100 | 1.280
CB - 13A 2 4 2 ] i 3 % 0.0358  2.000 | 0.305 % 0.310 0.330 | 1.640 | 1.500
(B - 13B 2 4 2 1 ; 3 ; 0.0359 % 2.00010.305 ; 0.310 é0.330 1.640 | 1.500
CB - 14A 2 4 2 1 3 % 0.0360 1.970} 0.315 ! 0.320 10.310 ; 1.640  1.500
CB - 148 2 4 2 1 3 !0.0359 ' 1.9700.315 ! 0.320 ;0.310 | 1.640 | 1.500
CB - 15A 2 4 ] - 3 10.0358 | 3.020{0.300 ' -  $0.430 | 3.500 | 1.390
CB - 158 2 4 1 - 3 ]0.0356 : 3.020[0.300 -  0.430 | 3.500 | 1.390
CB - 16A 2 4 1 - 3 10.0358  3.020]0.300 . -  0.430 | 3.500 | 1.390
CB - 16B 2 4 1 - 3 0.0358 f 3.020 | 0.300 é - 20.430 3.500 | 1.390
CB - 19A 2 8 - - 1 0.0297 : 1.910 - f - b= 0.520 | 0.740
CB - 198 2 8 - - 1. |o0.0285 {1.910| - , - ¢ - | 0.470 | 0.740
CB - 20A 2 8 - - 1 0.0286 | 1.910 - ; - - 0.420 | 0.740
CB - 20B 2 8 - - 1 0.0282 | 1.910 - ‘ - - 0.470 { 0.740
Notes; 1. For definitions of symbols, see Figs. 3 and 38.
2. Specimens 1, 2, 3, 4, 5, 6, 19 and 20 have flat webs. Other specimens have

embossments in their webs.
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TABLE 21b
Dimensions of Steel Deck Specimens used for Continuous Beam Tests

Cross - Section Dimensions (in.)

Specimen ; ,
No. LW Wy W5 We Wy Wg Wg 10 W W12 S 1S
; _
CB - 1A 51.690 0.510 {0.310 | - [1.670 |o0.525 |0.290 | 2.080 | 0.470 ] 0.600 | 0.900
8- 1B |1.690 |0.5710 |0.310 | - [1.670 ] 0.525 | 0.290 |2.080 | 0.470 - 0.600 | 0.900
CB - 2A 1.690 |0.510 [0.310 | - |1.670 | 0.525 | 0.290 | 2.080 | 0.470 ; 0.600 | 0.900
CB - 2B 1.690 {0.510 [0.310 | - [1.670 | 0.525 | 0.290 |2.080 | 0.470 ; 0.600 | 0.900
CB - 3A 1.700 |0.510 |0.310 | - [1.720 | 0.500 | 0.300 | 2.060 | 0.400 ; 10.550 | 0.900
CB - 3B 1.720 |0.510 {0.310 | - |1.770 | 0.510 | 0.300 | 2.120 |  0.420 ] 0.650 | 0.900
CB - 4A 1.710 lo.510 |0.310 | - [1.720 | 0.510 | 0.300 | 2.090 | o0.470 ; 0.550 | 0.900
CB - 4B 1.770 |o.510 |0.310 | - [1.710 | 0.510 | 0.300 | 2.120 | 0.460 ; 0.520 |1.150
CB - 5A 1.680 | 0.520 |0.310 | - [1.680 | 0.520 | 0.310 | 2.150 | 0.400 ; 0.800 | 0.900
CB - 58 1.680 | 0.520 | 0.310 | - |1.680 | 0.520 | 0.310 | 2.190 |  0.400 ] 0.600 | 0.900
CB - 6A 1.700 | 0.520 | 0.310 | - |1.700 | 0.520 | 0.310 | 2.180 |  0.400 ] 0.600 | 0.900
CB - 6B 1.700 | 0.520 | 0.310 | - |1.700 | 0.520 | 0.310 | 2.180 | ©0.400 | - 0.600 | 0.900
(B - 9A 1.710 |o0.460 1 0.380 | - [1.725 | 0.480 | 0.380 | 2.080 | 0.500 ] 0.683 [0.670
CB - 9B 1.730 | 0.450 | 0.380 | -  {1.680 | 0.480 | 0.380 | 2.000 | 0.500 ] 0.680 |0.680
CB - 10A 1.730 | 0.470 | 0.350 | -  [1.720 | 0.480 | 0.350 | 2.100 | 0.500 ] 0.725 |0.750
CB - 108 1.710 | 0.475 '0.350 | - |1.720 | 0.480 | 0.350 | 2.100 | 0.500 ] 0.725 |0.750
CB - T1A 1.700 {0.520 | 0.310 | - |1.700 | 0.520 | 0.310 | 2.180 | 0.400 ; 0.600 |0.900
CB - 118 1.700 {0.520 | 0.310 | - |1.700 | 0.520 | 0.310 | 2.180 | 0.400 - 0.600 |0.900

<8



TABLE 21b (cont'd)
Dimensions of Steel Deck Specimens used for Continuous Beam Tests

Cross - Section Dimensions (in.)

(

Specimen

No. Wy Wy Wg We Wy We Wg 10 Wy L. 5 5
CB - 12A| 1.700| 0.520 | 0.310' - | 1.700 | 0.520 |0.310 |2.180 | 0.400 - 0.600 | 0.900
8- 128| 1.700| 0.520 | 0.310| - 1.700 | 0.520 |0.310 |2.180 - | 0.400 - 0.600 | 0.900
CB- 13A| 1.020!| 0.420| - |1.000 | 1.890 | 0.405 | - 1.900 | 0.400 - 0.375 | 0.300
B - 13| 1.020] 0.420{ - |71.000 | 1.890 | 0.405 { - |1.900 { 0.400 - 0.375 | 0.300
B- 14A ] 1.020! 0.420 | - |1.000 |1.890 |o0.405 | - |1.900 | o0.400 - 0.375 {0.300
CB- 1481 1.020f 0.420 | - |1.000 |1.890 | o0.405 | - |1.900 | 0.400 . 0.375 | 0.300
CB- 15A ; 1.850| 0.410 | - - | 4.650 - - 11.640 | 0.200 - 0.450 | 0.400
B - 158 ! 1.850| 0.410 | - - 4.650 - - 1.640 | 0.200 - 0.450 | 0.400
CB- 16A | 1.835| 0.410 | - - | 4.650 - - |1.640 | 0.200 . 0.450 { 0.400
CB- 16B | 1.835) 0.410 | - - |4.650 - - l1.660 | 0.200 - 0.450 | 0.400
B- 19A | 3.210| - - - 1.300 - - l0.520 - - - -
- 198 | 3.210| - - - 1.300 - - |o0.470 - . - -
B - 20A | 3.210! - - - 1.300 - - lo.420 - - - ;
CB - 20B 3.210 - - - 11.300 - - 0.470 - - - -
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TABLE Z21c
Dimensions of Steel Deck Specimens used for

Continuous Beam Tests

Cross - Section Dimensions (in.) Web overall | overall

Specimen Inclination Width Length
No. R] ‘R2 R3 R4 Rg Re 7 Rg h (degree) (in. ) (in.)

CB - 1A|0.205 |0.205 {0.215|0.280{ 0.215 | 0.265| 0.200( 0.120 {2.21 62.6 24.63 144.0
CB - 1B|0.205 {0.205 [0.215;0.280| 0.215|0.265) 0.200{ 0.120 |2.21 62.6 24.50 144.0
CB - 2A|0.205 |0.205 [0.2150.280| 0.215|0.265} 0.200| 0.120 |2.21 62.6 24.50 144.0
CB - 2B|0.205 {0.205 ]0.215/0.280] 0.215 | 0.265| 0.200) 0.120 |2.21 62.6 24.50 144.0
CB - 3A[0.210 [0.200 [0.210 [ 0.280| 0.200{0.265( 0.180 0.120 (2.16 63.8 24.75 288.0
(B - 3B10.210 }0.200 }0.2101)0.230] 0.200| 0.240} 0.180| 0.120 | 2.16 63.0 24.75 288.0
CB - 4A|0.210 [0.200 {0.210 | 0.230 | 0.200 | 0.240| 0.180| 0.120 | 2.22 63.4 24.75 288.0
CB - 4B} 0.210 |0.200 }0.2100.230|0.200 | 0.240{ 0.180} 0.120 | 2.22 64.5 24.75 288.0
CB - 5A[0.200 {0.200 [0.220 | 0.230 | 0.220{ 0.240| 0.150} 0.120 }3.12 73.5 25.00 192.0
CB - 5B |0.200 10.200 [0.220 | 0.250 | 0.220| 0.250| 0.150( 0.120 |3.15 72.6 25.00 192.0
CB -~ 6A|0.200 {0,200 |0.220 ! 0.250)0.220} 0.250) 0.150; 0.120 !3.12 71.7 25.00 192.0
CB -~ 6B]0.200 |0.200 |0.220 ! 0.250 | 0.220 | 0.250 0.150¢ 0.120 {3.12 72.3 25.00 192.0
CB - 9A]0.7190 [0.210 |0.220|0.250}0.235]0.220{ 0.233| 0.167 | 2.07 - 24.63 144.0
CB - 9B (0.230 {0.220 (0.240 [0.220 |0.230|0.220} 0.230{ 0.167 | 2.02 - 24.50 144.0
CB - 10A | 0.200 |0.210 |0.230 | 0.240 {0.230| 0.220] 0.220| 0.167 | 2.06 - 24.63 144.0
CB - 10B {0.208 |0.210 {0.220 {0.220 |0.220|0.210| 0.200} 0.167 ;2.02 - 24.63 143.9
CB - 11A ) 0.200 |0.200 |0.220 |0.250 {0.220 {0.250 | 0.150| 0.120 |3.11 72.4 25.00 192.0
CB - 11B | 0.200 [0.200 {0.220 |{0.250 {0.220 {0.250 | 0.150} 0.120 }{3.12 72.4 25.00 192.0
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TABLE 21c¢ (cont'd)
Dimensions of Steel Deck Specimens used for Continuous Beam Tests

Web Overall | Overall
Specimen Cross - Section Dimensions (in.) Inclination | Width Length
No. . . . . . . A ) (degree) (in.) (in.)
’ 1 2 3 4 5 6 7 8
GB 12A 0.200 0.200 | 0.220 | 0.250 | 0.220 | 0.250 0.150 | 0.120 f 3.14 72.3 25.00 192.0
(B - 12B 10.200 0.200| 0.200 ) 0.250 | 0.220 | 0.250 0.150 | 0.120 | 3.15 72.3 . 25.00 192.0
CB - 13A 0.130 | 0.180]| 0.190| 0.190 ] 0.190 | 0.190 0.180{ 0.180 1.95 47 .4 { 24.30 144 .0
CB - 13B 0.130 0.180| 0.190| 0.190} 0.190 | 0.190 0.180 | 0.180 1.95 47 .4 24.30 144.0
CB - 14A 0.130 0.180| 0.190| 0.190| 0.190 | 0.190 0.180 | 0.180 1.95 46.7 24.3 144.0
CB - 14B 0.130 0.180; 0.190} 0.190| 0.190 | 0.190 0.180 | 0.180 1.95 46.7 24.3 144.0
CB - 15A 0.130 0.190{ 0.190| 0.190 - - 0.180 | 0.180 2.78 64.9 24.6 168.0
CB - 15B 0.130 0.190} 0.190| 0.190 - - 0.180 | 0.180 2.78 64.9 24.5 168.0
CB - 16A 0.130 0.190| 0.190| 0.190 - - 0.180 ] 0.180 2.78 64.9 24.4 168.0
CB - 16B 0.130 0.190{ 0.190{ 0.190 - - 0.180 ) 0.180 2.78 64.9 24.5 168.0
CB - 19A 0.130 0.130 - - - - - - 1.91 74.6 23.7 144.3
CB - 198 .[0.130 0.130 - - - - - - 1.91 74.6 23.6 144.3
CB - 20A 0.130 0.130 - - - - - - 1.91 74.6 23.5 144 .3
CB - 20B + 0.130 0.130 - - - - - - 1.91 74.6 23.6 144.3
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Design Parameters for Steel Deck Specimens used for Combined Bending-Web Crippling Tests

TABLE 22

Continuous Beam Tests

Inside*|Computed | Bearing Bearing Computed Yield
Thickness Bend Web Length Length Web Point | Span

Specimen t Radius | Width [Inter, Support| End Support |[Inclination R]/t h/t N1/t "N]/h“‘ Fy Length

No. (in.) R1 h N, N2 6 (ksi)[ (in.)

(in.) | Cin) (in.) (in.) (degrees]

CB - 1A 0.0297 0.205 2.21 2.98 5.93 62.6 6.900 74.41 100.34;1.35 48.2 | 69.04
CB - 1B 0.0301 0.205 2.21 2.98 5.93 62.6 6.81f 73.42 99.00?1.35 48.2 | 69.04
CB - 2A 0.0300 0.205 2.21 5.93 7.86 62.6 6.832 73.67 | 197.6 %2.68 48.2 | 68.07
CB - 2B 0.0295 0.205 2.21 5.93 7.86 62.6 6.95| 74.92: 201.0% 2.68 | 48.2 | 68.07
CB - 3A""| 0.0462 0.210 2.20 2.98 5.93 63.8 4.55] 47.62 64.500 1.35| 44.9 | 94.02
CB - 38" | 0.0461 0.210 2.20 2.98 5.93 63.0 4.56] 47.72 64.64 1.35| 44.9( 94.02
CB - an™ | 0.0461 0.210 2.20 5.93 7.86 63.4 4.56| 47.72 | 128.6% 2.70 | 44.9 | 93.38
B - 48| 0.0459 0.210 2.16 5.93 7.86 64.5 4,58| 47.06 | 129.1 . 2.75 | 44.9 | 93.38
CB - 5A 0.0297 0.200 3.13 2.98 5.93 73.5 6.73] 105.39 | 100.34 0.95| 50.4 | 93.04
CB - 5B 0.0300 0.200 3.13 2.98 5.93 72.6 6.67| 104.33 99.33 0.95| 50.4 | 93.04
CB - 6A 0.0286 0.200 3.07 5.93 7.86 71.7 16.99) 107.34 | 207.34 1.93 | 50.4 | 92.07
CB- 68 | 0.0303 0.200 3.14 5.93 7.86 72.3 16.60] 103.63 | 195.71) 1.89 | 50.4 | 92.07
CB - 9A 0.0304 0.190 2.16 2.98 5.93 64.0 !6.25i 71.05| 98.03| 1.38| 46.0| 68.00
CB - 9B 0.0304 0.230 2.17 2.98 5.93 61.7 7.57, 71.38| 98.03; 1.37] 46.0| 68.00
CB - 10A 0.0303 0.200 2.19 5.93 7.86 65.7 6.60 72.28| 195.71| 2.71| 46.0| 68.00
cB - 10B 0.0294 0.208 2.25 5.93 7.86 64.0 7.07| 76.53| 201.70[ 2.64| 46.0| 68.00
CB - 11A 0.0289 0.200 3.17 2.98 5.93 72.4 6.92| 109.69| 103.11| 0.94| 51.0| 93.04
CB - 118 \ 0.0290 \0.200 3.15 2.98 5.93 72.3 6.90| 109.57| 102.76| 0.95| 51.0| 93.04
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TABLE 22 (cont'd)

Design Parameters for Steel Deck Specimens used for Combined Bending-Web Crippling Tests

Continuous Beam Tests

o Inside*| Computed Bearing Bearing Computed ‘Fi?1d

Specinen rh‘ik"ess Bend | Web Length Length Web 90;"t L::a:h
No. (i) Radius | Width |Inter. Supporf ¢y ¢ ooope| Inclination | Ry/t | h/t N/t | Ny/h | Ty (.9

. i\ " Y N 8 (ksi)| (in-)

(in.) (in.) (in.) (in?) (degree)

CB - 12A | 0.0287 |0.200 3.14 5.93 7.86 72.3 6.97 | 109.41 | 206.62{ 1.89 p1.0 | 92.07
CB - 12B | 0.0303 [0.200 3.14 5.93 7.86 72.3 6.60 | 103.63 | 195.71{ 1.89 B1.0 | 92.07
CB - 13A | 0.0358 10.180 1.94 2.98 5.93 - 47.4 5.03 | 54.19| 83.24} 1.54 L5.4 69.04
CB - 13| 0.0359 [0.180 1.94 2.98 5.93 47.4 5.01 | 54.04 | 83.01| 1.54 pB6.4 | 69.04
CB - 14A | 0.0360 [0.180 1.92 5.93 7.86 46.7 5.00 | 53.33|164.72| 3.09 p6.4 | 68.07
CB - 14B | 0.0359 [0.190 1.92 5.93 7.86 46.7 5.01 | 53.48 | 165.18| 3.09 t6.4 68.07
CB - 15A| 0.0358 |0.190 2.70 2.98 5.93 64.9 5.31 | 75.42 | 83.24| 1.10 B5.5 | 81.04
CB - 158 | 0.0356 [0.190 2.70 2.98 5.93 64.9 5.36| 75.84 | 83.71] 1.10 ja5.5 | 81.04
CB - 16A | 0.0358 [0.190 2.70 5.93 7.86 64.9 5.31 | 75.42 | 165.64| 2.20 45.5 | 80.07
CB - 16B | 0.0358 0.190 2.70 5.93 7.86 64.9 5.31 | 75.42 | 165.64] 2.20 @5.5 | 80.07
CB - 19A | 0.0297 {0.130 1.92 2.98 5.93 74.6 4.38 | 64.65 | 100.34{ 1.55 44.2 |69.19
CB - 19B | 0.0285 [0.130 1.92 2.98 5.93 74.5 4.56 | 67.37 | 104.56] 1.55 K4.2 | 69.19
CB - 20A | 0.0286 {0.130 1.92 5.93 7.86 74.5 4.55 | 67.13 | 207.34] 3.09 B4.2 | 68.22
CB - 20B | 0.0282 |0.130 1.92 5.93 7.86 74.5 4.61 | 68.09 | 210.28] 3.09 ®4.2 | 68.22

* Use R2 for CB-13, 14, 15 and 16. e

** Spacimen Nos. 3A, 3B, 4A and 4B were tested as three-span continuous beams.
two-span continuous beams.

Other specimens were tested as



TABLE 23

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling

Based on the 1980 Edition of the AISI Specification(23)
Continuous Beam Tests
Test Data Computed Data
per Specimen er Specimen M) P
Specimen (w)test (P)test (M)test (P&)comp (Muljéomp TM:3)comp ( .teSt (.)teSt -
No. (kips/ft) | (kips) |[(in.-kips)| (kips) (in.-kips) |(in.-kips) (Mu)comp (Pu)comp 1.42
CB - 1A 0.564 4,056 28.00 2.275 26.00 26.00 1.077 1.783 2.102
cB - 1B 0.582 4,186 28.90 2.341 26.46 26.46 1.092 1.788 2.116
CB - 2A 0.613 4.347 29.59 3.696 26.34 26.34 1.123 1.176 1.677
CB - 2B 0.637 4,517 30.75 3.573 25.77 25.77 1.193 1.264 1.793
CB - 3A 0.619 5.335 | 45.60 5.276 44.14 44.14 1.033 1.01 1.489
~CB - 3B 0.639 5.507 47 .07 5.233 43.78 43.78 1.075 1.052 1.550
CB - 4A 0.722 6.180 52.46 7.785 43,94 43.94 1.194 0.794 1.439
CB - 4B 0.720 6.163 52.32 7.782 43.38 43.38 1.206 0.792 1.446
CB - 5A 0.479 4.642 43.19 2.411 46.99 45.30 0.953 } 1.926 2.122
CB - 5B 0.460 4.458 41.48 2.452 47.16 45.56 0.910 [1.818 2.011
CB - 6A 0.498 4.776 ' 43.97 3.528 42.98 41.27 ; 1.065 E 1.354 1.770
CB - 6B 0.515 4,939 | 45.47 3.967 47.97 46.42 . 0.980 i 1.245 1.628
CB - 9A 0.620 4.390 ; 29.85 2.308 24.87 24 .87 | 1.200 1.902 2.278
CB - 9B | 0.613 4.361 | 29.65 2.209 24.36 24.56 1.207 | 1.974 2.337
CB - 10A 0.679 4.811 32.72 3.668 25.85 25.85 1.266 1.312 . 1.880
CB - 10B 0.657 4.651 31.63 3.407 25.06 25.06 1.262 1.365 1.917
cB - 11A 0.396 3.838 35.71 2.268 46.12 44 .00 0.812 { 1.693 % 1.848
CB - 11B 0.413 ] 4.003 37.24 2.286 45.93 43.92 0.848 % 1.751 i 1.917
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TABLE 23 (cont'd)

Comparison of the Tested and Computed Results for Combined Bending-Web Crippling
Based on the

1980 Edition of the AISI Specification

Continuous Beam Tests

(23)

Test Data Computed Data
per Specimen per Specimen
M

Specimen (w7test (P)test (M)test (Pd)comp 1Mu1)comp (M&3)comp (‘)test (T)test >

(kips/ft)| (kips) (in.-kips)] (kips) (in.-kips)| (in.-kips) M) comp Pu) comp 142
CB - 12A 0.438 4.201 38.68 3.575 45.12 43.06 " 0.898 1.175 1.518
cB - 128 0.431 4.134 38.06 3.996 48.38 46.76 0.814 1.035 [ 1.353
CB - 13A 0.490 3.524 24.33 3.248 35.53 35.53 0.685 1.085 1.300
CB - 13B 0.462 3.323 22.94 3.265 35.63 35.63 0.644 1.018 1.221
CB - 14A 0.508 3.602 " 24.52 5.064 35.01 35.01 0.700 0.711 1.029
CB - 14B 0.571 4.049 27.56 5.039 34.91 34.91 0.789 0.804 1.161
CB - 15A 0.482 4.069 32.97 3.319 49.50 49.50 0.666 1.226 1.393
CB - 158 0.492 4,153 33.66 3.282 49.14 49.14 0.685 1.266 1.436
CB - 16A 0.490 4,087 | 32.72 5.134 49.50 49.50 0.661 0.756 1.035
CB - 168 : 0.533 | 4.446 |  35.60 5.134 49.50 49.50 0.719 0.866 1.159
CB-19A ° 0.508 | 3.661 | 25.33 ! 5770 | 20.9 20.95 1.209 0.634 1.329
CB - 19B 0.494 3.560 , 24.63  5.3¢8 | 19.73 19.73 1.248 0.666 1.381
CB - 208  0.544 . 3.866 2637 8.619 19.61 19.61 1.345 0.449 1.286
CB - 208 i 0.570 i 4.051 f 27.63 1 8.415 19.48 19.48 1.418 0.481 1.361
*B=1.07 (P)test/(P&)comp * (M)test/(M&)comp Mean Value 1603 o

Coefficient of Variation 0.228 ©
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(a) Specimens 1A, 1B, 2A, 2B (Nominal t
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(b) Specimens 5A, 58, 6A, 6B (Nominal t = 0.0
Specimens 7A, 7B, 8A, 8B (Nominal t = 0.0474 in.)
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(c) Specimens 9A, 9B, 10A, 10B (Nominal t = 0.0295 in.)
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|

(d) Specimens 11A, 118, 12A, 128 (Nominal t = 0.0295 in.)

Fig. 2 Cross-Sectional Configurations
of Steel Decks (IOF Series)
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(f) Specimens 15A, 15B, 16A, 16B (Nominal t = 0.0358 in.)
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(q) Specimens 17A; 17B, 18A, 18B (Nominal t = 0.0295 in.)
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(h) Specimens 20A, 20B (Nominal t = 0.0295 in.)
(cut from the 30 in. wide panels)
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(i) Specimens 19A, 19B (Nominal t = 0.0295 in.)

Fig. 2 Cross-Sectional Configurations
of Steel Decks (Continued)
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Fig. 3b Types of Sidelaps
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Fig. 4 Test Setup used for
Interior One-Flange Loading
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Fig. 5 Photograph Showing the Test Setup
Used for Interior One-Flange Loading

Fig. 6 Photograph Showing the Test Setup
Used for Interior One-Flange Loading
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Fig. 7 Photgraph Showing the Typical Failure Mode
for Interior One-Flange Loading

Fig. 8 Photgraph Showin
for Interior One-Flange Loading

g the Typical Failure Mode
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Fig. 15. Photograph Showing the Test Setup Used for
End One-Flange Loading

Fig. 16 Photgraph Showing the Test Set

up Used for
End One-Flange Loading
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Fig.17 Photograph Showing the Typical Failure Mode
for End One-Flange Loading

Fig. 18 Photgraph Showing the Typical Failure Mode

for End One-Flange Loading
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Fig. 20 Test Setup for End One-Flange Loading, EOF-5C and
EQF-5D (Steel Panel is Supported by W Shapes at
Both Ends Without Any Connection)

Fig. 21 End Failure for Steel Panels Using the Test Setup
Shown Above
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Fig. 22 Steel Pane] is Welded to Bearing Plates at Both
Ends (EOF-5E and EOF-5F)



Fig. 23 Test Setup for End One-Flange Loading, EOF-5E
and EOF-5F (Steel Panel is Welded to End Bearing
Plates, Which are Connected to Support Beams by
Using Bolts)

|

Fig. 24 End Failure for Steel Panels Using the Test
Setup Shown Above
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Fig.28 Test Setup Used for Single Span Beams
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Fig. 29a Photograph Showing the Test Setup Used
for Single Span Beams With End Connections

Fig. 29b Photograph Showing the Test Setup Used
for Single Span Beams With End Connections
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e

Fig. 30a Typical Failure Mode for Steel Decks Having
Flat Webs (BC Series)

Fig. 30b Typical Failure Mode for Steel Decks Having
Flat Webs (BC Series)
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Fig. 31a Typical Failure Mode for Steel Decks Having
Embossments in Their Webs (BC Series)

Fig. 31b Typical Failure Mode for Steel Decks Having
Embossments in Their Webs (BC Series)
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Fig. 37a Uniform Loading Apparatus Used for Continuous Be



) 3020” >|
jv . ___-57—:5[ DECK//Q TH/ ¢ 5,, . | "f‘ MO/\/OMETER
4T @4 50LTs ! scacortED 8y woop pr..(}— ‘ 4-3y sor7s -1 i L
? e - ,._..44_____, e : ¥ ;J. ‘1‘ S % |-¢—3"‘)‘ —*—I ng‘L.‘/f_:D
I - T F A A T 07 ’ ! Iy
CLghaxy’™ Y TNY i ' PRESSURE GU‘“a;’, Rt 2 = T .
H i /.
: ANJOD FACH . st ¥ . -3
MC 105547 = )y '/'-—p 5 r e 00 @ "
” . 2 Ly SoDA . f L¢‘3 2 T B -+
CMOVABLE DI VIDER ; / | "
le—— 5 —,-| e
e - SFPECIASN 57 .
_— e (A Nt
LA 7’; ' : a 2N e
e L !
pp—— o | DATA ACQUISITICN SYS7eM "
NTOR FACE 5" .o, . me b USOLTS ,,"
: y2"PLywoop ~ t G ’ : ‘]
v ; —~7 0 T k23 4 s
| @»_J . ,F,L;/ /_ T
5 TOP VIEYY MONOMETER - ‘T g !
i . _,_50_0” A e o
y ) -2 5-8

Shhaling - g " SPECIMEN . L ¢ .

— l,_____,,__,, —_— _,,,__: h‘ff:l"—; M_f_ _5 = ._L-__ e E_:‘I . ) 3% ‘\,p(/,«,fp‘
T L aagmoce e RN R T O T -
2-2 [rroroasésgmocs o "¥i ~FRONT FACE~ i cet Ly 7‘] 25

¥ AN i citi o s £ I iy 2z - +LT I ¥
’r N ’ s’
, o 60— PR N L
78— |___v S . ,-SPEC/ME/\/ .

. ; . %

5 e SPECIMEN 57l e |.-2 - |..__4 92__.1
T—— = _?:_—_—.—;-:‘_—.-._:—_—»——————-—-————-<—tr-r———=7r-r T, =
2’-9” - r-—a 95/ goLTs_ | {E % @ WSX” N E Rl G227 ——“j 10

- e —raxaxgYll FMe - 2x50----- e -3 ! ~- RSt

Y N \ ! = ~W 12X B0 IRuy
! Lo MC 10X84 . SEE DETAIL B | -+| [ S —
| Z

\ ------- , L4 )(4»(/4 -
: l 30k ‘ao17S

@]
SECTION A&

”

3-¢h BOLTS -

N

T DETAIL A

’

ETAILTA"
--WEX/T

C L EORN.
70 FLOOR WiTH 2- ¢/5 B
SIDE VIEW OF DETAIL A”

AICI0X8.4-
- CONNECTED

_— =

—, )
4P ) BOLTS- - -

f5
_DETAIL'B”

TSECTION B-8

‘L3-¢!’4.SOUS—-; -

'
e - -

»
EZ V.
LAXG K "

SIDE VIEW OF DETAIL' 3"

s”

--,4-¢4 B8OLTS |

Fig. 37b Uniform Loading Apparatus Used for Continuous Beam Tests

el



Lr< —< Overall Length — f%
' T ¥ !
N2 % N Nz |
D | 1. A
[ I T
i.
|
e Span Length IT_f Span Length ———

Fig. 383 Test Setup for Two-Span Continuous Beam Tests
LI‘ ~< Overall Length >
! il (1 '
N N N N
NLCHVED SRSV GEYUSUNCRNY Jye Can
B L I Rl 1 T
! | ] [l
T l T I 7

| I—

—

4

g
t<— Span Length —~t< Span Length —>- Span Length

Fig. 38b Test Setup for Three-Span Continuous Beam Tests (Specimen Nos. 3 and 4)

G2l



Fig. 39a

Photograph Showing the Test Setup
for Three-Span Continuous Beam Tests

Fig. 39b Photograph Showing the Test Setup
for Two-Span Continuous Beam Tests
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Fig. 40a Typical Failure Mode at the Interior Support of Continuous
Beams for Steel Decks Having Flat Webs.

Fig. 40b Typical Failure Mode at the Interior Support of Continuous
Beams for Steel Decks Having Flat Webs.
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Fig. 41a Typical Failure Mode at the Interior Support of Continuous
Beams for Steel Decks Having Embossed Webs

Fig. 41pb Typical Failure M

ode at the Interior Support of Continuous
Beams for.Stee] D

ecks Having Embossed Webs



Fig. 42a Photograph Showing the Test Setup
for Inverted Steel Decks (Specimens
Nos. 13, 14, 15, and 16).

Fig. 42b Typical Failure Mode at the Interior Support of Continuous
Beams for Steel Decks Tested in an Inverted Position.
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Fig. 43a Typical Failure Mode for Roof Deck

Fig. 43b Typical Failure Mode for Roof Deck
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TABLE Al

. Mid-Span Deflection of Steel Deck Specimens
Single Span Beams Used for Combined Bending-Web Crippling Tests

133

. Applied Mid-Span Applied Mid-Span
Specimen Load Deflection Specimen Load Deflection
No. (kips) (in) . No. (kips) (in)
|
BC - 1A 0.250 0.155 BC - 2D 0.720 0.287
0.500 0.300 (cont'd) 0.840 0.333
0.750 0.445 0.960 0.386
0.973 0.625 1.080 0.440
1.200 0.514
BC - 1B 0.125 0,080 1.202 0.554
0.250 0.154
0.375 0.225 BC - 9A 0.113 0.149
0.500 0.299 0.225 0.241
0.600 0.355 0.338 0.335
0.700 0.415 0.450 0.418
0.800 0.474 0.540 0.481
0.900 0.542 0.630 0.552
0.975 0.663 0.720 0.627
0.795 0.797
BC - 2A 0.150 0.095
0.300 0.180 BC - 9B 0.200 0.201
0.450 0.264 0.400 0.355
0.600 0.348 0.600 0.501
0.720 0.417 0.790 0.810
0.840 0.488
0.960 0.578 BC - 12A 0.200 0.085
1.020 0.693 0.400 0.17
0.600 0,256
BC - 2B 0.150 0.090 0.800 0.339
0.300 0.176 0.960 0.408
0.450 0.260 1.120 0.486
0.600 0.342 1.218 0.602
0.720 0.413
0.840 0.484 BC - 12B 0.200 0.085
0.960 0.571 0.400 0.169
1.017 0.672 0.600 0.250
0.800 0.331
BC - 2C 0.150 0.065 0.9690 0.400
0.300 0.129 1.120 0.474
0.450 0.191 1.219 0.558
0.600 0.252
0.720 0.303 BC - 12C 0.200 0.069
0.840 0.354 - 0.400 0.135
0.960 0.408 0.600 0,203
1.080° 0.468 0.800 0.272
1.170 0.577 0.960 0.327
1.120 0.385
BC - 2D 0.150 0.063 1.230 0.450
0.300 0.122 1.400 0.541
0.450 0.182
0.600 0.239




TABLE Al (Cont'd)

Mid-Span Deflection of Steel Deck Specimens .
Single Span Beams Used for Combined Bending-Web Crippling Tests
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Applied Mid-Span Applied Mid—Spaq
Specimen Load Deflection Specimen Load Def]gct1on
No. (kips) (in) No. (kips) (in)
BC - 12D 0.200 0.064 BC - 16C 0.115 0.075
0.400 0.129 0.230 0.135
0.600 0.195 0.345 0.202
0.800 0.263 0.460 0.279
0.960 0.318 0.550 0.332
1.120 0,373 0.640 0.398
1.280 0,437 0.730 0.470
1.405 0.585 0.820 0.558
0.867 0.689
BC - 13A 0.150 0.072
0.300 0.130 BC - 16D 0.115 0.068
0.450 0.187 0.230 0.133
0.600 0.241 0.345 0.199
0.720 0.290 0.460 0.275
0.840 0.332 0.550 0.331
0.960 0.383 0.640 0.398
1.080 0.442 0.730 0.470
1.200 0.512 0.820 0.563
1.250 0.630 0.872 0.673
BC - 13B 0.150 0.096 BC - 17A 0.150 0.095
0.300 0.152 0.300 0.170
0.450 0.205 0.450 0.241
0.600 0.258 0.600 0.311
0.720 0.306 0.720 0.367
0.840 0.346 0.840 0.425
0.960 0.397 0.960 0.495
1.080 0.449 0.995 0.562
1.200 0.500
1.350 0.670 BC - 17B 0.150 0.099
0.300 0.177
BC - 16A 0.300 0.118 0.450 0.249
0.600 0.218 0.600 0.322
0.900 0.318 0.720 0.382
1.200 0.418 0.840 0.440
1.440 0.502 0.960 0.510
1.646 0.608 0.985 0.550
BC - 16B 0.225 0.087 BC - 19A 0.230 0.107
0.450 0.167 0.460 0.219
0.675 0.243 0.690 0.342
0.900 0.319 0.920 0.503
1.080 0.383 1.072 0.816
1.260 0.441
1.440 0.504
1.620 0.579
1.690 0.630




TABLE AT-(Cont'd)

Mid-Span Deflection of Steel Deck Specimens
Single Span Beams Used for Combined Bending-Web Crippling Tests

135

Applied Mid-Span Applied Mid-Span
Specimen Load Deflection Specimen Loqd Def]gct1on
No. (kips) (in) No. (kips) (in)
BC - 19B 0.150 0.068 BC ~ 19C 0.840 0.324
0.300 0.138 {cont'd) 0.960 0.382
0.450 0.209 1.080 0.454
- 0.600 0.284 1.200 0.583
0.720 0.353 1.200 0.690
0.840 0.430 '
0.960 0.521 BC - 19D 0.150 0.058
1.080 0.714 0.300 0.114
1.083 0.791 0.450 0.171
0.600 0.230
- 0.054 0.720 0.280
s 8:]388 0.109 0.840 0.335
0.450 0.165 0.960 0.393
0.600 0.221 1.080 0.465
0.720 0.271 1.180 0.614
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TABLE A2

Mid-Span Deflection of Steel Deck Specimens
Two-Span Continuous Beam Tests

Deflection (in)

Mid-Span

Applied
Uniform Load

Specimen
No

#4

#3

#2

#1

(psf)

0.19
0.23
0.27
0.29
0.33
0.37
0.39
0.44
0.57
0.64
0.69
0.75

0.15
0.17
0.21
0.25
0.26
0.29
0.32
0.36
0.50
0.57
0.63
0.65

0.18
0.22
0.25
0.28
0.32
0.35
0.38
0.42
0.56
0.63
0.66
0.72

CB - 1A

25

CB - 1B

0.16
0.20
0.23
0.26

0.12
0.15
0.19
0.23
0.25
0.27
0.31
0.34
0.39

0.19
0.20
0.24
0.27
0.30
0.33
0.36
0.40
0.48

0.12
0.16
0.18
0.22
0.23
0.27
0.29
0.33
0.39

50
75
100
125
150

0.30
0.33
0.37
0.39
0.48

175
200
225
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Deflection (in)
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pecimens
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Mid-Span
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TABLE A2 (Cont‘d)
Two-Span Continuous Beam Tests

Mid-Span Deflection of Steel Deck S
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#4

Deflection {in)
#3

#2
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TABLE A2 (Gont'd)

Mid-Span Deflection of Steel Deck Specimens

Two-Span Continuous Beam Tests

Mid-Span

Applied
Uniform Load
(psf)

#1

Specimen
No

25

CcB - 6B

75
100
125
150
160
170
180
190
200

CB - 9A

25
50
75
100
125
150
175

CB - 9B

210
280

25

CB - 10A

50
100
125
140
150
160
170




#4

Deflection (in)

k Specimens
#3

Two-Span Continuous Beam Tests

#2

Mid-Span

#1

OCOOOOCOOO0O

TABLE A2 {Cort'd)

Mid-Span Deflection of Steel Dec
(psf)

Applied
Uniform Load
25

75

100

125

150

175

200

25

50

75

100

125

140

150

160

170

No.

Specimen
CB - 10B

CB - T1A
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25
100
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140
150
160

CB - 11B
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150
160
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180
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100
125
140
150 -

CB - 12A
CB - 12B
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#4

#3

-------------------------------------------

TABLE A2 (Cent'd)

pecimens

Two-Span Continuous Beam Tests

Mid-Span Deflection of Steel Deck S

Deflection (in.)

Mid-Span

Applied
Uniform Load

Specimen

- #1 #2

(psf)

No.

CB - 15B

30
60

CB - 16A

120
150
180
210

30
60
90
120

CB - 168

150
180
210

CB - 19A

20

CB - 198

60

80
100
120
140
160
180
200
220
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TABLE A2 (Cont'dY

Mid-Span Deflection of Steel Deck Specimens

Two-Span Continuous Beam Tests

#4

Deflection (in)

#3

Mid-Span
#2

#1

Applied
Uniform Load
(psf)

Specimen
No

oooooooooo

CB - 20A

-------------

OO0 OCOO0COOOCOO

N<FTOOON<STOODONMTL
—r—r—r—r— NN ON NN

[oa]

o

AN

]

[aa]

(&)

See Fig. 36a for the location of deflection measurements.

Note:
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TABLE A3

Mid-Span Deflection of Steel Deck Specimens

Three-Span Continuous Beam Tests

Applied

Deflection (in)

Mid-Span

Uniform Load

Specimen

#2 #3 #4 #5 #6

#1

(psf)

No.

CB - 3A

ooooooooooooo

CB - 3B

OO NO—OOQOQOUr—WOWOt— WOWAN
O— NN TFTUOWDWONSMNSO
OO0 OO OO0 OOOOOOO0O
OCOOTOLOATOUOOMO MO <
—— NN OOWOWONSNSN0
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CB - 4A

20

40
60

CB - 4B




Mid-Span Deflection of Steel Deck Specimens
Three-Span Continuous Beam Tests

TABLE A3

(Cont'd)
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Applied Mid-Span Deflection (in)
Specimen Uniform Load
No (psf) #1 #2 #3 #4 #5 #6

CB - 4B 80 0.28 0.30 0.15 0.18 0.25 0.27

(cont'd) 100 0.34 0.37 0.16 0.20 0.29 0.32
120 - 0.38 0.40 0.17 0.22 0.32 0.36
140 0.43 0.45 0.20 0.25 0.36 0.41
160 0.47 0.50 0.22 0.27 0.41 0.44
180 0.51 0.54 0.24 0.28 0.44  0.47
200 0.54 0.58 0.25 0.31 0.48 0.5]
220 0.58 0.62 0.27 0.34 0.51 0.54
240 0.62 0.67 0.30 0.37 0.56 0.58
260 0.68 0.72 0.32 0.39 0.59 0.63

Note: See Fig. 36b for the location of

deflection measurements.



Strain Gage Rendings for Steel Deck Speci
. pecimens
Single Span Beams Used for Combined Bending-Web Crippling Tests

TABLE A4
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Applied Strain Gage Readi i i in.)*
Specimen Load ge Reading (micro in./fn.)
No. i
(kips) #1 #2 #3 #4
BC - 2C 0.150 -164 170 139 -132
0.300 -328 343 285 -277
0.450 -500 510 441 -437
0.600 -687 681 602 -591
0.720 -850 821 737 -731
0.840 -1015 970 882 -873
0.960 -1195 1124 1035 -1027
1.080 -1461 1308 1221 -1191
1.170 -2590 1555 1526 -1376
Failure Load
BC - 2D 0.150 -152 151 133 ~-130
0.300 -290 300 274 ~269
0.450 =437 458 420 -415
0.600 -593 612 569 ~564
0.720 -725 742 696 -690
0.840 -870 879 832 -824
0.960 -1030 1022 971 -962
1.080 -1220 1180 1130 -1123
1.200 -1413 1393 1360 -1375
1.202 -1383 1421 1389 -1375
Failure Load
BC - 12C 0.200 -157 158 151 -145
0.400 -320 317 300 -283
0.600 -492 478 457 -429
0.800 -682 642 625 -586
0.960 -859 771 762 711
1.120 -1050 910 911 -840
1.280 -1242 1074 1079 -965
1.400 -1428 1254 1335 -891
Faijlure Load
BC - 12D 0.200 -74 94 209 -197
0.400 -200 228 374 -341
0.600 -337 377 554 -496
0.800 -482 532 738 -650
0.960 -610 666 890 -773
1.120 -742 801 1038 -835
1.280 -889 955 1201 -951
1.405 -1225 1272 1381 -744

Failure Load

* Negative sign indicates compressive s;rain.
See page 112 for the Tocation of strain gages.



Strain Gage Rendings for Steel Deck Specimens
Single Span Beams Used for Combined Bending-Web Crippling Tests

TABLE A4 (Cont'd)
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Applied Strain Gage Reading (micro in./in.)*
Specimen Load
No. (kips) - #1 #2 #3 #4

BC - 16C 0.115 127 -68 -227 260
0.230 286 -193 -350 419
0.345 474 -274 -481 598
0.460 702 -416 -622 808
0.550 847 -504 -720 940
0.640 1030 -582 -836 1091
0.730 1225 -687 -960 1253
0.820 1449 -899 -1075 1438
0.867 1681 -1130 -1070 1431

Failure Load
BC - 16D 0.115 176 -127 -122 177
0.230 354 -247 -250 357
0.345 530 -366 -382 536
0.460 733 -505 -537 741
0.550 891 -613 -656 887
0.640 1048 -734 -783 1034
0.730 1216 -862 -913 1188
0.820 1389 -1007 -1062 1418
0.872 1406 -1133 -1303 1662

Failure Load
BC - 19C 0.150 -124 159 154 -107
0.300 -264 331 324 -278
0.450 -421 515 506 -469
0.600 -572 688 677 -623
0.720 -715 842 826 -786
0.840 -874 1025 990 -961
0.960 -1026 1259 1202 -1149
1.080 -1195 1606 1500 -1414
1.200 -1431 2505 2420 -1960
1.200 -1532 2729 2583 -2193

Failure Load
BC - 19D 0.150 -116 151 167 -48
0.300 -261 326 348 -162
0.450 -406 505 540 -305
0.600 -562 686 734 -469
0.720 -688 825 889 -645
0.840 -822 1006 1095 -817
0.960 -981 1257 1351 -1019
1.080 -1191 1654 1721 -1281
1.180 -1581 2613 -1755

Failure Load

* Negative sign indicates compressive strain,
See page 112 for the location of strain gages.

2947
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TABLE A 5

Strain Gage Readings for Steel Deck Specimens
Two-Span Continuous Beam Tests

Uniform
Specimen Load Strain Gage Reading (micro in./in.)*
No. (psf)
#1 #2 #3 #4
CB - 1A 25 57 56 98 -138
50 196 -107 -113 15
75 348 -245 -303 189
100 487 -396 -477 329
125 634 -569 -676 504
150 779 -744 -892 681
175 938 -940 -1093 855
200 1136 -1208 -1306 1068
225 1548 -3794 -869 1532
235 1647 -3279 -457 1718
245 1797 -3158 -347 1833
255 1938 -3110 -338 1958
265 2107 -3043 ~-300 2124
275 2280 -3001 -277 2312
285 Failure Load
CB - 1B 25 -110 © 480 +176 +55
50 +41 -99 -44 +186
75 +192 -269 -229 +325
100 +347 -500 -437 +466
125 +504 -735 ~669 +607
150 +663 -949 -923 +753
175 +829 -1187 -1232 +911
200 +1018 -1508 -1657 +1099
225 +1304 -1669 -3116 +1431
235 +1469 -1241 -3541 +1686
245 +1633 -932 -2645 +1810
255 +1738 -864 -2443 +1915
265 +1848 -820 -2307 +20714
275 +1972 - =794 -2219 +2127
285 Failure Load
CB - 2A 25 -33 96 20 7
50 -139 -56 -112 133
75 -63 -200 -250 269
100 =57 -350 -400 394
125 81 -500 -555 531
150 207 -647 -712 671
175 302 -815 -883 810
200 433 -980 -1051 958

* Negative sign indicates compressive strain
See page 122 for the location of strain gages.



TABLE A5 (Cont'd)

Strain Gage Readings for Steel Deck Specimens

Two-Span Continuous Beam Tests
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Uniform . . N
Specimen Load Strain Gage Reading (micro in./in.)
No. (psf) - Th EE 43 #4
CB - 2A 225 567 -1198 -1270 1130
(cont'd) 250 719 -1490 -1497 1307
260 826 -1824 -1607 1415
270 882 -1990 -1679 1479
280 969 -2328 -1786 1574
290 1080 -2870 -2207 1695
300 1152 -6732 -1384 1440
300 Failure Load
CB - 2B +25 -87 +79 +73 +73
+50 +58 -103 -61 +203
+75 +194 -238 -179 +328
+100 +323 -369 -312 +449
+125 +459 -504 -449 +571
+150 +602 -649 -595 +696
+175 +742 -783 -734 +820
+200 +890 -925 -887 +950
+225 +1044 -1079 -1052 +1076
+250 +1212 -1223 -1205 +1215
+260 +1285 -1276 -1275 +1278
+270 +1368 -1347 -1374 +1352
+280 +1455 -1408 -1499 +1447
+290 +1576 -1480 -1701 +1531
+300 +1688 -1761 -2197 +1659
+310 +1562 -950 -4574 +1749
+312 Failure Load
CB - 5A 25 172 -285 -194 155
50 307 -597 -413 281
75 431 -1060 -733 400
100 514 -1990 -1175 497
125 877 -4793 -186 692
140 1081 -4525 -51 929
150 1210 -4428 5 1057
160 1382 -4248 54 1220
170 1530 -4132 78 1374
180 1682 -3974 101 1522
190 1827 -3846 RN 1657
200 1989 =3716 118 1809
210 2187 -3569 122 1952

* Negative sign indicates compressive strain.

See page 122 for the location of strain gages.
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TABLE A5 (Cont'd)

Strain Gage Readings for Steel Deck Specimens
Two—Span Continuous Beam Tests

Uniform

Spe§1men Load Strain Gage Reading (micro in./in.)*
0. (psf) #1 52 #3 7
CB -~ 5A 220 2419 -3477 121 2103
(cont'd) 230 2736 -3380 125 2281
230 Fajlure Load
CB - 5B 25 159 -230 -57 182
50 278 -470 -361 335
75 386 -749 -699 466
100 492 -1189 -1349 565
125 723 -449 -4345 779
140 980 -359 -4240 923
150 1088 -328 -4164 1021
160 1237 -280 -4025 1169
170 1392 -231 -3816 1303
180 1513 -209 -3696 1415
190 1671 -188 -3516 1554
200 1797 -163 -3393 1671
210 1919 -134 -3259 1780
220 -—— 286 -4564 -
221 Fajlure Load
CB ~ 6A 25 145 -259 -147 98
50 287 -523 -280 195
75 420 -783 -444 281
100 550 -1087 -615 369
125 665 -1587 -896 440
150 770 -2452 -1474 469
160 587 -3549 -794 274
170 589 -3502 -763 307
180 623 -3606 -769 349
190 698 -3612 -804 403
200 809 -3623 -764 459
210 889 -3625 -772 515
220 964 -3609 -654 577
230 1038 -3619 -626 641
239 Failure Load
CB - 6B 25 159 -375 -95 135
50 294 -616 -2 263
75 427 -863 -433 386
100 560 -1051 -616 509
125 678 -1273 -837 616

* Negative sign indicates compressive strain.
See page 122 for the location of strain gages.



TABLE 'A5. {Cont'd)

Strain Gage Readings for Steel Deck Specimens

Two-Span Continuous Beam Tests

150

Uniform . *

Specimen Load Strain Gage Reading (micro in./in.)

No. (psf)  — 2 73 )

CB - 6B 150 775 -1826 -1336 711

{cont'd) 160 611 -2827 -783 568
170 602 -2904 -699 597
180 632 -2949 -682 627
190 697 -2982 -583 690
200 757 -2984 -512 753
210 830 -2978 -441 823
220 903 -2988 -401 898
230 99?2 -2987 -347 976
240 1077 -2967 -295 1041
247 Failure Load

CB - 9A 25 -70 +56 +33 -3
50 22 -75 -27 -3
75 154 =272 -225 --
100 278 -444 -517 --
125 412 -581 -825 --
150 528 -695 -1041 --
175 651 -784 -1432 --
200 794 -947 -1787 --
210 883 -1020 -- -
220 979 -866 - -
230 1059 -735 - -
240 1112 -728 - -
250 1169 -696 - _—
260 1209 -683 - _—
270 1238 -660 - -
280 1281 -687 -- -
290 1318 -73] - -
300 1366 -782 - -
302 Failure Load

CB - 9B 25 -60 20 68 157
50 20 -144 -90 307
75 149 -312 -244 453
100 270 -392 -385 598
125 390 -508 -519 744
150 508 -637 -679 881
175 622 -787 -933 1052
200 757 -1035 -1899 1317
210 834 -1061 -1752 1446
220 930 -1024 -- 1525

* Negative sign indicates compressive strain.

See page 12 :

2 for the location of strain gages.



TABLE A5 (Cont'd)

Strain Gage Readings for Steel Deck Specimens

Two-Span Continuous Beam Tests
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~— ——

) Uniform
Speﬁ1men Load Strain Gage Reading (micro in,/in.)"
0 (psf) 7 3 T
CB - 9B 230 1001 -1001 -~ 1592
(cont'd) 240 1074 -945 -~ 1716
250 1124 -940 - 1862
260 1162 -906 -- 2016
270 1209 ~809 -- 2193
280 1260 -788 -- 2359
290 1326 -810 -~ 2603
300 8111 -353 -~ 13794
300 Failure Load
CB - T0A 25 -83 77 6 126
50 7 4 -71 262
75 123 ~83 -223 393
100 236 -207 -361 517
125 346 -342 -520 640
140 416 -415 -609 720
150 456 -468 -671 763
160 501 -530 -745 817
170 541 -578 -812 872
180 585 -642 -890 931
190 626 -699 -965 978
200 670 -761 -1049 1035
210 711 -820 -1130 1087
220 749 -882 -1217 1136
230 800 -968 -1351 1211
240 840 - -1029 -1438 1266
250 887 ~1119 -1566 1336
260 933 -1227 -1735 1409
270 982 -1356 -1951 1487
280 1034 -1477 -2298 1584
290 1085 -1559 -2802 1696
300 1144 -1471 -3403 1874
310 1133 -1559 -3687 1979
320 929 -1774 -2888 2009
330 834 -2002 -2660 1912
331 Failure Load
CB - 10B 25 -20 -9 18 108
50 115 -143 -124 243
75 238 -308 -296 374
100 360 -444 -454 509

* Negative sign indicates compressive strain

See page 122 for the location of strain gages.



TABLE A5 (Cont'd)

Strain Gage Readings for Steel Deck Specimens

_Two-Span Continuous Beam Tests
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Uniform . ) Lk
Specimen Load Strain Gage Reading (micro in./in.)
No. (psf) 42 #3 #4
CB - 10B 125 482 -617 -588 643
(cont'd) 150 594 -785 -725 775
175 710 -957 -900 913
200 820 -1115 -1067 1037
210 871 -1177 -1172 1109
220 917 -1244 -1299 1172
230 967 ~1316 -1503 1247
240 1015 -1379 - =1708 1323
250 1065 -1441 -1965 1407
260 1120 -1510 -2303 1501
270 1174 -1626 -2508 1600
280 1203 -1844 -2861 1681
290 1138 -2001 -3017 1731
300 1042 -2054 -3315 1757
310 916 -2019 -- 1711
320 Failure Load
CB - 11A 25 178 -170 -192 141
50 339 -657 -313 297
75 493 -1291 -415 437
100 660 -2290 -651 596
125 972 -5117 -566 1086
140 1003 -4837 -442 1333
150 1042 -4710 -377 1495
160 1108 -4612 -308 1650
170 1168 -4488 -243 1770
180 1250 -4440 -207 1893
190 1346 -4363 -145 1983
190 Failure Load
CB - 11B 25 167 -279 -207 169
50 332 -158 -432 326
75 497 -273 -569 492
100 669 -990 -765 664
125 928 -3148 -24 948
140 897 -3244 252 1160
150 950 -3123 356 1294
160 1021 ~2979 446 1408
170 1107 -2816 502 1536
180 1192 -2694 535 1653
190 1277 -2583 557 1751
198 Failure Load K

* Negative sign indicates compressive strain.
See page 122 for the location of strain gages.




Two-Span Continuous Beam Tests

TABLE -A5. (Cont'd)
Strain Gage Readings for Steel Deck Specimens
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“Uniform
Specimen Load Strain Gage Reading (micro in./in.)*
No. (psf) 7
#2 #3 #4
CB - 12A 25 144 -194 139 141
50 285 -387 -251 283
75 421 -679 -392 407
100 555 -1011 -564 537
125 688 -1502 -786 675
140 757 -1946 -992 768
150 810 -2402 -1546 848
160 794 -3909 -4724 793
170 598 -4088 -1640 809
180 463 -4179 -1297 913
190 399 -4229 -1163 1012
200 334 -4235 -1047 1127
210 284 -4205 -8080 1259
210 Failure Load
CB - 12B 25 204 -309 -106 147
50 361 -552 -275 306
75 517 -798 =447 465
100 669 -1103 -600 609
125 826 -1564 -783 748
140 937 -2051 -929 827
150 1042 -2525 -1218 893
160 1109 -3893 -833 882
170 1071 -4138 -685 a50
180 1014 -4214 -616 986
190 990 -4286 -523 1052
200 1013 -4301 -380 1115
207 Failure Load
CB - 13A 30 +72 -23 132 -270
60 -60 32 265 -490
90 =217 184 393 -697
120 -382 289 521 -945
150 -790 395 672 -1515
180 -1156 506 758 -2329
210 -3048 378 381 -2589
230 -1267 -178 110 -1729
240 -888 -252 72 -1594
242 Failure Load B

* Negative sign indicates compressive strain.

See page 122 for the location of strain gages.
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TABLE A5 (Cont'd)

Strain Gage Readings for Steel Deck Specimens
Two-Span Continuous Beam Tests

Uniform
Specimen Load Strain Gage Reading (micro in./in.)* _
No. (psf) g ) e 7
CB - 14A 30 =111 109 0 -34
60 -187 223 102 -127
90 -278 329 196 -219
120 -385 436 278 -305
150 . -495 552 372 -403
180 -606 664 471 -510
210 -783 840 587 -1042
230 -827 919 . 663 -1235
250 -977 1029 758 -1626
251 Failure Load
CB - 15A 30 -191 166 105 -152
60 -365 289 181 -291
90 -554 422 263 -454
120 -728 544 334 -586
150 -1031 ; 674 422 -1069
180 +434 282 - --
235 Failure Load
CB - 158 30 -136 89 152 =211
60 -249 180 271 -364
90 -383 268 387 -505
120 -524 349 500 -621
150 -677 430 591 -778
180 -295 272 491 965
210 -5 -83 197 1602
220 -24 -129 175 1663
230 -51 =210 134 1656
240 -59 -239 127 1626
241 Failure Load
CB - 16A 30 -45 56 135 -128
60 -153 157 248 -250
90 -247 250 358 -343
120 -342 344 471 -435
150 =442 424 576 -523
180 -558 514 679 -632

* Negative sign indicates compressive strain.
See page 122 for the location of strain-gages.



TABLE A5 (€ont'd)

Strain Gage Readings for Steel Deck Specimens

Two-Span Continuous Beam Tests
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. Uniform
;Spe§1men Load Strain Gage REading (micro in./in.)*
0. (psf) o r 7 7
CB - 16A 210 -1179 585 361 -407
(cont'd) 230 97 -291 -52 461
240 227 -348 -85 506
241 Failure Load
CB - 168 30 -5 1 153 -142
' 60 -132 82 254 -257
90 -249 169 364 -373
120 -354 254 473 -496
150 -444 337 582 -626
180 -558 417 701 -781
210 -681 489 808 -948
230 -640 . -68 150 226
240 -428 -162 103 312
250 =114 =320 5 430
261 Failure Load
CB - 19B 20 19 -19 -2 31
40 109 -149 -147 104
60 177 -267 ~246 183
80 249 -402 -579 275
100 318 -504 -762 357
120 395 -605 ~-888 435
140 475 -703 ~-965 512
160 572 -863 -1042 598
180 691 -1081 -1137 691
200 806 -1288 -1309 784
220 973 -1447 -1505 903
230 1273 -1443 -1296 1151
240 1526 -1381 -1199 1407
251 Failure Load
CB - 20B +20 +61 -52 +66 --
+40 +132 -126 +142 -
+60 +196 =222 +233 --
+80 +258 -332 +315 --
+100 +317 -443 +390 --
+120 +385 -547 +468 --
+140 +455 -657 +545 -
+160 +525 -759 +618 --

* Negative sign indicates compressive s;rain.
See page 122 for the location of strain gages.



Two-Span Continuous Beam Tests

TABLE A5 (Cont'd)
Strain Gage Readings for Steel Deck Specimens

156

Uniform
Specimen Load Strain Gage Reading (micro in./in.)*
No. (psf)
#1 #2 #3 #4
CB - 20B +180 +599 -877 +706 --
(cont'd) +200 +670 -988 +782 --
+220 +743 -1150 +870 --
+230 +780 -1230 +917 --
+240 +814 -1347 +970 --
+250 +848 -1446 +1024 --
+260 +870 -1555 +1068 --
+270 +891 -1676 +1104 --
+280 +903 -1754 +1106 -~
+290 Failure Load

* Negative sign indicates compressive strain.

See page 122 for the location of strain gages.
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TABLE A 6

Strain Gage Readings for Steel Deck Specimens
Three-Span Continuous Beam: Tests

Uniform
Spe;imen Load Strain Gage Reading (micro in./in.)*
0. (psf) 42 #3 # 45 46 47 48
CB - 3A 20 127 -160 112 87 51 =72 -67 137
40 233 -276 59 171 - 155 -218 -219 230
60 343 -397 -35 271 282 -376  -376 329
80 442 -515 -132 369 386 -456 -510 422
100 551 -603 -241 474 498 -541 -656 528
120 662 -715 -354 574 604 -635 -812 629
140 770 -819 -459 658 694 -715  -946 71
160 879 -934 -569 748 790 -818 -1096 797
180 993 -1098 -658 816 900 -947 -1266 903

1073 -1444 998
1213 -1681 1108
1353 -2020 1227
1572 -2628 1553
1981 -6888 5546
1981 -7019 5801
1821 -7149 6945

200 1107 -1260 -772 890 987
220 1238 -1432 -910 960 1075
240 1385 -1616 -1095 1067 1145
260 1648 -1877 -1490 1222 1286
270 2858 -1298 -2583 1724 2750
280 2942 -1286 -4661 1815 2855
290 3115 -1163 -4770 1870 3044
300 Failure Load

CB - 3B 20 5 13 -214 19 -20 -334 190

40 90 -79 -252 71 -88 .44 323
60 190 -204 -320 179 -231  -487 445
80 289 -326 -406 278 =377 -542 539
100 386 -445 -502 371 -493  -699 627
120 482 -570 -621 462 -617 -811 716
140 582 -692 -775 565 -747  -933 818
160 681 -774 -934 654 = -866 -1056 900
180 783 -848 -1116 739 -992 -1196 978
200 880 -930 -1285 823 -1115 =-1335 1064
220 ag5 -1038 -1507 911 -1256 -1513 1161
240 1097 -1208 -1828 1005 -1415 -1764 1263
260 1286 -1536 -2738 1148 -1677 -2439 1441
270 1369 -1654 -3181 1210 -1785 -2763 1525
280 1534 -1943 -4390 1332 -2010 -3887 1761
290 3004 -1426 -10894 2541 -2005 -15640 4155
300 3234 -1366 -11399 2756 -1963 -16095 4580
310 Failure Load
CB - 4A 20 17 -2 -206 162 18 -18 -154 125
40 61 -62 -299 282 103 -122 -244 186
60 150 -189 -418 392 189 -229 -354 262

* Negative sign indicates compressive st(ain.
See page 122 for the location of strain gages.



TABLE A6 (Cont'd)

Strain Gage Readings for Steel Deck Specimens
Three-Span Continuous Beam Tests
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Uniform
Specimen Load Strain Gage Reading (micro in./in.)*
No. (psf)
#1 #2 #3 #4 #5 #6 #7 #8
CB - 4A 80 242 -304 -524 48] 259 -314 -442 324
(cont'd) 100 338 -443 -662 584 340 -414  -55] 400
120 435 -592 -800 690 424 -516 -661 472
140 524 -713  -906 772 490 -604 -753 527
160 620 -835 -1010 883 573 -709 -865 600
180 716 -947 -1107 987 659 -814 -981 676
200 806 -1065 -1211 1084 734 -918 -1083 744
220 901 -1185 -1321 1190 823 -1038 -1221 825
240 987 -1322 -1433 1285 899 -1156 -1347 888
260 1075 -1476 -1561 1393 985 -1295 -1503 956
280 1173 -1656 -1716 1521 1088 -1456 -1724 1039
300 1272 -1816 -1886 1638 1193  -1625 -2001 1126
320 1410 -2051 -2230 1809 -1342  -1714 -2656 1238
330 1558 -2234 -3096 1916 1548 -1828 -4526 1365
340 1129 -1961 -3997 1787 1509 -1694 -5348 1304
350 1334 -1879 -4543 1713 1456 -1596 -5469 1233
350 Failure Load
CB - 4B 20 4 1 -108 144 5 1 154 146
40 96 -102 -204 216 21 -29 =246 268
60 179 -202 -292 283 96 -139  -400 366
80 256 -303 -385 350 176 -264 -520 455
100 336 -410 -480 421 262 -402 -641 548
120 412 -513  -571 485 338 -519  -757 636
140 490 -622 -664 549 413 -630 -874 715
160* 567 -733  -761 607 484 -741 -986 789
180 648 -863 -879 670 558 -874 -1118 870
200 723 -998 -995 727 - 625 -1005 -1242 942
220 800 -1130 -1121 801 702  -1149 -1383 1026
240 869 -1278 -1279 865 764  -1297 -1548 1100
260 952 -1494 -1797 954 825 -1481 -1820 1176
270 1001 -1616 -2223 1006 861 -1579 -2005 1222
280 1051 -1726 -2532 1058 897 -1666 -2163 1268
290 1115 -1912 -2832 1139 950 -1812 -2429 1344
300 1195 -2110 -3216 1225 1004 -1992 -2772 1415
310 1236 -2460 -4349 1255 1136  -2397 -3695 1594
320 1166 -2367 -4499 1142 1233  -2514 -5571 1662
330 1094 -2293 -4466 1075 1060 -2290 -5698 1487
340 1047 -2242 -4427 1037 975 -2090 -5756 1416
349 Failure Load

*

Negative sign indicates compression strian.

See page 122 for the location of strain gages.
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Fig. Al Mid-Span Deflection of Steel Deck Specimens Nos. BC-]A
and BC-18
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Fig. A2 Mid-Span Deflection of Steel Deck Specimens Nos. BC-Z2A,

BC-28B, BC-2C, and BC-2D
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Fig. A3 Mid-Span Deflection of Steel Deck Specimens Nos. BC-9A

and BC-9B
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Fig. A4 Mid-Span Deflection of Steel Deck Specimens Nos. BC-12A,
BC-12B, BC~-12C and BC-12D
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Fig. A5 Mid-Span peflection of Steel Deck Specimens Nos. BC-13A
and BC-13B
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Fig. A6 Mid-Span Deflection of Steel Deck Specimens Nos. BC-16A,
BC-16B, BC-16C, and BC-16D
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Fig. A7 Mid-Span Deflection of Steel Deck Specimens Nos. BC-17A
and BC-178B
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Fig. A8 Mid-Span Deflection of Steel Deck Specimens Nos. BC-19A,
BC-198, BC-19C, and BC-19D
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Fig. A11 Mid-Span Deflection of Two-Sp&n Continuous Beam Specimen

v #2

(0] #3

a] #4

4 1 ]
0.2 0.4 0.6 0.8 1.0

Deflection (in.)

No. CB~2A

169



toad {psf)

350 ~

300L.

2501,
200
150
Deflection #1
100 #2
#3
#4
50
V)7, L
0.8

Fig, A12 Mid-Span Deflection of Two-Span Continuous Beam Specimen
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170



Load (psf)

300

250

200

150

100

50
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Fig. A14 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-5B
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Fig. A15 Mid-Span Delfection of Two-Span Continuous Beam Specimen
No. CB-6A
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Fig. A17 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-9A
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Fig. A19 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-10A
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Fig. A20 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-108B
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Fig. A21 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-11A
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Fig. A22 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-118
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Fig. A23 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-12A
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Fig. A24 Mid-Span Deflection of Two-Span Contin Beam Specimen
No. CB-128 P uous Feam 5P
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Fig. A25 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-13A
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Fig. A26 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-13B



Load (psf)

185

280 F
240 |-
2001+~
- 160 =
Legend
A Deflection #]
v #2
120 b=
(o) #3
B #4
80}-
40
0 ! 1 ] i ]
0 0.2 0.4 0.6 0.8 1.0

Deflection (in.)

Fig. A27 Mid~Span Deflection of Two-Span Continuous Beam Specimen
No. CB-14A
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Fig. A28 Mid-Span Deflection of Two~Span Continuous Beam Specimen
No. CB-14B -
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Mid-Span Deflection of Two-Span Continuous Beam Specimen
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Fig. A30 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-158B
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Fig. A31 Mid-Span Deflection of Two-Span Continuous Beam Specimen
’ No. CB-16A
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Fig. A32 Mid-Span Deflection of Two-Span Continuous Beam Specimen
No. CB-16B
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Fig. A33 Mid-Span Deflection of Two-Span

No. CB-19A

Continuous Beam Specimen
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Fig. A34 Mid-Span Deflection of Two-Span Continuous Beam Specimen

No. CB-19B
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Fig. A35 Mid-Span Deflection of Two-Span Continuous Beam Specimen
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Fig. A36 Mid-Span Deflection of Two-Span Continuous Beam Specimen
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Fig, A37 Mid-Span Deflection of Three-Span Continuous Beam Specimen
NOQ CB-3A
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Fig. A38 Mid-Span Deflection of Three-Span Continuous. Beam
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Fig. A43 Load vs Stress for Specimen No. BC - 12C
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Fig. A44 Load vs Stress for Specimen No. BC - 12D
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Fig. A46 Load vs Stress for Specimen No. BC - 16D
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Fig. A47 Load vs Stress for Specimen No. BC - 19C
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Fig. A48 Load vs Stress for Specimen No. BC - 19D
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Fig. A54 Load vs Stress for Specimen No. CB - 3A



Load (psf)

I I
300 g: T |
_ -3 * l _ -
(0 - — =
B | I
~ '
~ I
N
2001 Legend
© Gage #1
a #2
10/ #3
4
3
100 |- =
i
| I
0 i | ] I I} I
=: \ -60 Fy -40 -20 20 40 Fy 60 80

Compressive Stress (ksi) Tensile Stress (ksi)
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