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2012 but the preparations started already in 2008 
(Figure 1).  The record is separated into different 
parts which are structured chronologically in rela-
tion to the building process and in relation to the 
different reference planes of the main construction 
or roof construction. 

INTRODUCTION

The experiential record is based on my experiences 
from building a timber framed gazebo. It has been 
a part of my learning process, and here most of 
the principles, procedures and situations have been 
tested in practical experiments. The working pro-
cess was running from January 2009 till march 

2008 2009 2010 2011 2012

1 3 4 5 6 72prep 1 2 3 4 5- 8-7

Figure 1.  A time line of the different parts of the experiential record.
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Figure 2. Layout drawing of the vertical frames and the height of the roof.

Figure 3. Detailed layout drawing of the layout of the crossing braces in the outer 
walls.

Figure 4. �e practical geometry used to design the plan view of the 
gazebo, which was used for the horizontal frames.

Figure 5. Perspective view of the main construction and the 
practical geometry in the horizontal and vertical frames.

Figure 6. �e practical geometry used for the design of the 
vertical frames.

Preparations
�e layout drawings for the construction was 
made in SketchUp October 2008 (Figure 2 - Fig-
ure 6). A model of one of the outer wall frames was 
made to test the dimensions, before ordering the 
matierial (Figure 7 - Figure 12).  Di�erent meth-
ods were used and di�erent kinds of joinery were 
applied. �e use of di�erent joinery in the vertical 
frames (Figure 10) was not functionable, and the 
dimensions for the frame was decided. 5 x 5 inches 
for the primary timbers and 2,5 x 5 inches for the 
braces.
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Figure 7. The model of the outer wall frame. A girt and a pair of crossing 
braces are about to be marked.

Figure 8. The assembled wall frame.

Figure 9. The crossing braces of 3 x 3 inches with lapped joinery at the girt 
and tenons at the sill beam.

Figure 10. The crossing braces of 3 x 5 inches with a barefaced and 
reduced tenon and a lapped joint.

Figure 11. Marking the crossing braces with the plumb line in vertical trans-
fer by reference 

Figure 12. Marking the other braces by line transfer in the acute-
angeled corner.
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1 - HORIZONTAL FRAMES

The first part of the practical work was carried out 
from January till March 2009. The millsawn oak 
timbers were quite green as it arrived from the saw-
mill, Lövsågen i Forsvik, December 2008, and the 
80 m2 workshop was not heated. 

Plan view

The layout for the plan view was carried out by 
practical geometry using a wooden rod with two 
nails of 2,5 meters distance as dividers or tram-
mel points (Figure 13). By using a 5 meter metal 
straightedge and a chalk line the outer lines of the 
plan view were drawn on the wooden floor in the 
workshop (Figure 14).

1.1 - Marking the sill beams
In the sill frame I tested a distance transferring 
method called ‘mapping’ where the timbers were 
placed on trestles (Figure 15 and Figure 16). 

1.1.1 - Procedure

I selected the timbers to be used and centerlines 
were applied on all four sides of all timbers. From 
the plan layout the exact overall lengths were 
found and applied on the timbers, taking care that 
deflections such as knots, cracks and wanes were 
cut off. The timbers were named according to their 
position in the building, and the dimensions of the 
meeting timbers were measured and transferred to 
the adjoining timber. In this way the shoulder-to-
shoulder lengths were found and marked on all 
timbers. The timbers were levelled so that the cen-
terlines marked in the end grain were plumb and 
level, and so that the centerlines on the faces of 
the timber were also in level, lengthwise. A spirit 
level was used to register the irregularities of one 
timber. By memorizing the distance between the 

Figure 13. Using the wooden rod as dividers to make the plan view 
layout by practical geometry (See Figure 4).

Figure 14. The lines were snapped by chalk line or by pencil and straightedge.
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spirit level and the timber the irregularities were 
transferred to the adjoining timber. By holding the 
spirit level onto the shoulder-to-shoulder mark on 
the adjoining I used the memorized distances to 
mark the shoulder cut.

1.1.2 - References

This method was new to me and the principle 
was described in a paper by Will Beemer (Beemer 
2005a, p. 9). I had also been introduced to the 
principles at a presentation of the English carpen-
ter, Joe Thompson (Thompson 2008), and also in 
the book Oak-Framed Buildings by Rubert New-
man the principle of the method is described 
(Newman 2005, p. 96).

1.1.3 - Reflections

The procedure seemed straight forward, and the 
greatest challenge was how to keep the work or-
ganized and to copy the measures in the right way. 
The shape of the plan view produced some compli-
cations as the short sill beams had a meeting going 
in each direction. They were also only about 75 cm 
long, which showed out to be difficult to manage, 
as they should be lying still throughout the mark-
ing process, and as just small movement could dis-
turb the levelling. It showed to be a good idea to 
use clamps to keep them in place. 

I had not planned the procedure from the begin-
ning and I had no layout drawings with exact 
measures of the different timbers. This implied 
that I had to make the full scale floor layout to get 
the measures. 

It is not a good idea to put centerlines on all tim-
bers in the beginning when working on green tim-
ber, as the timber deflects and as the centerlines 
will easily get out of plumb/level. It will be better 
to level each timber when needed. When marking 

Figure 15. The short sill beam had to be fastened with clamps.

Figure 16. The same situation from another view, where the long sill beam could 
rest on two trestles.

the cutting details the centerlines turned out to be 
very important, but this worked generally well. 

It is possible to use both spirit level and plumb 
line, even though it seems a little more efficient to 
use the spirit level.
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Generally the whole process seemed rather time-
comsuming, as there was a lot of going back and 
forth between the timbers. A great deal of over-
view was needed to keep track of the different 
measures. Therefore I do not consider this method 
as a good choice when building a whole construc-
tion, but it can be considered as a useful ‘problem 
solver’, that can be applied when one timber is to 
be marked into an existing frame, or if a small and 
simple frame should be built in a space limited 
workshop. Beemer calls this method for distance 
scribing, mental scribing or measured scribe, and 
he defines it as “the simplest (and potentially least 
accurate) form of scribing” (Beemer 2005a, p. 9). 
Newman comments that “It is critical to keep an 
overall three dimensional image of the frame in your 
mind whilst doing this, which can become very com-
plicated on all but the simplest of layouts.” (Newman 
2005, p. 96).

1.2 - Marking the plate
The main method applied here was to use the 
spirit level in vertical transfer by reference, as the 
timbers were lying on top of each other and the 
wooden blocks were so small that they didn’t allow 
a plumb bob to hang freely. 

1.2.1 - Procedure

The inner plates were joined by scarf joints, so that 
they could function as one whole timber (Figure 
17). Then all timber were found and laid out on 
top of the assembled sill frame on the plan layout 
to make sure that the sill and plate had the same 
measures (Figure 18). 

The timbers were levelled and stabilized with small 
wedges, and level marks were marked on each tim-
ber. By placing the spirit level inside the corner of 
the meetings, keeping it plumb while touching the 

Figure 17. The four inner plates have been scarfed.

Figure 18. The lay up of the plate beams on top of the assembled sill. 
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outermost part of the face of the recieving timber, 
the edge of the spirit level revealed if the face was 
out of plumb (Figure 19). 

This point where the spirit level touched the tim-
ber, the location mark, was transferred to the ad-
joining timber and the irregularities were meas-
ured by eye and also applied at the adjoining 
timber. This was done on all four sides of every 
meeting, which afterwards showed out to be un-
necessary for the outside faces of the corner joints, 
but very necessary for the cross joints (Figure 20). 
When marking one meeting after the other I real-
ized that it would be efficient to use the vertical 
line transfer after marking the position mark, and 
this was also tested by using the edge of the spirit 
level as straightedge. In this case it was also pos-
sible to not even hold the spirit level onto the face 
of the timber, but instead keeping it parallel to the 
face directly at the position mark. This made the 
approach even more efficient, but this only works 
when the position mark is outside.

1.2.2 - References

To use the spirit level instead of the plumb bob as 
a vertical reference line was introduced to me by 
a number of French carpenters (1-France 2006), 
but also Francois Calame has given me valuable 
information (Calame 2006). From my experience 
from log-building this way of using the spirit level 
is also rather common. 

The idea to use the sill beam as reference for the 
marking of the plate has been found in the Norwe-
gian tradition of sperreverk and stavlinehus, which 
I have used in the two different workshops (6-Nor-
way 2009; 8-Norway 2011) and information on 
this is also found described by Jon Bojer Godal 
(Godal et al 2009) and Trond Oalann (Oalann 
2006). Similar descriptions where roof trusses are 

Figure 19. Two illustrations of marking the same joint using the spirit level.

Figure 20. The already 
cut cross joints.
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1.3 - Joinery
In both sill beam and plate there were a number 
of similar joints. This was a possibility to test the 
marking of different types of joints. There was no 
intention of testing the functionality, but mainly to 
use this construction as a kind of joint collection.

Here is an overview of the different joints used in 
the sill and plate of the main construction (Figure 
21). There are references to where the information 
comes from, and where there is no reference the 
dimension or proportions used have been put in 
brackets (e.g. ‘ku’ – 28mm). 

1.3.1 - Procedure sill beams – corner joints

(Figure 22 - Figure 33)

Firstly I marked the cutting details for the corner 
joints in the sill beams. The timbers were placed on 
trestles next to each other and not positioned as they 
should be in relation to each other in the final con-
struction. The shoulders were marked with distance 
transfer, which implied that it was a challenge to 
be able to imagine what the joint was going to look 
like on the mating timber. There were centerlines 
on all timbers, and I used these as the point of de-
parture for the measurements. From the beginning 
there was no structure in the way the joints were 
organized, and which joints were chosen. This was 
because I did not think that the study of different 
joinery should be so important for my results as 
it turned out to be. The joints chosen for the sill 
beams were the following. 

Joints number 1, 2 and 12 are variations of the same 
joint from different sources, and where number 1 
was marked using the 'ku' template from Norwe-
gian tradition of sperreverk. Joints number 14 and 
18 were made with a 'mitered finish', which implied 
that these was no end grain visible, but which also 
was twice the work to both mark and cut.

marked using an already assembled truss as tem-
plate is found in some Swedish sources, where the 
oldest is Byggnadsnickeren på landet by J.M.Bong 
(Bong 1883, pp. 9-11). I have my own experience 
of line transfer from the carpentry education in 
Denmark, and a description of this procedure is 
also found in the Danish learning resource, but 
here there are only descriptions of the use of the 
carpenter’s square (TLK 2007, p. 70). 

1.2.3 - Reflections
This approach is functional in situations were 
the plumb bob cannot hang free below the tim-
bers, if there is a wrongly placed block or other 
disturbances. 

It was much easier to mark on the upper timber, as 
the timbers were lying so low that I had to crawl 
to mark the lower timber (see Figure 19). When 
marking the plate I had forgotten to mark one 
meeting of the inner plates, and this resulted in a 
lot of extra work with remarking, and showed me 
how important it is, to always do a control of all 
markings before starting the cutting when using 
a full scale layout. The level marks did not seem 
to fit very well after assembling the plate, which 
confused me a bit.

Generally the plumb bob appears to be more ef-
ficient than the spirit level when working by the 
reference line as the plumb line reveals two faces 
at the same time, whereas it is necessary to move 
the spirit level. When working by line transfer, the 
spirit level showed to be very efficient, as both the 
position mark and the face projection are done 
with the same tool. Line transfer could be used 
without marking for later parallel projection, when 
just keeping the straight edge onto the reference 
point and parallel to the face of the timber.
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Corner joints in sill
1. SW - Hörnskarv med halvlaxstjärtformig hake (’ku’ - 1/5) 
2. DA - Hjørnekamblad (TLK, p. 10)
3. SW - Hörnskarv med sned skärning. (HKI, p. 2:2)
4. GE - Scherzapfen (MG, p. 63)
5. GE - Durchgehender Schwalbenschwanzeckzapfen (MG, p. 65)
6. GE - Einseitiger Gehrungszapfen (MG, p. 63) 
7. GE - Verdecktes schräges hakeneckblatt (MG, p. 101)
8. GE - Halb eingezapfter Schwalbenschwanzeckzapfen (MG, p. 65)
9. DA - Lige hjørneblad (TLK, p. 10)
10. GE - Hakeneckblatt (MG, p. 99)
11. GE - Verdeckter scherzapfen (MG, p. 63)
12. SW - Hörnskarv med halvlaxstjärtformig hake (HKI, P. 2:2)

Scarf joints in plate
13. SW - Fransk lås (’ku’ - height of cog - 28 mm)
14. DA - Fransk lås (TLK, p. 9)
15. DA - Skråt hageblad med styretap  (TLK, p. 8) 
16. DA - Hageblad med forkiling, skråt bryst og styretap (TLK, p. 9)

Corner joints in plate
17. GE - Versetztes Hakeneckblatt (MG, p. 102)
18. GE - Versetzte Schwalbenschwanzformige Hakeneckverblattung (MG, p. 102)
19. DA - Hjørnekamblad  (height of cog - 28mm) 
20. DA - Hjørnekamblad (height of cog - 1/5)
21. GE - Verdecktes Hakeneckblatt (MG, p. 100)
22. GE - Verdecktes Eckblatt (MG, p. 97)
23. GE - Verdecktes schräges Eckblatt (MG, p. 98)
24. DA - Dobbelskråt hjørneblad (TLK, p. 10) 

Cross joints in plate
25. SW - Halvt i halvt (HKI, p 2:2)
26. DA - Lige overskramning med forsats (TLK, p. 14)
27. GE - Verschräncktes blatt (MG, p. 120)
28. GE - Einzeitig abgesetztes Kreuzblatt mit beidseitigem Haken (MG, p. 120)

Figure 21. �e numbers de�ning where the joint is located 
in the construction. �e numbering do not imply that this 
was the chronological sequence when the joints were marked.
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1.3.2 - Procedure Plate – Scarf joints

(Figure 34 - Figure 37)

In the plate I had to make scarf joints in the inner 
plate, and even though it would have been possible 
to put the joint fairly close to a supporting post, 
which constructively would have been better, I de-
cided to put the joints in the middle to make the 
scarf joint visible for the visitor. In this case I used 
mainly the measures from Træsamlinger og lette kon-

struktioner (TLK 2007) but also because I found that 
the proportions defined by Manfred Gerner (1/3 of 
the dimension) were going to weaken the joint too 
much (Gerner 1998). For the three first joints (Figure 
35 - Figure 37) I used measures from the centerlines 
with ruler. This worked well although the inlined 
cuts on the 'bolt of lightening' joint were difficult to 
mark by measures. For the last joint (Figure 34) I 
tried to use the face of the timber as reference and 
the 'ku' template from the Norwegian tradition of 
sperreverk which I have used at two of the Norwe-
gian working seminars (6-Norway 2009; 8-Norway 
2011). I have experience from teaching in the use of 
these templates, and some information is also found 
in Godal and Oalanns books (Godal et al 2009, p. 
230; Oalann 2006, p. 14). This marking procedure 
took half the time as the marking of the similar joint 
by measures. 

When reassembling the plate for working on the 
roof construction, the scarf joints had to be re-
assembled (after one year), and it was necessary to 
remark some all of the joints as the shrinkage and 
distortions of the timber had made the timbers 
crack and the joints were untight. The cut faces 
inside of the scarfs (the flattened parts) had turned 
convex. One reflection would be to always make 
the joints more concave than necessary, especially 
when working with fairly green timber.

1.3.3 - Procedure Plate – Corner joints

(Figure 38 - Figure 45)

In the plate there was a possibility to test more cor-
ner joints, and it was even more important that 
the functionality of the joint was tying, as there 
would be pressure outwards from the hip rafters. 
The marking of these joints was again carried out 
when the shoulders had been marked, and again 
they were mainly marked from the center lines, 
when the timbers were not perfect enough to use 
the faces (see Figure 41). In this situation it was 
easier to keep track of which part was to be cut off 
and which not, as the timbers were already in the 
right position in relation to each other.  The meet-
ings were marked in the full scale layout situations, 
and therefore it was not possible to fully mark the 
joints at once. The bottom faces of the upper tim-
bers and the top faces of the lower timber had to 
be marked afterwards. Therefore it was important 
to keep track of the different joints when remov-
ing one timber, to make sure that all necessary 
cutting details were there. I decided that I would 
not use more different joints than necessary, but 
again there was no clear structure in the choosing 
of which joints should be where. 

1.3.4 - Procedure Plate – Cross joints

(Figure 46 - Figure 49)

In the plate I also had the possibility to test four 
cross joints, and again the shoulders had already 
been marked. It was necessary to consider both 
sides of the meeting and I used the shoulder marks 
as point of departure for the measurements, when 
marking on the top and bottom face of the timbers, 
as the timber dimensions differed a bit. It is a good 
idea to mark the center of the timbers in the joint 
meeting on the bottom side of both joints but this 
was difficult in this particular marking situation.
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When marking the corner joints it was often nec-
essary to use the inner corner as point of departure 
for the measures to be able to keep the joint tight, 
as the shoulders had already been marked. This 
was interesting as I usually find that all measures 
should origin from the reference lines or reference 
faces. This was especially important for cogged 
joints. When marking the mitered joinery, it got 
much more compicated to mark the inside parts of 
the joint, and therefore both the marking and the 
cutting of the joint took about twice as much time 
as for a similar 'normal' joint.

As the work was carried out using green oak, it was 
interesting to see which joints suffered most from 
the shrinkage and distortion of the timbers. Of a 
functional aspect it was mostly the joints where 
the inclination was used as tie, but for the lapped 
joinery this was not a big worry. The 'mitered joints 
it the 1/6 was too weak and distorted a lot, where 
the 1/4 miter did not twist so much. For the scarf 
joints the faces inside the joint had a tendency to 
curve, and it would have been better to make the 
face more concave, than I had done. The joint that 
I used the most was the sloped and tabled corner 
lap, which was interesting from different points of 
view, as there was an inside inclination and a cog, 
and as the functionality of the joint was highly de-
pending on tight fitting.

For the applications of the measurements the ‘ku’-
template was mainly used, but for the height the 
centerlines were used. There were not found so 
many examples of different types in the literature, 
and all of the joints were described by Gerner, joint 
25 and 26 were found in Træsamlinger og lette kon-

struktioner  (TLK 2007) and joint 25 was also found 
in Konstruktionslära för timmermän (HKI 1922).

1.3.5 - References
To get a proper restriction to the joint types I chose 
to mainly use three sources where proportions and 
dimensions of the cutting details for the different 
joints were mentioned. The main source will be 
Manfred Gerners Hantwerkliche Holzverbindungen 
der Zimmerer, which is the best structured joint col-
lection that I have found, as the joinery has been 
organized in relation to the position, function and 
form (Gerner 1998). Gerner has also applied meas-
ures and proportions, but they are very generalized  
and he does not mention that the measures can be 
different. The two other sources have been the old 
Swedish learning resource Konstruktionslära för 
timmermän (HKI 1922) and the Danish learning 
resource (TLK 2007). For the use of templates for 
the marking information has mainly come from my 
own experiences from education, workshops and 
teaching, but also in other written sources (Benson 
1995, p. 51; Berg 1984; Godal et al 2009; Oalann 
2006).

1.3.6 - Reflections

The marking of the cutting details for the joinery 
showed to be an important part of the marking 
procedures, the part coming just after marking the 
shoulders or faces. It was interesting that the few 
sources describing the marking of irregular tim-
bers only discusses the mortice and tenon joinery.
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Figure 22.  Joint 1. Hörnskarv med halvlaxstjärtformig hake. The 
Norwegian ’ku’ template was used for all marking. The height of 
the cog was 1/5 of the timber dimension.

Figure 23.  Joint 2. (TLK, p. 10) Hjørnekamblad. Measures on 
a carpenter's rule were used. The height of the cog was 1/6 of the 
timber dimension.

Figure 24.  Joint 3. (HKI, p. 2:2) Hörnskarv med sned skärning. 
The measures were taken from the centerlines with a carpenter's 
rule (1/6 of the dimension up and down), even though the pro-
portions in the reference were from the upper face.

Figure 25. Joint 4. (MG, p. 63) Scherzapfen (Bridled corner 
joint). Measures were taken from the centerline (1/6 of timber 
dimension - meaning that the thickness of the tenon was 1/3)

Figure 26.  Joint 5. (MG, p. 65) Durchgehender Schwalbenschwanzeck-
zapfen. Similar procedure as above (Figure 25), except that the measure on 
the inner face was 1/4 up and down. As the timbers had not been end cut, it 
was important to keep track of the inclination on the lower part in the photo.

Figure 27.  Joint 6. (MG, p. 63) Einseitiger Gehrungszapfen. 
Same procedure as (Figure 25) 
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Figure 28.  Joint 7. (MG p101) Verdecktes schräges hakeneck-
blatt. Using measures from a carpetner's rule. Here I also marked 
the outside of the joint to be able to get the right direction of the 
inclined plane when cutting. 

Figure 29.  Joint 8. (MG, p. 65) Halb eingezapfter Schwal-
benschwanzeckzapfen. This was marked using measures. The 
cutting was very demanding, and the receiving timber seems 
quite weak. This joint would need bigger dimensions.

Figure 30.  Joint 9. (TLK, p. 10) Lige hjørneblad. I simply used 
the centerlines for the cutting. It was easy to mark and cut.

Figure 31.  Joint 10. (MG, p. 99) Hakeneckblatt. Here I used the 1/4 
fixed measure on a straightedge, which was centered on the reference 
lines. Inside used as reference, as the timbers were not end cut.

Figure 32.  Joint 11. (MG, p. 63) Verdeckter scherzapfen. 
Here I used measures on a carpenter's rule from the cen-
terlines, but 1/4 of the dimension for the outside parts 
hiding the joint.  

Figure 33.  Joint 12. (HKI, p. 2:2) Hörnskarv med halv-
laxstjärtformig hake. It was marked by measures.
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Figure 34.  Joint 13. Fransk lås. This joint was marked using the Nor-
wegian ’ku’ templare from the reference face, and instead of making 
the height of the cog 1/5 of the dimension I marked it with a wooden 
straightedge of 28 mm, as I wanted to use a chisel of this size.

Figure 35.  Joint 14. (TLK, p. 9) Fransk lås. This Joint was marked 
with measures from the reference line, and the height of the cog was 
1/6 of the dimension.  

Figure 36.  Joint 15. (TLK, p. 8) Skråt hageblad med forkilning. 
This joint was also marked from measures and centerlines, which 
made the marking much more complex, than my experience was 
from using a straightedge. The undersquinted abutments were also 
to small and had a too small angle to be really functional. It was the-
refore necessary to apply two metal bolts in the finished construction

Figure 37.  Joint 16. (TLK, p. 9) Hageblad med forkilning, skråt bryst og styretap. 
This joint I had never made before, and it was marked by measures from the cen-
terlines. This was also too weak to leave without strengthening with extra bolts.  

Figure 38.  Joint 17. (MG, p. 102) Versetztes Hakeneckblatt. This joint was 
marked using measures and the height of the cog only 1/8 of the dimension. It 
felt very weak, and therefore I kept the extra material as long as possible untill the 
construction had been raised.

Figure 39.  Joint 18. (MG, p. 102) Versetzte Schwalbenschwanzformige Hake-
neckverblattung. Same procedure and measures as in Figure 38. For the inclina-
tion of the dovetail I used 1/4 at the inner edge and 1/2 dimension at the outer 
edge measured from the vertical centerlines. 
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Figure 40.  Joint 19. Hjørnekamblad. Here the 28 mm wooden straigh-
tedge was placed onto the centerlines for marking the heights of the cog, but 
the 'ku'-template was used for marking the inclination.

Figure 41.  Joint 20. Hjørnekamblad. Here the 'ku' - template was used 
from the reference face and a wooden straightedge of 1/5 of the dimension 
for the height of the cog (same as joint 1, but here the procedure was more 
carefully documented).     

Figure 42.  Joint 21. (MG, p. 100) Verdecktes Hakeneckblatt. This joint 
was marked using measures from the centerlines, and here it was necessary 
to also mark the cutting details on the outer face.   

Figure 43.  Joint 22. (MG, p. 97) Verdecktes Eckblatt. For this 
joint only the centerlines were used, and for the 'hiding material' 
2/6 was used from the centerlines. 

Figure 44.  Joint 23. (MG, p. 98) Verdecktes schräges Eckblatt. 
Here I used measures from the upper face of the timbers. This 
joint was quite difficult to get tight, as it was not possible to see or 
feel where it was untight, to know where to remark. 

Figure 45.  Joint 24. (TLK, p. 10) Dobbelskråt hjørneblad. Here 
I used the measures from the centerlines, but as I had not cut the 
ends, it was necessary to consider these when marking for the 
inclinations.   
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2 - VERTICAL FRAMES - OUTER WALLS

Figure 46.  Joint 25. (HKI, p. 2) Halvt i halvt. This was a very simple 
marking, only using the centerlines for the height, and the shoulders 
were already marked.

Figure 47.  Joint 26. (TLK, p. 14) Lige overkamning med forsats. To 
mark this joint it was necessary to consider on which side the 'hou-
sing' should be placed on the lower timber. It was places on the inner 
face, as it would then support the beam directly on the post. The 1/5 
dimension was used from the shoulder lines, and the centerlines were 
used for the inner height.

Figure 48.  Joint 27 (MG, p. 120) Verschräncktes blatt. A similar 
marking procedure as figure 33, and the 1/5 dimension was cente-
red on the centerlines to mark the inside cog.

Figure 49.  Joint 28 (MG, p. 120) Einzeitig abgesetztes Kreuzblatt 
mit beidseitigem Haken. This was a complex joint, and even though 
it was rather simple to mark with the 1/5 dimension template from 
the shoulder lines, it was important to keep track of which lines 
were to cut and which not.
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The second part of the practical work was carried 
out from the beginning of september 2009 and con-
tinued untill the end of february 2010. The physi-
cal environment for the workshop was the same as 
in part 1, but the timber was now much more sea-
soned, with more cracks and twists. I had tried to 
use paraffin on the end grain of the sill and plate 
before stacking the timber, to avoid distortion, but 
it had little effect, only a lot of work to remove the 
parafin, and when reassembling on the layout floor, 
it was necessary to remark some of the joints. Espe-
cially the sill beam on wall 1 was very twisted.

Layout - Outer walls (1-4)

For the layout of the outer wall frames I made a 
new floor drawing  about 3 meters from the plan 
layout (Figure 50). I used the rod from the hori-
zontal frames to make sure that the point of de-
parture was the same. As I needed more meetings 
for positioning the posts and girts, I used beam-
compasses with the radio 1.25 meters (half the cir-
cle of the plan layout), to create more points where 
the circles and diagonals were cutting each other.

The reference faces of the building were snapped 
with a chalk line and I marked on which side of 
the line the timber was going to be placed. The 
crossing braces were centered in the square be-
tween the girt, sill and posts, and put in 60 de-
grees, which was drawn on the floor with a small 
set of compasses (Figure 51).

2.1 - Marking wall 1
For this wall the vertical transfer by reference us-
ing the plumb line as a vertical reference line was 
applied. The timbers were placed on small blocks 
on top of the floor drawing, and the frame was 

2 - VERTICAL FRAMES - OUTER WALLS

Figure 50. Workplace arrangements with the wall layout in 
the background

Figure 51. A sketch of how to layout the crossing braces by 
practical geometry (see Figure 3)
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marked in 2 stages, to be able to do the lay up 
twice: firstly the posts were marked and cut into 
the sill and plate (2 layers), and secondly the girt 
and the braces were marked into the frame (3 
layers).

2.1.1 - Procedure

The horizontal beams were placed on blocks and 
levelled according to the layout lines on the floor 
using the carpenter’s square. Then the width of the 
mortices were marked on the sill and plate with 
the french ruler of 30 mm using the center lines as 
reference (Figure 52), but altering the postition of 
the mortices both above and below the centerline.

In the sill they were put on the inside, as I thought 
that the tenons of the braces should not be pressing 
on the tenon of the post. The posts were put on top 
of the beams and levelled according to the layout 
lines, again using the carpenter’s square (Figure 
53).

The faces of the timbers were marked by placing 
the plumb line in the corner and measuring the ir-
regularities by eye. An awl was used for the mark-
ing, which left traces of tails (queue) (Figure 54).

Dividers were set to the ‘dropping distance’ of 
the timbers which was transferred from the sill 
and plate to the posts using tails (see Figure 54). 
From these marks the tenon was drawn with awl. 
To mark with the awl a lot of pressure was needed 
which could move the timbers.

Some of the joints had to be remarked after the 
first assembling as the sill beam was very twisted, 
and after assembling the frame the level marks 
were not perfectly in level. I decided to not make 
new level marks till after the next layout. 

For the second lay up the posts and sill/plate were 
assembled, and the layout lines for the braces were 

Figure 52.  Marking the mortices with the french ruler.

Figure 54.  Traces of tails from the marking of 
the shoulders (a) and the marking of the heights 
of the tenon (b).

Figure 55.  Layout of braces using clamps.

Figure 53.  Levelling the timbers with 
the carpenter's square.

a

b
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drawn on the floor (sketch). The girts and crossing 
braces were put on top of each other in level, and 
as they were small timbers and unstable, they were 
held together with clamps (Figure 55). 

The centerlines of the braces were extended with 
a straightedge and plumb bob (Figure 56) as the 
timbers did not continue outside the sill (1-France 
2006).

The girt and braces were marked by the plumb line 
with a carpenter's pencil, as the timbers were small 
and unstable. The drop for the braces was not the 
same in each end, and in any case the drop was 
too big for my dividers between the braces and 
the sill. Trammel points would have been better 
(Dodge 2010a), but I did not have any. It would 
have been good to have reference lines in this case, 
but it worked out satisfactory to use the face of the 
timber (1-France 2006) and a spirit level. 

As the tenons of the braces got very close to the 
tenon of the girt, The tenons were reduced by 3 cm 
(the width of the french ruler) (Figure 57 and Fig-
ure 58). At the sill this problem was not present.

There was some remarking of the crossing braces 
(Figure 59), which was done by transfer of points 
using dividers. The first level marks were not cor-
rect after the assembling, and new level marks 
were therefore made with awl, as the first ones were 
made with pencil (Figure 60). ‘Bring-me-back-
lines’ were applied for the corresponding layouts.

Figure 56.  Positioning the braces. Figure 57.  Sketch of the brace tenon.

Figure 58.  Marking the brace to girt meeting, where the brace tenon has been reduced by 3 cm.

Figure 59.  Remarking the crossing braces and recutting 
some mm on the post with a chisel.

Figure 60.  Making a level plane 
for the new level mark at the end 
of the post with a spirit level.
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2.1.2 - References
The most information for the use of this method 
I have from my working seminars in France and 
England (1-France 2006, 4-England 2008), but 
also literature on the procedure was found in the 
paper Introduction to Scribing by Will Beemer 
and French Scribe Layout by Mark Guilhemjouan 
(Beemer 2005b; Guilhemjouan 1995), in the book 
Oak-framed buildings by Rubert Newman (New-
man 2005) and in the encyclopaedias Traité de 
l'Art de la Charpenterie (Emy 1841), Traité théo-
rique et pratique de charpente (Mazerolle 1895) and 
Encyclopédie des métiers, La charpente et la construc-
tion en bois (LCCB 1979)

2.1.3 - Reflections
It was time consuming to do the process in two 
layouts, and the result would probably have been 
better if all timbers had been marked in the same 
layout (1-France 2006). In the workshop in Eng-
land the wall frames were marked in two steps, as 
there was a larger distance between braces, posts 
and beam, so that the timber had more flexibility 
than in this case where the timbers are very close.

It would have been better, if I had marked and as-
sembled the crossing braces first and worked with 
the whole cross as ‘one timber’. This way of making 
an Alexander-cross I have seen in the restoration of 
an old manor house in Euvreux, France (1-France 
2006). 

The dropping distance for the braces with different 
heights was a problem which I had not quite fore-
seen. In England where I learned to used the drop-
ing distnace, the lower timbers were in the same 
level. At the French company, L'entreprise Desper-
rois, they worked with centerlines on old timbers, 
and with the face as reference (measures) on new 
timbers, where they only marked the measures like 
60/40 or 30/30 (milimeters).

I’m not sure why I had these problems with the 
level marks, but I realised, that the timber were 
probably still going to undergo more distortion. 
In this case with fairly green timbers level marks 
cannot necessarily be trusted later in the marking 
process.

2.2 - Marking wall 2
The method used for marking wall 2 was the verti-
cal line transfer using the carpenter’s square with 
the floor as reference. The lines on the floor from 
wall 1 were refreshed with new chalk.

2.2.1 - Procedure
The crossing braces were marked with one center 
line on the reference face before laying them out 
on the floor on top of each other. By placing the 
square in the obtuse-angled corner with the blade 
on the floor and the tongue, which described a per-
fectly plumb plane, touching both timbers. This 
revealed the location mark in the obtuse-angled 
corners. The edge of the blade was put onto the 
side face of both timbers and two small marks 
were drawn along the edge on the mating tim-
ber. A similar procedure was done in the acute-
angled corner, but here the square was too big, 
and therefore a small 15 cm ruler was used in the 
same way (but without location mark). For trans-
ferring the location mark from the obtuse-angled 
to the acute-angled corner the edge of the square 
was put on top and by eying along the timber the 
direction was defined and the location was marked 
(TLK 2007, p. 71). The direction of the ‘two small 
marks’ were projected in parallel to the location 
marks. A small wooden spirit level was used for 
marking the height of the lapped half-in-half joint. 
The braces were cut and assembled.

The posts were put out as the first layer as I wanted 
to get the girts in the same height as the sill beam 
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to be able to mark the crossing braces as layer 
3. This turned out to work well. The tim-
bers were put on small blocks and levelled 
by using the carpenter’s square and the floor 
as reference. Therefore the level marks were 
applied on the sides as plumb marks (Figure 
61).

The centerlines of the braces were prolonged 
with a straightedge and the carpenters square 
as reference from the floor (1-France 2006) 
(Figure 62).

All the faces were marked by using the square 
to find the location mark and by holding the 
blade onto the face. A bevel gauge was used 
for the projection in parallel, and the ruler 
was used as a control for connecting the two 
lines on the reference face (Figure 63). 

The faces and shoulders were marked with-
out marking the mortice-and-tenon heights, 
and when removing each timber the Dan-
ish ‘ko’-template of 1 ½ inch was used for 
marking the mortice and tenon (Figure 64) 
for all joints except the braces, which worked 
well (TLK 2007, p. 50). For the braces two 
wooden straightedges of 1 ¼ inch was used 
from the reference faces, making sure that 
the tenon was in level with a spirit level.

The crossing braces were again a bit too big, 
and this demanded remarking and recut-
ting. They were too tight in the back of 
the tenon, which from a structural point of 
view is unnecessary. I decided to make extra 
space in the back of the braces for the rest 
of the building. All the other meetings were 
good although I had not checked all mor-
tices before assembling, which involved some 
recutting.

2.2.2 - References
The information for how to 
use this method was found in 
Danish learning resource (TLK 
2007) but also from my own ex-
perience from the training as a 
carpenter in Denmark.

2.2.3 - Reflections

Generally this was a rather sat-
isfactory process, where most of 
my decisions turned out to be 
functional but also as the infor-
mation on the method was de-
scribed very well in the Danish 
learning resource.

The use of blocks turned out 
to create som problems for the 
square, as there was not space 
enough for the long blade on 
the floor in all situations. At the 
same time the blocks were not 
big enough to allow the carpen-
ter's to use the face of the timber 
as reference (TLK 2007, p. 77). 
Therefore the spirit level was 
used in these situations, which 
worked out just fine, and appar-
ently the plumb line could have 
been used in the same way.

To have the posts as the ‘lowest’ 
layer was useful, and this is also 
the way they did it at Desperrois 
in France, where also the posts 
are structurally carrying the sill 
beams (1-France 2006). It would 
have been more difficult to have 
had to position the girt in the 

Figure 61. Levelling the timbers with the 
carpenter's square using the floor as reference.

Figure 62. Extending the centerlines of the al-
ready assembled crossing braces, to be able to use 
the carpenter's square as reference.
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Figure 63.  (left)
The procedure of 
line transfer in 
four steps and the 
markings on the 
timber. The last 
photo shows the 
markings.

Figure 64.  (right)
The procedure of 
marking the mor-
tice and tenon joi-
nery on the girts 
and posts using 
a  'ko'-template, a 
wooden marking 
template from Træ-
samlinger og lette 
konstruktioner.



23

lowest layer as it is too small to be kept in place. 
This would have implied three points for the posts 
to rest on (it is more stable with only to points).

The mortices of the braces should not be too tight 
in the back, as it is much better to have a little 
space when assemling in particular if the marking 
should be unexact. It is both possible to mark the 
mortices before and after the marking of the faces.
The size (and direction) of the mortices should al-
ways be tested before starting the assembly, it saves 
time. 

The procedure of marking inclined meetings with 
acute-angled corners is more complicated with line 
transfer, as the square cannot enter into the corner. 
By using a straightedge and eye measure it can be 
solved.

2.3 - Marking wall 3
The plan was to apply the horizontal line transfer, 
but when I planned for how to mark the different 
joints I realized that this method was not neces-
sarily meant for a whole full scale layout involving 
braces (TLK 2007, p. 67). The inner walls (wall 
5-8) would not give the opportunity to full layouts, 
as many of the joints had already been marked in 
the outer walls. I applied more than one method in 
this wall to see what happened when using more 
than one method in the same wall frame. The 
main study was horizontal line transfer and hori-
zontal transfer of points double cutting and verti-
cal line transfer by tumbling, but also vertical line 
transfer and transfer by reference was used.

2.3.1 Procedure

I drew lines on the floor for both sides of the posts  
to be able to mark and precut the mortices. There 
was 12 cm between the lines even if the timber 

dimension was 12,5-13 cm which implied that the 
tenon had to be reduce a bit. The sill and plate was 
laid out on the floor and levelled, and by holding 
the carpenter's square onto the floor, the lines were 
transferred up and marked on the timber. The 
Danish ‘ko’-template of 1/3 dimension was used 
to mark the heights of the mortices. Then the mor-
tices were cut.

The plate with the finished mortices was laid out in 
level on blocks on the floor and following the floor 
lines. The mortices were checked as they had to be 
in level. The tenons of the posts were cut in a length 
of 5 cm (3 cm for the corner posts) by using the ‘ko’ 
template (Figure 65), and therefore there was no 
need for center lines on the posts. The tenons of 
all four posts were put into the mortices as far as 
possible, taking care 
that they still followed 
the layout lines on the 
floor (Figure 66). 

The receiving face of 
the plate was trans-
ferred onto the posts 
by transfer of points by 
setting the dividers to 
a certain measure (in 
this case about 1 inch). 
With one point held 

Figure 65.  Marking the tenons with the Danish 'ko'-template. The spirit level was used 
to make sure, that the two tenons were parallel to each other when the timber had a twist.

Figure 66.   Mortices have been cut, 
and the plate and posts are placed 
on blocks on the floor layout in the 
same level pushing the tenons into 
the mortices as far as possible.
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onto the face the other point scratched a line the 
post. This line defined the second cut of the shoul-
ders of the posts (Figure 67 and Figure 68). 

After marking all post to plate meetings, the post 
to sill joint was prepared for horizontal line trans-
fer, by marking where to make the offcut of the 
posts. This was made about 3 inches from the 
expected shoulders. The tenons of the posts were 
recut (Figure 69) and assembled with the plate 
again.

The sill was put out next to the end grain of the 
posts taking care that the center line on the sill 
was in level and parallel to the reference line on 
the floor. The measure between the centerline on 
the sill and the layout line on the floor was exact-
ly 3 inches. Wooden straightedges of together 3 
inches were held onto the face of the sill for trans-
ferring the face to the post (Figure 70 and Figure 
71). Care was taken that the receiving faces were 
fairly straight. The tenons were again marked by 
the ‘ko’-template and spirit level (Figure 65), cut 
and assembled, having the sill, plate and all four 
posts in the same layer.

The next step was to mark the girts into the frame, 
and as the frame was fairly steady, and the vertical 
line transfer by tumbling was used. The girts was 
laid out on top of the posts with the reference face 
on the side. The exact shoulder-to-shoulder length 
was marked directly on the reference face in both 
ends of the girt. The girt was rolled 'back' having 
the reference face turned upwards and following 
the layout lines on the floor.

By holding a straightedge onto the receiving face 
of the post, the direction was transferred onto the 
girt. To get this line in the right position the girt 
was moved lengthwise (keeping the girt following 
the layout line) untill the side of the straightedge 

Figure 67. The transfer of points using the dividers to mark all the way around the posts.

Figure 69. Cutting the remarked 
shoulders of the post.  

Figure 68. The transfer of points. Here the rounded points of the dividers are not perfect 
in the marking situation.
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met with the location mark. As the location mark 
is only on one side of the reference face the straight-
edge was also applied on the other side face of the 
girt. The same procedure was applied in the other 
end of the girt. By moving the girt back untill the 
straightedge met the location mark, the face of the 
other post was transferred to the girt on both sides. 
Again the mortices and tenons were marked by the 
1/3 ‘ko’-template.

The frame was taken apart and the girts and posts 
were cut. Before putting the girts into the frame, 
the crossing braces were marked, cut and assembled 
using vertical line transfer directly on the floor. This 
time I used a stronger but also more complicated 
joint (Figure 72 and Figure 73). 

The frame was then assembled with also the girts 
in the first layer. The assembled crossing braces 
were marked into the frame by using the plumb 
bob as a vertical reference line (Figure 74). The 
shoulders of the crossing braces were on both brac-
es at the same time as the sill and girt had straight 
edges (Figure 75).

2.3.2 References 

As many different methods were applied in the 
same wall layout there are also many different 
references. The inspiration for the approach of 
horizontal line transfer has only been found in the 

Figure 70. Horizontal line transfer using two wooden straightedged

Figure 71. After having marked the post to sill meetings.v

Figure 72. Cutting the cross joint of the crossing 
braces (Skrå overskramning med forsats). Figure 73. Remarking the joint after the first cutting, to ensure a tight fitting. 
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Danish learning resource (TLK 2007, p. 67). The 
Danish architect, Erik Hansen, described a simi-
lar procedure from when he in his youth (1940’s) 
was working with marking roof trusses in Ribe, 
Denmark. 

The procedures of double cutting and tumbling were 
used at a workshop in England where we applied 
both methods in the same frame. Double cutting 
was used for the three-dimensional joint of a jowl 
post (4-England 2008), and tumbling was only 
used for the secondary vertical timbers studs. Both 
methods are described by Will Beemer (Beemer 
2005a), and in the American carpentry manuals 
shorter descriptions have been found (Shaw 1836, 
p. 143; Todd 1870, p. 255).

2.3.3 Reflections

One of the main reflections is that the methods 
have different possibilities, and that not all meth-
ods can be used for marking a complete construc-
tion. Double cutting is a method for marking pri-
mary timbers, whereas tumbling is only possible 
to use when marking smaller timbers into a steady 
frame. This may be the reason why tumbling is 
considered an English method, as the historic style 
of timber framing involved a great number of sec-
ondary timbers studs with a smaller (rectangular) 
dimension. Tumbling can, however, also be an ef-
ficient method when marking floor joists into a sill 
frame (Beemer 2005a).

The horizontal transfer of points and the horizon-
tal line transfer are very similar in their use, where 
the tools used define the difference. Double cut-
ting seems more elaborate as the tenon has to be 
cut twice, whereas in horizontal line transfer the 
face and the tenon are marked in one go. When 
working by horizontal line transfer it is impor-

Figure 74. The last wall layout with the crossing braces alrady assembled.

Figure 75. Marking the directions of the shoulders for the crossing braces.
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should reduce the timbers in the housing, and the 
drawings had to be revised during the work when 
I found mistakes and problems. I made the hous-
ings 50 mm from the center lines, but for the sill 
and plate I had to make it 60 mm to not make the 
corner joint too weak (Figure 76). I started with 
only making stick drawings for the main timbers 
collecting some experience before working with 
the braces (Figure 77 and Figure 78).

Next step was to put center lines on all four sides 
on all pieces to be able to use these as reference 
for the measures. It was difficult to put centerlines 
on the plate because of the mitered corner joints 
(Figure 76), but by using the spirit level and meas-
uring down on each side a satisfactory result was 
obtained.

The main measures for every timber (generally one 
measure for every joint) was marked on the center 
line on the reference face. The marks were squared 
round the timber where needed, by holding the  
blade of the carpenter’s square along the length 
of the timber and drawing lines along the edge 
of the tongue, across and round the timber. From 
the main measures the detailed measures for every 
joint was applied, and all the cutting details were 

tant that the receiving faces are not round. This 
can be handled by firstly planing the faces, but it 
would then be easier to use a pair of dividers for 
the transfer.

The dividers that I used for double cutting were 
not perfect for this, as the points were turned in-
wards and the rounded points make it inconven-
ient to mark small distances (see Figure 68). It was 
also problematic to double cut the corner joints 
when there was a hidden corner joint, as the face 
to be transferred on the outside had been removed.

When working with inclined timbers (the crossing 
braces) none of the three horizontal transferring 
methods seemed appropriate. When marking the 
brace tenons ‘all the way out’, it is a good idea to 
make a plan perpendicular to the mortice timber 
instead of using the direction of the brace (Beemer 
2005b). I recommend to mark on the ‘wrong side’ 
of the string in the acute-angled corner, as it gives 
enough space to avoid too tight joinery and does 
not look as a mistake.

2.4 - Marking wall 4
The wall was marked by Distance layout (square 
rule) with center lines and housings. It was neces-
sary to make stick drawings (layout drawing of one 
timber showing two or more faces) of all the differ-
ent timbers in the wall. To make these stick draw-
ings was new to me, and even though I had been 
using AutoCAD, I decided to use the lighter and 
easier SketchUp Pro with a special plug-in appli-
cation (www.northernlightstimberframing.com) 
made accessible from the Timber Framers Guild.

2.4.1 Procedure
I had to make all the stick drawings for the differ-
ent pieces. It was difficult to decide how big the 
‘perfect inner timber’ should be, or how much I 

Figure 76.  The mor-
tice for the corner post, 
and the difference in 
housing depth bet-
ween 50 mm for the 
brace and 60 mm for 
the post.
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marked with housings for every mortice. I marked the 
timber two and two to make the process more e�cient 
(and to avoid mistakes as the measures could be com-
pared). As the drawings did not show how to form the 
edges of the housings, I tested di�erent possibilities 
with bevelled and square corners.

After marking all the main timbers they were cut 
and the girt and crossing braces were to be marked. I 
made new drawings (of also the sill) but had problems 
deciding where to put my referencelines, as the most 
important points of the braces were in the nose of the 
brace tenon. �erefore both sides of the braces were 
important, and they had to be joined in a cross. I de-
cided to use a measure of 55 mm from the centerlines 
to both sides (110 mm), but for the depth of the hous-
ings I kept to 50 mm.

I tried to draw all four braces at the same time using 
the square (Figure 79), but it seemed to be too unex-
act even when I squaring from the centerlines. As I 
still had to draw all the other cutting details I marked 
them one by one (Figure 80). In the end the result 
was satisfactory, although in 3 cases out of 4 the nose 
of the braces was too tight (Figure 81), and one post 
tenon had to be recut by almost 1 cm (Figure 82). 

2.4.2 References

�e principle that I have used is the square adjust-
ments using housings. I learned this method during 
my education in Mariestad and I had later built a simi-
lar construction using the same stick drawings, taking 
all decisions and carrying out all the work by myself. 
In 2008-2009 I taught the principles of square rule 
to �rst year students. In 2008 the construction had 
been designed and all stick drawings had been made 
by an experienced timber framer, Mats Anderses, and 
in 2009 I designed the construction, which was built 
without using stick drawings which also worked well.

Figure 77.  Stick drawing of the girt used in the construction.

Figure 78.   Stick drawing of one of the crossing braces.

Figure 79.  Marking the four cros-
sing braces at the same time.
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The literature on this method is almost entirely produced 
by members of the Timber Framers Guild, and there are 
a large number of books and papers by Jack sobon, Tedd 
Benson, Steve Chapell, David Dauerty, Rudy Christian 
and Will Beemer among others which have been used 
(Beemer 2003a; Benson 1995; Chappell 1998; Chris-
tian 1988a, 1988b, 1989, 1993; Dauerty 1997; Sobon & 
Schroeder 1984;  Sobon 1986). 

2.4.3 Reflections:

I did not want to involve the use of datum lines as reference 
system, as it seemed too complicated to match two differ-
ent systems in the same building. It was difficult to use 
square rule in the same building with the other methods 
and especially as the design of the building was not made 
for square rule. There are too many timbers too close in 
the outer wall frames to be efficient. 

Exact drawings are necessary and my experience is that 
there are often some changes occuring during the build-
ing process, as it is difficult to consider all aspects when 
preparing the construction. Small changes on one timber 
will inflict on the measures of other timbers. This is due to 
my lack of experience, but it must therefore be seen as an 
approach which demands a lot of experience of the person 
designing the frame and making the layout drawings.

The benefits of Square Rule didn’t quite come to it’s right 
in this project as the different timbers were not very inter-
changable, which therefore did not justify the efficiency in 
the use of stick drawings. I could have found the necessary 
measures and marked the timber in the same time which I 
now needed for making the drawings. 

To use square rule for 90 degrees meetings is rather straight 
forward, but as soon as braces are involved the layout and 
measures get more complicated. Here it would have been 
better to have two reference lines on the crossing braces 
instead of centerlines, as there was no need for the center.

Figure 80.   Marking one crossing brace from the stick drawing

Figure 81. The assembled wall frame where the 
brace nose was too tight.

Figure 82. Recutting a tenon of 
the intermediate post by 1 cm.
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Layout – Inner walls (5-8) 

Before starting with the layout and marking, I had 
some time to evaluate the continued building pro-
cess. One of the problems with testing methods on 
the inner walls was that all the tenons in the outer 
corner posts were already fitted into the outer walls. 
Furthermore the inner corner posts did not meet 
with the sill/plate beams in two of these layout.

The timbers had been stored for about 6 months (dur-
ing spring and summer), and before I started with the 
inner frames I needed to make the crossing reference 
lines fit together. I made another pre-assembling of the 
sill and plate (Figure 83 and Figure 84), I now made 
level marks on the short sills and checked if the tenons 
could go all the way into the mortices in the corner 
joints (Figure 83) to also be able to test the posts. 

The reference lines were controlled and in some plac-
es even remarked with a line and an X (Figure 85). I 
measured the difference between the top face of the 
meeting sill beams, and wrote the measure with a pen-
cil. The same was done with the plate turned upside 
down (see Figure 85). This measure was then used to 
position the posts in relation to the sill and plate in the 
vertical layouts, instead of using a 'bring-me-back line'. 

One of the inner sill joints had to be adjusted to al-
low the post to rest on both sills as these were very 
twisted (Figure 86 and Figure 87). The measure for 
this were taken from the floor, and a throughtenon 
was chosen here.

Centerlines were applied on all the outer corner posts 
using the level marks as points of departure. It was 
difficult to find the exact center because of the tenons. 

I made new floor drawings for the inner wall on top 
of the one from the outer wall, and I had to define 

3 - VERTICAL FRAMES - INNER WALLS

Figure 84. Assembling the plate frame upside down. 

Figure 85. Measuring the difference between the sill 
and plate beams and writing the measure on the lo-
west sill. Also a new centerline was applied and marked 
with an X.

Figure 83. Assembling the sill frame and testing the tenons of the posts in the mortices.  
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how the downward braces and knee braces should 
be positioned.

3.1 - Marking wall 7
In this frame I used the veritical line transfer. I 
started with wall number 7 instead of number 5 
to show, that the numbers on the timber do not 
necessarily have a chronological order in relation 
to the building process.

3.1.1 Procedure

I made a full scale layout of all timbers, except the 
downward braces as the position and type of joint 
had not yet been defined (Figure 88).

It was a challenge to position the corner posts in 
relation to the plate and sill beams (Figure 89).
Only the inner post-to-sill meeting and the girt-
to-post meetings was to be marked in 90 degrees 
and this was done by vertical line transfer using 
the same procedure as in wall 2 (see p. 20). 

The mortices for the girts were marked from the 
reference face using the wooden straightedge of 
1½ inch. I used the dividers for the dropping dis-
tance to mark the tenons. The tenons for the in-
ner posts to the sill beams were here made with 

Figure 86.  Marking the new centerlines after having cut the sill. Figure 87. Measuring from the floor to plane the 
surface of the sills.

Figure 89. A corner post-to-plate joint. 

Figure 88. Full scale layout of wall 7 in three levels. 
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1½ inch from the centerline and 2 inches for the 
thickness (Figure 90). 

The knee braces were centered on the post and 
plate. Firstly the face of the plate was transferred to 
the brace, and the position of the line was then just 
squared down perpendicular to the plate (Figure 
91). On the back side of the brace it was also just 
squared down ‘adding’ the little extra that comes 
from the thickness of the square, to avoid mak-
ing the joint too tight (Figure 92). There was no 
need to transfer the face of the plate to the brace 
as it was going to be full size without shoulders. 
Therefore the shape of the brace nose was drawn 
by ‘eye’ and along the edge of the square (Figure 
93 - Figure 95)

The thickness of the braces were measured (Figure 
96) on both sides and applied from the centerlines 
and by steel rule (Figure 97). Then these lines were 
joined with a straightedge and v-marked (Figure 
98). An x-mark was used to signify that the incli-
nation is on this side of the mortice. Then all the 
joints were cut, and the frame was assembled, be-
fore marking the downward braces into the frame.

The timbers were cut and assembled (Figure 99). 
On the lower braces I decided to make a tenon cut 
square to the brace without a brace nose (Figure 
100). as the brace should not press the corner joint 
outwards (Figure 101 and Figure 101), and as this 
type of tenon should ease the assembling and rais-
ing of the frame. When marking the brace in the 
corner was moved a little bit to allow some space 
for the square. The 1 ¼ inch wooden straightedge 
for the width of the tenon/mortice, and the divid-
ers were again used for the height of the mortice. 
The brace tenons and mortices were cut and the 
whole frame was assembled (Figure 102 and Fig-
ure 103).

Figure 90. The way of marking the tenons in the post-to-sill meeting 
using two different  wooden templates.

Figure 91. Marking both bvrace 
and plate with the square.

Figure 92. Marking the back side of the brace.

Figure 93. marking the (not-existing) 
shoulders of the brace by eye.
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Figure 94. Marking the 90 degrees brace nose. Figure 95. The marked brace.

Figure 96. The thickness of the brace is mea-
sured by steel rule.

Figure 97. The measure is transfer-
red to the plate and applied from the 
centerlines.

Figure 98. The lines are joined by straightedge and marked with V-marks.

Figure 99.  The thickness of the brace is measured by steel rule. Figure 100.  The short and inclined tenon of the downward brace.
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3.1.2 References

It was a challenge to find the position of the other 
reference planes when marking, but I had experi-
ences from England where they used the two-foot 
marks (4-England 2008) and France where they 
used the trait rameneret (1-France 2006) which 
can be translated into English as a 'bring-me-
back-line’ (Beemer 2011a, p. 155). In the Danish 
learning resource a similar way of dealing with this 
situation is also found using a socalled opstik (TLK 
2007, p. 38). From a workshop in Japan working 
with a team of European (mostly German) carpen-
ters we used measures from the reference faces of 
the plate and sill beam (7-Japan 2010).

Full sized tenons are used in the education in Ma-
riestad to make smaller braces fit into the post and 
beam when building timber framed trestles by 
the square rule, where the brace was adjusted and 
planed to a perfect dimension. The use of tenons 
cut square to the nose (see Figure 100) has also been 
used in the same trestle as a way to apply the brace 
after assembling the main timbers. From working 
with other carpenters I have been told that this is 
practice in many situations (9-Denmark 2012).

3.1.3 Reflections

I was perplexed that the marking situation was 
ending up like this without so few joints to mark 
in the inner walls. This added another dimension 
to the use of reference planes and reference lines 
and to the importance of using the principles of 
bring-me-back lines. It worked well to use the ver-
tical line transfer for the primary timbers. 

When using 'line transfer' in this way for the knee 
braces there are no small mark revealing which 
method was used, and apparently both the spirit 
level and plumb line could have been used in the 
same way (Beemer 2005b).

Figure 101.  The marked brace.

Figure 102.  The assembled brace-to-sill joint

Figure 103.  The assembled inner wall
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To use a steel ruler for transferring the width of the 
tenon to the mortice timber, which worked fine in 
a similar way as dividers. 

Full size tenons were convenient to use, except that 
the inner corner post were weakened unnecessar-
ily much. When assembling the frame in the end 
(2 years later) the joint had tightened a lot more 
than expected, and it was problematic to get the 
tenon all the way in. Instead of taking apart and 
make a refitting this was accepted in the final 
construction.

3.2 - Marking wall 8
The approach was transfer by reference using the 
plumb line. I had more meetings to be marked 
than in wall 7 which made the layout of the tim-
bers much easier. 

3.2.1 Procedure

I laid out all timbers by the level marks, checking 
the lines and heights and putting centerlines on 
the knee braces on two sides. This time also the 
lower braces were laid out and marked in one go. 

There were problems when positioning the tenon 
of the inner corner posts sideways, as it had not 
been marked on the plate and therefore I had to 
estimate (Figure 104). 

It was preferable to position the girt tenons asym-
metrically avoiding that the tenons were going to 
meet with the girt tenon of the adjoining wall in-
side of the posts. This is the case for all the other 
inner walls (Figure 105).

All the 90 degrees joints were marked using transfer 
by reference using the plumb line using the same pro-
cedure as wall 1 (see p. 18). 

For the knee braces I decided to use a diminished 
housing of 15 mm (the width of the blade of my 

Figure 104.  The post to plate joint.

Figure 105.  The girt after the main construction was 
finished. Here it is possible to see that the tenons are 
positioned assymetrically.
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Japanese square), and with a projection of the 
brace nose above the receiving timber. this time 
using the plumb line and the centerlines as refer-
ence lines for positioning the braces on the post 
and plate. 

First step was to position the tenon on the brace 
by using the Japanese square 15 mm on each side 
of the centerline (Figure 108). Then the face of the 
mortice timber was transferred to the brace on 
both sides of the brace. The line on the top face 
was drawn and the 15 mm was added, making the 
inclination, and the line from the transfer was pro-
jeted in parallel (Figure 106). 

To mark the brace nose the plumb line was moved 
a little down the brace and holding the line still 
when marking the brace and the plate at the same 
timem keeping the pencil in an angle perpendicu-
lar to the plate. In this way a bigger brace nose was 
achieved (Figure 107).

To position the tenon on the plate the Japanese 
square was again used, but for the extents of the 
dimished housing (Figure 109) it was necessary to 
measure the dimension of the brace with the divid-
ers and to mark the housing on the plate.

3.2.2 References 

Only one source was used as reference (Beemer 
2005b), as his way of marking the braces seemed 
efficient and functional for this type of braces. Of 
course my experience of using this approach with 
the plumb line helped me in the work.

3.2.3 Reflections

It seemed valuable to used the transfer by refer-
enceagain on the inner wall, as it was another type 
of layout situation. When positioning the inner 
corner posts in one wall it was important to de-
fine and mark how it is going to be positioned in 

Figure 106.  The marked knee brace with diminsihed housing

Figure 107.  The brace nose has been moved a little down the brace. Here the pencil 
marked tails from the transfer by reference can be seen.

Figure 108.  A sketch from the diary of the different steps in the 
marking procedure of the brace to plate meeting.
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the adjoining wall as well, especially when there 
are knee braces involved in both directions. This 
might be one of the reasons why the knee braces of 
wall 5 are untight and in wall 7 too tight. It would 
have been good to mark the centerlines on the 
underside of the plate beams as well though I do 
not know how, in this specific marking situation, 
which was used for the plate. The way of making 
a larger brace nose seemed very functional, as it 
was not necessary to transfer the directions of the 
brace. When cutting the tenons for the knee braces 
I noticed that it was important to all the time com-
plete the lines after cuts.

3.3 - Marking Wall 5
I used distance layout with individual measures 
and adjustments. I did not mark the lower braces 
in this layout, but waited untill the construction 
was raised, and they were then marked into the 
existing construction.

3.3.1 Procedure

There was only one place where the post met a sill 
beam, as the inner corner posts were tenoned into 
the sills and plates of the adjoining walls (Figure 
110). Therefore I had to fit the whole material into 
the empty space (Figure 111). 

The receiving timbers (sill and plate) were laid 
out and adjusted in plumb were there was to be 
a joint (only one place) (Figure 112). A story pole 
was used to copy the length of the post (see Figure 
110), and the shoulder was cut square. 

The frame was again assembled and the receiv-
ing faces of the posts were adjusted in plumb. The 
girts were put on top of the posts, the shoulder-to-
shoulder length was marked directly, and shoul-
ders were squared round the girts.

Figure 109.  The diminished housing and the mortice on the inner corner post.

Figure 110.  The layout of the wall frame where the story pole is lying 
on top of the sill and plate beams.

Figure 111. The post was 
to be fitted into the whole 
from the other plate beam.
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The tenons were left with rounded ends to make 
the cutting of the mortices quicker with boring the 
ends (Figure 113).

For the knee braces I measured from top shoulder 
of the post and multiplied by √2 (= 1.4142) to get 
the length of the braces. I marked the length at 
the reference face, and the shoulders were marked 
in 45 degrees. The length of the shoulders cut 
was measured on the brace and this measure was 
applied on the post and plate. The width of the 
tenon and mortice were measrued from the center 
lines. These mortices were also made with rounded 
edges. 

3.3.2 References

This way of using the principle of adjustment and 
story poles was new for me, but I have experience 
from using the square rule principles in similar 
ways, both from from my own teaching in build-
ing stavlinehus and from different working semi-
nars (6-Norway 2009 and 9-Denmark 2012). The 
method of adjusting the faces in plumb in the full 
scale layout came from a working seminar (2-Ger-
many 2007) and a discussion with a 70-year old 
self tought carpenter with experience from build-
ing large timber-framed constructions (Bertholt 
2007).

3.3.3 Reflections

This method worked well but it was not optimal 
for this frame as there were only few joints/faces 
to be cut/adjusted. Instead of using the story poles 
it would have been just as efficient to lay out the 
posts and to mark them directly. 

When assembling the frame, the plate had a bow 
upwards, and as I thought that the braces were too 

Figure 112.  The face of the sill beam was planed into plumb using the sqaure as 
reference at the level mark.

Figure 113.  The brace mor-
tices were left with with 
rounded ends from the bo-
ring.
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long, I cut off 3-5 mm in the upper edge of both, 
but it showed to be too much, and in the final con-
struction I would have needed even more to make 
it tight.

For the downward braces it worked well, although 
it was difficult to mark in the upper corner where 
only one side could be used (see 3.5).

3.4 - Marking wall 6
I used the horizontal transfer of points for the in-
ner corner posts without precutting the tenons. I 
used vertical line transfer for the girts and braces, 
and the lower braces were saved to be marked into 
the existing frame after raising the construction.

3.4.1 Procedure

The plate beams were laid out on the floor and the 
layout lines were transferred from the floor to the 
plate. To not weaken the plates small mortices were 
cut (3 x 1½ inches) all the way through the cross joint 
(Figure 114 and Figure 115). 

The inner corner posts were laid out along the floor 
lines onto the plate leaving about 2-3 inches for 
the tenon. By using the girt line as bring-me-back-
line’ keeping the square to the line, the distance 
was ‘measured’ with dividers (Figure 116), and the 
distance was used to transfer the face of the plate 
to the post. The tenons were marked with a 1½ 
inches wooden template, cut and the frame was 
assembled.

Figure 114.  The small tenons of the inner posts, to not weaken the plates too much.

Figure 115. The plate on top of the other inner posts. The weakness of the 
plate it obvious.

Figure 116. (left) The distance is found by dividers from the girt-line to the 
carpenter's square which is placed on the girt line on the floor. (right) The 
distance is then used to mark the shoulders of the post.
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which showed that the receiving faces are  most 
important to transfer, and that the joint details can 
be marked from the reference lines. Barefaced ten-
ons on the braces were also a convenient solution, 
as the centerlines were used as a part of the mark-
ing. This implies that fewer measures were used.

3.5 - Marking the lower braces
The lower braces were marked into the existing 
wall frame after raising the construction. I used 
the principles of vertical line transfer, but hori-
zontally, and I also tested the used of the vertical 
reference line. As the construction was already as-
sembled I used lapped joinery instead of mortice-
and-tenon joinery with inclined brace noses.

3.5.1 Procedure

I roughly cut the brace in length to be able to fasten 
it onto the frame with clamps in the right position 
while marking. The location mark was found by 
spirit level. The ruler from the combination square 
was held onto the face and the direction of the face 
was marked on the other side of it, before being  
projected in parallel. The combination square was 
used for transferring the location mark to the sill 
and girt. I used different variations of lapped joints 
(Figure 118 - Figure 120).

3.5.2 References

The use of the 'vertical' reference line horizontally 
was used by the French carpenters in a restaura-
tion project, when marking vertical timbers into 
an existing roof truss (1-France 2006). The Swed-
ish carpenter, Sten Nilsson, explained how to build 
a timber framed wall by standing up the posts and 
marking the measures and angles for the braces 
and girt horizontally (9-Denmark 2012).

The marking described in Japanese lintel settings by 
Michael Anderson can also be considered as a way 

When marking the girts I reduced the tenons on 
all sides. The mortices were precut from the center-
lines and only the faces of the posts needed to be 
transferred to the girt, where centerlines and meas-
ures were used to position the tenon which was cut 
to the ideal dimension.

The knee braces were marked by vertical line 
transfer using barefaced tenons measured from the 
centerlines (Figure 117). The tenon was placed to-
wards the reference face to avoid a meeting with 
the tenons of the knee braces of wall 5 and 7 inside 
the post. The height of the brace tenons was trans-
ferred with dividers.

3.4.2 References

No references have been used for the marking of 
this wall, but instead I have been applying some 
variations of the earlier used approaches.

3.4.3 Reflections
This way of using transfer of points must be consid-
ered as very closely related to horizontal line trans-
fer as there is no double cutting and it worked very 
well. The use of line transfer with predefined and 
precut mortices worked conveniently on the girts 

Figure 117.  The marking of the mortice for the barefaced tenon, which implied 
only marking on one side of the centerline.
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of making a horizontal line transfer into an existing 
construction, using very short tenons, so that they 
can also be assembled into the existing construction 
(Anderson 1992).

3.5.3 Reflections

I found this approach time-consuming and do not 
recommend this procedure when building new 
constructions, as the cutting of the joinery in the 
existing construction is rather elaborate. 

It is, however, important to remember that the ver-
tical transferring principles can be used horizon-
tally. When such a situation appears, which is not 
unlikely in restoration projects, this approach can 
be recommended, when lapped joinery or some 
other kind of repair joinery is acceptable. 

3.6 - Joinery - Mortice and tenons
There are different ways to mark mortice and ten-
on joints. There are different types of tenons and 
different measures can be used. Mostly the same 
types of tenons have been applied in the same wall 
layouts, but not consequently, and as there are 
about 130 mortice and tenon joints in the con-
struction I only present the different shapes of ten-
ons and the ways of marking.

3.6.1 The shape of the tenons

The different shapes of the tenons which are used 
here are when they are cut on two, three or four 
sides. When they have rounded corners (Figure 
113) are ‘bare-faced’ or full-sized which means 
that they are not cut at all. They can be ‘housed’ 
or not. There are brace tenons with or with out 
brace nose, and the brace nose can be inclined or 
‘straight’. In compound joinery there is also pos-
sibility for using mortice and tenon joinery, but it 
is not usual as it complicates the assembling (see 
Figure 217).

Figure 118.  The girt has been marked and is ready to be cut.

Figure 119.  The sill beam has been cut, and the back triangle is there to 
avoid too much pressure in the corner joint.

Figure 120.  The brace to fit into the lap.
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or traditions. The use of the described approaches 
in this experiments has, however, given me a solid 
experience and knowledge of the different possi-
bilities for marking the cutting details in general.

3.6.4 Procedure

In this part I give a short description of the mark-
ing procedures for the mortice and tenon joinery 
in the different walls

Wall 1 was marked by using the french ruler of 30 
mm for all mortices and tenons.  For the primary 
timbers the mortices was marked first and the di-
viders with the dropping distance were used when 
transferring the position to the tenon timber.

Wall 2 was marked by the fenced template found 
in Træsamlinger og lette konstruktioner of a dimen-
sion of 1 ½ inch, both from the reference face and 
for the width of the tenon. This was marked on 
each timber after removing them from the layout.

Wall 3 was marked by a similar fenced template 
using the dimension of 1/3. The mortices were 
marked and cut first before marking the faces.

Wall 4 was marked by measures. The tenons of all 
main timbers had a dimension of 40 mm, which 
was positioned respectively 13-27 mm from the 
centerlines. For the brace tenons the dimension 
was 32 mm placed on the outside of the centerlines.

Wall 5 was marked by using the measure of 1 ½ 
inch for the tenons. I tested the variation of hav-
ing round corners on both mortice and tenon, as 
this made the cutting of mortices much faster and 
more efficient.

Wall 6 was marked by several different measures, 
as the post-to-plate joints should not be too weak 
(3 x 1½ inches wide and 5 cm long), and as the 
post to sill joints needed through-going tenons (5 

3.6.2 Proportions and dimensions

The proportions for the mortice and tenon joinery 
have been defined by the rules in the three main 
sources that were used in the study of the joinery 
for the sill and plate (see p. 11). These rules say 
that the tenons should be 1/3-1/4 of the dimension 
of the timber, when the meeting timbers have the 
same dimensions. Hermods Korrespondencein-
stitut and Manfred Gerner prescribe 1/3, whereas 
Træsamlinger og lette konstruktioner prescribe 1/3 
for  dimensions of 100 x 100 mm and 1/4 for di-
mensions of 125 x 125 - 175 x 175 mm (Gerner 
1998; HKI 1922; TLK 2007). As the timbers used 
here have a dimension between 125-130 mm, this 
means between 31-42 mm. The three sources do 
not discuss the difference between soft and hard 
wood and  in this construction the smallest di-
mension has been 30 mm, as this was the usual 
measure from my experiences with L'entreprise 
Desperrois (1-France 2006).

The length of the tenons are defined as 1/2 - 2/3 of 
the dimension, but in this case it has been neces-
sary to consider several other aspects, and there-
fore many of the corner posts have only a length 
of 5 cm. The tenons of the intermediate posts have 
a length of 7-8 cm. The length of the girt tenons 
and the brace tenons are generally 5-6 cm, as they 
meet in the same point at the corner posts. Almost 
all tenons are pegged and most of them have been 
drawbored. 

3.6.3 Marking the tenons

The size and position of the tenon in the timber is a 
matter of decision. In this construction I have test-
ed different ways to mark for the cutting details. I 
have not had access to all the different layout tem-
plates described in the literature and some of the 
templates are connected to specific building types 
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erne (Gerner 1998; HKI 1922; TLK 2007). Fur-
thermore the information of how to mark the 
joints using fixed templates have been described by 
Jon Bojer Godal and Trond Oalann (Godal et al 
2009; Oalann 2006). Different types of tools used 
to mark mortice and tenons are also described by 
Will Beemer (Beemer 2011c).

3.6.6 Reflections
Some of the reflections are that the efficiency or 
funcionality of the marking procedures of mortice 
and tenons to a large extent depend on the overall 
marking procedure. When considering the differ-
ent transferring situations, there are two possibili-
ties, which can both be applied in direct transfer 
but for distance transfer only the last method can 
be applied 

In direct transfer the mortice (or the tenon) is 
marked (and even cut) on one timber, and by us-
ing the dropping distance for vertical transfer or 
by just copying the marking in horizontal transfer, 
the position of the tenon or mortice is transferred 
onto the mating timber. In this case the mortice 
and tenon do not have to be in level or parallel to 
the reference plane. The other possibility will be 
that the mortices and tenons are marked from the 
reference lines or reference face on both timbers.

x 5 cm wide and 10 cm long). The girts were 40 x 
100 mm wide, and they were reduced on all four 
sides and marked by the wooden straightedge. The 
braces had barefaced tenons from the centerline.

Wall 7 was marked using two 1 ½  inch wooden 
straightedges from the reference face and the knee 
braces were tenoned in full size.

Wall 8 was marked using a dimension of 3 cm for 
all tenons. The centerlines were used as reference, 
and the width of the blade of a Japanese square was 
used for the marking.

Mortice and tenon joints were also used for the 
corner posts, and here it was necessary to make 
special solutions to not weaken the joints too much 
or to keep the joint together. Mainly three varia-
tions were used, through-tenon (5x5 cm) reduced 
on four sides, short tenon (3-4 x 5-6 cm) reduced 
on three sides or short tenon reduced on four sides.

3.6.5 References

As mentioned above three main references have 
been used for defining the proportions: Hantwerk-
liche Holzverbindungen der Zimmerer by Manfred 
Gerner, Byggnadskonstruktionslära (för timmer-
män) by Hermods Korrespondensinstitut and 
Träsamlinger of lette konstruktioner of Erhversskol-
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Before starting the work on the roof construction I 
spent 3 months in the autumn 2010, where I gath-
ered and studied litterature on compound joinery. 
While reading I built a model of the roof  in scale 
1:2,5 (Figure 121) to be able to test the methods 
described. In this way I also investigated the physi-
cal limitations and possibilities of the construction 
and the joinery. I had previously built a quarter of 
the roof in scale 1:10, with supervision from the 
Eric Lion and Patrick Amar at the French voca-
tional school CEREF BTP (Figure 126). This scale 
had been too small.

4.1 - Model of the roof
The material used for the model was seasoned and 
planed softwood (spruce and pine), and the dimen-
sions were 5 by 5 cm for the main timbers and 3 
by 3 cm for the secondary timbers (in this way the 
scale was cm:inches). The wood was considered as 
‘perfect’ and didn’t make too many implications 
in the marking. The workshop was a small room 
shared with others but I had a working space of four 
by four meters. The marking was carried out with 
pencil on two particle boards, and the model was 
put together on top of these boards (Figure 123).

4.1.1 Procedure

In general terms, the litterature was studied by 
reading the different descriptions and by drawing 
the different aproaches to how to develop the true 
lengths and cuts for the timbers in the model. In 
an early stage it was necessary to decide the limita-
tions of the study, as to which literature was to be 
used as main sources.

I made the layout with thin pencil lines using 
transparent triangular plastic squares to transfer 
lines in parallel and perpendicular (Figure 124). 

4 - ROOF CONSTRUCTION - MODEL

Figure 121.  The large model of the roof in scale 1:2,5.

Figure 122.  The small model of 1/4 of the roof in scale 1:10.
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I put the 'timbers' directly on top of these, using a 
plastic square to transfer the lines from the floor to 
the wood. The timbers were cut by a japanese saw 
and for the valley rafters I made tenons into the 
king post to make the construction stable in itself. 

I made the plan view of the whole roof using prac-
tical geometry (Hendry & Smith 2008). I started 
with the elevations applying the methods from 
which I had practical experience. For all the valley 
rafters and also for two pairs of hip rafters I used 
the two first sources  (Figure 125). The German and 
Swedish sources which described the use of the 
carpenter's square to transfer the measures from 
the floor layout to the wood, were used for another 
pair of hip rafters. For the last pair of hips the rules 
of trigonometry was used, which were both calcu-
lated and also graphically explained on the floor 
layout (Figure 126).

4.1.2 References

The main sources can be separated into seven 
groups, where the two first were the methods that 
I had previous experience from using. 

The first was a Danish educational learning re-
source which consisted of step-by-step descriptions 
of the layout procedure (Tagkonstruktioner 2005).  

The second consisted of unpublished learning 
resources from the French vocational school, 
CEREF BTP in Bourgtheroulde, Normandy, 
France (5-France 2008). These were developed by 
Eric Lion and Patrick Amar and were used togeth-
er with my own experiences and reflections from a 
practical workshop at the school.

The third was a group of german more or less edu-
cational litterature, which described another layout 
approach, and also a specific marking procedure. 
(Euchner 2001a, 2001b; Krauth & Meyer 1895, 

Figure 124.  Using the two plastic squares for the layout.

Figure 125.  The Danish sources using a story pole (of paper). Here the 
seat cut of a hip rafter.

Figure 123.  The workshop with the particle boards and the model.
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p. 159; Maier 1905; Meyszner 1994a, 1994b; Op-
derbecke 1913, p. 196; Dickel & Lohse 2000) In-
cluded here are the experiences from working with 
Cornelius Litzka, a German Wandergeselle (7-Japan 
2010).

The fourth was konstruktionslära (för timmermän)
the Swedish learning resource from the 1920’s, 
which has been greatly inspired from the German 
literature (HKI 1922)

The fifth were articles from the Timber Framers 
Guild where the layout was based on the princi-
ples of trigonometri and the use of either the rafter 
square tables or the Hawkindale angles (Beemer 
2003b, 2004a, 2004b; Levin 1990-91).

The sixth source was the Norwegian learning re-
source Måling og kapping av taksperrer which is 
based on trigonometry. Here I found a very good 
and pedagogical description of how to deal with 
the birdsmouth of jack rafters (Frøstrup 1984).

The seventh source was the Danish educational 
material with focus on trigonometry, which was 
used together with the American litterature. 
(Møller & Møller 1989 )

4.1.3 Joinery/Construction

I tested the joinery of the construction in the 
model. Mostly it was the meetings at the ridge-
to-valley/king post situation (Figure 127), and the 
ridge to king/hips situation (Figure 128) that was 
tested, but also all the other meetings were tested. 
The use of centered jack rafters (Figure 129) and 
the meetings between jack rafters and plate, hip 
and valley was tested (Figure 130), and even the 
use of jack purlins in different variations was used 
(Figure 131).

Figure 126.  The graphical explanation to how the trigonometrical functions work in the 
plan view of the floor layout.

Figure 127.  The different types of joints at the ridge-to-king post and valley rafter was 
tested. A fifth solution was chosen for the gazebo.

Figure 128.  Also the ridge-to-hip rafter was tested in different variations. This type was 
not used in the real construction.
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4.1.4 Reflections

There are only few descriptions of how to mark 
irregular timbers and the differences between the 
methods are based on the way to handle the layout 
situation.

The pitch of the roof slope was too low for the roof 
construction of the gazebo. There would be too 
much vertical pressure on the outside corners and 
these were weakened by having the plates meeting 
in the same level and also a post tenon was involved 
in the same point.

The meetings with tenoned valley rafters and the 
ridges coming in from an angle of 45 degrees was 
difficult when the king post was in the same di-
mension as the rafters. Therefore I decided to use a 
7 x 7 inches king post in the gazebo.

The work with horizontal timbers in the roof sur-
faces (purlins) was difficult but having both verti-
cal and horizontal members in the same roof slope 
would weaken the timbers too much. Therefore no 
jack purlins were to be used in the gazebo as there 
was enough aspects to be studied without applying 
these.

Figure 129.  A jack rafter in the center of the adjacent roof  was also tested, but again not 
used in the real construction.

Figure 130.  An inside view of the model showing the vallay and hip rafter seat cuts, when 
the roof slope was as in the original plans.

Figure 131.  Two jack rafters with 'klo' and a purlin using the Ger-
man/Swedish layout and marking procedure.
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5 - ROOF CONSTRUCTION - VALLEY SECTIONS

Figure 132.  The indoor workshop where I built up the roof construction and tested the 
marking procedures. Notice the square post in the middle of the room, which challenged 
the organization of the work.

Figure 133.  Marking the mortice on the king post and the perfect inner 
timber of 160 x 160 mm

The work on the roof construction was complex 
and there were many decisions to be made in dif-
ferent stages of the building process. I had to de-
cide the proportions of the whole roof which in-
volved a change of the roof slope by changing the 
pitch to the double rise with the same run. Also 
the conditions for the different meetings and tim-
bers had to be decided before starting the work. 
But not all problems could be solved, and as the 
work developed also new problems and solutions 
arised that had to be handled. To make this record 
clearer I describe the different working situations 
in relation to the type of timber, which has result-
ed in following three groups:

1. Valley rafters, Kingpost and valley braces

2. Hip sections

3. Jack rafters

The roof was built in two stages where the first 
working period was January-March 2011. I worked 
in an indoor location, where I made the graphical 
layouts of the roof on a 'floor' of 10 particle boards 
which had an area of about 6 x 3.5 meters. Here I 
made a full scale plan drawing of a quarter of the 
construction. I built up the plate frame next to this 
floor to be able to test the timbers directly in the 
construction and evaluate the functionality of the 
procedures (Figure 132). In this period I worked 
with the valley rafters, the king post, two of the 
hip sections and the jack rafters of the first section. 

The roof was again taken apart and stored before 
the last working period took place in the ‘old’ 
workshop from September - November 2011. I 
marked the valley braces and the last jack rafters 
of hip section 1 and 3 before I finished the roof 
construction by building hip section 2 and 4 and 
alle the jack rafters involved.
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5.1 - Valley rafters/king post
A quarter of the plan view was drawn on the particle 
boards by using the same 2,5 meter wooden rod as for 
the layout of the main construction and the principles of 
practical geometry.

5.1.1 Procedure

The valley elevation was drawn directly from the valley 
centerline in the plan view (5-France 2008). The dimen-
sion of the king post was found which was drawn with 
an ideal dimension of 160 x 160 mm and with a 15 mm 
diminished housing to provide extra support for the valley 
rafters (Figure 133). The valley rafter was to be tenoned 
into the king post. Three jack rafters were drawn in the 
plan view. 

The first valley rafter was placed on the layout floor, and 
the lines were transferred to the timber by using a plactic 
square, and keeping it 90 degrees to the line on the floor. 
When marking the cutting angles there was no centerlines 
on the timber, but when marking the tenon I used a ver-
tical centerline and the width of the Japanese square on 
each side of the line (2x15mm).

The mortice on the king post was marked by transferring 
the measures from the valley, but without having the king 
post on the layout floor. I used again the width of the japa-
nese square for the mortice, but had to also measure the 
width of the bevelled valley rafter (Figure 134) and mark 
this on the king post for the diminished housing (Figure 
135). In this way the king post was actually marked by dis-
tance layout and a principle of adjustments.

The second valley rafter was drawn from the same eleva-
tion and in the same manner as the first, but placed so 
that the valley centerline was positioned inside the timber. 
This means that the timber had to be cut in a V-shape on 
the upper face, which is fairly elaborate (Figure 136), but 
on the other hand the adjoining jack rafters have only one 
cut. 

Figure 134.  The first valley rafter assembled with the king post.

Figure 135.  The dimished 
housing.

Figure 136.  Cutting the V-shape 
of the second valley rafter.
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The lines were this time transferred from the floor 
with a spirit level (Figure 137). To draw the inside 
shape I made a cross section of the valley on the lay-
out floor to show the cuts, found the measure (the 
depth of the V) and marked it on the centerline in 
both ends. When marking the valley I realised that 
the birdsmouth at the plate was going to be too small 
(Figure 138), but I decided to continue to see what 
happened. On a later stage I made a reinforcement of 
the birdsmouth which was bolted into the hip (Figure 
139).

The third valley rafter was positioned below the val-
ley centerline, without touching the line at all. this 
was meant to make the jack rafter cuts more diffi-
cult. I marked the timber from the same elevation, 
but I tested to use the plumb bob to transfer the lines 
from the floor, which turned out to be rather difficult, 
when the timber was not perfect, as you had to do it 
by eye and aim along the direction of the cut. To keep 
the plumb line still in the right place was a challenge, 
but the result turned out to be acceptable.

The fourth valley rafter was marked using the method 
described in the German and Swedish sources (Op-
derbecke 2013; HKI 1922). I used a bevel gauge to 
transfer the cutting angles (Figure 140) and the car-
penter's square was used as a story pole for copying the 
measures from the layout floor to mark it on the timber 
(Figure 141 and Figure 142). 

I used a fairly twisted timber, and before cutting the 
rafter I checked with the layout floor, and noticed 
that the lines for the cutting details were inaccurate 
(Figure 143). I therefore remarked the timber using 
the carpenter's square from the floor to create a plane 
of the cut (Figure 144). This turned out to be a cor-
rect decision.

Figure 138.  The too small birdsmouth.

Figure 139.  The reinforcement of the too smal birdsmouth.

Figure 137.  Transferring the line from 
the floor to the timber with spirit level 
(This photo is from marking a hip raf-
ter).

Figure 140.  Transferring the line from the 
floor to the timber with spirit level (this photo 
is from marking a hip rafter).
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Figure 141.  Marking the valley rafter at the king post using the square 
as a story pole, and marking from the centerline inside the king post.

Figure 142.  Another situation where I mark from the eaves working 
point and to the cuts for making the birdsmouth seat cut.

Figure 143.  The valley rafter was not square, and therefore the 
marked cuts were not really true.

Figure 144.  I remarked 
the valley rafter from the 
layout floor using the 
carpenter's square.
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5.1.2 Kingpost

The kingpost was marked by distance transfer, al-
though every meeting for the valley rafters was cut 
after having marked and cut the valley, as the join-
ery was decided along the way, and as the valleys 
were placed in different heights (Figure 145). The 
mortices for the valley braces were cut by distance 
layout all at once.

In both ends of the kingpost (top and bottom) I 
made a pentagonal offcut, which I had learned in 
France. I made a plan section of the king post, and 
five different elevations of each offcut (Figure 148). 
The edges of the kingpost were numbered 1-4 and 
by tumbling the timber I marked each edge with 
the five different cuts from each elevation (Figure 
146 and Figure 147). 

5.1.3 References

The main references for this was my experiences 
from the working seminar in France to make the 
plan view, the first valley elevation and the pen-
tagonal offcut (5-France 2008). I used the descrip-
tion from the Danish learning resource on how 
to use the carpenters square from the layout floor 
and furthermore I tried to use the description in 
Hermods Korrenspondensinstitut, although this 
didn't prove so useful on twisted timber (TLK 
2005; HKI 1922).

5.1.4 Reflections

It wasa reasonable procedure to transfer the lines 
from the floor to the timber. The square was most 
efficient but the spirit level was also very useful. 
The plumb line seemed a bit unhandy in the mark-
ing situation.

It was difficult to get the valley-to-king post join-
ery tight, and as the king post was hanging (and 
heavy), it was complicated to examine. Later, when 

Figure 145.  two valley rafters assembled with the king post in different heights. 

Figure 146.  After having marked each cut at the top of the king post with dif-
ferent colours.

Figure 147.  The last cut of the bottom pentagonal offcut.
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dissembling the construction one of the valley rafter 
tenons was too long and met with the tenon inside of 
the opposite valley inside the king post. This solved the 
problem, and the joint were tight.

I made one mistake on the valley rafter with the cen-
terline inside of the timber, as I had not realized that 
it should be the lower face of the valley that should be 
squared up to the valley centerline. However, the result 
of this mistake was that the depth of the valleys back-
ing was 32 mm instead of 28mm, so it was acceptable.

5.2 - Valley braces
As the valley braces are positioned in the same reference 
plane as the valley rafter and kingpost it was a fairly 
simple layout situation (meeting 2). The valley elevation 
was used for the layout, and the floor line for the valley 
brace was drawn in the same angle (26,5 degrees) as the 
valley rafter (Figure 149). 

Figure 148.  The layout drawing of the pentagonal offcut. 

Figure 149.  The layout situation of the valley braces, where the first valley 
brace has already been marked and cut.
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The work was carried out using vertical transfer by 
reference and line transfer. The situation involved 
inclined meetings with different dimensions 
(kingpost 7 x 7 inches, valley rafter 5 x 5 inches 
and valley brace 4 x 5 inches) and therefore I used 
centerlines with some exceptions.

5.2.1 Procedure

The timbers were laid out in level on blocks on top 
of the layout drawing. I used the plumb bob and 
the carpenters square to mark the faces and the 
dividers to transfer the position of the mortice and 
tenon (Figure 150). After marking the first frame, 
I precut all the mortices on the king post, to avoid 
the elaborate job to move the timber in and out 
(Figure 151). I put the brace noses in different 
heights.

5.2.2 References

The references for this were based on the same 
principles used in the main construction.

5.2.3 Reflections

It is important to keep the valley rafter level in both 
directions as the tenon was not quite enough to en-
sure this. 

It is critical to only mark one valley brace at the 
time and it would have been better (safer) if I had 
marked the opposite valleys/braces in the same 
layout. As such it would have been a complete roof 
truss and possible to mark both valley rafter, king 
post and valley brace in the same layout. It would 
be best to have the valley rafter in the lowest level, 
to make sure that the markings for the seat cuts 
are right.

Figure 150.  The second valley brace has been marked with transfer by reference.

Figure 151.  The mortice on the king post was precut for the last three lay ups.
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The the hip rafters are positioned between two 
roof slopes with different pitches, which implies 
that the shape of the hip rafter is assymmetrical 
compared to the valley rafters, and it is here neces-
sary to develop both common roof slopes to find 
the bevels and cuts on boths sides of the hip.

6.1 - Hip Section 1
The elevation for this hip rafter was drawn directly 
from the hip centerline in the plan view.  

6.1.1 Procedure

The hip rafters were placed on the layout floor 
drawing on small blocks (Figure 152). They were 
levelled, put according to the lines by using the 
spirit level, and they were also marked using the 
spirit level to transfer the lines from the floor (Fig-
ure 153). The lines were connected with the japa-
nese square (Figure 153).

no centerlines were used. The marking procedure 
worked conveniently and I compared the marked 
cutting details to what it would have looked like if 
I had used the carpenter's square.

The cutting of the compound joints was challeng-
ing (Figure 155) and especially for the hip-to-ridge 
joint it was time-consuming to remove the mate-
rial inside of the joint (Figure 156).

6 - ROOF CONSTRUCTION - HIP SECTIONS

Figure 153. (left) The lines were transferred from the floor to the timber by spirit level. 
(right) Here the marked lines are seen.

Figure 154.  After having transferred the line on the other face they were connected with the japanese square. The three lines with 
a cross from the floor have been transferred to the top face of the timber. 

Figure 152.  The hip rafter lies on small blocks on the layout floor.
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When assembling the two first hip rafters and 
checking the situations they didn't fit conveni-
ently. The ridge WP in the elevation was 10 cm 
too low, and I had to do it all over again on new 
timbers.

The length and cuts of the ridge beam were marked 
directly from the plan view (Figure 157 and Figure 
159), and to find the backing cuts I made a cross 
section of the ridge beam (Figure 158).

I had to cut a kind of housing in the king post for 
the ridge beam to rest on, and this was done in the 
construction with some try-fitting and remarking 
as the kingpost and valley rafters were assembled.  

The backing cuts for the hip rafter were drawn in 
the plan view, and then measured and marked on 
the hip rafter (Figure 160). When assembling the 

Figure 155.  Cutting the compound joinery of the hip rafter seat cut.

Figure 156.  Removing the inside of the hip-to-ridge cut was time-consu-
ming, and as much as possible was cut with the saw.

Figure 157.  The meeting of ridge-to-hip was marked in the plan view.

Figure 158.  The ridge to king post was marked from the plan view. 

Figure 159.  The cross section of the ridge beam 
was used to find the backing cuts of the ridge.

king post 
cross section

ridge beam

ridge beam
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hips and ridge, the meeting where the hips touched 
were cut to make a tight fitting (Figure 161), and 
the backing angles of the hip were checked before 
cutting. They did not fit conveniently and were re-
marked from the backing of the ridge to the edge 
of the plate beam, before cutting the backing (Fig-
ure 162). 

6.1.2 Reflections

The decimal mistake will be an argument for using 
fixed measures (see hip section 3) when transfer-
ring important measures.

The fitting of the hip-to-ridge joinery was difficult 
to adjust to achieve a tight joint. When cutting the 
meeting of the hips, the width of the ridge also has 
to be adjusted.

The plate had to be planed in level to be able to 
support the small birdsmouth of the hip rafters, 
and this would take a lot of (unneccesary) effort 
to consider when marking the hip (Figure 163). I 
didn’t try to do that in this project.

Figure 160.  The coss section of the ridge beam was used to find the backing 
cuts of the ridge.

Figure 161.  The hip to ridge meeting had to be reCUT a few times to 
achieve a tight fitting. 

Figure 162.  The backes ridge and the unbacked hip rafters.

Figure 163.  The backes ridge and the unbacked hip rafters.
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6.2 - Hip Section 3
I had to consider the missing tying capacity of the 
corner joint in the plate, and therefore I decided 
to apply the solution of a dragon tie (Figure 167). 
In this way I could reuse the timbers from the first 
layout.

6.2.1 Layout

I used a combination of methods from the Dan-
ish learning resource (TLK 2007) and from Cor-
nelius Litzka (7-Japan 2010). The same plan view 
was used, but instead of making the elevations on 
top of the plan view, the important measures were 
marked on a story pole (Figure 164 and Figure 
165). All elevations for marking the timbers were 
then drawn in another place than the plan view. 
To avoid unnecessary mistakes and as a way to save 
space on the layout floor, all elevations were made 
between two parallel lines representing the eaves 
(here the top of the plate) and the peak. 

A triangular rod or lath about 2 inches wide was 
used as story pole for identifying and copying the 
different points and measures (Figure 166), as 
the triangularity makes the markings more exact 
(Litzka 2010). I used a system of numbers and let-
ters described in the Danish material, this worked 
satisfactorily (Tagkonstruktioner 2005).

6.2.2 Procedure dragon tie

I marked and cut the dragon tie into the assembled 
plate by transfer by reference with the plumb line.  
For the first tie, which is 45 degrees to the plate 
beams, I marked and cut the diagonal with half 
dovetails (Figure 167) before I levelled and marked 
the tie (Figure 168 and Figure 169). This worked 
well.

Figure 164.  The story pole on the plan view

Figure 165.  Story pole close up on the hip centerline in the plan 
view, where the different measures have been marked.

Figure 166.  Story pole close up on the peak line at the elevations, where 
the measures have been transferred to and marked on the peak line be-
fore they are marked on the TLH. (K = kip (peak) in Danish and 3 
means the third story pole)
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For the second dragon tie I assembled the diagonal 
and the tie square to each other without consider-
ing the plate (Figure 170). I planed the plate beam 
into level and marked the whole thing into the 
plate, which gave me more control of the situation 
and made the fitting more tight, which made the 
function of the tie (to keep the corner in place) 
better. For both situations I used the 30 mm metal 
rule to transfer the heigths, and for one of the ties 
I made a cog with transfer along the straightedge.

6.2.3 Marking the hip rafters

The marking of the hip rafters was done on the 
timbers that were too short in section 1, which 
however made it a little more difficult to mark, as 
it would have been easier with a longer timber. The 
top of the dragon tie was planed in level and the 
height of the tie was measured and marked on the 
new hip elevations on the layout floor.

The hip rafters were put directly on the layout 
floor and marked using a carpenter's square. I used 
the same elevation for marking both hips, which 
gives an implication when you have to make one 
of them laterally inverted. One of the hips was two 
centimeters too short. It looked quite good when 
I put it back on the layout floor, but as the timber 
was twisted and as I had not used the centerline 

Figure 167.  The first dragon tie with the 'diagonal' in 45 degrees to 
the plate beams. 

Figure 168.  The upper part was put on top and levelled.

Figure 169.  The meetings were marked with the plumb line and 
transfer by reference.

Figure 170.  The second dragon tie was assembled and then 
marked into the plate.
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on the top face, these cm could have dissappeared 
(Figure 171). �is small mistake could have been 
accepted, but would have given me problems later 
with the jack rafters. I therefore made a new hip 
rafter to work with the center of the hip instead 
of the arris.

I used two di�erent joints for the hip to tie joint, 
and as could be expected the more simple joint 
without the ‘heel’ was much more e�cient to 
make, but probably not as strong (Figure 172 and 
Figure 173). 

�e backing angles were this time marked on the 
�oor and transferred to the timber in the end wood 
cut, which was e�cient and accurate compared to 
just measuring and marking from the top face of 
the timber. �is approach is not found in any of 
the sources.

6.2.4 Re�ections

�e layout procedure worked out satisfactorily, 
and there was not a big di�erence from the layout 
used in hip section 1. 

For the �rst dragon tie it was di�cult to decide 
how to place the plumb line for the marking, as 
the dropping distance was not the same.

It seemed better to mark and cut the dragon tie 
and the diagonal before marking them into the 
plate, and this corresponds with my re�ections 
from marking the crossing braces in the main con-
struction (1-France 2006). 

When putting the timber on the layout �oor it is 
important to consider that the line on the �oor 
represents the center line of the timber, and there-
fore it is the center that has to follow the line. It is 
easier to put the lower edge along the line.

Figure 171.  Placing the po-
sition of the centerline on 
the �oor line.

Figure 172.  �e assembled unbacked hips on the dragon ties. Notice 
the 'heel' in the tenoned hip seat cut above to the right.

Figure 173.  �e simple seat cut was also tenoned into the tie.

�oor line
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6.3 - Hip Section 2
The frame had been re-assembled and the work was 
carried out in the workshop where I built the main 
construction. I made a completely new layout draw-
ing and tested the situation of direct transfer for the 
jack rafters by using the plumb bob as reference. The 
French texts seemed more difficult to use and there-
fore I mostly kept to the paper text by Dodge (Dodge 
2010; Emy 1841; LCCB 1979).

Before being able to stack the timbers the hips had to 
be marked and cut. I tested the use of bevel gauge (sau-
terelle) for the layout, a method that I have found in 
many of the older sources (Emy 1841; Jousse 1751; Ma-
zerolle 1986; Nicholson 1808; Schübler 1736). There 
are some new texts about this as well (LCCB 1979) and 
in papers in the TFG journal Timber Framing there are 
some good descriptions of how to develop these angles 
(Beemer 2003, 2004a; Levin 1990; Milton 2006).

6.3.1 Procedure

Centerlines were put on all four sides of the timbers. 
The true lengths were found on the floor and I used 
fixed measures on a story pole to mark the lengths 
on the timbers. I found the different pitches on the 
floor by also developing the tangent line of the hip 
rafter center line in the plan view to find the bevels 
for marking the unbacked hip rafter. 

I copied these using large wooden bevel gauges 
(Figure 174 and Figure 175) and when marking the 
timbers I tried to consider the irregularities which 
worked quite all right. (The procedure is described on 
the next page)*.

I tested the hip section without backing cuts in the 
construction and the hip-to-ridge joint had to be re-
marked and cut (Figure 176), but the result of the 
procedure was very convenient.

* unfortunately i have no photographs from this marking 
procedure, as i had problems with the camera. These pic-
ture are therefore from the marking of the valley rafters.

Figure 174.  The true cuts were found on the layout floor.

Figure 175.  The angles (bevels) were transferred to the timber 
and marked considering the irregularities of the timber.

Figure 176. The ridge meeting which was remarked. (left) Here a cross mark 
signifies that the hip face should be shaved a little. (ridge) The ridge meeting seen 
from above, where there was only little material to remove.
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Figure 178.  The marking 
of the measure from the 
center to the top in the 
cross section.

Figure 179.  The marking procedure at the ridge joint and the measure 
on the TLH.

Figure 180.  The marking procedure at 
the seat cut.

Marking procedure for the hip rafters in section 2

1. Mark centerlines on the timbers taking care to put the side 
faces as much in plumb as possible.

2. Mark the true length from peak to eaves on the centerline 
on the top face.

3. Find the angles on the floor (Figure 177)

4. Measure the distance from the centerline to the top face 
and take these to the sides (Figure 178). It can only be 
marked on one face.

5. Take bevel 1 and apply on the top face from the peak mark 
on the centerline without drawing the line. Where this line 
meets the edge of the timber it is taken up or down to the 
markings from step 4 (Figure 179).

6. Take the plumb bevel and apply from the points where 
bevel 1 meets with the marks from step 4 and mark this 
line on both side faces of the timber.

7. Connect these lines on the top and bottom face.

8. Take bevel 2 and repeat step 5-7.

9. In the plan view measure the distance from the peak point 
to the side of the ridge and move this to the hip eleva-
tion. Take the measure on the true length of the hip rafter 
(TLH). Here it was about 9 cm.

10. Apply this on the top centerline of the hip and copy the 
bevel from step 7.

11. Find the distance from the peak to the underside of the 
ridge and  apply on THL. Take this measure (here 20.3 
cm) and apply on the top centerline.

12. Take a carpenter's square and apply this line (as in step 
4-5).

13. Take the seat cut angle and mark lines from the new points.

14. Connect the lines.

15. Repeat step 12-14 at the eaves point (Figure 180).

16. Measure the distance of the inner face of the plate on the 
TLH from the eaves. (Here 17.6 and 24.9 cm)

17. Take respectively bevel 1 and 2 and repeat the same proce-
dure as in step 4-7.

Figure 177.  Sketch of how to 
develop the angles on the un-
backed hip rafters.
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I did not cut the backing angles at this stage, as I 
wanted to use Dodge’s method for marking these 
(Figure 181).

I made tipping blocks which were 5x5 inches with 
a cut in the same angle as the hip rafter is tilted 
when positioned in the roof surface layout (Figure 
182). This is the same angle as the backing cut (see 
Figure 160). 

To make sure that the hip was positioned right a 
tipping board was made from the layout floor (Fig-
ure 183) and held onto the face of the tilted hip 
rafter. A level mark, which is plumb in the con-
struction, was defined (Figure 184).

Keeping the hip rafters together at the peak the 
backing cuts were marked by using a spirit level as 
a horizontal reference line (Figure 185). Close to 
the plate a 4 meters straightedge was used. I meas-

Figure 181.  The layout of the two unbacked hip rafters on tipping blocks with the 
hip rafter centerline following the lines on the floor from the roof surface layout.

Figure 182.  The tipping blocks for the hip rafters. Notice the two different levels 
of the blocks, as the plate is positioned lower than the hip rafter tipping blocks. The 
layout floor of particle boards can be seen in the background.

Figure 183.  Defining the angle of the tipping board from the cross section 
on the layout floor.

Figure 184.  The tipping board is held onto the face of the hip raf-
ter with the spirit level onto the lath on the board, and a level mark 
is marked at this place on the hip.
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ured from the spirit level down to the hip center-
line and transfer this measure to the face of the hip 
(Figure 186). In this way the backing plane was 
kept in level in the layout. It was now possible to 
cut the backing and put the hips back in the lay 
up. The other backing cut could not be marked 
in this layout, as that angle would be found in the 
other roof surface layout.

The ridge beam was marked with centerlines on 
all four faces and by taking the measures and an-
gles from the layout floor and transferring these to 
the ridge beam this worked well (Figure 187). This 
ridge-to-king post meeting was made with more 
support than the other ridges (Figure 188).

Figure 185.  The hip rafters and the spirit level. In the back a 4 meters aluminium 
straightedge was used in a similar way with the spirit level on top. 

Figure 186.  Measuring from the spirit level on both sides of the hip 
to mark the backing cut plane.

Figure 187.  The centerlines and markings on the 
ridge beam.

Figure 188.  The housing of the ridge beam in the king post, where 
there here are prepared for support on both valley rafters.
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6.3.2 Reflections

All the angles to be developed for marking the 
timbers were also found in the trigonometrical 
solutions, as this built on a similar way of mark-
ing the timbers. I used a powerpoint presentation 
of Curtis Milton to develop the different angles 
graphically (Milton 2006).

It was complicated to do the marking of the hip 
rafter joints when the intention was to handle the 
irregularities. The result turned out to be OK, but 
the procedure was complex and time-consuming. 
I will therefore conclude that it is not meant to be 
done like that, and therefore the bevel gauge in 
distance transfer need not too irregular timbers to 
be efficient.

It was difficult to work with the tipping board in 
the layout of the hip rafters. The meeting at the 
ridge had to be tight and the hip-to-plate meet-
ing should also be right. It seemed to work well al-
though it was also a lot more elaborate to mark the 
backings in the full scale layout. This procedure 
must, however be considered as a part of the layout 
of the jack rafters as well, which will be described 
in jack section 2.

6.4 - Hip Section 4
I used the principles of trigonometry based on the 
descriptions by Will Beemer, which involved the 
use of housings for all meetings (Beemer 2003, 
2004a, 2004b). 

6.4.1 Procedure

When working by trigonometry it is important to 
consider the whole construction before starting. I 
used an inner dimension of 50 mm from the cen-
terlines to get fairly large housings.

I used the Hawkindale spread sheet to calculate all 
the angles but inserted a base 10 instead of base 12 

HAWKINDALE WORKSHEET

Note:  This version of the spreadsheet is set up to calculate Hawkindale Angles    
based on Main and Adjacent Pitches (SS & S) and Wall Angle (W=DD+D).  Data 
input is allowed only for the Main Rise [E14], Adjacent Rise [M14] and Wall
Angle [C16]. At their own risk, users may also change the Run (say from base 12
to base 10), by unprotecting the worksheet and altering Cell G14.  Take care to turn
protection back on afterwards to insure that key formulas are not unintentionally
altered. 

Main Adjacent
Hawkindale Tangent    Hawkindale Tangent    

Angle Degrees Rise Run Angle Degrees Rise Run
SS 35,2756 7,074 10 S 45,0000 10 10

DD 54,7244 14,1363 10 D 35,2756 7,074 10
W 90,0000
R1 30,0069 5,7751 10 R1 30,0069 3,0000 10

R2m 10,9022 1,9261 tt 10 R2a 29,9863 5,7703 10
R3m 28,5658 5,4444 10 R3a 39,2218 8,1621 10
P2m 30,0069 5,7751 10 P2a 44,9881 9,9959 10
C2m 9,6014 1,6916 10 C2a 24,0860 4,4703 10
C5m 19,4824 3,5377 10 C5a 35,2588 7,0696 10
R4m 31,4910 6,1258 10 R4a 50,7549 12,2415 10
R5m 18,4445 3,3352 10 R5a 25,2425 4,7147 10
R6m 19,1046 3,4637 10 R6a 8,9551 1,5758 10
R7m 8,4506 1,4857 10 R7a 19,1017 3,4631 10
P1m 22,2215 4,0853 10 P1a 44,9881 9,9959 10
P3m 17,0327 3,0636 10 P3a 26,5650 5,0000 10
P4m 26,3313 4,9491 10 P4a 26,5650 5,0000 10
P5m 49,0909 11,5406 10 P5a 26,5746 5,0021 10
P6m 10,0331 1,7692 10 P6a 26,5555 4,9979 10
C1m 28,1297 5,3462 10 C1a 35,2588 7,0696 10
A5m 16,7870 3,0167 10 A5a 24,0966 4,4725 10
A7m 22,2215 4,0853 10 A7a 39,2276 8,1638 10
A8m 3,6756 0,6424 10 A8a 18,4231 3,3310 10
A9m 10,9022 1,9261 10 A9a 18,4373 3,3338 10

in the run cell (Figure 189). This still involved a 
lot of thinking to be able to find out which angles 
were to be put where. I made sketches of all the 
meetings, and defined the lengths and the name of 
the angles and pitches (Figure 190 and Figure 191).

The most important angles were marked on pitch 
boards (Figure 192) from where I could copy these 
with bevel gauges. I used three different bevel 
gauges, to be able to work more efficiently (Figure 
193).

I marked the hip rafters with centerlines and put 
the hip in 'level' at the peak having the twist at the 
eaves. This worked well even though I had to level 
the hip a bit when assembling to get the housings in 

Figure 189. The Hawkindale angles used with base 10 instead of 12 in the run cell.
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Figure 190. A scanned page from the log book, where I made sketches and calcula-
tions to be able to understand how and where to apply the angles.

Figure 191. Another scanned page show-
ing the multipliers from the roof kernel 
used in the construction.

Figure 192. One of the pitch boards used to easily find the angles 
to use in the marking situation.

Figure 193. The pitch board was used as a table as well, and 
three different bevel gauges keeping different angles.
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plumb (Figure 194). I marked the working points 
on the centerlines at the peak and eaves and one for 
each jack rafter. �e last I had calculated from the 
c-c measures of the jacks in the plan view and used 
the multipliers in the construction (Figure 191). I 
marked the hip-to-ridge and hip-to-plate meetings 
using the angles from the spread sheet, and this 
worked satisfactory. I marked the extra lines for 
the inner timbers 50 mm from the centerlines (a) 
to get the depth of the housings (Figure 195), and 
the angles from the WP to the face of the timber 
(b). I applied the calculated length from where it 
crossed the inner timber (c). �e plumb cut was 
then used from the edges of the hip.

I made the housings for the adjacent roof slopes 
�rst, and saved the housings for the two other roof 
slopes till after I had been able to evaluate the �rst  
results.

�e housings were easy to cut and when the ridge 
beam had been marked and cut the hip section was 
assembled., but without backing the hips (Figure 
196). �e angle for the jack rafters were not per-
pendicular to the plate and a mistake was identi-
�ed. When measuring on the plate, P2 and R4 had 
been mixed up, as the marking were made on the 
unbacked hip. It involved about 8 mm di�erence 
which I accepted but moved the jack rafters 8 mm 
sideways on the plate (see Figure 195).

Di�erent types of housings were used on the in-
ner roof surfaces which were not open all the way 
through. �ese housings are however closely con-
nected to the marking and cutting of the jack raft-
ers, and therefore it will be explained there.

Figure 194.  �e seat cut of the hip rafter had to be levelled using wedges. �is was 
caused by the irregularities of the plate beams.

Figure 195.  �e unbacked hip rafter where the working points WP have been 
marked and from where the angle has been applied. Here there are two lines, as the 
�rst angle was wrong.

Figure 196.  �e hip section assembled with housings 
on only one side of the hip, and without backing the 
hips, although the backing cut had been snapped.

a
c

b
WP

a
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(1.4142), √3 (1.732),  √1.3333 (1.1547) and 2 (see 
Figure 191). I think this must be caused by the 
use of practical geometry in the design of the con-
struction, where one measure was used to find al-
most all meetings in the construction.

It was uncomplicated to calculate and mark the 
timbers but it was difficult to find out which an-
gles were to be applied where from the spread 
sheet. The angles used were R1, P2, C5, R4, P5 
and A9, and the 90 degrees minus of the same. To 
apply these on the pitch board worked well, and it 
was good to have more than one bevel gauge.

The greatist challenge when using this method was 
to be able to distinguish between the angles on the 
unbacked and backed hip rafter which involved 
that i mixed up P2 and R4.

6.4.2 References

I based my calculations and measurements on the 
papers  When roofs collide 1-3 by Will Beemer, 
where he describes which angles are to be used 
where in the construction (Beemer 2003, 2004a, 
2004b). I also used the descriptions from Måling 
og kapping av taksperrer by Anders Frøstrup and 
Trigonometri i praksis (Frøstrup 1984; Møller & 
Møller 1989), as I found these more educational 
and easier to understand and follow when mak-
ing the additional calculations using the trigono-
metrical functions sine, cosine and tangens (Fig-
ure 190).

6.4.3 Reflections

When making the calculations and finding the 
multipliers of the roof kernel, I realized that the 
measures were simple and clear, using the √2 

7 - ROOF CONSTRUCTION - JACK RAFTERS
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After finishing hip section 1, I also made the jack 
rafters for this section to be able to evaluate if the 
marking of the hips had importance for the fol-
lowing situation with the jack rafters. The chro-
nology of the jack rafter sections is therefore not 
consequent, but I describe the different approaches 
used in relation to where in the construction.

When preparing the work and when discussing 
the construction details with my supervisor, Nils- 
Eric Anderson. 

7.1 - Jack rafters (section 1)
I tested the most simple layout for the jack rafters 
where only the common rafter elevation is needed. 
When making the hip section I had not yet de-
fined where the jack rafters should be placed, and 
therefore the position on the hips had not been 
marked.

7.1.1 Procedure

I had made the adjacent rafter elevation and I 
placed four jacks (Figure 197) and marked the di-
mension of the timbers to 75 x 75 mm. I used the 
methods defined in the Tagkonstruktioner marking 
the jack rafters from the elevation using a plastic 
square. This result was not so convenient, but the 
reason for this was not obvious. I remarked the 
jack-to-hip meetings by using the with of a car-
penter's rule (line transfer across the straightedge) 
with a convenient result (Figure 198). 

On the next jacks a problem was that both the 
jack rafter and the face of the hip were twisted. I 
tried to consider the twist of the hip by adding 5 
mm extra at the upper face, which made the com-
pound cuts change a bit. It was not convincing but 
it worked better. I therefore tried to plane the face 

7 - ROOF CONSTRUCTION - JACK RAFTERS

Figure 197.  The four jack rafters on the adjacent roof slope in section 1.

Figure 198.  A jack rafter with a small birdsmouth which has been 
remarked and is about to be recut with a chisel.
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difficult to get both compound cuts right at the 
same time, which resulted some remarking and 
recutting (Figure 199). The recutting was done in 
different ways, where one way (when the jack had 
a seat cut into the plate) was done by fastening the 
jack to the ridge with clamps and to cut the joint 
one or two times (Figure 200). This is conveni-
ent when there is little material to remove, and it 
should, of course, be considered whether to remark 
and recut at all. If there are bigger gaps or when 
the jack rafters meet with a valley, it is better to 
mark and cut on trestles (see Figure 198).

In the jack-to-ridge meeting I tried to consider the 
not plumb face of the ridge, by adding some extra 
material on the layout drawing by distance trans-
fer by reference (Figure 203). 

For the jack-to-plate meeting I decided to make a  
seat cut in the jack and to make the jack rafter go 
20 cm out from the plate. I therefore measured the 
postitions of the jacks on a story pole and trans-
ferred these measures to the plate with a carpen-
ters square from the floor, as the plate was already 
assembled and fixed. The plate was fairly twisted, 
and I snapped the line in the plane of the roof 
surface.

When recutting the jack raters the jacks were no 
more perpendicular to the plate in the plan view. 
Therefore I gave the jacks a little extra material in 
the seat cut, to have some material to go on. Gen-
erally this also applied for the valley-to-hip jacks. 

7.1.2 References

I mainly used Tagkonstruktioner and tested the dif-
ferent descriptions that they used (Tagkonstruk-
tioner 2005). Also the Måling og kapping av tak-
sperrer was used as a graphical method (Frøstrup 
1985), as I in the beginning was not satisfied with 
the birdsmouths. 

Figure 199.  Recutting the jack-to-hip meeting without remarking and removing, as the 
jack rafter had support from the seat cut in the plate. Still it was important to not work too 
violently and the saw blade is kept in the direction of the grain of the hip rafter at all times.

Figure 200. While recutting the same jack-to-hip meeting seen from above.

of the hip rafter into plumb, which made the re-
sult much more convenient.

The two first jacks, were made with only one cut 
and the two last were made with two cuts into a 
birdsmouth. As the ekstra cut was very small it 
seemed almost unecessary to do (see Figure 198).

For the jack rafters on the other roof surface I had 
a situation without birdsmouth as the valley cen-
terline was placed inside the valley rafter. It was 
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7.1.3 Reflections

The marking of the jack rafters was difficult to get 
right with the irregular timbers, and I did not re-
ally find any convenient way to proceed. The sides 
of the hips where not in plumb, and therefore the 
cuts from the jacks didn’t seem correct. It worked 
much better, when I had firstly planed the face of 
the hip rafter.

The hip rafter had a bent upwards, which meant 
that one of the jacks was too short, and I could 
not use the same true depth for the birdsmouth 
on all jacks.

To measure the irregularities in the construction 
worked, but it is safer when the measured timber is 
horizontal (e.g. the ridge beam) than when meas-
uring the faces of the hip rafters.

7.2 - Jack rafters (section 3)
In this section, which was started after moving to 
the other workshop (Figure 201), I placed six jack 
rafters instead of four. to avoid a too large distance 
from the outer jacks to the end of the hip rafter. 
This involved some problems with the dragon ties, 
where I had to cut the jack a little to avoid conflicts 
(Figure 202).

Figure 203. A way to make a distance trasnsferring situation going by the layout 
floor. (left) The irregularities are here measured on the ridge. (right) This irregularity 
is marked on the layout floor at the cross section of the ridge to be able to transfer 
this to the jack rafter.

Figure 201.  The roof construction when working on the jack rafters on 
hip section 3 (right in the photo)

Figure 202.  The conflict between the outer jack raf-
ters and the dragon tie, where the jack was adjusted a 
little, and thus not getting a convenient fitting.
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7.2.1 Procedure

For the layout of the jack rafters I worked by de 
la herse a method which i learned af CEREF BTP 
(5-France 2008), where I made one line for each 
jack using a story pole to get the positions correct 
and perpendicular to the plates.

I developed the the roof surface angle (Figure 204) 
and the plumb cut, as well as the birdsmouth angle 
(Figure 205). Surprizingly I had to acknowledge 
that the roof surface cut and the plumb cut had 
the same angle!!! I marked the angles on plywood 
boards and cut these into a number of pitch tem-
plates. I also tested to use normal wooden boards, 
which worked just fine (Figure 206).

I put the jack rafters on the lines in the layout 
drawing, and marked the three first rafters on the 
left side. I marked the three other jacks from the 
same floor lines by making them laterally inverted 
(Figure 207).

I tested to use the pitch templates in different 
ways, both marking one by one, but also to keep 
two templates onto each other (Figure 208). I also 
made a birdsmouth template with both bevels on 
the same template, making sure that the true depth 
of the hip was more or less the same (Figure 205).

Figure 204.  The roof surface cut marked and cut on a pitch template. (same temp-
late to the right)

Figure 205.  The plumb and birdsmouth cut marked on the same template, where 
the true depth has been adjusted a little.

Figure 206.  Three illustrations of how I marked the jack-to-ridge cut by using wooden board templates and two 
different templates for the two cuts. By distance transfer the irregularities of the ridge are applied on the jack by 
lifting the template a little bit.
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The result was good, although it was necessary to 
adjust the hip rafter to be in plumb as the pitch 
templates defined the true cut, which I did by 
plane (Figure 209).

For the jack to plate meeting transferred the ex-
tra length (outside of the plate) to the roof surface 
layout by dividers, and made a parallel line to the 
eaves line (Figure 210).

I marked the rafters by using a straightedge from 
the floor (Figure 211), and then the French steel 
(alu) rule on top for marking the 3 extra cm, which 
was the measure that I used when marking the 
plate (Figure 213). By doing this it was possible to 
distribute all twist in the jack rafter to the bottom 
of the jack, which made the true cut of the jack 
rafter-to-hip meeting much more exact.

For the two other roofs slopes I the same procedure 
of de la herse. I had never seen this layout used for 
this kind of roof surface, but  I have found exam-
ples of it in some the French encyclopedias (Emy 
1841; LCCB 1979).

I had some problems to get the fitting acceptable, 
and the second rafter from the top was placed on 
the wrong side of the line, which made it too short 
(Figure 212).

Figure 207. Two jack rafters lying on the layout floor, where the one is laterally 
inverted. The upper one has already been cut, and where the lower one is marked. 

Figure 208.  Marking a jack rafter using two pitch templates at the same time.

Figure 209.  The hip rafter was out of plumb in the top, and therefore I decided to 
plane it into plumb, which was not so much work.
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For the last section I used the same layout draw-
ing, but here the valley birdsmouth should be big-
ger, as the valley was positioned one inch below 
the valley centerline. I therefore made new pitch 
templates, and this time I kept the sides of the tem-
plate in 90 degrees to the layout floor, and not onto 
the side. This worked well and I only had to adjust 
the valley/hip.

For the top jack rafter I again tried to consider the 
irregularities of the ridge by distance transfer. This 
time I just lifted the pitch template a little and put 
one blade of my carpenters rule under (see Figure 
206).

After having marked, cut and assembled all jack 
rafters I tested the application of a 'sprocket' (Fig-
ure 214), which was the original idea from the de-
signing phase. For the broken shape of the gazebo 
it was not a good idea to also apply this aspect.

7.2.2 References

The main sources used for this approach was my 
experiences from the working seminar in France at 
the CEREF BTP (5-France 2008) and the paper-
based learning resources I had recieved there. Also 
the French encyclopaedias were used for the layout 
of the roof surfaces (Emy 1841; LCCB 1979).

Figure 210. The way the length of the jack rafter was transferrred to the roof 
surface layout by dividers.

Figure 211. The marking of the jack-to-plate meeting using a 1 ½ inch wooden 
straightedge on the floor layout.

Figure 212.  The jack rafter which had been marked on the wrong side of 
the line ended up a too high in the roof.

Figure 213.  The finished jack rafter between plate and hip, 
where the 1½ inch with the extra 3 cm can be seen.
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7.2.3 Reflections

This method was efficient, and as the upper side of 
the jack rafter (the reference face) is turned down-
wards on the layout floor, the properties of the 
most important reference face are revealed. I still 
had problems getting the cuts right (true), and I 
suspect that it was because of the twisted material. 

I find it better to use a pitch template than to trans-
fer the lines from the floor to the top arris, and it 
was convenient to let the top of the jack rafter be 
as much in level as possible and to leave the irregu-
larities in the bottom. For the jack rafter between 
hip and valley, this did not solve the problem, but 
it was fairly convenient to do so anyway.

For the birdsmouth at the valley rafter I did not 
get all the way into the valley centerline, and on 
the other side, where the birdsmouth was bigger, it 
seemed as if the angle was too narrow.

7.3 - Jack rafters (section 2)
I made a direct transferring situation described 
by Glenn Dodge and in French texts (Emy 1841; 
LCCB 1979). The layout approach was also ex-
plained to me by Stephan Höpner, a German 
Wandergeselle.

7.3.1 Procedure

The procedure was based on the full scale layout  
of the roof surface which was prepared in hip sec-
tion 2 (p. 61). After backing the hip rafters I 
placed the jack rafters on top of the tilted hips and 
plate (Figure 215). I made a twist to the layout and 
let the outer jack be out of vertical (Figure 216), 
and they were just placed by eye measures.

The marking of the meetings was done by transfer 
by reference and by vertical line transfer, and the 
first attempts, where I started with the outer jacks, 
took quite a while. 

Figure 214.  Testing the use of sprockets in the outer corner, which turned out to be 
too much to include in these studies.

Figure 215.  The layout situation of the roof surface for direct transfer.

Figure 216.  The layout situation where the outer jack have 
been taken out of 'vertical'.
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I also involved mortice and tenon joinery on the 
two inner jacks (Figure 217 and Figure 218), and I 
made a procedural description which is presented 
on the following page. I did not get any photos of 
the actual marking process and therefore I have il-
lustrated the procedure with sketches from the log 
book. The numbers in the sketches do not fit with 
the steps, as the procedure has been revised when 
writing in English.

I removed all jack rafters and cut all six jacks at 
the same time. Also the joinery on the plate had 
to be cut and, as the outer jacks were twisted, the 
markings were a little difficult to understand (Fig-
ure 219).

7.3.3 Procedure 2

I placed five jack rafters on each of the other roof 
surfaces, and again I let the two lowest jacks out of 
vertical (Figure 220). The three upper jacks were 
marked by finding the true lengths in the full scale 
layout drawing and applying the measures on the 
timbers. I used the same pitch templates as in sec-
tion 3 to mark the true cuts on the timber, which 
was levelled and where the face of the timber was 
used as reference. By keeping the templates verti-
cally and horizontally when marking, this worked 
well, although the two first were a bit too short 
and the birdsmouth a bit too long. For the third 
jack I therefore left it a bit longer which worked 
fine. I did not understand the reason for this, but 
when I checked the layout drawing, I found a 
small mistake.

For the two lowest and twisted jacks (Figure 220 
and Figure 221) I made new elevations of the di-
rections of each jack rafter. The first was not so 
twisted, and for applying the angles I transferred 
the lines from the floor to the timber, and it worked 

Figure 217.  The inner jacks where marked with tenon and mortice joinery with a haun-
ched tenon. Here the vertical line trasnfer was used, which can be seen from the small 
markings in the left of the photo.

Figure 218. The cutting of the mortice was challenging, as the direction had to follow the 
backing of the hip.

Figure 219.  The cutting of the joinery on the pla-
te, where this joint was perpendicular to the jack 
rafter, and therefore got quite deep into the plate.



77

Marking procedure of direct transfer

1. Draw the heights of the jack rafter at the 
eaves  using the 1½ inch wooden template 
and make the lines on both sides parallel 
to each other. 

• When using tenon and mortice, the heights of 
the tenon will also be drawn now.

2. Find the whole dropping distance, and also 
the smaller dropping distance at the eaves 
(minus the height of the jack rafter at the 
eaves - from step 1)

3. Mark the different heights of the meeting 
with the dropping distances on both sides 
of the jack, making sure to keep the points 
of the dividers vertically above each other.

4. Connect the points on the plate beam.

5. Place the vertical reference line at the hip 
and make the location mark at the height 
marked in step 3. 

6. Now either measure the distance from the 
string to the hip at the lower edge of the 
jack rafter, and mark this distance on the 
upper edge of the jack rafter. 

• Or take a farily stiff straightedge and place 
along the face of the hip rafter and onto the 
jack rafter, and make two small marks on the 
jack. 

7. Do the same for the lower face of the hip 
(when making a birdsmouth)

8. Connect the points from step 5 and 6 (and 
7). 

• Or transfer the directions of the marks in par-
allel to the location mark.

9. Repeat step 5-8 on the other face of the 
jack rafter.

10. Connect the markings on the upper face of 
the jack rafter and control that the direc-
tion of the straightedge follows the edge of 
the hip rafter.

• With a mortice and tenon a location mark on the hip 
rafter is necessary (step 5), and the direction of the face 
of the jack rafter is conveniently transferred to the hip 
by line transfer. This is done on both sides of the jack. 
To avoid that the tenon and mortice has an inclined 
tenon nose it is convenient to make a haunced tenon, 
which is made after the marking of the faces.

11. At the plate meeting the plumb line is placed touch-
ing both timbers. or spirit level/carpenter's square

12. The location mark on the plate is either marked 
from the upper edge or the lower edge of the jack. 
This is done on all four sides of the plate

13. By using the dropping distance and another pair of 
dividers to measure from the string to the timber, 
the position of the cut is marked on the jack rafter. 
Or use a (small) spirit level from the point on 
the plate.

14. By using line transfer the position of the 
meeting is also marked on the plate on all 
four sides.

15. All lines are connected on plate and jack.
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quite well. It was a little strange at the plate, which 
I had not cut yet, as the jack had to be moved 
about 2 cm in relation to the drawing. On the last 
jack, which was much more twisted, the distance 
to move the jack was larger and the angle got too 
small. I placed the already cut jack and marked 
directly into the plate, which resulted in two times 
recutting. When measuring on the plate, I made 
a mistake as I had not considered the twist of the 
jack (Figure 222).  The result was acceptable, but I 
still did not quite  understand what had happened, 
and how I should have done.

7.3.4 Procedure 3

For the third roof surface I used de la herse to un-
derstand how to deal with twisted jack rafters. I 
started with the upper one which worked fine and 
marked from the floor, but the second one was not  
as I placed it on the wrong side of the line and it 
should have been laterally inverted. I therefore had 
to make a new one. The result of de la herse on 
the outer twisted jack worked well (Figure 221 - 
the red line) with the marking on the jack rafter. 
Again it was difficult to understand how to mark 
for the twist at the plate which however was solved 
in the end.

For the two last jack rafters, the one between 
the hip and valley and the one below, I tried to 
mark them directly into the construction by us-
ing clamps to keep them in place (Figure 223). It 
was important that the dropping distance was the 
same in both ends be the same, and the jack there-
fore had to be cut in the right angle to be placed 
on the valley center line (see Figure 223). To find 
the location mark and dropping distance I used 
the combination square and the straightedge of the 
combination square in line transfer for the direc-
tions of the faces. This worked well (Figure 224).

Figure 220. The twist of the two lowest jack rafters. This was mainly done to find out 
where to position them on the layout drawing, and not a direct transferring situation.

Figure 221.  The plan view of the layout drawing, where the lines have been marked in 
black, and where the la herse is marked with red.

Figure 222.  The two jacks having been marekd 
and cut, and where a mistake can be seen at the 
plate, where I did not consider the twist of the jack.
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7.3.5 Re�ections

In the beginning it was a little hard to understand 
on which side of the plumb line to mark, which 
also might be caused by the fact that I started with 
a very twisted jack rafter. �is speci�c rafter also 
had to be remarked and cut.

For the birdsmouth joints at the plate I made half 
of them perpendicular to the jack and half parallel 
to the plate. �e �rst gives the best support for the 
jack, but goes much deeper into the plate (Figure 
219).

I �nd it more e�cient to use line transfer in this 
marking situation, when the location mark has 
been found by the plumb line or a small spirit 
level. �is has not been described by Dodge but 
in the French encyclopedias (Dodge 2010b; Emy 
1841; Mazerolle 1895; LCCB 1979). �e transfer 
by reference is more complicated with more sourc-
es of error, and this is more di�cult to use with 
little experience.

To let the timbers get out of vertical was an ap-
proach which I tested in the direct transferring 
situation as I believed it to work which it did. But 
to continue to do it in the full scale layout was a 
probably too much in these studies even if it was 
by la herse. 

7.4 - Jack rafters (section 4)
�e jack rafters for the last hip section were made 
from distance transfer with housings. �e layout 
was carried out at the same time as the hip section.

7.4.1 Procedure

I found all the jack rafters for the adjacent roof 
surface (Figure 225) and marked these with large 
triangle as they should be in the construction to be 
able to mark them at the same time (Figure 226).

I applied all measures from the layout (Figure 227) 
onto the top face of the jack at the reference edge. 

Figure 223.  Marking into the construction. Here the jack rafter is kept in place by clamps. 

Figure 224.  After having marked and cut the rafter into the construction.

Figure 225.  �e marking situation of the jack rafters of the adjacent roof slope.
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I marked the true cuts with bevel gauges without 
considering the irregularities, and the first three 
jacks did not fit conveniently (Figure 228), and I 
had to do some remarking and cutting. I started 
to put the top of the jack in level and used refer-
ence lines (Figure 229) and a combination square 
(Figure 230) for the marking of the birdsmouths 
at the plate. This worked better, and on the fourth 
I only had to cut off about 15 mm of the bird-
smouth at the plate. This approach meant that the 
jack-to-plate meeting was more out of level, but as 
there was no double-inclined timbers involved in 
this meeting, it was simple to handle (Figure 231).

I did the same on the two next jacks. These were a 
bit too short, and I found a calculation error on the 
distance from the hip WP to the jack rafter WP, 
and this got more obvious the longer the jack rafter 
was. I accepted the shortness on the fifth, and put 
a 1 cm block in the plate at the birdsmouth joint. 
For the sixth I added the extra length and the re-
sult was convenient. 

On the two other roof surfaces I made the first 
(left) with full housings (Figure 232), but the oth-
er (right) I made with 'closed' housings below the 
jack rafter (Figure 233), which involved even more 
angles and measures to keep track of.

I took apart the hip section to be able to mark for 
the new housings in distance transfer, and I there-
fore had to find the Hawkindale angles for the val-
ley rafter. These housings were, however, marked 

Figure 226.  The jacks were all positioned as they should be in the construction and marked 
with a large triangle and an arrow.

Figure 227.  The calculations and angles to be used on the jack rafters, where 
the mistake can be noticed in the placed where I have rewritten numbers

Figure 228.  One of the first joints 
which did not fit conveniently.
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Figure 229. When the jack rafter had no square corners (ed-
ges), a reference line was applied to get the WP right 

Figure 230.  With the combination square both the squareness and the level 
could be checked at the same time.

Figure 231.  Three sketches describing how the irregularities at the jack-to-plate 
meeting were handled.

Figure 232.  Full housings on the adjacent roof slope. Figure 233. 'Closed' housing on the inner roof slope.
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and cut in the standing construction. It seemed 
tricky, but it worked just fine.

I tried to work with centerlines on the jack rafters, 
but it was difficult with bevel gauges and twisted 
timbers. To mark the jack rafters I used mainly 
three different bevel gauges with P2/P5, in this 
situation this was the same angle (see Figure 189). 
P6 for the birdsmaouth cut and SS for the plumb 
cut (Figure 234). 

For the last roof slope I used 'closed' housings, 
and  it was necessary to make many more meas-
ures to make the jack and hip fit each other. The 
marking procedure is described without consider-
ing the irregularities (Figure 234). The marking 
procedure always started from the WP, and the 
'roof surface' cut (P2) was applied (a). The measure 
from the housing was applied on the P2 line, and 
this could be either from the reference edge (b) or 
along the P2 line (c). The next cut for the housing 
was marked with P5 (same as P2) from the point 
(d). The timber could now be turned and on the 
side face the plumb cut (SS) was applied from the 
lines at the edges (e). The measure of the height of 
the birdsmouth was applied on the SS line (f). The 
birdsmouth angle (P6) was applied from the point 
(g). The measure for the height of the housing was 
then applied, either from the edge (h) or along the 
S line (i). The bottom off cut of the jack, which was 
going to 'rest' on the housing, was applied be using 
P6 again (j). The timber could now be turned (k) 
and the SS lines were again applied on the other 
side face (l). Here there should be two SS lines. 
On this side the same procedure for marking the 
birdsmouth cut and the bottom cut were measured 
(m) and applied (n). The timber was turned again 
and the lines were connected with the steel rule (o) 
controlling the measures (p) and the angles with 
the bevel gauges (q).

Figure 234. (opposite page) The marking procedure 
of the jack-to-valley meetings on the jack rafter with a 
'closed' housing and without considering irregularities.

Figure 235. The three main angles which are P2/P5, P6 and SS.
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One end of the jack rafters had been marked for 
the jack-to-valley meeting. 

The valley timber now also had to be marked and 
this was done in a similar way, mainly using the 
angles R1 and R4, and the same measures as on 
the jack rafter for the heights and lengths (Figure 
236). Firstly the  WP was marked (a) and by ap-
plying the R4 angle the inclined cut of the housing 
was defined (b). The housing was cut to the inner 
dimension (c), and the length of the housing was 
applied (d), before marking the square out of the 
housing to the edge of the valley. The plumb cut for 
the housing (R1) was then applied, and the height 
of the housing was marked (e). 

The other end of the jack rafter was marked in a 
jack-to-ridge meeting, where it was was fairly sim-
ple to handle the irregularities. The jack rafter was 
cut (Figure 237), and the joint was assembled, 
which worked well (Figure 238), except for a little 
extra length at the ridge which had to be remarked 
and cut (Figure 239). The last jack rafter which 
was situated between valley and hip gave me a real 
challenge, and I had to make this two times before 
being satisfied.

7.4.2 References

Mostly the series When Roofs Collide 1-5 by Will 
Beemer was used for this (Beemer 2003, 2004a, 

Figure 236.   The measures and angles used 
for marking the closed housing on the valley 
rafter.

Figure 237.  The joint from the procedre of the jack rafter after cutting.

a

c

d

e

b
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2004b, 2008, 2009), but also the papers Hip and 
Valley Framing 1-3 by Ed Levin  and Ree Ache-
son and the Powerpoint presentation Thinking Ir-
regularly by Curtis Milton were used (Levin 1990, 
1991; Levin & Acheson 1991; Milton 2006). To 
make the trigonometrical calculations Trigono-
metri i Praksis was used (Møller & Møller 1989).

7.4.3 Reflections

To be able to understand the calculation proce-
dures, when reading the literature an the trigono-
metrical solutions, I find it necessary to at the same 
time be able to test or carry out the marking, to see 
how and where on the timber the measures and 
angles were to be. 

It was temptingto just measure on the layout draw-
ings instead of calculating, but in the end I found 
it convenient to control the calculations on the 
drawing.

There was a lot of remarking involved in the sec-
tion, as the use of housing did not give any room 
for moving the timbers a little. This has helped to 
develop methods to be able to mark the fairly exact 
amount of material to remove, such as squaring 
up  the edge of the housing to the edge of the jack 
rafter (Figure 240 and Figure 241). This is also im-

Figure 238. The assembled joint from two different views.

Figure 239.  The jack-to-ridge meeting, which was a little too long.

Figure 240.   The inside of the housing is 'sqaured' up to the top of the 
edge by using a steel rule.
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portant knowledge to put into the invisible tool 
box of the timber framer.

I found it strange to have the jack rafter WP at 
the shorter edge of the jack but it is a good way 
to handle the irregularities of the jack rafter, es-
pecially when working with 'closed' housings, and 
I understand why it is important to have the WP 
on this edge.. 

A general reflection is that I have not found any 
truly satisfactory way to handle irregularities in 
the compound roof when it comes to the jack raft-
ers, except for the use of pitch templates on the 
full scale layout floor. Therefore I actually will 
conclude that the most functional and efficient ap-
proach for this will be to firstly make the timbers  
if not perfect, then at least the reference faces and 
edge reasonably square and straight, and the tim-
ber scan be marked as if they are perfect. 

Figure 241. The jack-to-hip meeting also has to be adjusted, and the line for 
the backing cut has here been squared up onto the edge of the jack rafter.
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8 - RAISING

Figure 242. The construction woth the preliminary roof of particle boards, 
and the installation with posters inside.

Figure 243. All the posts of the main construction. Figure 244. The girts and the lower and crossing braces.

Figure 245. The sills and plates and the primary timbers of the roof construction. Figure 246. The jack rafters.

The raising is not so important for the marking 
procedures, but it can be important for the un-
derstanding of the construction as a whole, and 
therefore some additional photos from the raising 
of the gazebo in the University park in Mariestad 
are presented.
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Figure 247. The sill frame on the foundation blocks. Figure 248. Assembling the first girts and crossing braces.

Figure 249. All posts and lower/crossing braces are assembled on the sill 
and held together with metal pegs.

Figure 251. Boring for the pegholes which have not been drawbored.

Figure 250. Metal pegs on wall 4.

Figure 252. Making pegs by planing octagonally, or by forcing through a hole 
in a metal board.
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Figure 253. Getting the hanging king post in position. Figure 254. The first pair of valley rafters and braces are assembled. 

Figure 255. All valleys assembled and slowly letting the frames drop into 
place.

Figure 256. Preparing the hand-forged nails with shellac to avoid that the 
iron and oak wood should react and get black.

Figure 257. The primary timbers assembled of the roof construction.

Figure 258. Fastening the jacks with the shellaced nails, where the holes had to 
be prebored as the oak wood was too hard for the nails.



90

Figure 259. Inside view of a valley rafter with the hips and jacks.

Figure 261. A view along the valley centerline to te king post.

Figure 263. The cut particle boards, which have been named.

Figure 260. The hanging king post wiith the valley braces.

Figure 262. The layout and marking of the particle boards for the preliminary 
roof using the roof surface layout and chalk lines for marking. 

Figure 264. An inside view of the gazebo.


