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properties and angle
dependency

Semi-rigid connections:

test, design equations, and
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Strength Reduction Factors and Reliability
Analysis
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Cooper and Turvey (1995) R
0 19 Tests
Hassan et al. (1997) i
Single-bolt: 180 Tests
Raghunathan etal. (2017) > : Single -row: 28 Tests
. Eij Multi-row: 48 Tests
Rosner and Rizkalla (1995) +
Steffen (1998) > Single-row: 13 Tests 350 Test
Multi-row: 10 Tests —— R
: i esults
Tajeuna et al. (2016)
1) 1)
Turvey (1998) . Single-bolt: 23 Tests
Multi-bolt: 13 Tests
Wang (2002) v
?
Weimert (2015) DAD
Weinmann 2021) : 16 Tests

v
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Tested-to-
nominal strength
ratio
Correlation Targeted
coefficient reliability Accounts for

variability in the
material strength

Material
variability

Sample
size

(I)-factor/

Accounts for the
mcreased demands in
the LRFD approach

Accounts for variability in the
fabrication process

Fabrication
variability

Demand
variability
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Reliability index, | Probability of failure in a 50-

! B year reference period

i 0.0 50.0%
I (89, :
J R 2.5 0.60% —0.63%
ASCE/SEI 74: B>4.0 E
! 3.0 0.10% —0.15%
Pre-Standard: B>4.0 E
. 1 i 3.5 0.02% — 0.03%
Ellingwood: B>4.0 :

ASCE 7-22: 3.5<B <4.5 (for tgpe of failures that 4.0 0.003% — 0.004%
is sudden and lead to progressive My,

collapse)
4.5 0.0003% —0.0005%

%Mm [pu North American Pultrusion Conference 2023

Anerican ComposiTeS MANUFACTURERS ASSOCIATION



coefficie

BACMA FDPIA

Anerican ComposiTeS MANUFACTURERS ASSOCIATION

®-factor
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ratio

on Bearing 0.70 0.60
nt Net tension for one bolt in one row 0.60 0.45
’\X\ tension for multiple bolts in one 150 0.45

—— row

Net tension for multiple rows of 130 0.45—0.50

bolts

I;' )e_ﬂo\f Vi +VE +CPVp +V o’ Shear out for one row of bolts 0.35% 0.50
SR 1 (), -%aﬂ1 ' '
| Shear out for multiple rows ofbolts 0.60 0.45
Cleavage for one bolt in one row 1.00 0.50
Cleavage for mrli)lgple bolts in one 7,00 0.50
Demand
vat+iab lllty Block shear 0.75 0.45
*® = 0.501fsi ear lap factor equal 0.80 is considered.




Orthotropic Material Properties and Angle
Dependency
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Lower-bound specified ASCE/SE] 74 Manufacturer | Manufacturer

mechanical properties A B

Longitudnal tensile strength 210 MPa 210 MPa 210 MPa s |
_ Collector ~ N ¢
Transverse tensile strength 50 MPa 50 MPa 50 MPa beam « >
Longitudinal tensile modulus | 21,000 MPa 17,200 MPa 17,200 MPa |
Transverse tensile modulus 5,500 MPa 5,500 MPa 5,500 MPa g -
T w s

g

an

5

= 0.80 —

9 Jarggflo;fi:gg

2 0.60 s

5

SRS

5 =~ 0.40 —— ASCE/SEI 74 & Pre-Standard -

<

3 Braced J O

% 0.20 Connectio |- Paltrusion direction

g n |

Z 0.00 -

0 10 20 30 40 50 60 70 80 90
Differential angle between the pultrusion direction and the applied force, 6 (°)
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Test standard: ASTM D638
Specimen tested: Wishbone coupons

Specimen properties: 2 gage
Extracted from
different members
Cut at different angles
Thickness 3/8” —1/2”

Sample size: 94 at 0°
21 at 10°
et 5°
21 at 20°
34 at 30°
24 at 45°
2 at 60°
T in (U

228 specimens tested
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Average predicted
......... A-110-W (predicted)
....... B-110-W (predicted)
- —= = B-112-W (predicted)
-+ = B-W6-F (predicted)
—--—B-W6-W (predicted)

Average predicted
......... A-I10-W (predicted)
....... B-110-W (predicted)
- - = B-112-W (predicted)
—-— B-W6-F (predicted)
—--—B-W6-W (predicted)

HankinsoRinpod dd¥Sjaquation (1921)

L,T
9 X-X

X

~ xL(sin0)%?

Generlc Ti&erlal
Tﬁ —

ffl mal
stre
neric tra v rse ma e 1a
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Dataset example with applied
equations
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>
+ XT(cos8)? — *

‘%rr(ieg dm%ﬁ) ut e angle, 6

€ 1a &)IEPIPS rty

property

¢ B-112-W
......... Hankinson (Equation 2)

----- Kollmann and Coté
(Equation 3, m = 1.5)

— - =-Zhang et al. (Equation 3, m
=1.284)

Proposed (Equation 4)




- - - ASCE/SEI 74 & Pre-
Standard

Proposed design
equation

0.10
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Connection strength for
case study connection
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Semi-Rigid Connections

Test, Design Equations, and Parametric Study
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Limited structural application ofthe
results due to the size ofthe tested
members

High cost ofthe proposed
configurations due to the large number
of connectors utilized

Inapplicability to single-story
platforms due to the interaction ofthe
clip on the top flange with the deck

Limited sample size ofthe test
conducted (i.e., no defined nor defined
design strength reduction)

Low efficiency of the connections due
to configurations borrowed from steel
connections that engage weak
material properties of pultruded FRP
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100mm Displacement
transducer .
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S

N

",

FN
: (éIinometers
s ULVey ooper

baseplate to the rest of the
test rig. Bolts positioned
200mm from column's axis

1.2m (for 203mm deep sections)
0.7m (for 102mm deep sections)

€% @’__
E i
A ‘:D 1 [aomm
25mm thick steel —F I - T - ) I |
baseplate 1 1 : T 1
| /.z’
L
10mm displacement transducers //’/

positioned in line with bolts in flange cleats
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PFRP Column
(Ir12) \
,x\ A

PFRP Beam
(r10) \

PERP Column
12 N\

PFRP Beam
(110)

_ PFRP Angle = |
(L4.25x2x1/4-5"lon /

nders et al. /
(1996) /-

V4
PERP Equal Angle /

(Lox4x1/4-5"long)  / PFRP Equal Angle

(L4x4x1/4-5"long)

—1 —A\l—
PFRP Equal Angle
(L2x2x1/4-5"long)

Specimen #2 Specimen #1

Figure 7-101. Beam-to-column bonded specimens details.
Source: Sanders et al. (1996).
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Beam: 110x5x1/2
(1,137 mm)

Column: W6x3/8
(635 mm)

Adhered surfaces:
Non-abraded

Samples: 12

ID: A-110-W6

Beam:

Column:

110x5x1/2
(813 mm)

W6x3/8
(457 mm)

Adhered surface:

Abraded

Samples:

ID:

SACVMA FPIA
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Beam: [10x5x1/2
(813 mm)

Column: W6x3/8
(457 mm)

Adhered surfaces:

Abraded
12 Samples: 12
B-110-W6-1F ID: B-110-W6-2F

Beam: [12x6x1/2
(864 mm)

Column: W&x1/2
(508 mm)

Adhered surfaces:
Abraded

Samples: 10

ID: B-112-W-S
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Beam: [12x6x1/2
(1,372 mm)

Column: W8x1/2
(762 mm)

Adhered surfaces:
Abraded

Samples: 5

ID: B-112-W-L
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/l‘l‘l’|f‘ Gy @ =¢ct Peq
ay-Peos(B)(Lyry)-Peos(B)xy ~ P Sinﬂ LC
v ky 1 -1
~s — KT = —_&
o o PsinB L, k., PsinplL,
| r L P Gy pr Q; = T
Extensometer \, (p _ y(_x3=0) - y(x4:Le_b_Tb) . y(xlch_Le,c)
or string ) e,d Le,b Le,c )
potentiometer K \
SRV Type k, (kNm/rad) K, (kNm) K.k,
A-110-W6 519 970 1.83
B B-110-W6-1F 785 1,227 1.74
e Ao
B-110-W6-2F 670 1,275 1.82
/ B-112-W8-S 1,617 3,167 2.02
B-112-W8-L 1,993 — 2,880 3,912 - 3,250 1.95-1.12
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b e o
- ~ )j{/—f\dhercd interface Tmax,z =T, = Tmax,Z,M + Tmax,Z,V + Tmax,Z,N
O —
g M, b
a f1° °t7 Nw Tmax2,M = Mgy, ]
o o | “";L'lb t,net
s Vab

Tmax,2,V — 1-5A
net

Tmax2v = 0

T
.:Eax.l._\l - — ﬁm Y
max.2.M
. ) + ® me.&.‘hﬂ' + o o | Ny M _ _ 1 5 Vbd ] tnet
max2M| -\ | Vi | , | db = | Tn . Anet b
= — | — | S—
Tmnx.i...‘;T Il
. $ =0.60 or ¢$ =0.80
_ ¥ iy
_.N..
M R—” W @ (A-110-W6 included) (A-I10-W6 excluded)
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Eperslb

H A Ec.z‘,l_ , e Ec_.r.L= ICX

-t

Semi-rigid
portal —= Lb

SACVMA FPIA
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seismic and wind load for the class ofloading
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Low class oflateral loading

Seismic: S, =0.321g
S, =0.083g
T, =16s

Wind: V=492 m/s (110 mph)

Moderate class oflateral loading

Seismic: S, =0.552¢g
S, =0.128g
T, =16s

Wind: V=53.6 m/s (120 mph)
High class oflateral loading

Seismic: S, =1.500g
S, =0.300g
T, = 16s

Wind: V=62.6 m/s (140 mph)




(98}

Span of the semi-rigid portal, L, (m)
)

() —_—

0 1 2 3
Span of the bay parallel to the walk path, / (m)
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—H=03m
............. H=0.6m
-—-H=09m
——H=12m
...................... H=15m
........ ---H=1.8m
——H=2.1m
,,,,,,,,,,,,, H=24m
---H=2.7m

6 7

B-110-W6
Low class ofloading
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Applications
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DESIGN

Design basis

Material behavior

Member behavior

Connection design

Structural system
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Strength reduction factors
and reliability analysis

Orthotropic material

properties and angle
dependency

Semi-rigid connections:
- test, design equations, and
parametric study

Block Shear Strength,
ORjr 55 CaCrC (Kip)

L 5
=] )
°
&
g
H
E
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g

. .
. L8 =
> * Yeo o o
RS idt e diins e 2
0 10 20 30 40 50 60 70 80 90
Angle, 6 (°)

—~Capacity e Demand
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