GWA Workbench Class 2004
Constructing the Workbench

Stretchers

The top and bottom stretchers are identical and made of single 2x4 stock. Because of the heft of the bench top and the bottom shelf the stretchers primarily provide rigidity for the base and a mounting point for the  top and shelf rather than support for the top and shelf. 

1. Mark the four stretcher rails and cut to length (cut them 1” long then make a final cut later)

2. Mark the six cross braces and cut to length (cut them 1” long then make a final cut later)

3. Plane the cross brace faces (plane on both sides evenly) to approximately 1 1/4” thick

4. Joint the edges of the cross braces so they are perpendicular to the sides

5. Temporarily attach two cross braces with double sided tape on the face

6. Plane two center cross braces so they are 3” wide (same as the width of the rails)

7. Cut all cross braces to final length of 25 1/2”

8. Temporarily fasten pairs of stretcher rails together with screws (double sided tape is not enough) NOTE: Mark and drill screw holes where final bolts will go to fasten rails to cross braces.

9. Plane the stretcher rails to a final width of 3” from the original 3 1/2"

10. Cut the four stretcher rails to final length of 79 1/2"

11. Cut dados in the stretcher rails to match cross brace thickness (NOTE: Marked all four rails simultaneously, then used tape marks on the saw table set to the left and right edge of the dado blade as guides to cut the dados.)
12. Bevel the ends of the stretcher rails (45 degree chamfer or equivalent)

13. Pre-drill rails and stretchers for fasteners and pre-drill rails larger for fastener shank to avoid splitting

14. Sand and ease edges of all stretcher parts

15. Assemble stretchers with glue and fasteners making sure the assembly is flat and square (NOTE: Be sure the outside four cross braces are sitting proud of the rails by 1/2” per plan to mate with the top and shelf.)
16. Apply finish to completed stretcher assemblies

Leg Assemblies

There are two leg assemblies for one workbench. Each leg assembly consists of two legs and two cross braces. Each leg is assembled from two 2x4s.  Prior to gluing them, each 2x4 should have two dados cut on the inside face to accept the 2x4 cross braces.  Each 2x4 should also have two dados on the edge that will face outward (front or back as appropriate) to accept the stretcher rails.

1. Cut eight leg halves to length (cut them 1” long then make a final cut later)
2. Select the and mark leg pairs turning the ‘cup’ grain to the inside (glued) face

3. Cut two long leg cross braces to length (cut them 1” longer then make a final cut later)

4. Cut two short leg cross braces to length (cut them 1” longer then make a final cut later)

5. Temporarily attach the short braces with double sided tape (same for the two long braces)
6. Plane the long and short braces from 3 1/2" to 3” wide

7. Temporarily fasten the leg pairs together with double sided tape (verify grain orientation)

8. Plane the leg pairs from 3 1/2" to 3” wide

9. Cut cross brace dadoes in the leg halves (NOTE: Used a template temporarily attached to the face of each leg half which eliminated marking all eight pieces. Be sure to always reference the template from the same end of each leg half.)

10. Cut leg dadoes for stretcher rails (NOTE: Used a template as above for the top dado. Used the lower cross brace dado as a guide for the lower rail dado.)

11. Cut all cross braces to their final length per plan

12. Cut all leg halves to their final length per plan (NOTE: All dado template cuts should have been referenced from the top of the leg.  Make the final cut on the leg length at the bottom of each half.)
13. Chamfer the exposed edges of the legs (especially including the base – which will help keep the leg from splintering if you slide the bench across the floor)

14. Chamfer the ends of the two long leg cross braces at 45 degrees

15. Glue together the entire leg assembly using the previously assembled stretcher assemblies as gluing jigs and a dimensional reference. Be sure the legs are square to the stretcher rails in all directions.
Bench Top

1. Select and arrange 2x4s for the top based on straightness, color and the fewest number of knots

2. Arrange the selected 2x4s for the top in groups of five to make it easier to plane after glue-up

3. Arrange all the 2x4s by alternating the grain in each board so the ‘cup’ faces in opposite directions
4. Make sure you have plenty of clamps.  A suggestion would be to use pipe or other screw-type clamps (e.g. the Bessey K-Bodies) because grip-type clamps cannot provide enough clamping pressure.  You should plan to have approximately two clamps (one on the top and one on the bottom) at least every 12 inches.  It is also helpful to have at least four (preferably eight) 3’ 2x4s that can be used as cauls on the top and bottom to keep the ‘laminations’ aligned during clamping.  
5. It is helpful to have a roll of wax paper handy to keep glue from sticking to things you don’t want glued.  A piece of plastic under everything may reduce your cleanup time.

6. Assemble the top

6.1. OPTION 1: Glued Version
NOTE: We decided to glue the first top in four sections of five 2x4s each because the resulting sections would be manageable and would fit in a standard 12” planer.  If you have access to a larger planer you can consider gluing more 2x4s and have fewer final sections to true and glue.  Keep in mind that the final top will weigh approximately 125 pounds depending on your material.

6.1.1. Glue four groups of five 2x4s using appropriate adhesive / glue (Titebond II chosen)
6.1.2. Plane the four sections of five boards to remove the roundover and flatten the faces

6.1.2.1. Decide on a flat surface 18’ long minimum to plane the bench top sections

6.1.2.2. Create one flat face.  This can be done one of at least two ways: 1) use a router and appropriate guide rails, 2) use a ‘carrier’ under the piece to be planed (that also runs through the planer) that is flat and shim the piece to be planed so that even amounts are removed from the high spots until one side is flat.
6.1.2.3. Plane the opposite face so that the faces are coplanar then continue planing even amounts on each face until you reach the desired thickness. NOTE: The desired thickness for sections of the top might be thicker than the final thickness since you may be planing multiple times.
6.1.2.4. Plane the glue faces to remove any twisting or warping.  This can be done with a large jointer, but may be difficult if the jointer table is less than the length of the table top. Since the pieces are generally too large to run the glue faces through a planer it is usually easiest to use a router planing jig and appropriate straightedges.
6.1.3. Cut biscuit slots in the glue faces alignment referencing all slots to the same (top) edge of the sub-assembly.
6.1.4. Apply liberal amounts of glue to both glue faces, insert biscuits and clamp the sub-assemblies together. MAKE SURE THEY ARE FLAT. Cauls may help assure flatness.  Repeat this process until the entire top is completed.
6.2. OPTION 2: Bolted Version

6.2.1. Decide on the spacing of your holes for the threaded rod and create a template from scrap material (at least 3” wide, perhaps 1/4” thick and 8’ long). 

6.2.2. Trim one end of each 2x4 to create a fresh, clean, square reference end.

6.2.3. Clamp the template to each 2x4 in turn (or gang multiple 2x4s if your bit is long enough) and drill the holes.  Make SURE the 2x4(s) are flat on the table of the drill press and perpendicular (in two dimensions) to the drill bit.  The hole should be the same size as your threaded rod (3/8” or 1/2" depending on your threaded rod).

6.2.4. Prepare sections of threaded rod with a bold and washer on one end for each hole in the 2x4s. Apply a release agent (oil, Vaseline, grease, wax, etc.) to the threaded rod so that the glue will not stick to the rod.  NOTE: You may want to have extra threaded rod available in case you run into problems with the glue.

6.2.5. Apply liberal amounts of glue to both faces of each 2x4 (only one side of the end ones) and stack them one by one onto the threaded rod.  (NOTE: In this case the threaded rod is mainly for alignment – not clamping. Also note that it might be good to try and place minimal glue within about 1/2” of each threaded rod hole to minimize the amount of glue that gets hydraulically driven into the holes.) One possible solution (not tried) would be to place a small paper ‘gasket’ around each hole to keep the glue out.
6.2.6. Apply cauls if available to align the surfaces then use pipe clamps or similar every 12” to 18” to clamp the entire assembly together.

6.2.7. Once the assembly is clamped it may be prudent to remove the threaded rods and clean any wet glue and also use the rods to clean as much glue as possible from the holes.

6.2.8. Plane the glued up assemblies as in section 6.1.2 above.

6.2.9. Cut biscuit slots in the glue faces alignment referencing all slots to the same (top) edge of the sub-assembly.

6.2.10. Apply liberal amounts of glue to both glue faces, insert biscuits and clamp the sub-assemblies together. MAKE SURE THEY ARE FLAT. Cauls may help assure flatness.  Repeat this process until the entire top is completed.

6.2.11. Drill counterbores for the washers and nuts for the threaded rod.  Alignment usually involves placing a small plug in the threaded rod hole to establish a center then drill with a larger Forstner bit. 
6.2.12. Cut threaded rod to length (slightly shorter than the width of the top so that the ends won’t stick out of the top.  Assemble washers and bolts and tighten as necessary. NOTE: With the laminations glued, the threaded rod is mostly a precaution, not a structural part.

7. Mark and route stopped dados in the bottom side of the top to meet raised stretcher cross braces (use the actual stretcher as a guide).
8. Dress and sand top as necessary 

9. Trim ends of top as necessary

10. Roundover all top edges except at vise, also ease all corners

Bench Lower Shelf
1. Glue three groups of three 2x4s (3 chosen to limit width for planer) (plane both faces evenly to limit warping or other wood movement).  NOTE: Be sure to set the grain the way you want to limit warping.
2. Cut biscuit slots in the edges of each section for attaching the three pieces together

3. Glue the three sections together and clamp to a solid surface to hold the assembly flat

4. Mark and trim both ends of the shelf so that the ends are even and square with the sides and top

5. Roundover or ease all edges and corners

6. Notch the corners of the completed shelf to fit inside the leg assemblies

7. Using the completed bottom stretcher assembly as a guide, mark the bottom side of the shelf for dados to accept the stretcher assembly’s two end cross braces that were set ¼” proud

8. Cut two dados in the bottom of the shelf to accept the raised stretcher cross braces

Bench Vise

1. Select and cut appropriate material for the vise front and rear jaw

2. Cut the front and rear jaws per the vise cutout pattern

3. Create an ‘spacer’, if required, to mount the vise to the bottom of the bench top

4. Decide on spacing of two bench dog holes on the front jaw and bore appropriate holes

5. Confirm the maximum vise opening with jaws in place, subtract 7/8” to get bench dog hold spacing

6. Drill bench dog holes in the bench top based on the above measurement

7. Mount / configure the vise jaws on the vise per instructions that came with the vise

8. Mount the vise to the underside of the bench top with the supplied hardware per instructions
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