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Screwed connections for corrugated steel diaphragm

Corrugated galvanized steel sheets are being used for structural ceiling diaphragms in farm buildings. Method of
installation greatly affects the labor required and may affect the ability to provide horizontal wind bracing. This exper
iment compared screwed-and-blocked edge joints versus stitch-screwed joints (no blocking). Safe lap-joint working
shear loads for 4-mm (No. 8) screws in 0.3-mm (30 gauge, before galvanizing) sheet steel were 0.651 kN per screw
with blocking versus 0.456 kN per stitch-screw. It is more practical to use additional stitch-screws than to use the
screwed-and-blocked sheet-edge shear connection. Safe shear strength for the 0.3-mm galvanized steel was 3.33 kN/m,
whether block-screwed or stitch-screwed.

INTRODUCTION

The Canada Plan Service (CPS) has de
veloped several structural diaphragm ceil
ing designs which use the shear strength
of galvanized steel to resist horizontal
wind forces on farm buildings. These de
signs were based on the shear strength of
galvanized roofing steel as determined by
Turnbull and Guertin (1975), but for more
rapid fastening of the ceiling steel, power-
driven roofing screws have now replaced
the hammer-driven roofing nails used pre
viously.

Turnbull (1964) outlined the impor
tance of fastening the diaphragm ceiling
cladding along all four edges of each
sheet. For a corrugated sheet steel ceiling,
it is easy to screw-fasten the lapped end
joints of the steel sheets directly to the
underside of roof trusses, but the longi
tudinal joints also require a shear connec
tion. Some CPS plans show wood block
ing sawn to fit the shape of the steel rib
(Fig. 1). This blocking must be held in
place by a workman in the attic above
while a second workman drives a row of

screws from below (see 4, Fig. 1). This
screwed connection develops highly effi
cient lap-joint shear (where shear flow is
sheet-screw-sheet). This was previously
shown (Turnbull 1964) to be about twice
as rigid as a butted shear joint (as with
thicker sheet material such as plywood),
where shear flow must follow a longer
path (sheet-screw-wood-screw-sheet).

The extra workman in the attic adds ob

vious costs and difficulties to the building
process, and one builder in Western
Ontario asked if the blocking is really nec
essary. The experiment described in this
paper was at first intended to determine
whether a stitch-screwed joint without
wood blocking may be substituted for the
more time-consuming blocked connection

shown in Figs. 1 and 2. Later, when pre
paring the experimental design it appeared
that the experiment could be extended to
confirm design shear loads for the steel
sheets as well.

THE EXPERIMENT

Based on a technique used orginally by
Hammil et al. (1948), a diagonally-loaded
test specimen was designed (Figs. 3-5).
This simulated the effects of transverse

0 section through joint at ceiling to longitudinal wall (see figure 2)
(2) wood roof trusses spaced at 1.2 m

(§) galvanized steel sheets 0.9m x 4.9m x 0.30 mm (30 gauge)
laid with end joints lapped and staggered

(4) wood blocking from 38 x 38 mm fitted at edge laps between trusses
© self-drilling roofing screws 3 x 25 mm (no. 8x1 inch)

Sheet steel diaphragm ceiling, from Canada Plan Service, plan no. M-9371. Num
bered notes refer also to Fig. 2.

Figure 1.
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Figure 2. Section 1 from Fig. 1, showing typical screwed connections of the steel sheets.
Numbers thus (5) refer to notes in Fig. 1. Block-screwed longitudinal edge lap joints
(4) were compared with stitch-screwed joints without blocking (see Fig. 3).

© stitch screwed lap joint (A and B)
(2) block screwed lap joint (C and D)

(3) 100 x 150 mm spruce frames

(4) 38 x 89 mm stiffener simulates trusses spaced @1 200 mm oc

(§) tight fit
(D vertical support rodto floor (flexible in horizontal plane)
(D polyethylene film vapor barrier

Figure 3. Diagramof test specimens (dimensions in millimetres).

shear (in a ceiling diaphragm) on the lon
gitudinal lapped edge ribs of two adjacent
sheets of steel. The steel was screwed to

frames made from 100 x 150-mm rough-
sawn spruce (oversized, to ensure clad
ding and fastener failure, not frame
failure).

The steel was factory-prepainted
0.3-mm (30-gauge, before galvanizing),
rolled by Westeel-Rosco Ltd. to a profile
called "W-R-L Diamond Rib." This is a

typical siding and ceiling profile designed
for good longitudinal stiffness when span
ning up to 1.2 m between supports such
as ceiling trusses or wall purlins. Other
Canadian manufacturers all have some

what similar profiles. Steel panels each
had six ribs spaced at about 150 mm, cov
ering 760 mm of ceiling width each sheet.

The steel was screwed to the test frames

with 4 x 25-mm (no. 8 x 1-inch)
' 'Wood Grip'' self-drilling hex-head roof
ing screws, spaced as given later in 'Ex
perimental Design.'

Diagonal loads were applied with a var
iable-speed hydraulic test apparatus ad
justed to maintain a piston velocity of 0.08
mm/min. Diagonal deformations were
measured with a small linear displacement
transducer linked to the hydraulic piston.
Loads and deformations were simultane
ously plotted by an x-y recorder that was
calibrated to read millimetres diagonal
displacement versus kilograms load (see
Fig. 5). The loads were later converted to
kN for reporting purposes.

Experimental design
Four main experimental treatments

were developed as shown in Fig. 3, in
cluding two lap-joint longitudinal connec
tions (stitch-screwed, screwed-and-
blocked) and two screw spacings (75 mm,
300 mm). These were designated as treat
ments A, B, C and D as given in Table I.

In order to minimize any experimental
bias due to time, drying effects, etc. a ran
dom testing sequence was followed.

Treatments B and D were intended to

serve the original purpose of stressing the
screwed connections to maximum without
steel buckling failure (see Fig. 6) in order
to examine the effects of the blocking on
the connection. Treatments A and C were

done with the screw spacing reduced suf
ficiently to ensure that the steel would fail
first, thereby to examine the buckling
strength of the steel with and without
blocking. Treatment B! was treated as a
preliminary test which showed that it was
necessary to re-space the screws in treat
ments A and C to 75 mm in order to ensure

steel failure.
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Figure 4. Test frame (1) before installing steel cladding; loadcell (2), hydraulic cylinder (3).

TABLE I. EXPERIMENTAL DESIGN

Treatment

Screw

spacing
(mm)

Number

of

replications

A stitch screw 75 4

B stitch screw 300 4

I?! stitch screw 150 1

C blocked screw 75 3

D blocked screw 300 4

OBSERVATIONS AND

STATISTICAL ANALYSIS

Figure 7 shows the diagonal load-on-
displacement curves for treatments B and
B,. Our purpose was to determine the lon
gitudinal shear strength of these stitch-
screws along the lapped edge-rib joint, but

we were concerned that the transverse

screws driven into the cross-frames at

ends and center of the test panels might
have some stiffening effect, resulting in
higher test loads. To check this possibil
ity, it was first proposed that the load per
stitch-screw be determined by the load
difference between the two sets of curves

(treatments B, and B, Fig. 7) divided by
the corresponding differences in the num
ber of stitch-screws. In other words, ad
ditional stitch-screws should account for

a proportional increase in load, and any
effect of the transverse screws should be

eliminated. Stated mathematically,

(Pm-PB) cos a
(1)

where S = shear load (kN/screw); a =
angle of applied load, degrees from lon
gitudinal edges; PBi = treatment B, test
load (kN); PB = treatment B test load
(kN); NBi = number of stitch-screws,
treatment B^ NB = number of stitch-
screws, treatment B.
From Fig. 7, taking loads at 2.4-mm di
agonal displacement for example, and
substituting in Eq. 1

(10.20-5.43) cos 33.2°

17-9

kN
0.499-

For comparison, a direct approach was
used to find the stitch-screw longitudinal
shear load 5 at the same diagonal displace
ment (2.4 mm) as follows

Figure 5. Test ready to run, hydraulic power unit (4) and x-y recorder (5).
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Figure 6. Typical shearing deformation in the lapped edge-ribjoint, stitch-screwed.

5 =
P cos a

N
(2)

where P = treatment test load (kN);
= number of stitch screws.

N

TREATMENT Bl ,
STITCH - SCREWS @ 150 mm

MEAN CURVE. TREATMENTB

TREATMENTB

STITCH - SCREWS @ 300 mm

0 12 3 4

DIAGONAL DISPLACEMENT, mm

Using Eq. 2 for the test loads at 2.4-mm
diagonal displacement as shown in Fig. 7
gives the following, for treatment B,

Figure 7. Typical curve of thediagonal dis
placement versus diagonal
compression load for steel clad
ding material stitch-screwed edge Figure 8. Typical curve of the longitudinal component of displacement versus load per screw
t0 edge for steel cladding material stitch- or block-screwed edge to edge.

10.2 cos 33.2°
S =

17 screws

and for treatment B

5.434 cos 33.2°
S =

9 screws

0.502 kN/screw

0.505 kN/screw

The fact that Eqs. 1 and 2 yielded al
most the same values for S implies that the
transverse rows of screws have negligible
effect on the values obtained for the lon

gitudinal shear resistance of the screws
connecting the lapped sheet edges, includ
ing the stronger block-screwed connec
tions in treatments C and D. Equation 2
was therefore used to determine subse

quent stitch-screw and block-screw shear
loads.

Figure 8 shows load per screw versus
displacement for treatments B and D. Dis
regarding test B,, the block-screwed con
nections (treatment D) were 1.45 times
stiffer than the stitch-screwed connections

(treatment B) as shown by the slope of
each linear regression (0.339 for block-
screwed versus 0.234 for stitch-screwed).
Table II (column 4) gives the mean values
of the ultimate shear load per screw. These
mean ultimate values were then halved to

D- BLOCK SCREWED

SCREWS SPACED @ 300 mm

4^0 5^0 0 1.0 2.0 3.0

LONGITUDINAL DISPLACEMENT A, mm
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TABLE H. STITCH-SCREW VERSUS BLOCK-SCREW LOADS

1 2

Screw

spacing
(mm)

3

Screw shear

4

strength
5

Treatment

Working
kN/screw ± SE

Ultimate,
kN/screw ± SE

Safety
factor

B Stitch-screw

D Block-screw

300

300

0.456 ±0.032

0.651 ±0.032

0.921 ±0.021

1.295 ±0.021

2

2

5 10 15 20 25 30 35 40

SHEAR STRAIN, mm/mm x 10 4

Figure 9. Stress-strain curve for steel clad
ding material, stitch- or block-
screwed edge to edge.

give working load per screw, correspond
ing to an arbitrary safety factor of 2.0.

Figure 9 shows stress-on-strain curves
for treatments A and C. These illustrate

the effect of blocking versus no blocking
on the steel diaphram shear strength. In
the linear part of this series there was no
apparent difference between the treat
ments, although at maximum the stitch-
screwed steel test loads appeared to be
slightly lower. Table III gives a statistical
interpretation; there were in fact no sig
nificant differences between the treat

ments at working or ultimate loads. The
working shear strength was found by the
same procedure as used previously for
treatments B and D.

Statistical analysis of the data showed
that a simple linearregressionprovided an
adequate fit for the range listed in Table
IV (column 2). Estimates of the parame
ters (with standarderrors) for an equation
of the form y — a + bx are shown in this
table. In addition, statistical analysis
showed that the block-screwed joints (D)
were significantly stiffer and strongerthan
stitch-screwed joints (B).

SUMMARY AND CONCLUSIONS
The purposes of this study were to eval

uate and compare the longitudinal shear

TABLE III. EFFECT OF STITCH-SCREW VERSUS BLOCK-SCREW LONGITUDINAL
CONNECTIONS ON SHEAR STRENGTH OF STEEL CLADDING

Cladding shear strength

Spacing
Treatment (mm)

Working Ultimate,
kN/m ± SE kN/m ± SE

Safety
factor

A Stitch-screw 75
C Block-screw 75

3.33±0.043 6.67±0.211
3.46 ±0.046 6.91 ±0.244

2

2

TABLE IV. LINEAR REGRESSION PARAMETERS FOR AN EQUATION FORM.y = a + bx

1 2 3 4

Treatment Range a b

B Displacement 0-2.67 mm
D Displacement 0-2.67 mm
A Strain 0-0.001 mm/mm

C Strain O-0.001 mm/mm

0.0259 ±0.0213

0.0279 ±0.0213

0.137 ±0.074

0.137 ±0.074

0.234±0.0115

0.339±0.0115

3.729 ±0.109

3.729 ±0.109
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performance of power-driven roofing
screws used to connect the lapped edges
of steel ceiling panels, to determine the
effects of blocking behind such edge con
nections, and to confirm the shear strength
of 0.3-mm (30-gauge) galvanized steel
siding sheets used as diaphragms. The fol
lowing conclusions can be drawn:

(1) The block-screwed connection us
ing 4 x 25-mm self-drilling hex-head
roofing screws was 1.41 times stronger
and 1.45 times stiffer than the stitch-

screwed one. Design shear loads corre
sponding to longitudinal sheet-to-sheet
displacements of about 1.7 mm were
0.651 kN/screw for the block-screwed

connection and 0.456 kN/screw for the

stitch-screwed connection.

(2) In spite of the greater strength per
screw associated with the block-screwed

connection, it is easier in practice to in
crease the number of screws than to add

the wood blocking, to obtain a given de
sign shear strength.

(3) Diaphragm strength of a ribbed
sheet steel panelis affected by panelbuck
ling as well as by shear strength of the
perimeter connections. The strength of
these steel panels was not significantly
affectedby the addition of wood blocking
within the edge ribs. Mean maximum
shear strength of the block-screwedpanels
was 6.91 kN/m (Table III) which com
pares with the 6.3 kN/m value of Turnbull
et al. (1981). The lower value of Turnbull
et al. (1981) may be partly explained by
a longer test load duration and a larger
specimen size wherein the shear distribu
tion may be less uniform.
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