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1. Introduction dimensions of the specimens were selected taking into ac-
The use of fiber-reinforced composite materials forgount general specification_s for design FRE bolted connec-
strengthening and rehabilitation of civil engineering struc-tons- Rgcent_papers on design rgcommendatlons .Of FRP. bolted
tures is relatively new. Steel structural members are routinel§@nnections indicate that the ultimate load capacity of single-
joined by bolted connections. Due to the stress concentratior) It connections InCreases by Increasing the_geometrl_c dimen-
around the holes of the bolted connections, the tensile capa%'plnsdpf the conr_lectlo/r(;. I;owev;r,. mcrears]lng Jhe (\;‘{'dth'to'
ity of pulturded glass fiber-reinforced plastic (GFRP) struc-"°'¢ lameter ratio (w/d) eyon five or the edge-distance-
tural members decreases, which in its turn reduce the efff—o'hOIe ratio (e/d) beyond five have an insignificant effect on
ciency of using the GFRP members as a strengthening or rthe ultimate capacity of the connection. Therefore, the ratios e/
habilitation materials for existing structures. This paper is arfl 2hd w/d were equal to 4 and 5, respectively. Figure 1 shows
attempt to investigate the appropriate method to enhance tﬁ@e ge.omg_tnc dlmenS|qns of the specimens. ined hi
tensile capacity of GFRP bolted connection. Nine specimen  \ine different specimen types were examined to achieve
types were prepared. General specification for design FRP'® Main goal of this study. These specimen types were di-
bolted connections were considered when preparing the specided in two main categories (A) and (B). Category (A) in-
mens. The experimental results are introduced and the cofiludes all the specimens without GFRP reinforcing plates,

clusions are presented while category (B) includes the specimens with GFRP rein-
' forcing plates. Table 1 lists details about the tested specimens.
2. Specimens and Test Procedure The nominations used in table 1 are:

The behavior of bolted joints is highly dependent on thél) Bo indicates the use of only bolts to construct the speci-

geometric dimensions of the connections. The geometrf0€N: (NAdindicates the use of only epoxy adhesive to con-
struct the specimen, (lliCo indicates the use of bolts and

p T P T F’T adhesive combination to construct the specimen.
7 S;gilo%rips T 3. Test Results and Discussion
/( Bolt (M 20 Different failure modes occurred in the GFRP main plate
B wlp= 24 (GMP) and GFRP reinforcing plates (GRP). Three basic fail-
| 11, | L ” ure modes were observed, They are net tension failure (NTF),
Sy o Sy shear off failure (SOF) and adhesive shear failure (ASF). Table
o [ |GFRERemforcing | 11 v ] | 2 lists the failure modes of all the tested specimens. Figure 2
“o Fibers d(;TeETTrﬁﬁi & shows the ultimate loads and the loads associated with the
Ik s Puith applied () initial cracking or initial adhesive slippage of each specimen.
0’ % direction r 3
< 1] cer MainPlate [f<9 & Table 1. Details of Specimen Types
© F\ber; direction
> identical
ith lied load & =3 . s
o T “direoton 1@ Specime Construction GFRP Torque
Be s g il X Type Method Reinfocing Plate  (kN.m)
of @ A-Bo Bolts only No 0
<12 0 A-Ad Adhesive only No 0
2 A-Co Combination No 0
B-Bo Bolts only Yes 0
*ﬁ; 2 AT B-Co-0 Combination Yes 0
N | ol B-Co-7.2 Combination Yes 705
p o
Category (A) Category (B) Unit - mm B-Co-14.4 Combination Yes 141.1
B-Co-28.8 Combination Yes 282.2

Fig 1. Details of GFRP Joints
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3.1 Category (A) 4. Conclusions

Figure 3 shows the load-displacement relationships for The exploratory study has presented the feasibility of
the specimens of category (A), in which the displacement ignhancing the tensile capacity of GFRP bolted connection.
the increase of the distance between the side steel grip plates. According to the experimental study, the following con-
A comparison for the experimental results among the specklusions can be made;
mens of category (A) shows that the tensile capacity of Typd. The concentration of the stress around the bolthole in Type
A-Ad was 3.9 times bigger than that in Type A-Bo. The ten-A-Co was a major factor in reducing the ultimate tensile load
sile behaviors of Type A-Ad and A-Co were approximatelyto be less than that of Type A-Ad.
the same up to 60% of ultimate load of Type A-Ad. In this2. Type B-Co-7.2 showed the best loading behavior, as the
loading stage the stress around the bolthole in Type A-Cmitial cracking and the complete failure occurred simulta-
was highly concentrated, which caused shear out initial failneously.
ure in the GFRP main plate before the occurrence of the a®. Increase of the applied torque over a certain limit, which
hesive shear failure between the side steel grips and the GFRRoduces a tensile load in the bolt exceed 35% of the bolt
main plate. design load, negatively resulted in effect on the tensile behav-

ior of the connection.

3.2 Category (B)
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the specimens of category (B).The tensile behaviors of the  The authors wish to express their deep apperception for
specimens were approximately the same up to a certain limiMitsubishi Heavy Industries, Asahi Glass Matex and Henkel
Applying torque equal to 70.5 kN.m , which produced a ten-Japan for their cooperation and providing the necessary ma-
sile load in the bolt equal to 35% of the bolt design loadterials to achieve the required experiments.
enhances significantly the tensile capacity of Type B-Co-7.2
over that of Type B-Bo. Increase the applied torque value oveReference
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Table 2. Failure Modes

250 T

Specime |Load of Initia  Initial Ultimate Failure 14
Type  Cracking (kN) Cracking | Load (kN) = Mode .l Dioad ass. with initial Cracking °
ABo | - 27.7 SOF
AAd | - | 108.7 ASF 0 | 1456
A-Co 632  GMP:SOF 752 ASF Z 1087 102 12,8_'3 ® o
BBo | @ - | 88.4 SOF+NTF glOO i . gga @ 1274 124,
B-Co-0 926 | GRP:Cracks 1102 ASF+NTF ° 024
B-Co-7.2 127.4 AS* 128.3 = SOF+NTF w0 |
27.7 63.2
B-Co-144 1244 AS* 1456 = SOFNTF Ij
B-Co-28.8 110 GRP:Cracks 2114 SOF+NTF 0 } | | | | | | |
AS* : Adhesive Initial Slippage A-Bo A-Ad A-Co B~Bo. B-Co-0 B-Co-7.2 B-Co- B-Co-
Specimen Name 14.4 28.8
Fig 2. Ultimate Load of Specimens
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