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Introduction 
 
Design and construction of tall towers is an on-going research program of NASA.  The agency 
has already done preliminary review in this area and has determined that multi-kilometer height 
towers are technically and economically feasible.  The proposed towers will provide high altitude 
launch platforms reaching above eighty percent of Earth’s atmosphere and provide tremendous 
gains in the potential energy as well as substantial reduction in aerodynamic drag.   NASA has 
also determined that a 15-KM tower will have many useful applications in: 
(i)Meteorology,(ii)Oceanography, (iii)Astronomy, (iv)High Altitude Launch, (v)Physics Drop 
Tower, (vi) Biosphere Research, (vii) Nanotechnology, (viii) Energy/Power, (ix)Broadband 
Wireless Technology, (x)Space Transportation and (xi)Space Tourism.    
 

Research Plan and Findings 

In order to determine structural feasibility of constructing a 15-Km tall tower, it was decided to 
use the following twelve-step design process: (i) select appropriate software, (ii)develop trial 
model, select materia ls, (iii)preliminary design and weight calculations for all members, 
(iv)revise member sizes, if needed, (v)check structural stability for self weight, (vi)revise model, 
if needed, (vii)check stability for self weight, (viii)detailed design of each component, (ix)check 
for wind loads, (x)check for earthquake loads, (xi)check for equipment vibrations and (xii)check 
for temperature variations.  
 
This process first starts with a design that is just sufficient to support its own weight. The process 
allows for revision of design for all natural hazards and other loads in a sequential order. It may 
be noted that response of a tower to wind, earthquake, equipment thrust etc., can only be 
calculated if all individual components of tower are completely designed.  This approach for 
designing a tower first for own self weight and subsequently strengthening for all external loads 
allows for a least weight design that can be accomplished using structural design software.  
SAP2000 structural design software was used for constructing the model.  SAP 2000 has been 
used for designing many important structures, e.g., Petronas Towers, Malaysia, Eiffel Tower-II, 
Nevada, Las Vegas and Safeco field, Seattle, Washington and many other structures throughout 
the world.  This software can generate extremely large structures having millions of members. 
 
A 50mx50mx200m module (Figure1) was used to develop a 15-KM tall steel tower.  The module 
is comprised of eight beams each 50m long, four columns each 200m long, four horizontal 
braces each 31m long and twelve diagonal braces each 61m long.  Structural members of such 
lengths are not uncommon and can be easily constructed in the form of a 2D or 3D truss using 
existing steel sections produced by the steel industry.  The module has an internal spatial node 
that connects twelve braces to four 200m long columns (Figure1).  This 3D bracing allows for 
increased shear strength in all three axes and also braces 200m long columns at every 50m.  In 
order to reduce steel weight of beams and braces, it is recommended that trusses be used for 
construction.  Calculations were made to find number of modules needed in each kilometer and 
then module was replicated in fifteen different files; one for each kilometer of tower.  The 
replication process allows tall 200m meter sides of the module to be supported by four braces at 
90 degrees to each other at every 50 meters (Figure 2).  Such a bracing system for columns will 
substantially reduce buckling effects. 
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Figure 1    Figure 2 
 

All fifteen files were then combined and a 3D view of the resulting tower is shown in Figure 3.  
Figures 4-6 show 3D views of particular parts of tower for visual comparison.  It was noted that 
lowest kilometer has same amount of steel that is used in top eleven kilometers combined.  This 
tower has 147,899 joints and 505,984 members.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

KM1-15  KM1-4   KM 7-10   KM13-15 
Figure 3  Figure 4  Figure 5   Figure 6 
The structural data from the software was included in the basic analysis of the tower (Table 1).  
Self weight of Individual braces and beam elements were assumed as follows: 50kg/m for a 50-
long beam, 30kg/m for a 31m long horizontal brace, and 60 kg/m for a 61m long diagonal brace.  
These self weights are quite comparable to self weights of similar trusses used in the steel 
industry for 2D or 3D trusses as per Steel Joist Institute data. 
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      Table 2 
 
The data presented in Table1 and Table2 is based on use of A913 high strength low alloy steel 
with a density of 7856kg/m3, Load Factor of 1.4 and Resistance Factor of 0.85.  It may be noted 
that most of the steel columns will need special fabrication and therefore can be designed and 
built for slenderness ratio of less than 20.  AISC permits 85% of yield stress as critical failure 
stress for columns with slenderness ration of less than 20.  Therefore buckling of columns was 
excluded in this preliminary analysis.  The analysis indicates that for a 15-KM tower we need 
7,377,510,254 KG of steel.  This amount of steel would cost $4,057,630,640 at the current 
market rate of $0.55 per KG.  It may also be noted that steel requirement increase exponentia lly 
and the requirements for a 5-KM Tower are substantially lower (Figure 7 and 8).  
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Figure 7      Figure 8 
Conclusions  
 
Based on the tower geometry and other assumptions, it is concluded that construction of a 15-
KM self supporting steel tower is possible.  The material costs, however, may exceed four billion 
dollars.  The cost of substructure and labor involved are extremely difficult to estimate but will 
definitely add additional 4 billion dollars.  These calculations indicate that a 15-KM tower may 
be cost prohibitive.  As columns in lower stories become extremely large special design and 
fabrication techniques may have to be explored. However, a 4 to 5-KM tall tower appears to be 
cost effective and can be built using existing material sizes with little or no need for specialized 
design and fabrication.  The design considered in this analysis did not increase the number of 
columns for subsequent lower stories and it is suggested that alternate designs with a higher rate 
of increase of column should be explored.  NASA may want to limit future research on tall 
towers to be preferably within 1-5 KM range and definitely not more than 10-Kilometers.  
Please send your input to author at shankerajay@hotmail.com.  
 
Recommendation for Future Research 
This research is the first attempt to approximately quantify the steel requirements of 1-15KM tall 
steel towers.  Future research should address labor and installation costs that include advanced 
robotic construction techniques.  Materials, e.g., composites, aluminum and concrete should also 
be explored for reducing cost.  A triangulated form of construction should also be explored as it 
may reduce steel requirements.  As the tower files become extremely large (54MB for this 
example) a faster computer with 3-4MB of RAM should be used to do analysis.  Number of 
columns should be increased as a faster rate as we approach lower parts of the tower.  Effects of 
wind, earthquake, temperature changes and equipment thrust and vibrations should be included 
to modify the structure.  Carbon nanotube materials and other forms of construction, e.g., 
inflatable structures should also be explored 
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