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Abstract:  4 

This paper presents experimental testing on glulam beam-column moment resisting connections using glued-5 

in rods and compares results with model predictions. Three connections geometries, in term of number of 6 

rods and member size, were tested and compared.  7 

Experimental results showed the high efficiency of glued-in rods connections to transfer loads and bending 8 

moment between spruce-pine glulam timber members. It was found that the tested connections behave as a 9 

semi-rigid moment-resisting connection and may experience a ductile failure mode when properly designed. 10 

The observed failure modes of the connections were related to steel rods failure or wood splitting of the 11 

anchorage. 12 

Comparison of experimental results with model predictions showed good agreement. 13 

Keywords: Glued-in Rods; Moment resisting connection; Glulam timber; Beam-column connections; 14 

Stress distribution. 15 

Introduction 16 

Wood is increasingly used in construction due to its good environmental and architectural properties 17 

(Brassard 2018, Cecobois 2018). To build larger and more resistant structures, it is necessary to develop 18 

connections able to withstand the forces induced on the beams and columns. 19 
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Glued-in rods (GiRod) connections offer several advantages in terms of mechanical properties, fire resisting 20 

capacity and architectural design. This type of connection consists in rods inserted in pre-drilled holes in the 21 

timber members and bonded to the wood with an adhesive (see Fig. 1). 22 

 23 

Fig. 1. Typical glued-in rods connection 24 

Glued-in rod connections have been used since the 1970s (Klapwijk 1978, Tlustochowicz, Serrano et al. 25 

2010, Verdet 2017) but remain relatively unknown and the lack standard specifications limits their using. 26 

However, the mechanical performance and the architectural properties exhibited by that type of connection 27 

are increasingly sought after and much research has been carried out in recent years. Several researchers have 28 

investigated the pull-out strength of rods used in moment connections installed parallel and perpendicular to 29 

the grain (Widmann, Steiger et al. 2007, Inoue, Uetsuki et al. 2018, Kajikawa, Hiraga et al. 2018) and various 30 

models were proposed (Stepinac 2013, Stepinac, Bidakov et al. 2018). Others investigated long-term 31 

behaviour and the effect of temperature variations on glued-in rods connections and mainly showed strength 32 

and failure behaviours variations related to the adhesive capacity (Lartigau 2013). 33 

Current limitations for design 34 



The main limitation surrounding the use of glued-in rod connections stems from the lack of experimental 35 

results. To the authors knowledge, very few researchers studied moment-resisting glued-in rods connections 36 

concerning the maximum moments that can be taken up by different configurations as well as their rotational 37 

stiffness. 38 

A second limitation is related to the lack of standard design specifications. Several studies report a non-39 

uniform tensile and bond stresses along the anchored rods and stress peaks at their both ends (Hassanieh, 40 

Valipour et al. 2018). This stresses distribution makes connection behaviour and strength difficult to predict. 41 

An improved comprehension of the stresses distribution along the anchored rods would help to better 42 

understand the connection behaviour and provide future design guidance.  43 

Aims 44 

To the authors’ knowledge, there is very little documentation regarding moment resisting beam-column 45 

connection using glued-in rods (Oh 2016). The main objective of this paper is to study the mechanical 46 

behaviour of glued-in rods connections subjected to bending moment and provide reliable experimental 47 

results that will serve as a solid basis to support future design guidelines. 48 

To do so, this research aimed to study the connection ability to carry bending moment and shear, and the 49 

resulting axial and bond stresses distribution in multi-rod connections with true scale experimental testing. 50 

Theoretical background 51 

Glued-in steel rods installed in Spruce-pine glulam timber was previously studied by several researches 52 

(Vasek 2008, Ouellet 2013, Bédard-Blanchet 2014). Most studied the behaviour of a glued-in steel rod 53 

installed parallel to the grain with pull-out tests. They found that the stress distribution along the anchor is 54 

non-linear and may influence their failure mode and capacity. They determined the different possible failure 55 

modes and proposed theoretical models predicting the maximum pull-out capacity according to various 56 

parameters, such as the materials properties and the components geometry. 57 

Other researchers studied the behaviour of glued-in steel rods group installed in timber with pull-out test. 58 

They proposed rods spacing limitations and minimum cover to avoid brittle wood splitting failure. The 59 



limitations proposed by experts and standards (Simonin 2008, DIN 2012) are presented in Fig.2. In this 60 

figure, dr is the rod diameter, ed is the minimum edge distance and S is the spacing between two consecutive 61 

rods axis. 62 

 63 

Fig. 2. Rods spacing limitations proposed by (DIN 2012), (Simonin 2008) and others. 64 

Pull-out strength  65 

Several models have been proposed (Stepinac 2013) to determine pull-out capacity, Ra, of glued-in steel rods. 66 

Generally, these models can be expressed as follows:  67 

𝑅𝑎 =  𝜋 ∙ 𝑑ℎ ∙ 𝑙𝑎 ∙ 𝑓𝑏,𝑎 ≤ 𝐴𝑟 ∙ 𝑓𝑢 (1) 68 

With dh the hole diameter, la the embedded length of the anchorage, fb,a the bond strength, Ar the rod net area 69 

and fu the rod tensile strength. Most of the tests to determine the bond strength were carried out on rods 70 

installed parallel to the grain and showed the timber generally limits the bond strength. 71 

However, in beam-column structural connections subjected to bending moment, it is rather relevant to 72 

consider the pull-out strength of rod installed perpendicularly to the grain.  73 

Researchers (Gauthier-Turcotte, Menard et al. 2021) previously conducted experimental pull-out tests on 74 

single glued-in steel rod installed perpendicularly to the grain of spruce-pine glulam timber. Tests parameters 75 

and main results are presented in Table 1 (average of 7 tests). 76 



Table 1. Pull-out tests parameters and average strength of rods installed perpendicularly to the grain in spruce-pine 77 
glulam timber determined by (Gauthier-Turcotte, Menard et al. 2021). 78 

la (mm) dr (mm) Ar (mm2) dh (mm) Steel grade Ra (kN) Failure type 

300 15.9 145.8 19.1 

ASTM A307 

A 
66.4 

Ductile steel 

failure 

ASTM A193 

B7 
81.8 

Brittle wood 

failure 

 79 

Theoretical models for the calculation of column-beam connections 80 

In terms of moment transfer in beam-column connections, previous studies (Fragiacomo and Batchelar 2012) 81 

proposed a model to determine each connection component stresses to determine the connection moment 82 

capacity as presented in Fig. 3. By using this model, the force taken up by the steel rods in tension, the steel 83 

rods in compression and the wood in compression are calculated. The moment carry by the connection is 84 

then determined from the forces carry by each component.  85 

 86 

Fig. 3. a) glued-in rods connection and b) mechanical behaviour of the section located at the junction between the 87 
beam and the column and associated stress components 88 

 89 

In Fig. 3, T and C are the forces carried by the steel rods in tension and in compression, respectively, C’ is 90 

the resulting force carried by the wood in compression and y indicates the depth of the neutral axis determined 91 



from equilibrium. At the face of the column, M is the bending moment transferred by the connection, which 92 

is in equilibrium with the load supported by the structure. By considering elastic behaviour of materials, the 93 

axial stress, σ, carried by each component may be determine as follows, 94 

𝜎 = 𝑛 ∙
𝑀 ∙ 𝑦

𝐼
(2) 95 

Where n is Young modulus ratio between materials (n = 1 for σ determined for the wood and n = Es/Ew for 96 

σ determined for the steel rods, with Es and Ew the steel and wood Young modulus, respectively), I the 97 

inertia of the section and y the distance between the neutral axis and the considered component. 98 

Once the stresses are determined for each component, the forces may be determined as follows: 99 

𝑇 = 𝐴𝑠 ∙ 𝜎𝑠 (3) 100 

𝐶′ = 𝐴′𝑠 ∙ 𝜎
′
𝑠 (4) 101 

𝐶′ =
1

2
∙ 𝜎𝑤 ∙ 𝑏 ∙ 𝑦 (5) 102 

Where σs, σ’s and σw refer to the axial stresses determined form Eq. (2) for the steel rods in compression, the 103 

steel rods in tension and the wood in compression, respectively, and As and A’s are the total steel rods area in 104 

tension and in compression, respectively. 105 

Experimental program 106 

Specimens 107 

In order to study the behaviour of glued-in steel rods moment-connections, three series of true-scale 108 

experimental tests were carried out. For each series, 7 samples of spruce-pine glulam timber structural 109 

element were built and tested until failure. The chosen structural element represented a beam and a column 110 

connected with glued-in steel rods. In this study, the main parameters were the number of rods and the 111 

dimensions of the beam section selected to respect minimum spacings (see Fig. 2). The geometry of each 112 

series is presented in Fig. 4 and Table 2. 113 



 114 

Fig. 4. Specimen geometrical parameters 115 

In Fig. 4, the subscripts b and c to the beam and the column, respectively. Lb and Lc are the length of the beam 116 

and the column, Lab and Lac the anchorage length in the beam and the column, tb and tc the thickness of the 117 

beam and the column, b the width of the connection, SR the spacing of the rods on a same row, SL the spacing 118 

of the rows and ed the edge distances. 119 

Table 2. Specimen geometrical parameters (values in mm) 120 

Series 
Number 

of rods 
Lb Lc Lab Lac tb tc b SR SL ed 

1 2 

2000 1000 400 300 

243 

347 

130 - - 

50 2 4 243 174 74 - 

3 8 416 265 165 75 

 121 

Materials 122 

Spruce-pine glulam graded 20f-EX were used for beams and columns. The timber mechanical characteristic 123 

properties of this material, according to CSA 086 (CSA 2019) are:  bending strength, fb, of 25.6 MPa, shear 124 

strength, fv, of 1.75 MPa, compressive strength, fc, of 25.2 MPa, compressive strength perpendicular to the 125 

grain, fcp, of 5.8 MPa, tensile strength perpendicular to the grain, ftp, of 0.51 MPa and Young modulus, Ew, of 126 

10 300 MPa.  127 

According to ASTM D2555 (ASTM 2017a), the average shear strength of the timber, fv.avg, may be taken as 128 

5.5 MPa. 129 



For the connection between the beam and the column, ASTM A307 (ASTM 2021) threaded steel rods 130 

(specified tensile strength of 414 MPa) with a diameter, dr, of 15.9 mm were used. To determine average 131 

steel yielding and tensile strength, 98 rods were tested according to ASTM E8-E8M (ASTM 2016a) for each 132 

steel batch. For the steel used for test series 1 and 2, the average yielding strength, fy, is 410 MPa (standard 133 

deviation, std, of 9 MPa) and the average tensile strength, fu, is 473 MPa (std = 9 MPa). For the test series 134 

#3, fy = 600 MPa (std = 18 MPa) and fu = 675 MPa (std = 30 MPa). For all rods, the steel Young modulus, 135 

Es, is taken as 200 000 MPa. 136 

To bond the steel rods to the wood elements, a two-component polyurethane adhesive was used. The 137 

mechanical properties of the adhesive used in steel-wood connections given by the manufacturer (Loctite 138 

2015) are presented in Table 3.  139 

Table 3. Mechanical properties of the adhesive (in MPa) 140 

ft.a fc.a fv.a Ea 

25 – 30 79.9 2.4 – 3.8 1 560 

 141 

In this table, ft.a, fc.a, fv.a and Ea refer to the tensile strength, the compressive strength, the shear strength and 142 

the Young modulus of the adhesive, respectively. 143 

Test Method 144 

Fig. 5 presents the experimental testing setup of a beam-column moment connection. 145 



 146 

Fig. 5. Experimental set-up 147 

It can be observed that the column was installed horizontally while the beam element was installed vertically. 148 

The load was applied at the top of the beam, at a distance Lb between the joint and the load location (refer to 149 

Table 2), and in accordance with ASTM E2126 (ASTM 2019) at a rate of 12.7 mm/min (displacement 150 

controlled) until failure. The column was retained by a steel framing set-up so that the applied load creates a 151 

negative moment and a shear force at the face of the column, which represents typical structural beam-column 152 

moment connection (see Fig. 3). A similar loading procedure was initially followed (Verslype 2016) to test 153 

glued-in rod column base connections and provided representative results.  154 

In order to determine the rotation of the joint as well as the slip between the column and the beam, three 155 

lasers were installed at different locations (see Fig. 6).  156 



 157 

Fig. 6. Laser’s positioning 158 

Lasers #1 and #2 were used to determine the rotation between the beam and the column while Laser #3 was 159 

used to measure the relative slip of the joint.  160 

Strain gauges were installed at specific locations along the steel rods (see Fig. 7) to measure axial bar strain 161 

during tests. As presented in Fig. 7a for the test series #1, 5 strain gauges were installed along the rod in 162 

tension, including one at the joint latter used to determine the force carried by the rod at the joint. For the 163 

same purpose, a strain gauge was positioned directly at the joint between the beam and the column for all 164 

rods in series #2 and selected rods in series #3 (see Fig. 7b and c).  165 



 166 

Fig. 7. Location of the strain gauges for a) test series #1, b) series #2 and c) series #3  167 

 168 



Results 169 

Members response 170 

Fig. 8 shows the moment versus beam-displacement response of the test series #1 with 2 rods, #2 with 4 rods 171 

and #3 with 8 rods. The moment corresponds to the applied load multiplied by the beam length (refer to Table 172 

2) while the displacement was measured at the load location. The curves are identified as SX-Y, with X 173 

referring to the series number (S1, S2 and S3 refer to series #1, series #2 and series #3, respectively) and Y 174 

the number of the specimen (from 1 to 7). Note that no results are presented for the specimens S2-6, S2-7 175 

and S3-2 due to a malfunction of the monitoring system.  176 

For the specimens S1(series #1 with 2 rods) presented in Fig. 8a, all the specimens exhibited an elastic 177 

response until a bending moment of approximately 10.0 kN·m and a beam displacement of 36 mm. A ductile 178 

behaviour was then noted for most of the test. The average peak moment of 11.4 kN·m was reached for a 179 

beam displacement of 58 mm in average. After the peak moment, the moment slightly decreased but the 180 

displacement largely increased until failure of the steel rod in tension (see Fig. 9) at a displacement of about 181 

124 mm.  182 

Specimen of series #2 (S2) with 4 rods showed similarity with series #1 with 2 rods. As presented in Fig. 8b, 183 

specimens S2 exhibited an elastic response until a moment of about 19.8 kN·m and a displacement of 58.1 184 

mm. Then, the specimens S2 exhibited a ductile behaviour. An average peak moment of 21.6 kN·m and a 185 

displacement of 133.0 mm were observed. Compared to specimens S1, the specimens S2 exhibited a more 186 

important elastic response (larger moment and shear displacement), but in counterpart, the ductile behaviour 187 

was less important.   188 

Compared to the specimens of series #1 and #2, the response of the specimens of the series #3 with 8 rods 189 

(specimens S3) did not experiences a ductile behaviour. It can be seen on Fig. 8c that the response of 190 

specimens S3 is mostly elastic until maximum moment. Near the peak moment, noise and cracking has been 191 

heard during the tests. The average moment capacity was 69.1 kN·m and the corresponding displacement 192 

was about 98 mm in average. After the peak moment, all samples S3 exhibited a brittle failure. As presented 193 



in Fig. 10, failure of the specimens S3 was related to wood splitting rather than steel rupture as observed for 194 

specimens S1 and S2 (see Fig. 9). 195 



 196 

Fig. 8. Moment versus displacement response for a) series #1, b) series #2 and c) series #3 197 



 198 

Fig. 9. Failure of the steel rods (series #1 and #2) 199 

 200 

Fig. 10. Brittle failure by wood splitting (series #3) 201 

Bending moment versus joint rotation response 202 

The rotation of the connection was determined using the two lasers positioned on either side of the joint, 203 

which are lasers #1 and #2 presented in Fig. 6 and Fig. 11.  204 



 205 

Fig. 11. Rotation measurement 206 

From the dimensions of the member and the measured displacement, the rotation angle of the connection, θ 207 

(relative rotation between the beam and the column) can be determined as follows: 208 

𝜃 = 𝑎𝑟𝑐𝑡𝑎𝑛 (
𝛿1 + 𝛿2

𝑡𝑏
) (6) 209 

With δ1 and δ2 the displacements measured by lasers #1 and #2, respectively. The bending moment versus 210 

rotation response is presented in Fig. 12 for each test series. The gray area represents the range of the results 211 

for all the tested specimens of the same series. The elastic bending stiffness of the connector was also 212 

determined from Fig. 12. To do so, the average slope of the moment versus rotation curve was determined in 213 

the elastic behaviour, which was taken between 0 bending moment and 80% of the maximum bending 214 

capacity of the connection. 215 



 216 

Fig. 12. Bending moment versus rotation response for a) series #1, b) series #2 and c) series #3 217 

The average bending stiffness of the connection determined for each series is presented in Table 6. It can be 218 

seen that the connection bending stiffness varies between 1007 and 8303 kN·m/rad, which may be associated 219 



to a semi-rigid connection (Beaulieu, Picard et al. 2010). By comparing series #1 and series #2, it can be seen 220 

that for the same timber sections and connection geometry, doubling the number of rods doubles the stiffness 221 

(1107 kN·m/rad for series #1 with 2 rods compared to 1919 kN·m/rad for series #2 with 4 rods). For series 222 

#3, the number of rods il also doubled compared to series #2. However, the rotational stiffness of the 223 

connection of the series #3 is about 4 times larger than for series #2 (8303 kN·m/rad compared to 1919 224 

kN·m/rad). That may be explained by the higher and larger timber section at the joint and the resulting longer 225 

lever arms of the rods, which increases the connection stiffness. It can therefore be state that, as expected, 226 

the bending stiffness of the connection depend on the number of rods and the geometry of the connection. 227 

Table 4. Average rotational stiffness 228 

Series Number of rods Rotational stiffness 

kN·m/rad 

#1 2 1107 

#2 4 1919 

#3 8 8303 

 229 

Shear displacement response 230 

Fig. 13 presents the shear at the joint versus the relative displacement between the beam and the column at 231 

the joint measured with laser #3 (see Fig. 6) for series #1, #2 and #3. 232 



 233 

Fig. 13. Shear versus joint displacement response for a) series #1, b) series #2 and c) series #3  234 

It can be seen in Fig. 13 that the relative displacements between the beam and the column at the joint are very 235 

limited for all series. All the connections present a significant elastic behaviour up to a displacement of 0.4 236 



mm for series #1, 0.5 mm for series #2 and 1.1 mm for series #3 and a shear of about 90% of the maximum 237 

shear for all tests. These displacements are not significant for typical beams compared to codes limitations. 238 

For example, according to the Canadian building code (CNRC 2015), a deflection of 21.4 mm is allowed in 239 

service for a 7.5 m span beam. A displacement of 1.1 mm therefore represents less than 5% of the allowed 240 

value (1.1 mm / 21.4 mm). After reaching about 90% of the connection capacity, the displacement increases 241 

up to maximum shear and failure. The displacement increases may be associated to the crushing of the wood 242 

causes by the rods bearing and the damage of the anchorage. 243 

As it was the case for the rotational stiffness, a value for the relationship between this deflection and the shear 244 

force was determined. The average values are presented in table 6. It can be seen that the stiffness of the 245 

specimens with 4 rods (series #2) is about 67% larger than the stiffness of the specimens with 2 rods of the 246 

series #1 (17.7/10.6). However, using 8 rods for the series #3 of does not significantly increase the shear 247 

stiffness compared to specimens with 4 rods of the series #2 (increase of 16%, 20.6/17.7).  248 

Table 5. Average shear stiffness 249 

Series Number of rods Avg. shear stiffness 
(kN/mm) 

#1 2 10.6 
#2 4 17.7 
#3 8 20.6 

 250 

Comparison between theoretical and experimental values 251 

Table 7 compares the experimental (exp.) and the predicted (theo.) maximum moment determined with the 252 

theoretical model previously presented (see Fig. 3 and Eqs. (1) to (5)). The anchors capacity in Eq. (1) and 253 

used to determine the theoretical maximum moments was calculated considering the anchor capacity 254 

determined by pull-out tests (see Table 1) and the steel rods failure given by the steel ultimate strength (fu = 255 

414 MPa for series #1 and #2, and 675 MPa for the test series #3). From Eq. (1), the steel tensile strength of 256 

the rods limits the capacity of the anchorages for the series #1 and #2 while, for the series #3, the steel had a 257 

much higher ultimate strength so that the capacity of the rods is limited by wood splitting failure. 258 



Table 6. Comparison between experimental and theoretical results (Values in kN∙m) 259 

Series 

 
Number 
of rods 

Avg. bending moment to failure  Failure mode 

Number 
of tests 

Exp. Theo. Exp. / Theo. Exp. Theo. 

1 7 2 11.4 10.0 1.14 
Steel 

yielding 
Steel 

yielding 

2 5 4 21.6 19.9 1.07 
Steel 

yielding 
Steel 

yielding 

3 6 8 69.1 68.0 1.02 
Wood 

splitting 
Wood 

splitting 
Average 1.08   

Coefficient of variation 1.6 %    

 260 

It can be seen in Table 7 that experimental results are very consistent with model predictions. The deviation 261 

between experimental results and theoretical predictions varies between 1.6% and 12.2% and, on average, 262 

the ratio between the theoretical and the experimental capacity is 1.08 (coefficient of variation of 1.6 %), 263 

which confirm the model validity. This represents approximately 1 kN·m which is strongly satisfying. For 264 

the test series #3, the steel strength of the rods was much larger than the steel used for the rods in specimens 265 

of the series #1 and #2. Therefore, the model predicts wood splitting failure as experimentally observed. It 266 

can be however noted that, considering the same steel used for series #1 and #2 (fu = 473.4 MPa), the model 267 

predicts a ductile failure associated to the steel yielding and a maximal bending moment of 57.3 kN·m for 268 

the specimens of the series #3. 269 

Stress distribution in the different components of the connection 270 

The strain gauges installed on the rods directly at the joint between the beam and the column were used to 271 

determine the load carried by each component of the connection (rods and wood). From the measured strain, 272 

εs, the average steel stress, σs was determined for rods from the following equations (Palermo and Vecchio 273 

2002). 274 

𝜎𝑠 = {

𝐸𝑠 ∙ 𝜀𝑠 ≤ 𝑓𝑦, |𝜀𝑠| ≤ 𝜀𝑠ℎ

𝑓𝑢 + (𝑓𝑦 − 𝑓𝑢) (
𝜀𝑢 − 𝜀𝑠
𝜀𝑢 − 𝜀𝑠ℎ

)
4

, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
(7) 275 



Considering the net area of each rod, the force carried by the rods in compression and in tension was 276 

calculated using Eqs. (3) and (4). By considering equilibrium, the difference between tension and 277 

compression was attributed to the wood. The determined contribution of each component for series #2 and 278 

#3 is presented according to the applied moment in Fig. 14. For comparison purposes, the theoretical value 279 

determined with the model is also presented (identified “Theo.” in Fig. 14). Note that the results of the series 280 

#1 is not presented since there were no strain gauges installed on the rod in compression to determine its 281 

force component. Also, only one of the rods was monitored for each rod layer of the series #3, so that the 282 

total force in tension and in compression may be taken as twice the load carried by one rod in Fig. 14b. 283 

 284 

Fig. 14. Comparison between experimental (Exp.) and theoretical (Theo.) load in each component for a) series #2 and 285 
b) series #3  286 

It can be seen in Fig. 14 that the difference between the experimental and theoretical values is relatively 287 

small, confirming the relevance of the calculation model as well as the reliability of the experimental method. 288 

It may be determined that the steel used for series #1 and #2 with fu = 473.4 leads to an ultimate force of 289 

132.8 kN (2 rods carrying 66.4 kN each). That confirms that the failure occurred after the rupture of steel 290 

rods in tension. For the series #3, the tensile strength of the steel, fu, was 675 MPa leading to an ultimate 291 

force of 98.4 kN for one rod. However, as presented in Table 1, the tensile capacity of the anchorage was 292 

limited by the wood splitting capacity of 81.8 kN. As presented in Fig. 14b, 91.7 kN was carried by the rods 293 

T1 at the connection failure, which is below the steel tensile strength of the rod (98.4 kN) and match the 294 



wood capacity determine with pull-out tests (81.8 kN). It can also be predicted that, with the same rod 295 

capacity of 66.4 kN for the steel used for series #1 and #2, series #3 would have exhibit a ductile failure 296 

caused by steel rupture instead of wood splitting, reaching an average maximal bending moment of 55.2 297 

kN·m. These results showed that the connection can exhibit a ductile failure mode when wood splitting 298 

capacity must be larger than steel capacity of rods. 299 

Stress distribution along the anchor 300 

On the specimens of series #1, 5 strain gauges were installed along the steel rod working in tension to study 301 

the steel strain distribution and the anchorage efficiency. Fig. 15 presents the stress along a rod in tension for 302 

a typical specimen of the test series #1 (refer to Fig. 7 and Fig. 16 for gauges numbering the rod exact 303 

location). The stress was obtained from the measured strain in accordance with Eq. (7). For comparison, the 304 

theoretical axial stress determined at the joint using Eqs. (2) to (5) is also presented in Fig. 15 and identified 305 

as ‘’Theo. stress at the joint’’.  306 

 307 

Fig. 15. Axial stress in the rods versus moment on a typical specimen of the series #1 determined from the strain 308 
gauge measurement along the rod in tension 309 

As expected, it can be observed that the maximum axial stress occurs at the joint between the beam and the 310 

column (gauge #3) and decreases away from the joint. For the rod at the joint, a moment of 6.2 kN·m caused 311 

steel yielded (σs > fy = 410 MPa), while the rod failed in tension for a moment of 11.1 kN·m. The other 312 

locations away from the joint exhibited an elastic behaviour, with a measure strain below fy = 410 MPa. 313 



Fig. 16 presents the rod axial stress and the bond stress determined from the axial strain along the rod at 314 

failure of the member. The axial stress was determined from Eq. 7 while the bond stress, τ, correspond to the 315 

slope of the axial stress along the bar, Δσ/ΔL, given as follows. 316 

𝜏 =
∆𝜎
∆𝐿

(
𝑑𝑏
4
) (8) 317 

 318 

Fig. 16. Stress distribution along the anchorage, typical specimen of series #1 319 

It can be seen that axial stress decreases rapidly near the joint on both sides of the rod. This rapid decay 320 

corresponds to a large bond stress of 7.2 MPa on the left side of the joint and 6.8 MPa on the right side of the 321 

joint. Thereafter, the decay continues to the right of the joint (column), up to the end of the rod. To the left 322 

of the joint (beam), this decrease in axial stress is less important. This is because less adhesion is required 323 

due to the higher length of the rod (400 mm in the beam and 300 mm in the column). This explains a lower 324 

decrease in the axial stress. Thus, it can be observed for the rod shown in Fig. 16 that the bond stress is 325 

relatively uniform along the rod for a length of 300 mm. On the opposite, an increase in the length of the rod 326 

to 400 mm leads to a less uniform bond stress. 327 



Conclusion 328 

In this paper, three series of true scale glued-in rods beam-column moment-resisting connections were tested 329 

and their behaviour investigated. 330 

The main conclusions are the following: 331 

1. For the tested glued-in rods beam-column connections, the behaviour and the capacity of the 332 

connections are a function of the number of rods, their configuration, the steel properties of the rods 333 

and the wood splitting capacity. Increasing the number of rods or their lever arm increase the 334 

connection stiffness and capacity. The tested connections exhibited a semi-rigid behaviour in 335 

bending. 336 

2. Results showed that the connection exhibited a ductile failure mode and residual capacity after the 337 

peak moment when its failure was caused by yielding and rupture of the steel rods, i.e. when the 338 

splitting capacity of the wood was larger than the tensile capacity of the steel rods in tension. 339 

Otherwise, a brittle failure of the connection with a limited residual moment capacity after the peak 340 

load was observed when wood splitting occurred first.  341 

3. For the tested specimens, the vertical deflection at the junction between the beam and the column 342 

was negligible compared to the typical beam deflection and the maximal deflection generally 343 

allowed by building codes.  344 

4. In the connection, the moment is carried by the rods in tension, the rods in compression and the 345 

wood in compression. Test results showed that the contribution of wood in compression is not 346 

negligible, may reaching about 30% of the force in compression. It is therefore recommended to 347 

consider the wood contribution in compression for the design of glued-in rods moment-resisting 348 

connection.  349 

5. Strain gauges were installed along the embedded rod, on each side of the joint, to study axial and 350 

bond stresses. Prior to the bar failure at the joint, results indicated that the bond stress was mostly 351 

uniform along the short-embedded part of the rod (embedment of 300 mm). For the larger embedded 352 

part of the rod (embedment of 400 mm), the stress distribution in the anchorage was non-uniform, 353 

with a larger bond stress near the joint and at the rod extremity. The stress distribution in the 354 



anchorage is non-uniform. The analytical models indicating stress concentration were confirmed by 355 

the results obtained from the strain gauges on series #1 samples. 356 

6. Comparison between the theoretical model predictions and the experimental results indicated good 357 

agreement, in term of connection capacity and load carried by each component of the connection. 358 

7. For design, it is recommended that the engineers limit the steel capacity or provide rod embedment 359 

and rod cover large enough so that the failure of the connection occurs by rupture of the steel rod in 360 

tension instead of wood splitting. Thus, a ductile failure of the connection is expected. 361 

Results and conclusions presented in this paper will help safely using and design this type of connection. In 362 

addition, results can be used as a comparison basis in the development of design rules for glued-in rods 363 

connections in the near future. 364 
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