
1

Innovative Mid-rise Timber
Timber Tectonics Meets Spatial Force Flow

Spring 2021
ARCH 705-001
(Mondays), Wednesdays, and Fridays 8:00 am – 12:00 pm

Instructor: Dr. Masoud Akbarzadeh (masouda@upenn.edu)
Teaching Assistant: Yao Lu (yaolu61@design.upenn.edu),

Polyhedral Structures Laboratory
Advanced Research and Innovation Lab
Weitzman School of Design
University of Pennsylvania



2

cross-laminated timber Pavilion
Image courtesy kawasum kobayashi kenji photograph office



3

1 Brief
For thousands of years, wood has been an important building material for
its abundance, strength, and sustainable nature (Ahmed and Arocho,
2020). Engineered mass timber such as glue-laminated, cross-laminated
timber, I-Joist, etc., include a range of products manufactured by binding
or fixing the strands, fibers, veneers, or boards of wood by applying
adhesives to form composite materials. These products were developed to
utilize material more efficiently with respect to the inherent variability
(anisotropic properties) of wood systems (Mallo and Espinoza, 2014). The
main objective of these engineered products was to maximize durability,
strength, and a high level of consistency in the material properties
(Council, 2010).

Problem Statement and Objectives
In Europe, Australia, and Canada, timber products have been used in
various building types, including residential, commercial, educational, and
industrial, but in the US, such applications have remained quite limited.
The main objective of this studio is to investigate the potential of using
mass timber in the construction of mid-rise buildings through developing
novel structural and architectural concepts. The outcome of the studio is
aimed to increase the perception, motivation, and awareness among the
industry practitioners to adopt engineered timber as an important material
in the US construction sector as suggested by Mallo and Espinoza (2015).

Designing mid-rise, mass-timber buildings requires utilizing specific
structures. In fact, the studio will concentrate on the development of
non-conventional architectural structures that can respond to the needs of
such buildings and programs more succinct than the conventional
solutions (See the following additional readings by Jeska and Pascha
(2014); Lennartz and Jacob-Freitag (2015); Weinand (2016)). Therefore, the
main research objectives of the studio can be summarized as follows:

• formal explorations of efficient structural typologies suitable for mid-
rise buildings;

• material computing research including tectonic studies on the design
of structural forms using various construction detailing and
prefabrication techniques;

• programmatic studies of the buildings and realizing the relationships
among program, materials, detailing and structure; and,

• and finally the architectural design of the building to manifest the
research.
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2 Design Research Approach
The studio will be divided into multiple modules to design a mid-rise
building as a technology hub and incubator space for startups and their
laboratories.

Workshop On Parametric 3D Graphic statics The studio will
include an intense 3D graphic statics workshop introducing constrained
2D graphic statics to lay the foundation for describing geometrically
constrained structural forms and their force diagrams in 3D. The workshop
will present the equivalent methods in 3D and students will develop
constrained spatial structures with compression and tension combined
systems. Relevant readings will be suggested from Akbarzadeh et al. (2014,
2015a,b); Akbarzadeh (2016); Schumacher (2016); Harris and Li (2012).

Structural Module Development The students will develop
parametric structural modules as building components and explore variety
of equilibrium states by manipulating the force diagram. The parametric
studies will be translated into physical scale models to test the
space-making potential of the studies. Relevant readings will be suggested
from Engel and Rapson (2007); da Sousa Cruz (2016); Moussavi (2018).

Material Computation The structural forms developed in the previous
step will be translated into construction materials. Algorithms will be
developed to populate the structural forms with discrete/continuous
elements. Innovative construction systems such as prefabrication and
smart assembly of the parts will be developed and tested in smaller scales
to manifest the research. Following references will be introduced to
students including Block et al. (2017); Gramazio et al. (2014); da Sousa Cruz
(2016); Meijs and Knaack (2009); Hauschild and Karzel (2011); Tichelmann
and Pfau (2008).

Structurally-Informed Massing Strategies The programmatic
studies from previous exercise will be used to develop a massing strategy
for the terminal incorporating the programmatic studies. This massing
strategy will also follow the geometry of the structural modules that were
developed earlier The relevant readings will be introduced including
(Kerez et al., 2009; Morgan and Sobek, 2004; Conzett and Mostafavi, 2006).
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Figure 1: a) 2D form and force diagram generated using 2DGS; b) similar
structural system and its polyhedral force diagram in 3D; c) 2D branching
system and its force equilibrium; d) similar branching system in 3D and its
force equilibrium; e) a 2D truss system and its force diagram; and f) a similar
3D truss and its polyhedral force diagram.


	Brief
	Design Research Approach
	A Short Introduction to LaTex
	Writing in LaTex
	Including Sections and Subsections
	Including Figures in the text

	Assignment 1
	Assignment 2
	Assignment 3
	Assignment 4
	Assignment 5
	Assignment 5 (mid Review)

