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Structural Review of Fire Station #7 

 

Introduction 

Fire Station #7 in the Fairlington area of Arlington 

County, Virginia is the subject of this  structural review. 

The station was built in the 1940s with a renovation and 

expansion in 1983. The building is a two-story structure 

with the lower level below grade. There is a single 

apparatus bay located on the upper level and has at 

grade access. The apparatus bay is also located in the 

original portion of the station. Construction drawings of 

the 1983 addition have been provided by the County, 

but no drawings are available for the original building. In October of 2018 the County 

closed the building pending a structural review in light of reports from the facility that 

sounds were emanating from the floor structure when the apparatus was driven in and 

out of the bay. An initial structural study suggested that the floor construction of the 

apparatus bay was the cause of these creaking sounds. It postulates that the original 

concrete slab and small steel needle beam supports added during the 1983 renovation 

were not working in tandem and grating against each other as the floor was loaded. There 

is some merit to this theory as it appears that no anchors or shear connections were 

installed to cause the two systems to work together. The County has engaged this follow 

up structural report to further explore the existing structure and determine if the facility 

as built can support the ire equipment scheduled to be housed in the facility or if 

additional remediation is required.  

This study reviewed the existing slab system in consideration of the actual fire vehicle 

loads as well as the lower floor supporting walls, lintels, and foundations.   
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Information 
Vehicle Data: 

Gross Vehicle Weight: 44,050 pounds 

Front axle:  21, 500 pounds 

Meritor FL-943 axle with Severe Duty shock system and Goodyear G296 MSA, 

385/65R22.5 tires 
 

Rear axle:  24,000 pounds 

Meritor RS24-160 axle 

No larger or heavier vehicle is anticipated for this station in the future. 

Other vehicle housing options include an ambulance and battalion chief vehicle. 

Vehicle weight of 20,000 pounds for the ambulance was provided by the County. 

The battalion chief vehicle was estimated based on a Ford Expedition, Chevrolet 

Suburban, or Toyota Sequoia base at about 6,000 pounds plus a 2,000-pound outfit 

totaling 8,000 pounds.    

 

The design load used in this review therefore assumed a maximum 12,000-pound tire load 

from the engine on the supporting structure. The maximum tire loads for the ambulance/ 

medic unit (5,000 pounds) and battalion Chief vehicle (2,000 pounds will also be 

reviewed. 
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Discussion 

With no construction documentation 

available to show the original building 

construction, a number of test holes and 

pits were made to expose the hidden 

structure beneath. Measurements were 

taken and materials tested to better 

understand the configuration and 

capabilities of the existing structural 

members. The apparatus bay floor slab 

was established at 6½” thick in the original 

study. It was found to have a single layer of 

reinforcement of number 4 bars spaced at 

6 inches on centers located 1½” from the 

bottom of the slab. The concrete was 

found to be 4000psi, based on testing 

results of 4400 psi compressive strength. 

The apparatus bay floor slab is supported 

by bearing walls at the lower level. The 

follow-up testing and exploration noted 

that the tops of the supporting walls are 

constructed with an 8-inch depth of solid 

brick masonry built atop an 8-inch wide clay 

tile partition. The walls extend through the 

basement level slab on grade and rest on 

continuous concrete spread footings 

bearing on the soil below. Testing indicates 

that the soils are capable of a 2000 pounds 

per square foot (psf) safe bearing pressure. 

The clay tile units were also tested and 

determined to be of structural quality. The brick and tile walls were observed to be stout 

and in good shape considering their age (over 80 years). No excessive cracking was found 

at the wall openings and lintels.   
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An analysis of the load path suggests the 

walls and footings are capable of supporting 

the vehicle loading of the floor above. Even 

the concentrated load of heavily loaded tire 

directly above the wall does not cause 

material compressive failure of the brick, 

mortar, or tile in this worst loading case for 

them. The apparatus bay floor slab is another 

matter, however. The lower floor bearing 

wall layout creates three span conditions for 

the slab. These spans are nominally 8 feet, 7 

feet, and 12 feet from front of the building to 

the back (see plan on prior page). The 12-foot bay was reinforced with the needle beams 

in the 1983 renovation. These calculations performed on the slabs indicate that none of 

the spans are adequately sized to support the maximum tire point loads (12,000 pounds) 

at midspan. The two shorter spans are somewhat suited for general fire station floor live 

loads (350 psf) but the 12-foot span fails in that loading as well. Even considering the 

needle beams contribution however the slab is still insufficient to adequately support the 

design loads. It is our understanding that the weight of the engines housed at this station 

has roughly doubled in size since the 1983 addition was designed and implemented. This 

may account for the deficiency of the slabs in general.  

The analysis also looked at the capacity of the floor slab in regard to the lighter vehicles 

referenced above. The 12-foot span failed under the ambulance tire point load (5,000 

pounds) as it had for the engine. The other spans however are capable of supporting the 

load safely. All the spans are capable of supporting the Battalion Chief vehicle (2,000 

pounds) providing the weight assumptions are confirmed.    

 
Recommendations 
Based on the above it is our recommendation that the entire apparatus bay floor slab be 

strengthen. This can be accomplished through replacement, permanent shoring, or new 

steel framed supports below. In the case of the latter the support system added should 

be strong enough to support the entire design load leaving the existing slab to span only 

between the new supports. If shoring is introduced the lower level will likely be 

uninhabitable. If new supports are added they will need to span between the support wall 
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locations. The bearing of these new supports will be an issue as they need to be 

coordinated with the existing brick and tile walls.  These walls are not constructed to 

accept the point loading of beams below the top brick band. It is therefore likely that the 

supporting walls will need d to be rebuilt under the beam bearings to properly transfer 

the beam loads to the footings below. If the entire slab is replaced these interior support 

walls should be replaced or rebuilt as well. A new slab would be some 8 inches thick 

requiring the top course of the brick cap on the existing walls to be removed. The new 

slab solution will require bracing of the upper superstructure while the slab is demolished 

and replaced. The new slab edge condition at the interface with the exterior walls will 

also need to be developed to prevent any damage to the exterior wall while allowing an 

interconnection and load transfer.   

 
Summary 

In closing the floor slab of the apparatus bay will need to be strengthened before the 

scheduled fire engine vehicle is returned to service. This can be with the floor 

replacement or below slab supports. The former will be the most conservative and lasting 

approach. The latter may suffice if a long-term solution is not intended. Limiting the 

structure to ambulance housing will still require reinforcement of the 12-foot bay. Here 

strengthening with additional framing below would be the most reasonable approach to 

that strengthening without interfering with the use of the space below. If a lighter vehicle 

such as the Battalion Chief’s vehicle is contemplated no structural reinforcement should 

be required. 

 

 


