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Appendix F - Hydraulic Calculations and Water Flow Analysis 
 

 
The Charleston Fire Department Standard Operating Procedure called for 
booster lines to be operated at 40 gpm. Preconnected 1-1/2” hand lines were 
equipped with combination fog nozzles, set to deliver 60 gpm at 100 psi nozzle 
pressure. If a higher flow rate was required, the firefighter was permitted to 
switch the nozzle to the 95 gpm setting and direct the pump operator to increase 
the pressure accordingly. 

  
The Standard Operating Procedure called for 2-1/2” hand lines to be equipped 
with either combination fog nozzles or straight bore “stacked” tips: 
 
Á Combination nozzles were to be set to deliver 150 gpm at 100 psi nozzle 

pressure. If a higher flow rate was required, the firefighter was authorized 
to switch the nozzles to the 200 gpm or 250 gpm settings and direct the 
pump operator to increase the pressure accordingly. 

 
Á Straight bore (stacked tip) nozzles were to be carried with the 1” tip in 

place and operated at 75 psi nozzle pressure to deliver 256 gpm. If a 
higher flow rate was required, the firefighter could switch to a 1-1/8” tip to 
deliver 290 gpm at 60 psi nozzle pressure or to a 1-1/4” tip to deliver 310 
gpm at 45 psi nozzle pressure. 

 
The 2-1/2” line that was taken through the front of the building as well as the two 
2-1/2” lines that operated into the warehouse were all equipped with stacked tips. 
Each of these lines was expected to flow 256 gpm. 
 
None of the firefighters or officers who were interviewed reported any request to 
increase the flows on any of the attack lines. 
 
The Charleston Fire Department Standard Operating Procedure called for water 
to be delivered from engines at hydrants to engines in attack positions through 
single 2-1/2 inch supply lines.  The supply line was to be pumped at a maximum 
of 200 psi by the engine at the hydrant. Both Engine 16 and Engine 12 exceeded 
the 200 psi recommendation in response to requests for more pressure in the 
supply lines to Engine 11 and Engine 10. 
 
 
The following calculations show that the single 2-1/2 inch supply lies were 
incapable of delivering the flows required by the hose lines that Engines 10 and 
11 were attempting to operate. Increasing the pressure beyond the maximums 
recommended for safety could not overcome the friction loss in the supply lines. 
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UEstimated Flow Requirements: 
 
Engine 10: 

1”      40 gpm 
1-1/2”    60 gpm 
2-1/2”  256 gpm 
U2-1/2”  256 gpm 
Total  612 gpm 
 

 
Engine 11: 

1”      40 gpm 
1-1/2”    60 gpm 
U2-1/2”  256 gpm 
Total  356 gpm 
 
 
 

USupply Line Friction Loss Calculations 
 
E12 (to E10): 
 
850 ft of 2-1/2’ hose @ 200 psi working pressure 
Friction loss at 300 gpm = 8.5 X 19.5 =  165.8 psi  

   350 gpm = 8.5 X 26.5 =  225.3 psi 
   400 gpm = 8.5 X 34.6 =  294.1 psi 
   500 gpm = 8.5 X 54.1 =  459.9 psi 
   600 gpm = 8.5 X 77.9 =  662.2 psi 

 
 
E16 (to E11): 
 
1750 ft of 2-1/2” hose + 100 ft of 3” hose @ 200 psi working pressure 
Friction loss at 200 gpm = (17.5  X 8.7) + 3.4    = 155.6 psi 
     250 gpm = (17.5  X 13.5) + 5.4   = 241.6 psi 
     300 gpm = (17.5  X 19.5) + 7.7   = 360.7 psi 
     350 gpm = (17.5  X 26.5) + 10.5 = 474.7 psi 
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Appendix G:  Building and Code Enforcement Information 
 
Building Classification 

 
The Sofa Super Store building was classified under the Standard Building Code 
1991 – 1994 editions. It was classified as follows: 
 
  Construction Type - IV 
  Occupancy Type   -  Mercantile 
 
Building History 

 
The original building was annexed into the City of Charleston on August 22, 
1990. The following additions were subsequently made to the original structure: 
 

• The western addition was permitted in December 1993 and required 
fire rated doors to maintain access and fire separation according to the 
Standard Building Code 1991-1994. 

 
• The eastern addition was permitted in March 1995 and required fire 

rated doors to maintain access and fire separation according to the 
Standard Building Code 1991-1994. 

 
• The east and west additions were considered as separate buildings 

according to the Building Code due to the construction of the walls of 
the original building and the installation of fire rated doors. 

 
• The floor area of each individual building was less than the maximum 

area permitted without sprinklers. 
 

• The rear warehouse addition was permitted in January 1996. It was of 
non-combustible construction and designed to meet loads in 
accordance with the provisions of the 1986 MBMA Building Code. It 
was also designed in accordance with the 1989 AISC (with 1989 
amendments) and codes specified. 

 
• This warehouse building was 120’x130’x29’ in size. The floor area of 

15,600 square feet was less than the maximum area permitted without 
sprinklers. 
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• When the warehouse was constructed, the owner requested two 
variances from Table 600 of the SBC and from the Code of the City of 
Charleston, Section 7.1.1: 

 
o To omit the required 2 hour fire rating for the west wall. (Code 

requires a wall within 30’ of a property line to have a 2 hour fire 
rating.) 

 
o To omit the required 2 hour fire rating for the north wall. of the 

building to omit the required fire rating. (Code requires a wall 
within 30’ of a property line to have a 2 hour fire rating.) 

 
• The two variances were granted under the following conditions: 
 

o The owner agreed to abandon the property line between the 
warehouse and the main building, eliminating the need for the 
north wall to be fire rated 

 
o A 3 hour fire rated door was required at the point where the 

connecting corridor was attached to the existing building 
  

• The record shows that the owner did not apply for any additional 
construction permits after January 1996.  
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Figure 16:  Fire Inspection Report, dated March 10, 1998
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Information Learned from Investigation 
 

The following information was obtained by the City of Charleston Building 
Inspections Division during the investigation of the Sofa Super Store fire: 

 
• Between 1996 and the time of the fire, additions were constructed in 

the area between the warehouse and the showroom buildings, 
including the enclosed loading dock. 

 
• After the fire the City’s GIS division examined aerial photos taken 

between 1998 and 2007. The photos showed creeping construction 
beginning with a shed roof and small enclosed structures. These 
photos also showed the progression of the construction including a 
completely enclosed loading dock and other rooms added to the rear 
of the building. 

 
• The building owner was apparently aware of the City of Charleston’s 

permit process, due to the fact that he applied for permits and 
variances for various projects from 1991 – 1996. These permits were 
for projects as small as a fence and signage as well as larger projects 
such as building modifications, renovations and additions. 

 
• The City of Charleston removed the requirement for annual fire 

inspections of mercantile occupancies from its code in 2000. 
 
• The building was last inspected by a City of Charleston fire inspector 

on March 30, 1998. At that time the building owner was cited for the 
following violations: 

o exit light violation  
o aisle space violations  
o unsatisfactory exit signs  
 

• The following notations were included in the 1998 inspection report:  
o no chemical or flammable liquid storage was found on the 

premises  
o all electrical and mechanical systems including the roll-up fire 

doors were in satisfactory condition 
o there were no housekeeping issues 
 

• Charleston Fire Department personnel visited the store on multiple 
occasions between 1998 and 2007 for pre-fire planning purposes. A 
Sofa Super Store employee noted that they made some safety and 
prevention suggestions during their visits. 
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• Roll-down doors designed for fire separation were made by two 
different manufacturers. 

o Each roll-down door had two fusible links. 
 

• The following uses were not permitted in the building: 
o Hazardous Materials storage 
o Spray paint/finish application 
o Combustible liquid storage 
 

• Smoking was common in and around the store. 
 
Code Violations 
 
The analysis of the Sofa Super Store performed by the City of Charleston 
Building Inspections Division identified the following potential or suspected code 
violations at the time of the fire. 
 

• The “in-fill” construction that occurred after 1996, including the 
enclosed loading dock, occurred without building permits and without 
the knowledge of the City of Charleston. 

 
• The construction of the “in-fill” additions was not consistent with the 

classification of the existing buildings. (The additions were wood frame 
construction.) 

 
• The construction of the “in-fill” additions did not comply with the 

building code. 
  
• The additions negated the agreed-upon conditions of the variances 

that had been granted. 
 

• The additions negated the effectiveness of the required fire 
separations between the pre-existing structures. (In the absence of the 
required separations, automatic sprinklers would have been required.) 

 
• Large quantities of flammable liquids such as naphtha; cleaning and 

finishing chemicals; fabric surface coatings and aerosol containers of 
flammable finish products were stored and used on the premises. 
Quantities of these materials were found in the area of the loading 
dock. 

 
• Roll-down fire doors in required fire separations did not operate 

properly. 
 

• When the illegal modifications to the buildings were made, required 
exits were eliminated. 
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• There were exits through storage areas. 

 
• Some of the exit doors were illegally locked. 

 
• It was reported that non-permitted electrical work was done by 

employees who were not licensed electricians. 
 

South Carolina Code of Laws 
(Unannotated) 

Current through the end of the 2007 Regular Session 

SECTION  6-9-130.  

Codes applicable to building inspections.  

(A) Buildings must be inspected in accordance with the codes in effect for the 
locality on the date of the issuance of the original building permit, except that:  

(1) If no date of issuance of original building permit can be found, the date of 
submission of the completed application to the local authority must be used.  

(2) If no date of application for, or date of issuance of, building permit is available, 
the director of the applicable county planning and development service (or similar 
agency) shall determine the nearest possible date by using available documents, 
such as transfer of property records, mortgage records, tax records, or rent 
records.  

(B) A building inspection conducted in conjunction with any change in structure 
must be performed in accordance with the applicable code in effect on date of 
application or date of permit.  

(C) A building inspection conducted in conjunction with a change of use for the 
building or space must be performed in accordance with the applicable code in 
effect on the date of the inspection. This inspection should be done with the 
intention of avoiding extreme hardship to the owner whenever practical. 
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City of Charleston Municipal Code 

ARTICLE II. BUILDING CODE* 

*Cross references: Electrical code, § 12-16 et seq.; fire 
prevention code, § 13-76 et seq.; plumbing code, § 24-16 et seq. 

Sec. 7-26. International Building Code--Adopted. 
The International Building Code, 2000 Edition, published by the 

International Code Council, Inc., including appendices A, B, C, E, F, H, I, and J 
only, is hereby adopted so that hereafter all building construction, 
reconstruction, alteration and repairs and all materials and appliances used in 
connection with building work shall conform thereto; provided however, 
that A101.4 in Appendix A is hereby deleted and the following shall be 
substituted in its place and stead: "The City of Charleston hereby avails 
itself of the exemptions as set forth in S.C. Code Ann. § 6-9-50 and 60 as 
it pertains to the qualification, removal, dismissal and administrative 
procedure for personnel employed by the City to enforce its construction 
codes, it being the intent of the City that such persons hold their employment 
positions in accordance with the general law of South Carolina. 

 Sec. 13-80. Licensing. 
No person shall engage in the business of installation, alteration or 

repair of fire protection systems in the city unless he shall have first secured 
an installation of fire protection systems license and shall have otherwise 
complied with the requirements for securing such license as the same may, 
from time to time, be promulgated by the city council. 

 

Section 105.1 Permit Application 
Any owner, authorized agent, or contractor who desires to 

construct, enlarge, alter, repair, move, demolish, or change the 
occupancy of a building or structure, or to erect, install, enlarge, alter, 
repair, remove, convert or replace any electrical, gas, mechanical or 
plumbing system, the installation of which is regulated by the technical 
codes, or to cause any such work to be done, shall first make 
application to the building official and obtain the required permit for the 
work. 
EXCEPTION: Permits shall not be required for the following mechanical 
work: 

1. any portable heating appliance; 
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2. any portable ventilation equipment; 

3. any portable cooling unit; 

4. any steam, hot or chilled water piping within any heating or cooling 
equipment regulated by this code; 

5. replacement of any part which does not alter its approval or make it 

unsafe; 

6. any portable evaporative cooler; 

7. any self-contained refrigeration system containing 10 lb (4.54kg) or less 
of refrigerant and actuated by motors of 1 horsepower (746 W) or 
less. 

Section 105.2 Repairs 

Application or notice to the building official is not required 
for ordinary repairs to structures, replacement of lamps or 
connection of approved portable electrical equipment to approved 
permanently installed receptacles. Such repairs shall not include the 
cutting away of any walls, partitions, or portions thereof, the removal 
or cutting of any structural beam, load bearing support, or the removal 
or change of any required means of egress, or rearrangement of parts 
of a structure affecting the means of egress requirements; nor shall 
ordinary shall ordinary repairs include addition to, alteration of, 
replacement or relocation of any standpipe, water supply sewer, 
drainage, drain leader, gas, soil, waste, vent or similar piping, 
electrical wiring or mechanical or other work affecting public health or 
general safety. 
 

Section 105.2.1 Work Authorized 

A building, electrical, gas, mechanical or plumbing permit shall 
carry with it the right to construct or install the work, provided the same 
are shown on the drawings and set forth in the specifications filed with 
the application for the permit. Where these are not shown on the 
drawings and covered by the specifications submitted with the 
application, separate permits shall be required. 

A permit issued by the building official shall be construed to be authorization to 
proceed with the work in accordance with all the building codes of the City of 
Charleston. The omission of information on the plans or permit application 
shall not be construed as authority to violate, cancel, alter, or set aside any 
of the provisions of the Code, the compliance of which shall remain the 
responsibility of the applicant and or owner. The Building Official retains the 
right after issuance of the permit to require a correction of errors in plans 
or in construction, or correction of violation of the Codes of the City of 
Charleston.  
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International Fire Code 

SECTION 107 MAINTENANCE 
 
107.1 Maintenance of safeguards.  
 
Whenever or wherever any device, equipment, system, condition, arrangement, 
level of protection, or any other feature is required for compliance with the 
provisions of this code, or otherwise installed, such device, equipment, system, 
condition, arrangement, level of protection, or other feature shall thereafter be 
continuously maintained in accordance with this code and applicable referenced 
standards. 
 
107.5 Owner/occupant responsibility.  
 
Correction and abatement of violations of this code shall be the responsibility of 
the owner. If an occupant creates, or allows to be created, hazardous conditions 
in violation of this code, the occupant shall be held responsible for the abatement 
of such hazardous conditions. 
 
Hazards related to use and occupancy, and not those related to fixed equipment 
or installations, fall within the scope of the occupants’ responsibility. Owners, 
however, may become liable if they allow the unlawful operation or continuation 
of a public nuisance on a property under their control, especially if they knowingly 
or willfully lease the property in violation of fire, zoning or building regulations. 
 
The simple rule for determining what constitutes an owner’s, rather than the 
occupants’, responsibility is whether or not the issue involves fixed equipment 
installations or if the structure is separate from those items related to occupancy. 
The owner is usually responsible for the physical maintenance of the building or 
structure and its utilities and appurtenances (that is, building services and 
systems). 
 
703.4 Testing. 
 
 Horizontal and vertical sliding and rolling fire doors shall be inspected and tested 
annually to confirm proper operation and full closure. A written record shall be 
maintained and be available to the fire code official. 
 
_Annual tests are intended to determine that required fire and smoke-barrier 
doors operate freely and close completely. Where fusible links are used as the 
releasing mechanism, the link may be temporarily removed rather than activated 
during testing. Fusible links in poor condition must be replaced as part of the 
maintenance of fire-resistance components. Smoke detectors and heat detectors 
other than fusible links must be tested as required by the manufacturer’s 
instructions (see NFPA 72 for recommended testing procedures for various fire 
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detectors). Written records must indicate the date, time, test method and person 
conducting the test for each opening protective. These records must be 
maintained by the owner and made available to the fire code official for review. 
This requirement relieves the fire code official of the administrative burden of 
maintaining test records. 
 
704.2 Opening protectives.  
 
When openings are required to be protected, opening protectives shall be 
maintained self-closing or automatic-closing by smoke detection. Existing fusible-
link-type automatic door-closing devices are permitted if the fusible link rating 
does not exceed 135ºF (57ºC). 
 
This section requires that fire door assemblies provided for protection of 
openings in vertical enclosures be self-closing or automatic closing in order to 
maintain the integrity of the vertical opening enclosure. 
 
This section also recognizes that some opening protectives in existing buildings 
may already be equipped with heat-actuated closing devices rather than the 
smoke-detector-actuated devices otherwise required by the section. Such 
devices are allowed to continue in service, provided that the temperature rating 
of their fusible element is as low as is available [i.e., 135°F (57°C)] to provide the 
fastest possible operation in the event of a fire. In the event that an existing 
fusible link on an opening protective is rated higher than the maximum 135°F 
(57°C) allowed by this section, it would need to be removed and the door 
maintained as self-closing or be replaced with a smoke-detector-actuated closer 
in accordance with this section. New opening protectives must comply with 
Section 715 of the IBC and closing devices with 715.4.7 of the IBC. See the 
commentary to those sections for further information. 
 
 
704.3 Buildings on the same property and buildings containing courts. 
 
 For the purposes of determining the required wall and opening protection and 
roof-covering requirements, buildings on the same property and court walls of 
buildings over one story in height shall be assumed to have a property line 
between them. 
Exceptions: In court walls where opening protection is required, such protection 
is not required provided: 
 

1. Not more than two levels open into the court; 
2. The aggregate area of the building, including the court, is within the 

allowable area; and 
3. The building is not classified as Group I. 
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Where a new building is to be erected on the same property as an existing 
building, the location of the assumed property_ line with relation to the existing 
building shall be such that the exterior wall and opening protection of the existing 
building meet the criteria as set forth in Sections 704.5 and 704.8. 

 
Exception: Two or more buildings on the same property shall either be 
regulated as separate buildings or shall be considered as portions of one 
building if the aggregate area of such buildings is within the limits specified in 
Chapter 5 for a single building. Where the buildings contain different occupancy 
groups or are of different types of construction, the area shall be that allowed 
for the most restrictive occupancy or construction. 
 

704.5 Fire-resistance ratings. 
 
 Exterior walls shall be fire-resistance rated in accordance with Tables 601 and 
602. The fife-resistance rating of exterior walls with a fire separation distance of 
greater than 5 feet (1524 mm) shall be rated for exposure to fire from the inside. 
The fire-resistance rating of exterior walls with a fire separation distance of 5 feet 
(1524 mm) or less shall be rated for exposure to fire from both sides. 
 
704.6 Structural stability.  
 
The wall shall extend to the height required by Section 704.11 and shall have 
sufficient structural stability such that it will remain in place for the duration of 
time indicated by the required fire-resistance rating. 
 
704.8.1 Automatic sprinkler system. 
 
 In buildings equipped throughout with an automatic sprinkler system in 
accordance with Section 903.3.1.1, the maximum allowable area of unprotected 
openings in occupancies other than Groups H-1, H-2, and H-3 shall be the same 
as the tabulated limitations for protected openings. 
 
704.8.2 First story.  
 
In occupancies other than Group H, unlimited unprotected openings are 
permitted in the first story of exterior walls facing a street that have a fire sep-
aration distance of greater than 15 feet (4572 mm), or facing an unoccupied 
space. The unoccupied space shall be on the same lot or dedicated for public 
use, shall not be less than 30 feet (9144 mm) in width, and shall have access 
from a street by a posted fire lane in accordance with the International Fire Code. 
 
714.1 General.  
 
Opening protectives required by other sections of this code shall comply with the 
provisions of this section. 
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714.2 Fire door and shutter assemblies. 
 
 Approved fire door and fire shutter assemblies shall be constructed of any mate-
rial or assembly of component materials that conforms to the test requirements of 
Section 714.2.1, 714.2.2 or 714.2.3 and the fire-protection rating indicated in 
Table 714.2. Fire door assemblies and shutters shall be installed in accordance 
with the provisions of this section and NFPA 80. 
 

Exceptions: 
1. Labeled protective assemblies that conform to the requirements of this 

section or UL 10A, UL 14B and UL 14C for tin-clad fire door assemblies. 
2. Floor fire doors shall comply with Section 711.4.6. 

 
714.2.4 Doors in exit enclosures.  
 
Fire door assemblies in exit enclosures shall have a maximum transmitted tem-
perature end point of not more than 450°F (232°C) above ambient at the end of 
30 minutes of standard fire test exposure. 
 

Exception: The maximum transmitted temperature end point is not 
required in buildings equipped throughout with an automatic sprinkler 
system installed in accordance with Section 903.3.1.1 or 903.3.1.2. 

 
714.2.7.2 Automatic-closing fire door assemblies.  
 
Automatic-closing fire door assemblies shall be self-closing in accordance with 
NFPA 80. 
 
715.3 Fire door and shutter assemblies.  
 
Approved fire door and fire shutter assemblies shall be constructed of any mate-
rial or assembly of component materials that conforms to the test requirements of 
Section 714.2.1, 714.2.2 or 714.2.3 and the fire-protection rating indicated in 
Table 714.2. Fire door assemblies and shutters shall be installed in accordance 
with the provisions of this section and NFPA 80. 
 

Exceptions: 
1. Labeled protective assemblies that conform to the requirements of this 

section or UL 10A, UL 14B and UL 14C for tin-clad fire door assemblies. 
2. Floor fire doors shall comply with Section 711.4.6. 
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715.3.7  Door closing.  
 
Fire doors shall be self-closing or automatic-closing in accordance with this 
section. 
 
Exception: Fire doors located in common walls separating guestrooms in 
Group R-1 hotels and motels shall be permitted without automatic-closing or 
self-closing devices. 
 
1008.1.8 Door operations. 
 
 Except as specifically permitted by this section egress doors shall be readily 
openable from the egress side without the use of a key or special knowledge or 
effort. 
 
_ When installed for security purposes, locks and latches can intentionally 
prohibit the use of an egress other operating devices on doors required to be 
accessible by Chapter 11 of the International Building Code shall not require tight 
grasping, tight pinching or twisting of the wrist to operate. 
_ Any doors that are located along an accessible route for ingress or egress must 
have door hardware that is easy to operate by a person with limited mobility. This 
would include all elements of the door hardware used in typical door operation, 
such as door levers, locks, security changes, etc. This requirement is also an 
advantage for persons with arthritis in their hands. Items such as small, full-twist 
thumb turns or smooth circular 
knobs are examples of hardware that is not acceptable. 
 
 
1008.1.8.2 Hardware height.  
 
Door handles, pulls, latches, locks and other operating devices shall be installed 
34 inches (864 mm) minimum and 48 inches (1219 mm) maximum above the 
finished floor. Locks used only for security purposes and not used for normal 
operation are permitted at any height. 
 
Exception: Access doors or gates in barrier walls and fences protecting pools, 
spas and hot tubs shall be permitted to have operable parts of the release of 
latch on self-latching devices at 54 inches (1370 mm) maximum above the 
finished floor or ground, provided the self-latching devices are not also self-
locking devices operated by means of a key, electronic opener or integral 
combination lock. 
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_  
The requirements in this section place the door hardware at a level that is usable 
by most people, including a person in a wheelchair. The exception allows 
security locks to be placed at any height. An example would be an unframed 
glass door at the front door of a tenant space in a mall that has the lock near the 
floor level. 
 
The lock is only used when the store is not open for business. Such locks are not 
required for the normal operation of the door. The exception permits a special 
allowance for security latches at pools, spas and hot tubs. The concern is that 
the 48-inch (1219 mm) maximum height would place the security latch within 
reach of children. The 54-inch (1372 mm) maximum height is intended to 
override the maximum 48-inch (1219 mm) reach range in ICC A117.1. This 
compromise addresses both concerns for children’s safety and still maintain 
accessibility to a reasonable level. 
 
1008.1.8.3 Locks and latches. 
 
 Locks and latches shall be permitted to prevent operation of doors where any of 
the following 
exists: 
 
1. Places of detention or restraint. 
 2. In buildings in occupancy Group A having an occupant load of  300 or 
less, Groups B, F, M and S, and in places of religious  worship, the main exterior 
door or doors are permitted to be  equipped with key-operated locking devices 
from the egress side provided: 
 
 2.1. The locking device is readily distinguishable as locked, 
 2.2. A readily visible durable sign is posted on the egress side on  or 
adjacent to the door stating: 
 
THIS DOOR TO REMAIN UNLOCKED WHEN BUILDING IS OCCUPIED.  
 
The sign shall be in letters 1 inch (25 mm) high on a contrasting background, 
 2.3. The use of the key-operated locking device is revocable by the fire 
code official for due cause. 
 3. Where egress doors are used in pairs, approved automatic flush  bolts 
shall be permitted to be used, provided that the door leaf having the automatic 
flush bolts has no doorknob or surface-mounted hardware. 
 4. Doors from individual dwelling or sleeping units of Group R occupancies 
having an occupant load of 10 or less are permitted to be equipped with a night 
latch, dead bolt or security chain,  provided such devices are openable from the 
inside without the use of a key or tool. 
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Where security and life safety objectives conflict, alternative measures, such as 
those permitted by each of the exceptions, may be applicable. 
 
Exception 1 is needed for jails and prisons. 
Exception 2 permits a locking device, such as a double-cylinder dead bolt, on the 
main entrance door. 
 
Such locking devices must have an integral indicator that automatically reflects 
the “locked” or “unlocked” status of the device. In addition to being an indicating 
lock, a sign must e provided that clearly states that the door is to be unlocked 
when the building is occupied. The sign on the door not only reminds employees 
to unlock the door, but also advises the public that an unacceptable arrangement 
exists if one finds the door locked. Ideally, the individual who encounters the 
locked door will notify management and possibly the fire code official. Note that 
the use of the key-locking device is revocable by the fire code official. The 
locking arrangement is not permitted on any door other than the main exit and, 
therefore, the employees, security and cleaning crews will have access to other 
exits without requiring the use of a key. This allowance is not limited just to 
multiple-exit buildings but also to small buildings with one exit. This option is an 
alternative to the panic hardware required by Section 1008.1.9 In Exception 3, an 
automatic flush bolt device is one that is internal to the inactive leaf of a pair of 
doors. The device has a small “knuckle” that extends from the inactive leaf into 
an opening in the active leaf. When the active leaf is opened, the bolt is 
automatically retracted. When the active leaf is closed, the knuckle is pressed 
into the inactive leaf by the active leaf, extending the flush bolt(s), in the head or 
sill of the inactive leaf (see Figure 1008.1.8.3). Automatic flush bolts on one leaf 
of a pair of egress doors are acceptable, provided the leaf with the automatic 
flush bolts is not equipped with a door knob or other hardware that would imply to 
the user that the door leaf is unlatched independently of the companion leaf. 
Exception 4 addresses the need for security in residential units. The occupants 
are familiar with the operation of the indicated devices, which are intended to be 
relatively simple to operate without the use of a key or tool. Note that this 
exception only applies to the door from the dwelling unit. 
 
 
1008.1.8.4 Bolt locks.  
 
Manually operated flush bolts or surface bolts are not permitted. 
Exceptions: 
1. On doors not required for egress in individual dwelling units or sleeping units. 
2. Where a pair of doors serves a storage or equipment room, manually operated 
edge- or surface-mounted bolts are permitted on the inactive leaf. 
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_ This section is applicable to doors that are intended and required to be for 
means of egress purposes or are identified as a means of egress, such as by an 
“Exit” sign or other device. Doors, as well as a second leaf in a doorway that is 
provided for a purpose other than means of egress, such as for convenience or 
building operations, should be arranged or identified so as not to be mistaken as 
a means of egress. This section prohibits installation of manually operated flush 
and surface bolts except in an individual dwelling or sleeping unit. Even then, 
such bolts may only be used on doors not required for egress (see Section 
1008.1.8.3, Exception 4 for security of doors from individual dwelling and 
sleeping units). Flush and surface bolts represent locking devices that are difficult 
to operate because of their location and operation (see Figure 1008.1.8.4). The 
exceptions provide for edge-mounted or surface-mounted bolts on the inactive 
leaf of a pair of door(s) from these limited use areas. 
 
 
1008.1.8.5 Unlatching.  
 
The unlatching of any door or leaf shall not require more than one operation. 
Exceptions: 
1. Places of detention or restraint. 
2. Where manually operated bolt locks are permitted by Section 1008.1.8.4. 
3. Doors with automatic flush bolts as permitted by Section 1008.1.8.3, Exception 3. 
4. Doors from individual dwelling units and sleeping units of Group R occupancies as permitted 
by Section 1008.1.8.3, Exception 4. 
 
The code prohibits the use of multiple locks or latching devices on a door, which 
would be a safety hazard in an emergency situation. The exceptions address 
locations where multiple locks or latching devices are acceptable. 
 
 
903.2.6 Group M. 
  
An automatic sprinkler system shall be provided throughout buildings containing 
a Group M occupancy where one of the following conditions exists: 
1. Where a Group M fire area exceeds 12,000 square feet (1115 m2); 
2. Where a Group M fire area is located more than three stories above grade 
plane; or 
3. Where the combined area of all Group M fire areas on all floors,  including any 
mezzanines, exceeds 24,000 square feet (2230 m2). 
 
The sprinkler threshold requirements for Group M occupancies are identical to 
those of Group F-1 and S-1 occupancies (see  commentary, Section 903.2.3).  
 
Automatic sprinkler systems for mercantile occupancies are typically designed for 
an Ordinary Hazard Group 2 classification in accordance with NFPA13. If high-
piled storage (see Section 903.2.6.1) is anticipated, however, additional levels of 
fire protection may be required. 
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Also, some merchandise in mercantile occupancies, such as aerosols, rubber 
tires, paints and certain plastic commodities, even at limited storage heights, are 
considered beyond the standard Class I through IV commodity classification 
assumed for mercantile occupancies in NFPA 13 and may warrant additional fire 
protection. 
 
 
903.2.6.1 High-piled storage.  
An automatic sprinkler system shall be provided as required in Chapter 23 in all 
buildings of Group M where storage of merchandise is in high-piled or rack 
storage arrays. 
 
Regardless of the size of the Group M fire area, an automatic sprinkler system 
may be required in a high-piled storage area. High-piled storage includes piled, 
palletized, bin box, shelf or rack storage of Class I through IV combustibles to a 
height greater than 12 feet (3658 mm) and certain high-hazard commodities 
greater than 6 feet (1829 mm). Storage of combustible materials to heights more 
than that noted above must meet the requirements of Chapter 23 and referenced 
standard NFPA 13. 
 

NFPA – 80 

GENERAL REQUIREMENTS FOR FIRE DOORS   

Section 5.1.3.1 of NFPA-80 states that fire doors should be operable at all 
times. 
Section 5.2.14.1 of NFPA-80 states that self-closing devices (i.e. door 
closers) should be kept in working condition at all times. 

REQUIREMENTS FOR MAINTENANCE OF FIRE DOORS 

Section 5.1.5.1 of NFPA-80 states that fire door repairs should be made, and 
defects that could interfere with operation should be corrected without delay. 

Section 5.2.12.1 of NFPA-80 states that guides and bearings should be kept well 
lubricated to facilitate operation. 

Section 703.2 of the IFC states that fire doors should be maintained 
in an operative condition in accordance with NFPA-80. 

Section 703.2.2 of the IFC states that hold-open devices and automatic door 
closers, where provided, should be maintained. During the period that such a 
device is out of service for repairs, the door it operates should remain closed but 
operable. 
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REQUIREMENTS FOR INSPECTING AND TESTING FIRE DOORS 

Section 5.2.1 of NFPA-80 states that fire door assemblies should be inspected 
and tested not less than annually, and a written record of the inspection should 
be signed and kept for inspection by the AHJ. 

Section 5.2.2.1 of NFPA-80 states that as an alternate means of compliance with 
5.2.1, subject to the AHJ, fire door assemblies should be permitted to be 
inspected, tested, and maintained under a written performance-based program. 

Section 5.2.2.2 of NFPA-80 states that goals established under a performance-
based program should provide assurance that the fire door assembly will perform 
its intended function when exposed to fire conditions. 
Section 5.2.2.3 of NFPA-80 states that technical justification for inspection, 
testing, and maintenance intervals should be documented. 

Annex J. and J.2 of NFPA-80 state that equivalent levels of performance can be 
demonstrated through quantitative performance-based analyses, subject to the 
approval of the Authority Having Jurisdiction, e.g. fire marshal. The concept of a 
performance-based program is to establish the type and frequency of 
inspection to demonstrate that the assembly is operational. The goal is to 
balance the inspection frequency with proven reliability of assembly. (For 
additional information on performance-based programs please see annex J of 
NFPA-80). 

Section 5.2.3.1 of NFPA-80 states that functional testing of fire doors should be 
performed by individuals with knowledge and understanding of the operating 
components of the type of door being subject to testing. 

Section 5.2.3.2 of NFPA-80 states that before testing, a visual inspection 
should be performed to identify any damaged or missing parts that could create 
a hazard during testing or affect operation or resetting. 

Section 5.2.4.2 of NFPA-80 states that as a minimum, the following items 
should be verified for swinging doors with builders hardware or fire door 
hardware: 

1. No open holes or breaks exist in surfaces of either the door or frame. 
 
2. Glazing, vision light frames, and glazing beads are intact and securely 
fastened in place, if so equipped. 

 

3. The door, frame, hinges, hardware, and noncombustible threshold are 
secured, aligned, and in working order with no visible signs of damage. 
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4. No parts are missing or broken. 
 

5. Door clearances at the door edge to the frame, on the pull side of the 
door, should not exceed the following clearances: 

a) The clearance under the bottom of a door should be a maximum 
of 3/4 inch. 

b) Where the bottom of the door is more than 38 in. above the 
finished floor, the maximum clearance should not exceed 3/8 
inch or as specified by the manufacturer's label service procedure. 

c) The clearance between the top and vertical edges of the door 
and the frame, and the meeting edges of doors swinging in pairs, 
should be 1/8 inch +/- 1/16 for steel doors and should not 
exceed 1/8 inch for wood doors. 

 

6. The self-closing device is operational, that is, the active door 
completely closes when operated from the full open position. 

 
7. If a coordinator is installed, the inactive leaf closes before the active leaf. 
 
 8. Latching hardware operates and secures the door when it is in the closed 
position. 

 
 




