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Western juniper (Juniperus occidentalis) is a “native invasive” tree species in Eastern 
Oregon. It is extremely good at finding and consuming water in arid climates, which 
makes it difficult for other plant species, especially sagebrush and grasses to survive. 
Sagebrush and grasses are necessary for the survival of the sage grouse, a threatened 
species. There is much discussion about harvesting juniper trees to help alleviate the 
stresses the trees put on the sage grouse and water supply in Eastern Oregon. However, 
there is not much of a market for juniper wood. Part of the reason is that there are no 
design values for juniper available, making engineers and designers reluctant to choose 
juniper for structural applications. The goal of this project is to increase the amount of 
available information about juniper wood in order to encourage its use in structural 
applications. To contribute to this goal, this project evaluated the performance of 
connections involving Western juniper wood and other common wood-based building 
materials. The tests for this project will include edge lateral nail connection test as per 
ASTM D 1575, dowel bearing strength test as per ASTM D 5764, and withdrawal test as 
per ASTM D 1761. Following the testing, the data was analyzed and inferences were 
drawn about the performance of the species in these types of connections. The results 
were also evaluated against predictive design equations found in the National Design 
Specification. The result of this project will help form a material statistic on performance 
of connections involving western juniper. Western juniper can potentially be an 
economically important species for rural Eastern Oregon. However, lack of engineering 
design values for the species and a performance metric for connections impedes its 
acceptance in mainstream construction. The data obtained in this study suggests that NDS 
equations can adequately predict connection performance of juniper, provided the 
specific gravity is known.   
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Lateral Connections and Withdrawal Capacity of Western Juniper 

 

INTRODUCTION 

Western juniper (Juniperus occidentalis) is a tree species native to Central and Eastern 

Oregon that is known for its ability to thrive in arid climates and its excellent resistance 

to decay from insects and fungi (Morrell et al. 1999). It is one of the most abundant tree 

species in central and eastern Oregon, and its pervasiveness is causing problems. 

Juniper is often referred to as a “native invasive” species because it is extremely good at 

finding and consuming water in arid climates, making it difficult for other species to get 

the water they need to survive (Miller and Rose 1995). In the last one hundred years, 

juniper has expanded into about 9 million acres in Oregon alone that were not previously 

occupied by juniper (Severson et al. 2017). Sage brush and grasses are greatly affected by 

the overpopulation of juniper. This has a negative impact on the threatened sage grouse, 

which use the plants as shelter. Not only are juniper trees eliminating cover for the 

grouse, but they also provide a vantage point from which hawks can prey on the 

endangered birds. A recent study at Oregon State University has observed that on sites 

where juniper trees have been removed, the survival rate of grouse chicks has increased 

by almost 19% annually, suggesting that decreasing the population of juniper may help 

increase the population of the sage grouse (Severson et al. 2017). To help alleviate the 

stresses the trees put on the sage grouse and water supply in central and Eastern Oregon, 

the Western Juniper Alliance and Oregon State University have been discussing options 

for harvesting and marketing juniper products. This would not only help preserve 

biodiversity but would also improve grazing land for cattle ranches in the area (Swan 

1998).  
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Harvesting efforts are ongoing in Eastern Oregon. However, there is not much of a 

market for juniper wood. Part of the reason is that it is expensive to harvest and, more 

importantly, the yields are quite low (Swan 1998). The tree’s twisting growth pattern is 

not conducive to milling long, straight boards. If it is not used as firewood, juniper is 

used primarily for fence posts and by local artisans to make furniture. Recently, however, 

some vineyards have begun to use juniper as vine posts rather than treated wood to 

prevent leaching of the preservative into the soil. Juniper is an ideal choice for 

applications where wood may be in contact with moisture or soil leading to fungal 

degradation because of its decay resistance.  Buildings that have wood exposed to the 

elements, such as rain, UV, and fungi, need to consider building with treated wood or 

naturally durable wood. Decks are one of these areas in homes that are exposed to harsh 

conditions in which juniper would be a potential substitute for treated wood (Herbst 

1978). There are many proposed commercial uses for western juniper wood, including 

some structural applications, but a lack of design values make engineers and architects 

reluctant to choose juniper in their designs.  

Wood species that are used in structural applications are listed in National Design 

Specifications (NDS) with design values associated with the strength of the wood under 

different loading conditions. Juniper is currently not listed in the NDS because strength 

values for juniper have not been experimentally quantified. A project is currently 

underway at Oregon State University to establish design values for juniper that will be 

included in the 2018 edition of NDS. 

For successful utilization of juniper in structures along with design values, a performance 

metric for its connections is also required. The two typical load types on connections in 
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wood construction are lateral loading and withdrawal, or axial loading. The fasteners that 

are permitted by NDS to be used in these applications are dowel-type fasteners, such as 

nails, and screws (NDS 2015). 

The overarching goal of this project is to contribute to the available information about 

juniper wood in order to enable its use in structural applications. This project 

experimentally evaluated the performance of connections involving western juniper wood 

and other common wood-based building materials. The tests for this project include a 

lateral edge nail connection test as per ASTM D 1761 (2007a), dowel bearing strength 

test as per ASTM D 5764 (2007b), and withdrawal test as per ASTM D 1761 (2007a). 

NDS yield models for laterally loaded connections were also used to predict connection 

properties and were compared to experimental results. Following the testing, the data was 

analyzed and inferences were drawn about the performance of the species in these types 

of connections. The result of this project will help form a material statistic on 

performance of connections involving western juniper.  

 

MATERIALS AND METHODS 

This study is part of a larger study aimed at establishing the design values of western 

juniper. The samples for establishing design values were collected from 5 different 

locations in three states in proportion of the relative volume of timber present in the three 

states. Oregon contained the most standing western juniper with approximately 66%, 

followed by California (21%) and Idaho with 13%. Hence, the sample size distribution 

between the states was based on the percentage of western juniper that the state 

contained. Within Oregon, the samples were collected from three different locations – 
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Burns, Prineville, and Klamath. Once the materials were procured in the form of 101.6 x 

101.6 mm cross section posts with 2.4 mlength, they were cut to obtain samples for the 

design value study. While cutting the samples, sections of the posts were randomly drawn 

for this study. The sections were then cut to a cross-section of 38 x 89 mm to be used for 

this study. 

Similar testing has been done for other species, and these studies will be used as a model 

for this project. Withdrawal capacity, lateral edge connection and dowel bearing tests for 

hybrid poplar were done at Oregon State University in 2013 (Sinha and Avila 2013). The 

methods presented in that paper are similar to those in this project. 

Withdrawal  

For the withdrawal tests, two fastener types were tested with juniper; an 8d (L = 63.5 

mm, D = 3.32 mm) smooth shank common nail and a 63.5 mm long, #6 wood screw (D = 

3.5 mm). Juniper specimens with dimensions equivalent to a standard 2 x 4 size, i.e., 

actual dimensions of 38 x 89 mm, were cut to 406 mm in length. Nails and screws were 

driven in 100 mm increments along the radial face of the juniper board to a depth of 38 

mm. Specimens were stored in a conditioning room to maintain a consistent moisture 

content of approximately 12%. 

Nail and screw withdrawal specimens were anchored to the test floor and loaded parallel 

to the axis of the fastener until the fastener came out of the sample. The tests were 

conducted using a Universal Testing Machine (UTM) Instron model 5582 at a rate of 

loading of 2 mm/min. Testing was stopped when the peak load was reached and the load 

subsequently dropped. Thirty two specimens were tested for  nails as well as screws. This 

test setup is shown in Figure 1(a). 
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Figure 1. Test set up. (a) Withdrawal; (b) Lateral Edge Connection test; (c) Dowel 

Bearing test 

Lateral Connection  

The edge lateral connection test consisted of two types of materials; a juniper board and 

oriented strand board (OSB) procured from local vendors. Three different thicknesses of 

OSB were used – 9.5 mm, 12.7 mm, and 28.56 mm. The OSB was exterior grade 

manufactured with mixed hardwoods. The thickness of 9.5 mm and 12.7 mm represents 

typical sheathing OSB, while the thicker dimension represents a subfloor or a diaphragm 

application. The OSB was procured in 1.2 x 2.4 m sheets. The sheets were cut into 76 x 

203 mm sections. These sections were randomly drawn for assembly of the connections. 

The juniper board was a standard 2 x 4 with dimensions of 38 x 89 mm cut to the length of 

228.6 mm.  

Once the materials were obtained, they were assembled into an edge connection. The edge 

connection is one of two ways that sheathing is applied to framing in a stick frame house, 

(a) (c) (b) 
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with the other being a plate connection.  In an edge connection, the side member (OSB) is 

nailed to the main member (juniper board) 19 mm from the panel edge and loaded parallel 

to the fiber direction of the main member. The edge geometry was the only test that was 

performed for this study and can be seen in Figure 2.  

The connection that was used was a single shear nail connection constructed by pre-drilling 

both the main and side members with a drill diameter of 1.98 mm. Pre-drilling allows the 

nail to be driven without splitting the wood. The NDS allows pilot holes to be drilled to 

prevent splitting as long as the diameter of the pilot hole does not exceed 75% of the 

diameter of the fastener (AWC). The side member was lined up with the main member and 

connected with a smooth shank nail 79.4 mm in length with a diameter of 3.2 mm. The 

bending yield strength (Fby) for the nail was 620.5 MPa as stated by the manufacturer. The 

nail was driven into the predrilled members in the geometry shown in Figure 2.  

 

Figure 2. Schematic of connection. Dimensions in mm. 
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The assembled connections were stored in a conditioning room maintained at 20o C and 

65% relative humidity until the weight of the assembly stabilized. The lateral connection 

testing was also performed on a UTM Instron 5582. The test used a 100 kN load cell with 

a displacement rate of 5 mm/min. The test set up is shown in Figure 1(b). The main member 

of the specimen was clamped to a right-angled metal bracket, which was clamped to the 

base of the UTM. The metal bracket allowed for the specimen to remain upright, while the 

side member was clamped to the cross head of the UTM with a compression clamp. Two 

clamps held the specimen on the right-angled bracked to minimize the rotation of the 

specimen in the testing apparatus caused by the geometry of the specimen and the loading 

scenario. Once the specimen was securely clamped, the UTM would apply a shear force 

until failure, at which point the test would be stopped and the specimen removed before 

returning the crosshead to its original position. This was performed so as not to bend the 

nail back to its original position. At the end of the load-deflection, data was recorded and 

failure mode was observed. After taking the samples out of the UTM, the samples were cut 

to salvage the fastener so that a yield mode could be observed with greater clarity.  

Dowel Bearing  

For the dowel bearing test a sample was cut from the side and main members of the 

connection test specimens. The main member (juniper) had an 89 x 101.6 mm section cut 

from it, while the side member (OSB) had a 76.2 x 76.2 mm section cut from it. A 3.00 

mm hole was drilled near the edge of the two samples to allow for a table saw to cut at half 

the diameter of the hole, creating a half-hole for the nail to rest in. Specimens were stored 

in the ASTM conditioning chamber maintained at 20o C and 65% relative humidity until 

the weight of the assembly stabilized.  
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The dowel bearing specimen was placed into the UTM with a nail placed in the half hole 

as shown in Figure 1(c). Once the specimen was loaded, the crosshead of the UTM applied 

a compressive force at a rate of 1 mm/min. The test stopped when the crosshead came into 

contact with the specimen.  

Test Matrix  

Table 1. Test matrix detailing specimen dimensions and geometry, fastener 

specifications, number of specimens, and test method for each test. 

Test Materials Fastener 
Type 

Fastener 
Specs 

Sample 
Size 

Test 
Method 

Withdrawal Juniper 

Common 
Smooth-

Shank Nail 

8d  
(L = 63.5 mm, 
D = 3.32 mm) 

32 
ASTM D 

1761 
Wood Screw 

#6  
(L = 63.5 mm, 
D = 3.5 mm) 

32 

Lateral Edge 
Connection 

Juniper – 
9.5 mm 

OSB 
Common 
Smooth-

Shank Nail 

8d  
(L = 63.5 mm, 
D = 3.32 mm) 

18 

ASTM D 
1761 

Juniper – 
12.7 mm 

OSB 
18 

Juniper – 
28.56 mm 

OSB 
18 

Dowel 
Bearing 

Juniper 

Common 
Smooth-

Shank Nail 

8d  
(L = 63.5 mm, 
D = 3.32 mm) 

27 

ASTM D 
5764 

9.5 mm 
OSB 9 

12.7 mm  
OSB 9 

28.56 mm 
OSB 9 

 

The  specimen details, geometry, dimensions, and total number of tests are presented in 

Table 1. Withdrawal tests were conducted for two different fasteners each. A total of 54 

lateral tests were conducted using three different thicknesses of OSB. Since, dowel 



9 
 

bearing tests were conducted on a sub-sample of the tested connections, only 9 tests on 

OSB and juniper were conducted for a one connection assembly combination. Specific 

gravity for each of the specimens was calculated by the Volume by Measurement method 

according to ASTM D2395 (2007c). 

Calculations 

Lateral Connections and Dowel Bearing  

After testing, the data was analyzed and load deflection curves were created for the 

lateral connections and dowel bearing tests. To calculate yield load as well as the dowel 

bearing yield load for both the main and side members (Fem and Fes), the 5% offset 

method was used. The method is illustrated in Figure 3. To perform this method a 

reference line was inserted on the elastic region of the curve to serve as a reference for 

the offset line. The offset line was then inserted at an x-axis intercept at 5% of the 

diameter of the nail (0.05 x 3.32 mm= 0.16 mm) with the same slope as the plotted linear 

reference line. The yield point (Pyield) is then calculated by analyzing the intercept of the 

5% offset line with the load deflection curve. The intercept is the Pyield without any 

adjustment or reduction factors.  NDS defines the yield point using the 5% offset method 

as explained above. The same definition is applied to determine the yield point in a dowel 

bearing strength test (AFPA 2012). Thus, the dowel bearing strength is also defined by 

the yield strength.  



10 
 

 

 

Figure 3. A typical load – deflection curve for a connection test. Pyield is calculated using a 

5% offset method.  

Yield Strength Predictions 

To calculate the predicted yield strength of the lateral connection, the equations from the 

NDS and APA technical report 12, table 1-1 were used. They are called the European Yield 

Models (EYM) (Johanssen 1949). A single shear connection (as studied in this paper) can 

yield in 6 possible ways. The EYM formulas calculate all possible yield modes and the 

corresponding yield strengths. The lowest yield strength is then taken and adjusted using 

adjustment factors listed in the NDS to give the lateral design value. This is the predicted 

yield strength and the corresponding mode of yielding is the predicted yield mode. The 

inputs for these calculations include the main and side member thicknesses, diameter and 
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length of the fastener, dowel bearing strength of the main and the side member, and certain 

geometrical details. There are two methods to ascertain the dowel bearing strength. Dowel 

bearing strength can be determined experimentally or the species of the main member and 

the sheathing must be known to be able to calculate the specific gravity (G). The dowel 

bearing strength for the main member (Fem) can be found in the NDS table 12.3.3 and the 

dowel bearing strength of the side member (Fes) can be found in table 12.3.3B. The last 

value that is needed is the fasteners bending yield strength (Fby), which can be either 

calculated experimentally or provided by the manufacturer. In this case, Fby was given by 

the manufacturer. 

 

RESULTS AND DISCUSSION 

Withdrawal  

The average withdrawal capacity of juniper wood for nails and screws tested were 26.78 

N/mm (COV 13%) and 106.24 N/mm (COV 16%), respectively. The NDS equation 

generated a predicted withdrawal capacity of 26.1 N/mm for nails. For smooth shank 3.38 

mm diameter nails, Douglas-fir has a withdrawal resistance of 28.75 N/mm (Wang et al. 

2011).  

The average withdrawal capacity of juniper with the screws tested was 106.24 N/mm. 

The NDS equation generated a predicted withdrawal capacity of 98.18 N/mm. Spruce, as 

a comparison, has a withdrawal capacity of 70 N/mm for a 3.5 mm diameter wood screw 

(Kariz et al. 2013). The complete withdrawal data for both sample sets are presented in 

the appendix. 
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The average specific gravity of juniper as tested for the withdrawal samples was 0.44. 

This is also consistent with the previous findings of research conducted at Oregon State 

University and reported in the Juniper Factsheet (Leavengood 2012). A comparison of 

withdrawal capacities of juniper determined experimentally and as per NDS equations is 

presented in Figure 4. These results show that the observed withdrawal capacity of the 

nails and screws were close to the predicted value. A past study observed that the NDS 

equations slightly underestimated the withdrawal capacity of nails and screws in western 

juniper (Burke, 1994). 

 

Figure 4. Withdrawal values of juniper with nails (L = 63.5 mm, D = 3.32 mm) and 
screws (L = 63.5 mm, D = 3.5 mm) 
 

Dowel Bearing  

A summary of results from the dowel bearing tests are presented in Table 2 along with 

their associated COVs. More detailed tables are presented in the appendix. The juniper 
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had an average dowel bearing strength of 39.8 MPa. This experimentally obtained value 

is higher than the value that NDS provides – 25.1 MPa, which is based on the specific 

gravity of the material. The NDS predicted value was determined from NDS Table 12.3.3 

using Western juniper’s calculated specific gravity of 0.44. The coefficient of variation 

(COV) associated with the dowel bearing strength is comparable to previously published 

data on dowel bearing of similar materials (Sinha et al. 2011).  

The NDS assumes a constant density for the structural sheathing panels for all thicknesses 

and consequently gives one dowel bearing value. For OSB it is 32 MPa (and a SG of 0.5) 

as listed in Table 12.3.3B of the NDS. The average dowel bearing strength of 57.0 MPa for 

9.5 mm OSB was much higher than the NDS listed value of 32 MPa (NDS Table 12.3.3B). 

The average dowel bearing strength of 12.7 mm OSB was 45.9 MPa and for 28.6 mm OSB 

was 26.6 MPa. A trend is observed of decreasing dowel-bearing strength with increase in 

thickness. A similar trend was observed also by Sinha et al. (2011). This study proposes 

that this trend could be a function of the decrease in specific gravity as the thickness 

increases and the increase in void space between the strands. However, more studies are 

needed to validate this attribution.  

Table 2. Summary of dowel bearing strength results. 

 Juniper OSB 
9.5 mm 12.7 mm 28.6 mm 

No. of Samples (n) 27 9 9 9 

Dowel Bearing Strength 
(MPa) 39.8 57.0 45.9 26.6 

Coefficient of Variation 
(%) 30 34 23 17 
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Lateral Edge Connection  

A summary of lateral edge connection test results is presented in Table 3, including the 

average experimental yield strength, failure modes, and coefficient of variation. The yield 

strength of the connection was calculated using the 5% offset method as explained above. 

The COVs for these tests seem to be large, in the range of 22-34%. Several previous 

studies have reported COVs in the range of 16 to 21% (Sinha et al. 2011; Sinha and Avila 

2013). A possible reason for this could be the inherent defects in juniper such as slope of 

grain, knots, etc. that causes ample variation in the property tested. Data for all tests are 

presented in the appendix. Generally, the thicker sheathing material yielded at a higher 

load.  

For comparison of the experimental values, yield load of the connections were predicted 

using the European Yield Models (EYM) as developed by Johansen (1949) and adapted 

and presented in the NDS. The predictions were done in two ways. The first prediction 

was calculated using experimentally calculated dowel bearing strength of both the juniper 

and OSB. The average of 9 sub-sample tests was used as input. The second way the 

predictions were calculated was using NDS tables for dowel bearing strength; Table 

12.3.3 and Table 12.3.3B were used for juniper and OSB, respectively. The calculated 

design value was then multiplied by load duration factor of 1.6 to allow for comparison 

with the experimental values. The predictions are also presented in Table 3.  
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Table 3. Summary of lateral nail test results. 

OSB Observed 
Predicted (using 

experimental Dowel 
Bearing) 

Predicted (using NDS 
Dowel Bearing 

values) 
Thickness 

(mm) 
Z' 
(N) 

COV 
(%) Mode Z' 

(N) Mode Design 
Index 

Z' 
(N) Mode Design 

Index 
9.5 491 26 IIIs 618 IIIs 0.79 425 IIIs 1.15 
12.7 537 34 IIIs 610 IIIs 0.88 462 IIIs 1.16 
28.6 599 22 IV 642 IV 0.93 570 IV 1.05 

 

Using experimental dowel bearing strength of the main and the side members, the EYM 

equations overestimates the yield strength of the connection. On the other hand, using 

NDS tabulated specific gravity based dowel bearing strength for juniper and OSB, the 

equations appear to slightly underestimate the yield strength of the connections. 

However, due to the large variation in the data, it is possible that there is no statistical 

difference between this predicted value and the observed value. This would indicate that 

the EYM equations accurately estimated the yield strength. To gauge the degree of over 

and under prediction a design index was created, which is the ratio of the observed yield 

load to the predicted yield load. A design index greater than 1.0 suggest under prediction 

of the yield strength, which is desirable. Kent et al. (2004) and Sinha et al. (2011) had 

previously evaluated the NDS models and concluded that they reasonably predict the 

yield strength of connections. Contrary to their findings, Theilen et al. (1998) concluded 

that NDS yield models overestimates the observed yield strength of connections. The 

result of this study suggests that NDS yield model approach is a reasonable indicator of 

the yield strength of connections between juniper and OSB if the  
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NDS listed dowel bearing strength of the framing and sheathing member are used. Hence, 

it is advisable to use NDS tabulated values for dowel bearing strength to calculate EYM 

based yield strengths of connections. 

a) Mode III   (b) Mode IV  

Figure 5. Yield modes observed.  

There was a high level of consistency in the predicted yield mode and the observed yield 

mode for all the connection types and geometries. The predominant yield mode observed 

for juniper and the 9.5 and 12.7 mm OSB was mode IIIs (Table 4), which implies 

yielding by bending of the nail in the main member (Figure 5a). The NDS predictions for 

yield mode were consistent across both these thicknesses. Only one of 18 specimens for 

the 9.5 mm thickness and four specimens of the 12.7 mm thickness were exceptions and 

failed in Mode IV. For connections with thicker side members, generally a mode IV 

yielding is observed. In mode IV yielding, bending of the fastener occurs inside both the 

framing and the sheathing member, followed by the development of plastic hinges at the 

bending points (Figure 5b). It was the predominantly observed mode of yielding for 28.6 

mm thick OSB sheathing (all specimen yielded in Mode IV) and there was high level of 

consistency in the prediction and observed modes. For connections to yield by mode IV, 

they must have adequate member thicknesses to allow bending of the fastener and to 

facilitate formation of the plastic hinge in both members (Blass et al. 1999, Breyer et al. 

2015; Sinha and Avila 2013). This was possible with thicker OSB sheathing. 

Hinge 1 Hinge 2 



17 
 

 

CONCLUSIONS 

This project examined the withdrawal capacity of both nails and screws in western 

juniper wood and the lateral edge connection of juniper with standard sheathing material. 

This study generated baseline data for withdrawal for common nails and screws in 

juniper, which has not been reported in the literature before. The equations based on the 

National Design Specification (NDS) for withdrawal equations adequately predicted the 

withdrawal capacity of nails and screws in juniper. The results also quantified for the first 

time the performance of juniper as a main member in a laterally loaded connection.  

These results were also evaluated with yield models based equation in the NDS, which 

are based on dowel bearing capacity of the species forming the connections. Results from 

this study show that the NDS tables and equations adequately predicted the performance 

of a juniper – OSB connection for three different thicknesses of OSB, provided tabulated 

dowel bearing strength value is used corresponding to the specific gravity of western 

juniper.  The results indicate that juniper has promise for structural applications and the 

NDS equations are adequate to calculate its withdrawal and lateral design values.
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APPENDIX 

Table A1. Nail withdrawal test data. 

Withdrawal Test Data - Nails 
Sample No. Specific 

Gravity  
W Experimental 
(N/mm) 

NDS W 
(N/mm) 

1 0.42 29.93 21.06 
2 0.42 29.28 21.06 
3 0.42 26.94 21.06 
4 0.42 31.69 21.06 
5 0.50 31.33 32.37 
6 0.50 28.83 32.37 
7 0.50 22.24 32.37 
8 0.40 33.86 18.39 
9 0.40 23.23 18.39 
10 0.40 20.17 18.39 
11 0.40 23.18 18.39 
12 0.60 23.10 49.31 
13 0.60 22.96 49.31 
14 0.60 24.64 49.31 
15 0.45 26.77 24.34 
16 0.45 27.55 24.34 
17 0.45 24.64 24.34 
18 0.45 24.94 24.34 
19 0.45 24.72 24.34 
20 0.46 32.13 25.64 
21 0.46 31.18 25.64 
22 0.46 29.39 25.64 
23 0.46 26.81 25.64 
24 0.48 25.43 29.46 
25 0.48 27.48 29.46 
26 0.48 29.74 29.46 
27 0.48 28.35 29.46 
28 0.48 27.25 29.46 
29 0.37 22.70 15.20 
30 0.37 23.45 15.20 
31 0.37 22.67 15.20 
32 0.37 30.55 15.20 
Average: 0.46 26.78 26.10 
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Table A2. Screw withdrawal test data. 

Withdrawal Test Data - Screws 
Sample No. Specific 

Gravity 
W Experimental 
(N/mm) 

NDS W 
(N/mm) 

1 0.42 151.61 90.40 
2 0.42 106.24 90.40 
3 0.42 107.61 90.40 
4 0.42 116.72 90.40 
5 0.42 152.39 90.40 
6 0.42 90.41 90.60 
7 0.42 87.46 90.60 
8 0.42 90.77 90.60 
9 0.42 92.70 90.60 
10 0.44 130.75 102.92 
11 0.44 121.22 102.92 
12 0.44 112.81 102.92 
13 0.44 89.63 102.92 
14 0.44 93.52 102.92 
15 0.44 125.05 99.05 
16 0.44 117.14 99.05 
17 0.44 111.17 99.05 
18 0.44 112.27 99.05 
19 0.44 92.39 99.05 
20 0.44 101.00 101.80 
21 0.44 119.97 101.80 
22 0.44 107.41 101.80 
23 0.44 107.27 101.80 
24 0.48 83.90 119.72 
25 0.48 83.26 119.72 
26 0.48 115.72 119.72 
27 0.48 90.70 119.72 
28 0.41 104.09 86.32 
29 0.41 102.17 86.32 
30 0.41 101.61 86.32 
31 0.41 96.96 86.32 
32 0.41 83.88 86.32 
Average: 0.43  106.24 98.18 
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Table A3. Juniper dowel bearing test data. 

 

 

  

Dowel Bearing Test Data - Juniper 
Specimen ID Specific 

Gravity 
(G) 

Experimental Dowel 
Bearing Strength 
(MPa) 

J-1-8 0.50 35.8 
J-1-9 0.46 45.8 
J-1_10 0.49 30.1 
J-1-12 0.42 35.9 
J-1-13 0.36 35.5 
J-1-14 0.42 40.0 
J-1-15 0.39 36.0 
J-1-17 0.41 35.3 
J-1-18 0.43 5.6 
J-2-1 0.43 46.1 
J-2-2 0.45 5.4 
J-2-5 0.45 49.0 
J-2-6 0.48 54.3 
J-2-7 0.50 48.8 
J-2-8 0.50 47.7 
J-2-9 0.49 59.0 
J-2-10 0.49 43.2 
J-3-1 0.43 37.3 
J-3-2 0.40 45.2 
J-3-3 0.41 37.7 
J-3-4 0.40 39.7 
J-3-5 0.42 40.1 
J-3-6 0.40 38.9 
J-3-7 0.48 45.2 
J-3-8 0.38 55.8 
J-3-9 0.43 41.6 
Average: 0.44 39.8 
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Table A4. OSB dowel bearing test data. 

Dowel Bearing Test Data - OSB 
9.5 mm OSB 12.7 mm OSB 28.56 mm OSB 

Specimen 
ID 

Specific 
Gravity 

Dowel 
Bearing 
Strength 
(MPa) 

Specimen 
ID 

Specific 
Gravity 

Dowel 
Bearing 
Strength 
(MPa) 

Specimen 
ID 

Specific 
Gravity 

Dowel 
Bearing 
Strength 
(MPa) 

1-8 0.50 76.94 2-1 0.45 49.22 3-1 0.43 31.76 
1-9 0.46 92.16 2-2 0.43 42.12 3-2 0.40 27.66 
1-10 0.49 31.35 2-4 0.45 62.00 3-3 0.41 29.20 
1-12 0.42 37.32 2-5 0.45 32.18 3-4 0.40 24.59 
1-13 0.36 34.06 2-6 0.48 38.57 3-5 0.42 31.97 
1-14 0.42 53.21 2-7 0.49 51.11 3-6 0.40 16.91 
1-15 0.39 57.54 2-8 0.50 43.54 3-7 0.48 27.46 
1-17 0.41 65.88 2-9 0.49 37.86 3-8 0.38 23.36 
1-18 0.43 64.11 2-10 0.49 66.02 3-9 0.43 23.57 
Average: 0.43 56.95  0.47 45.93  0.41 26.61 

 

Table A5. Lateral connection test data. 

Lateral Connection Test Data 
9.5 mm OSB 12.7 mm OSB 28.56 mm OSB 

Specimen 
ID 

Z’ 
(N) Mode Specimen 

ID Z’ (N) Mode Specimen 
ID 

Z’ 
(N) Mode 

1-1 550 IV 2-1 450 IV 3-1 564 IV 
1-2 550 III 2-2 740 III 3-2 655 IV 
1-3 475 III 2-3 350 III 3-3 640 IV 
1-4 230 III 2-4 420 III 3-4 745 IV 
1-5 440 III 2-5 310 III 3-5 887 IV 
1-6 510 III 2-6 790 III 3-6 553 IV 
1-7 375 III 2-7 500 III 3-7 618 IV 
1-8 540 III 2-8 410 III 3-8 382 IV 
1-9 350 III 2-9 270 III 3-9 655 IV 
1-10 560 III 2-10 950 III 3-10 596 IV 
1-11 675 III 2-11 550 III 3-11 600 IV 
1-12 390 III 2-12 510 IV 3-12 589 IV 
1-13 450 III 2-13 350 III 3-13 647 IV 
1-14 450 III 2-14 530 III 3-14 418 IV 
1-15 460 III 2-15 560 III 3-15 636 IV 
1-16 575 III 2-16 780 IV 3-16 509 IV 
1-17 800 III 2-17 550 IV 3-17 480 IV 
1-18 450 III 2-18 650 III 3-18 615 IV 
Average: 491   537   599  
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