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Abstract
Two types of brief student assignments to design and build rudimentary structures that are big
enough to stand under have enhanced understanding of a variety of structural planning, design,
and construction issues.  Problem statements, grading criteria, and examples of completed
projects illustrate the use of this vehicle to augment the study of building stability and behavior
of non-horizontal roof structures.  Among the benefits discussed are the opportunity to see
three-dimensional deformation, develop a feel for forces in materials, and experience some of the
ways that the building process influences planning and design decision-making.  It is believed
that these projects are adaptable to a range of architectural engineering courses and topics.

Introduction
Engineering and architecture faculty employ a wide variety of assignments to simulate the
experience of designing and constructing buildings.  Most often these are small models or
segments of the process, but some  attempt the construction of entire structures.  The central1

objectives of these projects are (1) To help students synthesize and attach physical meaning to
the qualitative and quantitative elements of their academic coursework and (2) To foster
heightened intellectual and emotional commitment to their studies.

However, it can be very difficult to devise a project that does not require inordinate amounts of
faculty and student time when the goal is to illustrate the entire design, build, remove process
with structures that are large enough to provide a real sense of building forces.  Observations of
the beneficial results of two assignments that require relatively little contact time and (if carefully
monitored) reasonable expectations for students are offered as examples that may be adapted to
illustrate many issues at various levels of architectural engineering education.

There seem to be at least three characteristics of these projects that must be addressed at the
outset.  First, the size of the constructed object must be appropriate.  Structures that have been
big enough for adults to stand under with arms outstretched in every direction have proven far
more successful than the alternatives.  Second, since few students have experienced the entire
process of designing and building an object larger than themselves, with others, as a course
assignment, the uniqueness of such a task must be balanced by a limited scope of stated
requirements.  These are the types of projects wherein integrated experience is the greatest
reward for the students and positive accounts from “veterans” of earlier years are the most
convincing evaluations for the instructor.  Third, the assignment is, in itself, a design task for the
instructor that requires thoughtful consideration of the “clients”, “site”, and resources. 
Consequently, the following account of two projects describes the specific context in which they
are assigned, provides problem statements of requirements and evaluation criteria, reports some
examples of both technical and general learning that may be observed, and offers some
concluding remarks. P
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Context
Students enrolled in a two- or three-year curriculum leading to the Master of Architecture degree
are required to take a one-semester, 1 unit (4 credit hours) course titled Structural Planning.  The
course is intended to help students achieve sufficient understanding that they may participate
knowledgeably in the selection of appropriate load-carrying systems for buildings.  Since they
must have the equivalent of a pre-professional baccalaureate degree in architecture, they are
assumed to have had a background in statics, strength of materials, and elementary design of
steel, reinforced concrete, and timber structures.  However, the extent of their knowledge and
confidence in it is ordinarily represented by an extreme range between students in each class. 
Also, the course serves those students not specializing in architectural structures; consequently,
the topic must be presented in a way that appears to be relevant to other, higher priorities. 
However, they are able to learn computational procedures at a level of complexity represented by
the provisions of ASCE 7  (e.g.; gravity, wind, and seismic forces applied to a simplified 5-story2

reinforced concrete structure) and do have substantial backgrounds in architectural design,
technology, and history.  Perhaps most importantly, they are usually mature and motivated to
succeed in their intended profession.  Enrollments vary from 25-43 per semester.  

The following course outline indicates the topic for each meeting but omits the information that
each session consists of two 50-minute periods.  The assignments to design/build/remove
structures may be identified as “P5: Stability Systems” and “SP ”, respectively.  Each of the2

projects requires one period for introduction and the equivalent of one-half to one period, spread
over several sessions, to do the planning and design.  The Stability Project requires two periods
(one session) for presentation and the Structural Planning Project (SP ) requires four to six2

periods (two or three sessions).  These projects are built and demonstrated outside.  Presentations
are postponed only in the event of lightning, severe weather warnings, or temperatures below 0
(F.  Initial instructor’s comments about the projects encourage students to anticipate the weather
as they consider the advantages of various designs and details that facilitate construction.

The Stability Project
The notion of this project stemmed from an attempt to help students understand lectures on the
concepts of stability and the behavior of stabilizing systems.  The characteristics of buckling,
overturning, and sliding can be illustrated by smaller scale models.  Also, with a bit more effort,
representations of diaphragms and various types of bracing systems can be effective at smaller
scales.  But, to illustrate the three-dimensional transfer of forces in unsymmetric joints that are
influenced by torsion, to see the warping effects of unsymmetric bracing systems, or to
experience the sight, sound, and feel of a failed fastener, connector, or member, it is necessary to
build at a larger scale.  

Students are encouraged to use inexpensive materials and element sizes that will illustrate
deformation.  For example, cardboard connectors serve well to illustrate bearing, shear, and
buckling in gusset plates.  Polyethylene sheeting stapled to a frame displays the direction of
primary forces and shear flow at the fasteners.  Elastic cord, springs, or rubber sheeting at X-
brace intersections display alternating tension and compression.  When lapped members with
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Structural Planning Course Outline
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slotted holes are used for knee, K, or diagonal braces, stable and unstable conditions can be
quickly and effectively demonstrated.

Some of the more interesting structural schemes have been developed for the platform in an
effort to control cost.  Carpet tubes cut in half also serve to illustrate the behavior of cylindrical
shells and boxes from bicycle shops offer a resource for cardboard employed to fabricate plate
girders or folded plates.  Some students have fashioned strutted beams or cable trusses.  Some
glued cardboard assemblies have illustrated rolling shear.

The cost limit is also important in that students quickly discover that time and creativity are
required; the quick, easy route of buying plywood and bolts will prove too expensive.  The
students do have access to a woodshop and usually can borrow the necessary hand tools rather
than renting equipment.  Although a few have said this project was their first experience in using
simple hand tools, the necessary construction skills are minimal and sufficiently common among
the students not to create any limitation.

Team size is limited to three because the project is too simple to warrant more.  At least two are
required to promote discussion, provide experience in teamwork, reduce costs to no more than
$20/student, and to merge the available skills and tools.  Ideally, the number of projects built
should not exceed ten in order to sustain student interest for the duration of the demonstrations. 
Fifteen projects is a limit for a two-hour session; consequently, class sizes larger than forty would
require another approach.

The project evolved over the years to illustrate these effects in a safe, but reasonably dramatic
way.  However, care must be exercised to control the risk before the lateral load of one instructor
is applied.  Intent on emphasizing a point, the author did not detect a knot in a column of an
eccentric brace system which erroneously detailed the shear link in the column.  The speed and
sound of the resulting collapse drew gasps from the students, particularly the one on the platform,
and made the instructor’s heart jump.  While that level of drama is inappropriately extreme, the
beneficial side is that none of those students is likely to miss noticing an improperly placed shear
link.  As required, the platform was one foot off the ground; that was high enough to make a
point and low enough not to cause harm.  It has provided occasions to emphasize shear failures in
fasteners, various behaviors in connectors, and flexure and shear failures in members.  Collapses
help greatly to underscore the meaning of code requirements for structural integrity.
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Stability Project Assignment

7KH REMHFWLYH RI WKLV SUREOHP LV WR GHPRQVWUDWH WKH ��GLPHQVLRQDO LQWHUSOD\ RI VWUXFWXUDO
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VWUXFWXUH KDYLQJ ! � VLGHV WKDW�

� 'HILQHV D VSDFH WKDW HQFORVHV RQH WHDP PHPEHU VWDQGLQJ ZLWK RXW�VWUHWFKHG DUPV DW
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IDFWRUV WKDW PD\ ZDUUDQW FRQVLGHUDWLRQ� P
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� 6WUXFWXUHV WKDW GUDPDWL]H GHIRUPDWLRQ RI VWDELOL]LQJ HOHPHQWV ZLOO EH UDWHG PRVW

VXFFHVVIXO�

� -RE VDIHW\ LV D FRQFHUQ DW HYHU\ VWDJH RQ DQ\ MRE� QR PDWWHU KRZ VPDOO� %H FDUHIXO

GXULQJ IDEULFDWLRQ DQG HUHFWLRQ� HQVXUH WKDW KD]DUGV GXULQJ GHPRQVWUDWLRQ DUH

PLQLPL]HG�
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Stability Project Evaluation Criteria
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The Structural Planning Project (SP )2

This project simulates part of the structural planning process and extends through construction to
include a three day performance observation period.  The planning component is shortened
because experience proved that students must begin with a real building design in order to not
spend all of their (and the instructor’s) time designing.  However, the use of substitute materials
to construct an element of a building at a different scale led to the discovery that sufficient
planning, design and creative thinking was required to justify the strategy.  Students also develop
a real appreciation for the importance of details, significantly enhance their ability to visualize
three-dimensional relationships, and learn more about the work of gifted architects and
engineers.  For example, most architecture students avoid curvilinear forms in their studio work,
but many will attempt them here.  One team even modeled the movable roof of the Kuwaiti
Pavilion (by Santiago Calatrava at the Seville, Spain Expo) and adapted a garage door opener to
illustrate the operation.

Teams of three or four work best for this project.  Sufficient class time is allotted for presenta-
tions (about 20 minutes for each) to exhaust all descriptions, questions, and explanations.  Every
combination of process management usually is exhibited and, because the project is due near the
end of the semester, those who neglect process management suffer.  As can be seen in the
problem assignment sheet, deadlines are set for the formation of teams and identification of the
basis for the prototype. 

Thus far, no cost limit has been set for this project, but is under consideration.  The problem of
reconciling time for creative detailing with cost has led to excessive spending.  For example,
large diameter plastic pipe tees are expensive solutions for torsion joints.  Also, this project is
particularly susceptible to the ratcheting upward of expectations that can get out of control.  The
consequences are that some will spend too much money, completely outclass others, and generate
enough negative feelings about the experience to obscure the educational objectives.  

The application of gravity and lateral loads in these structures is left to nature, although some
testing for adequate stability is done during presentations.  Wind and rain have provided some
dramatic demonstrations and, when the opportunity arises, students enjoy applying snow loads. 
It is necessary for the instructor to monitor the projects in order to minimize the risks from flying
objects or structural collapse.  Of the many structures built in the past, only one was potentially
dangerous enough to people that it had to be dismantled immediately following the presentation.  
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Structural Planning Project Assignment
7KLV SURMHFW RIIHUV DQ RSSRUWXQLW\ WR VLPXODWH WKH VWUXFWXUDO SODQQLQJ SURFHVV� HQKDQFH

XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EHWZHHQ VWUXFWXUHV DQG DUFKLWHFWXUH LQ ��WK &HQWXU\ EXLOGLQJV�

H[SORUH WKH VHHPLQJO\ LQILQLWH YDULDWLRQV RI QRQ�KRUL]RQWDO URRI V\VWHPV� DQG IXUWKHU GHYHORS WKH

VNLOOV UHTXLUHG WR WUDQVODWH LGHDV LQWR SK\VLFDO REMHFWV�

<RX DUH DVNHG WR GR WKH IROORZLQJ� ��� )RUP WHDPV RI � RU �� ��� ,GHQWLI\ D EXLOGLQJ �RU SURSRVHG

EXLOGLQJ� RI WKLV FHQWXU\ WKDW KDV LQFOXGHG D QRQ�KRUL]RQWDO URRI V\VWHP GHHPHG LPSRUWDQW WR WKH

DHVWKHWLF LPSDFW RI WKH EXLOGLQJ� ��� &RQVWUXFW D SURWRW\SH RI D SRUWLRQ RI WKH VWUXFWXUH� ���

3UHVHQW WKH SURWRW\SH WR WKH FODVV� ��� 2EVHUYH LWV SHUIRUPDQFH IRU � GD\V� ��� 5HPRYH LW DQG

UHVWRUH WKH KDELWDW� ��� 6XEPLW D VXPPDU\ UHSRUW�

'XH GDWHV DQG WLPHV�

7($0 %$6,6 35(6(17$7,2 (1' 2%6(59$7,21 (1' 5(029$/ 5(3257
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7,0( 1RRQ � S�P� ����� D�P� 1RRQ 1RRQ � S�P�

*5283 � :HG�� ���������� ������� 6DW�� ��� 6XQ�� ��� 7XHV�� ���

*5283 � 7KXUV�� ��������� ������� 6XQ�� ��� 0RQ�� ��� :HG�� ���

*5283 � 0RQ�� ��������� ������� 7KXUV�� ��� )UL�� ��� 6XQ�� ����

6XSSOHPHQWDO UHTXLUHPHQWV DQG LQIRUPDWLRQ�

,GHQWLI\ WKH EDVLV IRU WKH SURWRW\SH� /LVW WKH EXLOGLQJ QDPH� ORFDWLRQ� DUFKLWHFW� DQG VWUXFWXUDO

HQJLQHHU� 3URYLGH VRXUFHV RI LQIRUPDWLRQ DERXW WKH EXLOGLQJ� RQH FRS\ RI DQ LPDJH �SURSHUO\

UHIHUHQFHG� RI LW� DQG RQH FRS\ RI DQ LPDJH RU VNHWFK WKDW LQGLFDWHV WKH UHJLRQ WR EH PRGHOHG E\

WKH SURWRW\SH�

&RQVWUXFW� 7KH SURWRW\SH LV WR EH EXLOW LQ WKH \DUG �QRW WKH SDYHG DUHD� ZHVW RI WKH %XHOO +DOO

$WULXP� ,W LV WR EH ODUJH HQRXJK WKDW WKH WHDP FDQ VWDQG XQGHU LW� XVH LQH[SHQVLYH PDWHULDOV� DQG

LQFOXGH DW OHDVW D SDUWLDO UHSUHVHQWDWLRQ RI WKH URRI VXUIDFH�

3UHVHQW� 3UHVHQWDWLRQV ZLOO EH PDGH DW WKH VLWH RI WKH SURWRW\SH� (DFK VKRXOG FRPPXQLFDWH

LPDJHV RI WKH RULJLQDO EXLOGLQJ� GHPRQVWUDWH WKH EHKDYLRU RI WKH VWUXFWXUH� DQG GHVFULEH

QRWHZRUWK\ DVSHFWV RI WKH SURMHFW� (DFK WHDP
V SUHIHUHQFH IRU SUHVHQWDWLRQ GDWH ZLOO EH KRQRUHG

LQ WKH RUGHU UHFHLYHG XQWLO ILYH DUH UHVHUYHG IRU WKDW GD\� $ ILQDO VFKHGXOH ZLOO EH LVVXHG E\

�������� )DLOXUH WR GHOLYHU DQG SUHVHQW WKH FRPSOHWHG SURMHFW RQ WLPH ZLOO EH HYDOXDWHG DV D

FRPSRQHQW RI D WHDP·V VXFFHVV LQ PDQDJLQJ WKH SURMHFW�

2EVHUYH� WKHQ 5HPRYH� ,QWHUPLWWHQWO\ PRQLWRU WKH VWUXFWXUH GXULQJ WKH REVHUYDWLRQ SHULRG WR

OHDUQ IURP LWV SHUIRUPDQFH� (QVXUH WKDW DQ\ GHWHULRUDWLRQ SRVHV QR ULVN WR SHUVRQV RU SURSHUW\

DQG UHPRYH OLWWHU� )ROORZLQJ WKH REVHUYDWLRQ SHULRG� GLVSRVH RI DOO PDWHULDOV DQG UHVWRUH WKH P
age 2.91.9



KDELWDW WR LWV RULJLQDO FRQGLWLRQ�

5HSRUW� ([SDQG RQ WKH LQIRUPDWLRQ SUHYLRXVO\ UHSRUWHG� LQFOXGH GLPHQVLRQHG GUDZLQJV DQG DW OHDVW

RQH FRORU SKRWRJUDSKLF SULQW RI WKH SURWRW\SH� VXPPDUL]H WKH VLPLODULWLHV DQG GLIIHUHQFHV EHWZHHQ

WKH SURWRW\SH DQG WKH DFWXDO EXLOGLQJ� GHVFULEH LQWHUHVWLQJ FRQVWUXFWLRQ DQG SHUIRUPDQFH

FKDUDFWHULVWLFV RI WKH SURWRW\SH� LWHPL]H H[SHQVHV� HYDOXDWH WKH WHDP·V SURMHFW GHOLYHU\ VWUDWHJ\�

DQG� LGHQWLI\ WKH SULQFLSDO FRQWULEXWLRQV PDGH E\ HDFK SHUVRQ�
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Structural Planning Project Evaluation Criteria
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Summary
Two design/build/remove projects have proven very effective in illustrating many aspects of
instruction in the engineering of buildings.  They are thought to be somewhat unique by virtue of
the combination of a human-sized scale of construction, need for relatively little in-class time or
indoor space, ability to accommodate limited building skills, and expenses sufficiently low to be
borne by the students.  Copies of the course outline, problem assignments, and evaluation criteria
provide additional information.  Grading is fundamentally subjective and usually generous with
few scores dropping below 90.

Course evaluation questionnaire comments have indicated that most students appreciated these
projects.  A few complaints have registered objections to having too little class time allotted for
work on the projects, spending too much money, or building in inclement weather.  Selection of
the basis for the prototype is particularly critical to the time, cost, and on-site construction of the
Structural Planning Project and choices must be made by the instructor to decide the level of
consultation to offer at this stage.  Because these are advanced students, the author coaches
relatively little but does try to prevent excessively negative lessons on weak project planning. 
Undergraduate students would require more advice at this stage and more class time unless the
course included a strong construction management component.

One of the most rewarding aspects of these projects has been the interest shown by those not in
the class.  Random passers-by often observe demonstrations and other faculty and students
examine the structures.  Several faculty have been complimentary(!) and have expressed the
opinion that the work was an important component of the School’s programs.
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$FDGHPLF (PSOR\PHQW � 8QLYHUVLW\ RI ,OOLQRLV DW 8UEDQD�&KDPSDLJQ
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$6(( $UFKLWHFWXUDO (QJLQHHULQJ 'LYLVLRQ �9DULRXV SRVLWLRQV ����� �

$UFKLWHFWXUDO )DEULF 6WUXFWXUHV ,QVWLWXWH �9DULRXV SRVLWLRQV ���������

$GPLQLVWUDWLYH $SSRLQWPHQWV DQG $FDGHPLF 6HUYLFH

$SSRLQWPHQWV WR WHUPV DV &KDLU� 6WUXFWXUHV 'LYLVLRQ� *UDGXDWH &PWH �6FKRRO)

(OHFWLRQV WR WHUPV DV &KDLU�  Senate Council; Faculty Advisory Cmte (Campus)

([WHQVLYH VHUYLFH RQ QXPHURXV FRPPLWWHHV DW DOO OHYHOV RI WKH 8QLYHUVLW\
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0D[�

0\ VXEPLVVLRQ IRU WKH $6(( $UFK( VHVVLRQ IROORZV� ,
OO WU\ WR JHW D SULQWHG YHUVLRQ DQG WKH VKRUW

ELR LQ WKH PDLO E\ 7XHVGD\� 1DWXUDOO\� ,
OO ZHOFRPH FRPPHQWV�

-LP

7LWOH� %ULHI 'HVLJQ�%XLOG�5HPRYH $VVLJQPHQWV IRU 6WUXFWXUHV &RXUVHV

$XWKRU� -DPHV (� 6LPRQ YRLFH� ������������

6FKRRO RI $UFKLWHFWXUH ID[� ������������

��� 7DIW 'ULYH H�PDLO� M�VLPRQ�#XLXF�HGX

&KDPSDLJQ� ,/ �����

$EVWUDFW�

7ZR W\SHV RI EULHI VWXGHQW DVVLJQPHQWV WR GHVLJQ DQG EXLOG UXGLPHQWDU\ VWUXFWXUHV WKDW DUH ELJ

HQRXJK WR VWDQG XQGHU KDYH HQKDQFHG XQGHUVWDQGLQJ RI D YDULHW\ RI VWUXFWXUDO SODQQLQJ� GHVLJQ� DQG

FRQVWUXFWLRQ LVVXHV� 3UREOHP VWDWHPHQWV� JUDGLQJ FULWHULD� DQG H[DPSOHV RI FRPSOHWHG SURMHFWV

LOOXVWUDWH WKH XVH RI WKLV YHKLFOH WR DXJPHQW WKH VWXG\ RI EXLOGLQJ VWDELOLW\ DQG EHKDYLRU RI

QRQ�KRUL]RQWDO URRI VWUXFWXUHV� $PRQJ WKH EHQHILWV GLVFXVVHG DUH WKH RSSRUWXQLW\ WR VHH

WKUHH�GLPHQVLRQDO GHIRUPDWLRQ� GHYHORS D IHHO IRU IRUFHV LQ PDWHULDOV� DQG H[SHULHQFH VRPH RI WKH

ZD\V WKDW WKH EXLOGLQJ SURFHVV LQIOXHQFHV SODQQLQJ DQG GHVLJQ GHFLVLRQ�PDNLQJ� ,W LV EHOLHYHG WKDW

WKLV VRUW RI SURMHFW LV DGDSWDEOH WR D UDQJH RI DUFKLWHFWXUDO HQJLQHHULQJ FRXUVHV DQG WRSLFV�

�6HQW WR 0D[ ������� E\ H�PDLO�
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8QLYHUVLW\ RI .DQVDV

/DZUHQFH� .6 �����

'HDU 0D[�

(QFORVHG SOHDVH ILQG DQ DEVWUDFW DQG EULHI &�9� VXEPLWWHG IRU FRQVLGHUDWLRQ DV D SUHVHQWDWLRQ LQ

RXU WHFKQLFDO VHVVLRQ DW WKH ���� $6(( $QQXDO &RQIHUHQFH�

, DP DZDUH WKDW WKH FDOO IRU SDSHUV VXJJHVWHG D ORQJHU DEVWUDFW DQG D ELRJUDSK\� EXW RSHUDWHG

XQGHU WKH DVVXPSWLRQ WKDW \RX PLJKW ZHOFRPH VRPHWKLQJ FRQFLVH HQRXJK WR UHYLHZ LQ D YHU\ VKRUW

SHULRG RI WLPH� , FDQ DOZD\V DGG ZRUGV LI \RX SUHIHU�

7KDQNV IRU HQFRXUDJLQJ PH WR GR WKLV� +RZHYHU� LI LW GRHVQ
W ILW ZLWK WKH RWKHU SDSHUV IRU WKH

VHVVLRQ� GRQ
W EH VK\ DERXW VD\LQJ VR� ,W LV QRW D SUREOHP IRU PH WR OHDYH D SDSHU RII RI P\ �'R

%HIRUH 1HZ <HDU
V� OLVW�

+DYH D JRRG KROLGD\ VHDVRQ�

6LQFHUHO\�

-DPHV (� 6LPRQ� $,$

$VVRFLDWH 3URIHVVRU

(QFORVXUHV
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