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Code Requirements Review

• Steel Multi-legged towers are a good example of the difference between the 
code requirement and the industry standard
• American Water Works Association (AWWA) design of these types of structures show 

that they are structurally adequate. Connections are pre-loaded during construction

• The ASCE7 does not permit the use of tension only members and requires the 
amplification of connection loads

• Building structures, vehicular bridges, electrical transmission towers, hydraulic 
structures, buried structures and nuclear reactors are excluded from the 
scope of ASCE7’s Chapter 15. These structures are not under the jurisdiction 
of local building officials and are covered by other well established design 
standards.



Code Requirements Review

• The ASCE7 Chapter 15 distinguishes between non-building structures with 
structural systems like buildings, and not like buildings. The water tower has a 
building system like an ordinary steel braced frame. An example of a non-
building structure with a structural system unlike a building is a steel tank or 
pipe rack. The two types of systems have different requirements for analysis 
procedure.

• Building like structural systems that have a fundamental period greater than 
3.5Ts (Ts = SD1/SDs) cannot use the equivalent lateral force procedure. These 
types of structures must use a time history response or modal procedure. The 
second or third mode (m > 3.5Ts) usually controls for these structures as this 
is closer to the peak of the design response spectrum.



Steel pipe rack system (not similar to a building) where the conduits may not have enough stiffness to transmit seismic demand

Nonbuilding structures – similar to buildings and not similar to buildings type



Single degree of 
freedom systems 
may be evaluated 
using the Equivalent 
Lateral Force (ELF) 
procedure if the 
fundamental period 
is > 3.5Ts. The first 
mode will be 
dominant despite 
the longer 
fundamental period 
for SDOF structures.

Nonbuilding structures – similar to buildings and not similar to buildings type

Cantilever water tower. Nonbuilding structure not similar to a building



Buildinglike Nonbuilding Structures

Consider key behaviors when selecting an analysis method:
Irregularities: Horizontal Irregularities - Weak and Soft Story

Vertical Irregularities – Unbalanced mass at elevated level
- 1st mode usually dominates for 
unbalanced mass
- Large differences (horizontal 
dimension) in the seismic force 
resisting system in structure levels this 
can develop mode shapes unlike the 
assumptions made for the equivalent 
lateral force method

Unusual arrangement of unsupported masses, a nonbuilding 
structure may look like a building, but will not behave like a 
building because of its unsupported mass arrangements.



Not like building Structures – Suspended Masses
Nonbuilding structures with suspended 
masses can have pendulum modes 
associated with the significant mass of the 
suspended components. This can distribute 
excessive forces on attached piping. In these 
cases, a dynamic (modal) analysis is 
recommended.

In the absence od adequate clearance 
between structural and mechanical 
components, appropriate impact forces 
should be included in the design.

Nonbuilding structure supporting suspended boilers and flue



Nonbuilding Structures – Relative Rigidity

When a classic building approach may seem appropriate, 
flexible beams combined with stiff columns for nonbuilding 
structures may not be approximated well by the Equivalent 
Lateral Force Procedure. The first mode may not control the 
design. A dynamic modal analysis may be required for 
nonbuilding structures with relatively flexible beams. Higher 
modes for flexible beams may contribute more significantly to 
the flexural design of beams. This can be true even if the 
fundamental period is less than 3.5Ts. 



Analysis Procedure
• Develop dead, live, wind and snow loads for the nonbuilding structure
• Determine if the structure should be evaluated similar to a building type 

structure
• For a water tank, include the weight of water in the tank. Conservatively 

assume to be full.
• Determine the nonbuilding lateral and vertical period and select an 

analysis procedure.
• Develop load cases and combinations
• Develop force effects in main wind and seismic force resisting systems
• Check limit states in the controlling members



Kansas Street Water Tower Example



Kansas Street Water Tower
The Kansas Street water tower was constructed in the Village of Frankfort in 1915 and is estimated to have carried approximately
70,000 gallons of water to serve the local public water supply. The tower was to be evaluated for in-service loads and as a 
landmark structure, not supporting water service loading.



Kansas Street Water Tower
The tower was inspected visually for existing structural condition and to develop 
geometry for a structural analysis. The structure leg supports are built-up steel 
sections, riveted plate sections common for the 
time period  before structural welding technology
and construction skills were commonly available.



Kansas Street Water Tower Analysis

The section properties of the legs were 
developed assuming all of the steel members 
in the built-up section to be properly 
connected for composite action. The assumed 
steel strength is 33ksi yield strength for the 
time period.

The steel corrosion present has not developed 
into section loss based on visual observation. 
The tower will require cleaning and painting to 
serve in any future capacity.



Kansas Street Water Tower Analysis

The estimated total seismic weight of the tower structure is approximately 45tons. The 
water load in the tank will add 292tons to the seismic weight.

Seismic Analysis

The seismic fundamental period is calculated ASCE7-16 Section 15.4.4

T=1.88957 sec



Kansas Street Water Tower Analysis

The equation 15.4-6 correlates with a fundamental period on 
the back side of the spectrum curve. The response spectra 
chart does show periods with higher accelerations. The 
fundamental period is used to develop the first iteration of 
seismic analysis.









Kansas Street Water Tower Analysis

Seismic Analysis

The tower design response spectrum defined in ASCE7-16 Section 11.4.6 as Ts = SD1/SDs = 0.78417 sec (short period). Since the 
fundamental period is less than 3.5Ts (2.74sec), the equivalent lateral force procedure is used for analysis.

The tower will be considered an essential facility if used for water storage. In an emergency, the water service can be 
considered vital to the safety of the community. As such, the tower seismic importance factor is 1.5, risk Category IV.

The controlling load combination for the tower was D+0.70Ev+0.70Emhx+0.70Emhz and produced 340.5kip axial force in the 
controlling tower leg. This is including the additional force caused by the water sloshing effect, required for water tank analysis.

The seismic load combination controlled over the wind load combinations. 

The type of water tower considered in the Kansas Street study is an example of code differences, and methods of analysis. 
When the structure was built, the seismic requirements were not considered or much less stringent than the current ASCE7 
code requirements. Also, the American Waterworks Association (AWWA) method of analysis will permit the use of tension only 
bracing. The ASCE7 seismic analysis procedures do not permit the use of tension only members. We included these tension 
only members in our static analysis, and the column legs still failed. However, in the dynamic modal analysis, they were not 
permitted as tension only.



Questions


