Joe Mayo: Innovative Multi-Story Wood Buildings

The information presented here was the result of a Travel Scholarship awarded by AIA Seattle to expand the experience and leadership opportunities of young professionals, encourage cross-cultural dialogue in the profession, and share knowledge from architecture practice around the globe with members in Puget Sound. The scholarship allowed Joe Mayo to travel abroad to Europe and interview leaders in wood design, construction and manufacturing. The information presented here comes directly from this research and interviews.   

I got the opportunity to spend several weeks in Europe this past summer, researching multi story wood buildings, and talking to some incredible architects, engineers, material manufacturers, educators, and city officials, just to try to find out what is going on over there.  These are a couple shots from Austria, the bottom is a community center, and the top building is 10 minutes away from there.  You can park there, and walk right into the Alps.  I'm not going to talk too much about wood as a cladding, but as you can see, the bottom building has an untreated spruce cladding.  As time passes, it takes on a beautiful patina of rich grays.  The architects involved, especially Herman Kaufman, are interested in not putting finishes on their wood as an external material.

Just talking about the culture of wood, at the time it was built, the bottom building was one of the tallest buildings in Austria.  We can actually go taller than that in the U.S.  The buildings I'm showing are all unique, but it is also a long process of working with their local jurisdictions to get those buildings approved, so in a lot of senses, the U.S. is actually more advanced in the use of wood, and more comfortable than using wood, than many European countries are.  In terms of looking at wood, and how you design wood buildings, it depends on the local jurisdiction, and what they are comfortable with in terms of fire safety.  Throughout these projects, I will talk about how they were able to get their jurisdictions to buy into the use of wood, and its safety. You can have an all wood building, with a concrete egress core.  In Seattle, we do a lot of podium construction, with wood construction on top of a concrete podium.  You can either have a wood or a concrete core.  You can have concrete floors with wood bearing walls. Or you can have an all concrete building with a wood facade, which is actually commonly seen in Austria, because you can get a better performing exterior wall system with wood than you can with concrete, and get a slimmer wall section, so you can save on internal space.  Or you can have a wood building, with a separate concrete core system.
This building, we've talked a lot about, but I just wanted to touch on a couple points.  The top left is a detail section of the exterior walls.  One of the problems with wood is that it does transmit sound, so you can see what they are doing here with the Stadthaus, using two pieces of CLT, with an internal layer of insulation between the units, to get good sound performance. Then for the ceiling below, also hanging another assembly with a gypsum ceiling, to make the ceiling and floor discontinuous.  So there are a lot of detailing issues that need to be worked out with wood.  Generally, you are not going to be able to just layer up CLT panels and call it good.  You will have to work out some of these issues.  A  lot of the Universities in Europe that I talked to were doing a lot of great acoustic testing on these assemblies.  The CLT handbook also has a lot of great assemblies.  On the left you can see the panel layout of the Stadthaus.  Each wall was basically a panel, so you can see how fast that building was going to go up.  All the interior load bearing walls are CLT, so there is a lot of CLT in this building.  It is very redundant, very structurally stout.  It is very robust.  You can remove any interior walls, and the floor panel will either double span or cantilever.  
Just looking at some details from engineers, you can see that these are really simple.  All the interior wood has been covered with gypsum board, for fire reasons, but I also don't think the developer was very interested in exposing the wood.  I don't think they saw the value in that.  The diagram on the right is showing the fire rating of the walls around the core.  They got a 2 hour fire rating, and then a 1 hour rating between the units, and then a 30 minute rating within the units.  If you go to Stora Enso's website, I think they have an assembly that is rated up to nearly 3 hours.  So you can do a lot.  

This is another building in London that recently finished.  There is some controversy over whether this is now the tallest wood building in the world, or whether Stadthaus is.  There is no concrete underneath this building, so it is 8 stories of all wood.  I think there is only one other building in the world like this.  The bottom units are all maisonettes, and then the top stories structural systems change 90 degrees.  So it opens up some new architectural possibilities.  Andrew Wall, one of the buildings he is just finishing is taking a similar approach to this.  What I like about this building, you can see in the section, they are hanging a brick facade off of this wood building, which really makes it into an urban building, so it fits in with the environment.  I think it is great to use wood as an exterior cladding, but it is not always necessarily the best option.

We could talk all day about schools using CLT, but I am just going to go over this.  The City Academy in Norwich, London.  This is a really large school, 3 stories, all CLT with an interior steel spine. All of the timber was supplied by KLH.  When I was in Europe, every CLT person I talked to said that they couldn't produce CLT fast enough to keep up with order.  KLH was 3 weeks behind on this project.  This was in the summer, so I don't know if there crisis has hit yet, so I don't know if that is still the case, but I think it shows the potential for the product, and how quick the adoption has been.  This is no longer a fringe building material in the UK.  Many of people have used it.
This is maybe one of the more interesting projects I was able to check out.  This is by a firm out of Oslo, who are designing a 20 story wood building in northern Norway.  It is seen as kind of a cultural collaboration point.  Within the floor plan they are doing some double height spaces.  The core is all concrete, but they tested it to prove that it could be a wood core, if the fire jurisdiction would ever approve it.  It is a post and beam glue lam structure.  The exterior columns are all approximately two feet by two feet.  That was actually sized for fire, and not necessarily for structural.  They could be smaller, but they were sized so that if they burned for two hours, they would still have enough strength to hold the building up.  The interior columns are 20 inches by 20 inches.  It has CLT floors, with a glulam bracing system, and a steel and glass curtain wall.  These exterior boxes that are poking out where they need balconies or gathering spaces.  With a building like this, there are definitely some fire issues to deal with. The ceilings are all gypsum board with integrated fire sprinklers.  They are using a fog sprinkler here, which is interesting.  I haven't seen that in the U.S.  It is such a heavy mist of water that it actually takes away a lot of the oxygen that is in the air.  So it really suppresses the fire.    

This is in Sweden.  This area was envisioned as their modern city of wood.  All development there is envisioned to be wood construction.  They have started this in a very impressive way.  What is interesting about this particular are is that they have a university right near it, where they have a lot of timber research happening.  There are many saw mills in the area.  For each board foot of lumber that comes out of the mills, they donate a certain amount of money to research.  The saw mills are directly supporting the education.  They are looking at ways of green gluing, so you don't have to kiln dry, and they are looking at some glass timber composite materials, and the list goes on for what they are doing there.  They also have an open book policy, so all of the research that is going on is open to the public.  A lot of timber producers keep their cards close to their chest, because there is competition.  A lot of this is their creative capital.  Here they want to get the word out.

Limnologen building.  This is an 8 story building, 7 stories of wood over one story of concrete.  It is all prefabricated.  The exterior facade is all cut glulams.  One side is all wood cladding, and the other side is a rendered facade. They have CLT balconies that are coming out. One of the problems with fire is it jumping from floor to floor, so with this facade where it is highly glazed, these CLT balconies are actually acting as a fire suppression measure, because they have been fire rated to 90 minutes, so it is a fire safety scheme.  I believe the cores in this building are all CLT as well.  The proportion of the plan is maybe not as great at Murray Grove.  It is a long skinny building.  They have a series of 50 steel tie rods running through each building, to tie it down to the ground.   The exterior walls are CLT, and then they are separating the two units with a small air space, and they are doing the same with the floor structures.  They aren't spanning between units.  These T's are holding up the floor, and then another series of wood beams are holding up the ceiling.  Those two systems are not connected. They were really concerned about sound transmission.  

Kaden Klingbeil in Berlin is great, they are really dedicated to social housing.  They have a really unique type of housing system.  They cut the developer completely out.  The bring in groups of people who form a legal partnership, who actually fund the buildings themselves, and by doing that they are able to keep costs down, and create buildings like this, which is a beautiful building.  They said that is this had been developer driven, it would have been 30 percent higher in cost.  So the ethics of this firm are really incredible.  Every building they do has some kind of wood component.  They are really interested in using wood for its environmental benefits.  This is the first 7 story wood building in Germany.  It is actually six stories of wood over one story of concrete.  It is a post and beam system.  There is no CLT.  Some of the walls between the posts and beams are just 2x material that has been ganged together and doweled with steel dowels, and the same thing with the floor system, with a concrete topping slab, for fire resistance.  The exterior stair is all cast in place concrete.  The nice thing about Europe is that you only need one exit stair, so it makes things a lot simpler.  They consider the fire truck's ladder to be the second means of egress.  It cuts down costs, so they are able to do these kind of things.  In some places they have exposed the ganged ceiling.  It is always a balancing point with the jurisdiction as to what they are going to feel comfortable with.  Here they were able to expose most of the wood because they have a topping slab.  That actually slows construction time down considerably, because you have to wait for the concrete to cure. The building plays off the history of Germany's post and beam construction.  

This is another building that is just finishing up now, the B26.   It is based off the same model, but here they are not using that frame system.  It is all prefabricated wall systems.  You can see some exposed wood in the ceiling.  
Schankula  Architects out of Munich are another really interesting firm.  They have been pushing the wood envelope. This building is only 4 stories, but it served as a case study for the next building, which is an 8 story building.  Again, you can see that it has all prefabricated building components.  All wood exterior.  There was no CLT in this building.  The wall system is ganged up timber posts that are held in place by the gypsum board stapled to it, so I believe this is a glue free system. The floor are glue laminated planks.  The stair core was lifted into place as a single component, which is something you never see here.  The transition between the stair and the rest of the cladding is interesting.  Where the stair core occurs, they are not using wood, as a fire safety measure.  They also have these small steel angle coming out, to prevent fire from jumping from floor to floor. So there is some really thoughtful detailing of the exterior, to respond to different areas, and respond to the fire concerns of the jurisdiction.  This building was a case study, partly funded by the Bavarian government, as a way of looking at how to use wood for more urban applications. Part of the study was looking at net zero communities.  
This was the next stage.  It is Germany's first 8 story wood building.  All the walls are prefabricated from a local manufacturer, who was able to get the walls fire tested up to 90 minutes.  The building does have CLT floors.  A concrete core was required by the jurisdiction for fire reasons.  You actually have to exit out of the building into exterior space before you get into the core.  This eliminates any risk of smoke getting into the egress path.  Continuous steel tie downs were used for the building.  They were able to leave a portion of the ceilings exposed.  All the walls are clad in gypsum board, but on the top floor, they left everything exposed, because there wasn't a fire risk for apartments above.

The Life Cycle Tower (LCT), going up to 20 stories, can actually go up to 30 stories, but perception wise, was limited it to 20 stories.  The main goal was to leave all the wood exposed.  The issue here is fast construction, having all prefabricated building components.  In order to leave the wood exposed, the glulams are sized so that they can be left exposed to fire for a certain amount of time, and still maintain their integrity.  The concrete has a down turn at the slab edge, for additional fire safety, to prevent sire spreading from floor to floor.  The ceiling system has all the fire services, like sprinklers and alarms. Here is a construction detail by Herman Kaufman, about that slab edge.  The first one is under construction now.  It is an 8 story version.  It has a concrete core.  It was designed to be wood, and maybe the next iterations will be wood, if all goes well.  You can see the doweled connections of these panels fitting into place.   
So there is a lot of fantastic activity happening in Europe, but how does this relate to us?  For me, coming from the North West, we have a base that is pelts, salmon and timber, which were the historic resources.  Looking at Seattle historically, it is a timber town.  The first millionaire in Seattle made his fortune from a steam powered saw mill on Elliott Bay.  In the mid 1800's, everything was made out of wood.  Interestingly, comparing Washington State to Austria, which is arguably one of the most innovative places concerning timber, you see that Washington is actually over twice the size of Austria, and more forested.  So maybe we could start doing some of those things here.  The historic culture is here, and it is a question about how we can reinvigorate that culture.  Seattle burned down in 1889, but it end up being a good thing, because insurance agents came out after the fire, and started promoting a new building system, because Seattle had such a great wealth of timber, they started promoting a slow burning solid timber system, which you are probably familiar with as a mill construction, with a non combustible exterior facade, with timber post and beam, and heavy timber floor systems.  Directly after the fire, a lot of buildings were built this way. The building I am currently in is this type of construction.  You can actually see places where the building has been through two fires, and portions of the posts and beams are charred, but it is still standing.  After switching to this new system, Seattle has never had another major fire.  There are some really beautiful space that are highly flexible.  This is a regional material, and we hear a lot about the carbon benefits of it.  We have systems, like LEED, but LEED doesn't recognize use of materials as much as it could.  Other systems, like the Living Building Challenge (LBC), which, anyone who is really serious about sustainability is looking to that system.  Wood meets their short list of acceptable materials.  There is a building in Seattle by Miller Hull Partnership, which is using a heavy timber post and beam structural system, on top of a one story concrete podium, and then gang nailed 2 by four system.
