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One of the most important deterioration factors of paintings on canvas is the inadequate fixation to a stretcher frame. In addition, metallic nails are often used, causing corrosion and tears in canvas edges, etc. Climatic changes will cause expansion or shrinkage, leading to a sagging or rippling canvas resulting in the need for the painting to be re-stretched. Paintings with a fragile stretcher need to be stretched on a new one. The objective of this study aimed to invent a new stretcher frame avoiding the drawbacks of the traditional ones, made of plexiglass which is a transparent material. This frame consists of four sides with chamfered inner edges and mitered corners with slot and tenon joints that can be expanded by using a control unit containing eight gears. The sides can be moved easily by turning the gears, which aids the adjustment of the painting when it expands or contracts. Around the new stretcher frame there are four plexiglass pieces which are covered by toothed rubber and eight straps for fixing the oil painting to the frame1.



Introduction
 

In 2003, the author designed and executed a new modern stretcher frame to control the rate of canvas tension by using a screw system which pushes a free wooden frame that the canvas is fixed to [1] (Figure 1). In 2007 a new stretcher frame made of transparent Plexiglass (10 mm) was applied to the “Musicians” by Emile Bernard (1895) oil on canvas that belongs to the Museum of Fine Arts in Alexandria. This idea arose because there is another painting on the back of the painting's canvas support and using the Plexiglass stretcher frame allows the observation of the rear of the oil painting. Stainless steel nails were used to fix the fabric edges on the Plexiglass stretcher frame [2] (Figure 2).

Generally, stretcher frames have several disadvantages including many technical shortcomings; the members of the old wedged stretchers are often not chamfered, where the inner and the outer edges are not rounded off. They are not grooved on the miter and the grooves and/or tenons tend to shrink these defects affect the appearance and the state of preservation of the painting. If the textile support is lying on members that have not been chamfered, a pronounced wedged stretcher crack can form. If the outer edges under the textile support are not rounded off they endanger the stretched edges. In post-stretching, if the wedged stretcher is not grooved on the miter, when the frame is more powerfully enlarged, creases occur in the corner area. If the tenon and the groove are not precisely matched, or are altered as a result of shrinkage, the members twist in the grooves as the textile support is stretched, and creases occur running from the corners into the painting (Figure 3). Wrinkles may sometimes appear in the canvas, and these may be caused by the fact that the wedges driven into the corners of the stretchers have come loose or fallen away altogether [3]. 

The wooden wedges of the traditional stretcher frame can fall off by transporting the painting from place to place leading to a loose canvas support, so it will be necessary to re-fix the keys again and by continual repetition of this process, the painting will be subjected to many creases and deteriorations over time. 

Using a hammer on the wooden wedges of the traditional stretcher frame is not an accurate process to control the rate of the stretching of a painting because it leads to many drawbacks on the painting's layers such as cracking and/or paint loss in cleavage parts, especially in the case of paintings with weak adhesion. The old stretcher frame cannot allow a satisfactory adjustment to one side of a painting without the adjustment of the others. On the other hand, the wooden stretcher frame may be attacked by fungi and insects that are capable of destroying it wholly or in part (Figure 4), even spreading to the oil painting support and to the upper layers. 
From left to right:
Figure 1. A modern stretcher frame was designed and executed to control the rate of painting stretch by using screw system.
Figure 2. Applying a transparent stretcher frame on a double face oil painting.
Figure 3. Tears and cuts in the edges area of the painting dueto not chamfered wooden bars.
Figure 4. Fungal infection (left), and attack of insects (right) in the wooden stretcher.













 

Wood is a material that is highly susceptible to atmospheric influences because of its hygroscopic character, which leads to shrinkage and swelling due to humidity fluctuation [4]. Shrinkage and swelling take place when moisture content decreases or increases, respectively; however the volume changes are never equal in all directions. The dimensional change occurs mainly in a direction tangential to the growth rings. The shrinkage 5-10% in the tangential direction and 2-6% in the radial direction [5], resulting in many defects such as curving, warping, twisting, cupping, splitting, and cracking; these factors affect not only the supporting structure but also the appearance and stability of the oil painting itself. 

The wood used in stretcher frames emit a low, but still detectable, amount of vapors such as carbon dioxide, sulphur dioxide, nitrogen dioxide, ozone, chlorohydroxide and ammonia gas, depending on either exogenic factors such as temperature, and relative humidity or endogenic factor as wood species, binder level, binder type, and production conditions, etc. [6], and produces number of volatile organic compounds, including aldehydes and organic acids [7], such as formaldehyde, acetic acid, formic acid, sulphuric acid, resulting in corrosion, discoloration and deterioration which are speeded up by high temperature and/ or high humidity levels [8, 9].

Sometimes drawings, signatures, or other important words are covered by the wooden stretcher frame which hinders the accurate and precise study by specialists or art students, which may lead to the necessity to remove the stretcher frame from the painting to allow a complete observation and study of the back of the oil painting then re-fix it again to the stretcher frame, this process leads to damaging the fragile oil paintings. On the other hand, iron nails in the wooden frame cause several harmful effects to both the frame and the edges of the oil painting such as corrosion, tears and cuts specially by repeating the fixation process. Furthermore, using the screw systems in the corners of the modern stretcher frame requires thick sides resulting in heavy weight addition. The plexiglass stretcher frame made in 2007 was fixed in the corners, so it is difficult to control the degree of stretching of the oil painting due to the expansion or shrinkage of the oil painting in hot or cold weathers. 

The aim of this study is to invent a new stretcher frame that avoids the drawbacks of traditional frames. Its concern is to give a complete fixation and precise adjustment in any part of the painting when it expands or contracts, and to avoid the harmful effects and strains on canvas which result from the use of iron nails to fix the oil painting on the frame. It aims to protect the oil painting from various deterioration aspects such as cuts, tears in canvas, cracking, separation and falling off of painting layers. It strives to provide a maximum degree of safety and protection to the oil painting for the longest possible time.
 


Material and Laboratory Tests

The new stretcher frame is made of Plexiglass, which are "poly acrylates, composed of poly-(methyl methacrylate)” [10]. It is a transparent material and its chemical stability can be ensured by the results of testing using a FTIR Nexus 670 infrared spectrometer, Nicolet (USA), before and after artificial aging in a climatic chamber (60°C, 70% RH, 360 nm) for 400 hours constant. Also, the transparency and yellowness resistance of the material can be ensured by using Hunter lab colorimeter Model D25 A-2 before, during and after the exposure to artificial aging.

Description of the new stretcher frame

The new stretcher frame (35x50 cm) was made at the Academy of Scientific Research and Technology, Ministry of High Education and Scientific Research, Cairo, Egypt. It consists of four main sides, each side has a 7 cm width, the internal edges are chamfered by 5 mm to avoid direct contact between the back of the painting and the sides of the frame in the fixation process. The corners were mitered with slot and tenon joints to allow for free movement of the sides of the frame (Figure 5). The internal surface of each side of the frame has two teethed columns (4.5 cm) made of Plexiglass, so that the complete frame contains eight columns (Figure 6). A control unit was supplied to the frame, it consists of a small fixed frame (18x33x0.5 cm), it contains eight gears where each gear faces a teethed column, and each gear can be turned using a constant haft (Figure 7).

An innovative method was used to fix the oil painting on to the stretcher frame without using any metal nails. This method depends on preparing 4 streaks of Plexiglass (2 cm height, 0.5 cm thickness) surrounding the outer edges of the frame in the same dimensions, so it will surround all edges of the oil painting during the stretching process. All outer edges of the frame and the facing streaks are covered by a teething layer of rubber to restrict and control the stretching process of the oil painting on the frame. A column (12 cm length) was fixed in the middle of each streak; its latter part was screwed (4 cm length) into place. In the screwing part, two slices of plexiglass were fixed by two nuts, the first slice (Figure 8, element A) used to press on the inner part of the frame side for preliminary fixation for the edges of the oil painting on the frame. The second slice (Figure 8, element B) was used to press on the inner edge of the control unit to avoid mobility of the edges of the frame after fixation of the oil painting. Eight straps were made of plexiglass with a rectangle shape without long side (the long side has 9 cm length, while the two short sides have 2 cm length). A screwed gape was made in the short side of each band to be suitable for the entry of the nail (Figure 9). These straps were used to fix the edges of the oil painting in the new frame, where the entry of the nails in the screwed gapes causes pressure on the straps on the streaks surrounding the oil painting in the frame resulting in tight stretching of the oil painting securely on the frame.

From left to right:
Figure 5. The corners of the stretcher frame were mitered with slot and tenon joints to allow the free movement for sides of the frame.
Figure 6. Presence of two teethed columns in the internal surface of each side of the frame, so the complete frame contain eight column.
Figure 7. A control unit was supplied to the frame, it consists of a small fixed frame, it contains eight gears where each gear faces a teethed column, and each gear can be turned using a constant haft.
Figure 8. The streak contains a column in the middle; the later part of the column was screwed. In the screwing part, two slices of plexiglass were fixed by two nuts.
Figure 9. Schematic diagram of eight straps made of plexiglass, in a rectangle shape without long side. A screwed gape was made in the short side of each band to be suitable for the entry of the nail.
















 



Fixation process

Firstly the painting should be placed face down on a flat surface. The new frame should be put in the back of the oil painting where the inner chanfered edges of the four sides facing the back of the oil painting with upward haft of gears (Figure 10). Then, the edges of the oil painting should be bent on the outer edges of the frame (Figure 11). The four streaks should next be fixed surrounding the edges of the painting, then the teethed rubber layer, which covers the outer edges of the frame and the facing streaks, should strictly stretch the oil painting (Figure 12).

The first slice (A) of these streaks should be fixed in the edges of the frame for preliminary fixation of the paintings edges (Figure 13). Then the eight straps should be fixed surrounding the back edges of the frame. This process should be carried out in all four edges of the frame, where as each edge contains two fixed straps, one of them is on the right and the other on the left side (Figure 14). 

From left to right:
Figure 10. Placing of the oil painting face down on a flat surface followed by putting the new frame on the back of the painting.
Figure 11. Bending of the edges of the oil painting on the outer edges of the frame.
Figure 12. Putting the streaks surrounding the edges of the oil painting.
Figure 13. Fixation of the first slice of the streak in the inner edge of the frame.
















 



The painting should be adjusted on to the new frame and tightly stretched, using hafts of the gears to move the teethed columns to push the sides of the frame outwards (Figure 15). This process is used to achieve complete control in specific stretching on one side or more of the frame without the need to remove the painting from the frame. 

In the final stage, the second slice (B) should be fixed to the inner edge of the control unit to avoid falling of the edges of the frame after fixation of the painting; this process should be carried out in all edges of the frame (Figures 16 and 17). The conservator should take into consideration that the slice (B) should be disentangled from the inner edges of the control unit before performing the fixation of the oil painting on the frame using the gears, and after finishing fixation process, slice (B) should be fixed again. 

From left to right:
Figure 14. Fixation of the straps surrounding the back edges of the frame.
Figure 15. Adjustment of the oil painting on the new frame using hafts of the gears to move the teethed protrusions to push the sides of the frame to outside.
Figure 16. Fixation of the second slice (B) to the inner edge of the control unit to avoid falling of the edges of the frame after fixation of the oil painting.
Figure 17. The oil painting after fixation on the invented stretcher frame.













 



Results and Discussion

Using this new frame, the oil painting can be either vertically or horizontally stretched. This frame is used to overcome the disadvantages of the traditional frames and provides a maximum degree of safety and protection of the painting over the long term, giving a complete and accurate control in the stretching of the painting to prevent its flaccidity in case of expansion or shrinkage with complete safety for the oil painting. The control unit in the new stretcher frame is used for the complete and precise adjustment in any part in the oil painting as it expands or contracts, so the oil painting can be accurately adjusted on the frame to prevent tearing. It is considered as a good method to enable specific adjustments, without having to dismount the picture. This new frame resists different biological infestations either by insects or fungi, so that, it provides a great protection for the oil painting over time. In addition it has a greater resistance to several defects such as curving, warping, twisting, cupping, splitting, and cracking. On the other hand, the material of the new stretcher frame is chemically stable as analyzed by FTIR (data not shown) and therefore no interaction or defects are formed by contact with the back of the oil painting, so that no harmful effects occur. In addition its transparency and resistance to the yellowness of aging have been confirmed by extensive scientific tests. 
 

Conclusions

Plexiglass is a transparent material allowing the observation of drawings, signatures, or any other important written words that may be found on the back of the oil painting to be easily and accurately studied by specialists and art students without the need to remove the oil painting from its stretcher.

The fixation process of the oil painting on the new stretcher is a new method that does not depend on the use of metal nails, so no tears or cuts take place at the fixation area in the painting's canvas, even by repeating the fixation method several times. It is an innovative method to fix the oil painting onto the frame that does not depend on the use of any metals thus avoiding any corrosion in the edges or deterioration of different layer of the oil painting.

This new frame is a helpful method for paintings conservators all over the world because it maintains the stability of the painting allowing fixation and re-fixation of the canvas on the frame without any tears or cuts in the edges of the paintings. It also protects the oil painting from cracking at the ground and paint layer levels which leads to separation and loss of paint. 
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Notes

1 This invention was presented to the Egyptian Patent Office, a Performance‐Based Organization of the Government of the Egypt, and Academy of Scientific Research and Technology, Ministry of High Education and Scientific Research under the No. 192/2010 in 7-2-2010.
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