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The design spectral acceleration is computed as (NBCC05, 
C4.1.8.4.6), 
 
ܵሺܶሻ ൌ ܶ	for	௔ܵ௔ሺ0.2ሻܨ	 ൑ 									ݏ0.2
ൌ ܶ	for	smaller	is	whichever	௔ܵ௔ሺ0.2ሻܨ	or	௩ܵ௔ሺ0.5ሻܨ ൌ 	ݏ0.5
ൌ ܶ	for	௩ܵ௔ሺ1.0ሻܨ ൌ 																																																																									ݏ1.0
ൌ ܶ	for	௩ܵ௔ሺ2.0ሻܨ ൌ 																																					ݏ2.0
ൌ ܶ	for		௩ܵ௔ሺ2.0ሻ/2.0ܨ ൒ 	ݏ2.0

ሺ6ሻ	
	

where Fa, the acceleration-based site coefficient computed based 
on Table 11 and Fv is the velocity-based site coefficient computed 
based on Table 12. The S(T) values for the intermediate values of 
fundamental period, T are computed based on linear interpolation. 
  
Table 11: Values of Fa for various site classes [NBCC05, Table 4.1.8.4B] 
Site 
Class 

Values of Fa for Sa(0.2) 
≤0.25 =0.50 =0.75 =1.00 =1.25 

A 0.7 0.7 0.8 0.8 0.8 
B 0.8 0.8 0.9 1.0 1.0 
C 1.0 1.0 1.0 1.0 1.0 
D 1.3 1.2 1.1 1.1 1.0 
E 2.1 1.4 1.1 0.9 0.9 

 
Table 12: Values of Fv for various site classes [NBCC05, Table 4.1.8.4C] 
Site 
Class 

Values of Fv for Sa(1.0) 
≤0.1 =0.2 =0.3 =0.4 ≥0.5 

A 0.5 0.5 0.5 0.6 0.6 
B 0.6 0.4 0.7 0.8 0.8 
C 1.0 1.0 1.0 1.0 1.0 
D 1.4 1.3 1.2 1.1 1.1 
E 2.1 2.0 1.9 1.7 1.7 

 

For soil site class, other than those listed in Tables 11 and 12, the 
site coefficient must be determined by site-specific geotechnical 
investigations. The factor accounting for higher mode effects is 
determined based on Table 13, while the values not listed are 
computed based on the linear interpolation. The Rd, Ro factors are 
determined based on the SFRS type and the value of IEFaSa(0.2). 
 
Table 13: Values of Mv for various SFRS types [NBCC05, Table 4.1.8.11] 
Sa(0.2)/Sa(2.0) SFRS type Ta≤1.0 Ta≥2.0 

<0.8 

Moment resisting frames 
or “coupled walls” 1.0 1.0 

Braced frames 1.0 1.0 
Walls, wall-frame 
systems, other systems 1.0 1.2 

≥0.8 

Moment resisting frames 
or “coupled walls” 1.0 1.2 

Braced frames 1.0 1.5 
Walls, wall-frame 
systems, other systems 1.0 2.5 

 

4.0 International Building Code 
The structural loads and combinations are addressed in Section 16 
of IBC09. In contrast to the NBCC05, IBC09 provides load 
combinations for allowable stress design or “working stress 
design”, in addition to LRFD method. Furthermore, this code 
considers loads due to fluid pressure (F), roof live load (Lr) as 
separate from live load (L), and rain load (R) separately from the 
snow load (S). Other loads, such as, dead loads (D), wind loads 
(W), earthquake loads (E), permanent loads due to lateral earth 
pressure including ground water (H), and the load effects due to 
the strains, deformations and displacements due to changes in 
temperature, moisture content and so on (T), are similar to 
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NBCC05. The load combinations for the ULS of LFRD are as 
shown in Table 14.  
 
Table 14: Load combinations for ULS of LRFD [3] 

Equation No. Load combination 
16-1 1.4(D+F) 
16-2 1.2(D+F+T) +1.6(L+H)+0.5(Lr or S or R) 
16-3 1.2D+1.6(Lr or S or R) + (f1L or 0.8W) 
16-4 1.2D+1.6W+f1L+0.5(Lr or S or R) 
16-5 1.2D+1.0E+f1L+f2S 
16-6 0.9D+1.6W+1.6H 
16-7 0.9D+1.0E+1.6H 

 
f1 = 1 for floors in public assembly places or L > 100psf (4.79 

kN/m2), or for parking garage live load 
= 0.5 for other live loads 

f2 = 0.7 for roof configurations that do not allow sliding of snow 
off the structure 

= 0.2 for others 

4.1 Dead Loads 
Similar to the NBCC05, in IBC09 the dead loads include the self-
weight of the structural member, and all the permanent loads 
supported by the member including those of partitions, and all 
materials of construction.   

4.2 Live Loads 
The live loads are evaluated based on the intended occupancy of 
the buildings. IBC09 provides the minimum uniformly distributed 
loads and concentrated loads based on the intended use and the 
occupancy of the buildings. A selected list of building occupancy 
and use, and the corresponding minimum specified live loads are 
shown in Table 15. Furthermore, IBC09 provides detailed live load 

assessments for impact loads, parking garages, vehicle barrier 
systems, and crane loads (IBC09, Section 1607).  
 
Table 15: Minimum live loads for selected uses [IBC09, Table 1607.1] 
Occupancy or Use Uniform 

(psf) 
Concentrated 
(lbs) 

Access floor systems 
Office use 
Computer use 

 
50 
100 

 
2000 
2000 

Armories and drill rooms 150 - 
Assembly areas and theaters 

Fixed seats 
Follow spot, projections and 
control rooms 
Lobbies 
Movable seats 
Stages and platforms 
Other assembly areas  

 
60 
50 
 

100 
100 
125 
100 

 
 
 
 
- 

Bowling alleys 75 - 
Catwalks 40 300 
Cornices 60 - 
Corridors 100 - 
Dance halls and ball rooms 100 - 
Dining halls and restaurants 100 - 
Elevator machine room grating (on 
area of 4in2) 

- 300 

Finish light floor plate construction 
(on area of 1in2) 

- 200 

Fire escapes 
On single-family dwellings 

100 
40 

- 

Gymnasiums, main floors and 
balconies 

100 - 

Hospitals   



  S.F. Stiemer 

Load Evaluation using NBCC_IBC 1/4/2011  PAGE 13 OF 21 

Corridors above first floor 
Operating rooms, Laboratories 
Patient rooms 

80 
60 
40 

1000 
1000 
1000 

Libraries 
Corridors above first floor 
Reading rooms 
Stack rooms 

 
80 
60 
150 

 
1000 
1000 
1000 

Manufacturing 
Heavy 
Light 

 
250 
125 

 
3000 
2000 

Marquees 75 - 
Office buildings 

Corridors above first floor 
Lobbies and first-floor corridors 
Offices 

 
80 
100 
50 

 
2000 
2000 
2000 

Penal institutions 
Cell blocks 
Corridors 

 
40 
100 

 
- 

Residential 
One-and two-family dwellings 

Uninhabitable attics without 
storage 
Uninhabitable attics with 
limited storage 
Habitable attics and sleeping 
areas 
All other areas 

Hotels and multifamily dwellings 
Private rooms and corridors 
Public rooms and corridors 

 
 

10 
 

20 
 

30 
 

40 
 

40 
100 

 
 
 
 
- 

Schools 
Classrooms 
Corridors above first floor 

 
40 
80 

 
1000 
1000 

First floor corridors 100 1000 
Skating rinks 100 - 
Storage warehouses 

Heavy 
Light 

 
250 
125 

 
- 
 

Stores 
Retail 

First floor 
Upper floors 

Wholesale, all floors 

 
 

100 
75 
125 

 
 

1000 
1000 
1000 

Walkways and elevated platforms 60 - 
Yards and terraces, pedestrians 100 - 

4.3 Snow Loads 
The IBC09 refers to ASCE 7 [4] for the determination of the snow 
loads. In contrast to the NBCC05, the rain loads are not included in 
the snow load computations as per IBC09 or ASCE7. The snow 
loads on flat roofs, with roof slope  < 5o, are determined such as,  

௙݌ ൌ 0.7 ∙ ௘ܥ ∙ ௧ܥ ∙ ௦ܫ ∙ 	ሺ7ሻ																																				௚݌

where, Ce is the secondary exposure factor based on Table 16, Ct is 
the thermal factor = 1.0 except for unheated structures or structures 
kept continuously heated, Is is the snow load importance factor as 
show in Table 17, and pg is the ground snow load.   
 
Table 16: Exposure factor of snow loads [ASCE7, Table 7.2] 
Terrain 
Category 

Roof exposure type 
Fully exposed Partially exposed Sheltered 

A N/A 1.1 1.3 
B 0.9 1.0 1.2 
C 0.9 1.0 1.1 
D 0.8 0.9 1.0 
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The base shear for the equivalent static analysis is computed as,  

ܸ ൌ ௦ܥ	 ∙ ܹ		 	 	 	 ሺ11ሻ	
Where, Cs = seismic response coefficient and W = seismic weight. 
The seismic response coefficient is computed as,  

௦ܥ ൌ ܵ஽ௌ ∙ 		ܴ/ܫ 	 	 ሺ12ሻ	
where R = response modification factor based on the SFRS, and I 
is the importance factor based on Table 26. The value of Cs must 
not be less than, 

௦ܥ ൒ 0.044 ∙ ܵ஽ௌ ∙ 	for	greater	is	whichever	0.01	or	ܫ ଵܵ ൏ 0.6						

൒ 0.5 ∙ ଵܵ ∙
ܫ
ܴ 	for	 ଵܵ ൒ 0.6	

ሺ13ሻ	
and the value of Cs need not be greater than, 

௦ܥ ൑ ܵ஽ଵ ∙
ܫ

ܶ ∙ ܴ 	for	ܶ ൏ ௅ܶ

൑ 	ܵ஽ଵ ∙ ܫ ∙
௅ܶ

ܶଶ ∙ ܴ 	for	ܶ ൒ ௅ܶ 

ሺ14ሻ 
where TL is the long period transition value based on ASCE7-05, 
Figure 22-15 to 22-17, and T is the fundamental period of the 
structure.  
 
Table 26: Importance factor for earthquake load [ASCE7-05, Table 11.5-1] 

Importance Category ULS 
Low 1.0 
Normal 1.0 
High 1.25 
Post Disaster 1.5 

 

5.0 Numerical Example 
A single storey, single bay building with steel moment frame as 
lateral load resisting system, is considered to illustrate the load 
evaluation based on NBCC05 and IBC09. The building is 
considered to be 4m high with a foot print of 12mx12m. The roof 
of the building is considered as flat and accessible for 
maintenance. Two moment frames are designed to resist the lateral 
loads in North-South (N-S) direction, while the lateral loads in 
East-West (E-W) direction are resisted by concentric braces. The 
bay-width of the moment frame is 12m, and the height is 4m. The 
building is considered to be located in Vancouver, Canada, on a 
stiff soil in a rough terrain with partially open exposure, and of 
normal occupancy. In the following, the computation of loads on 
each moment frame according to NBCC05 and IBC09 is 
demonstrated. This is followed by the computations for design load 
of the beam element of the frame.  

5.1 NBCC (2005) 
Dead loads: 
Roofing = 0.35 kN/m2 
Insulation = 0.10 kN/m2 
Steel deck = 0.10 kN/m2 
Ceiling = 0.05 kN/m2 
Duct work and fixtures = 0.25 kN/m2 
Open web steel joists = 0.10kN/m2 
 
Total dead load = 0.95 kN/m2 
Self-weight of the girder = 2.0 kN/m 
Uniformly distributed vertical load on each moment frame = 
0.95x12/2 +2.0 = 7.70 kN/m 
 
Live loads:  
From Table 6, Live load = 1.0 kPa 
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Earthquake loads: 
Soil site class = C 
Ss = 0.94g 
S1= 0.33g 
Fundamental period, T = 0.085(4)(3/4) = 0.24s 
TL = 16s 
SDS = 1.0g 
SD1= 0.29g 
I = 1.0 
R = 3.5 (ordinary construction) 
Cs = 0.29 
W = 0.95x12x12+2x2.0x12 = 184.80 kN 
V = 52.80kN 
 
Lateral earthquake load on each moment frame = 26.40kN 
 
The dead load, live load and snow load are distributed on the 
moment frame as shown in Figure 8, similar to NBCC05 loads. 
The wind load and earthquake loads are applied on the frame as 
shown in Figures 9 and 10, respectively.  
 
Table 27: Load effects on the beam elements for NBCC05 loads 
Load type Maximum 

positive 
moment 
(kN/m) 

Maximum 
negative 
moment 
(kN/m) 

Maximum 
shear force 
(kN) 

Maximum 
axial force 
(kN) 

Dead 198.00 79.20 59.40 29.70 
Live 154.29 61.71 46.29 23.14 
Snow 253.03 101.21 75.91 37.95 
Wind 1.25 0.50 0.15 9.98 
Earthquake 55.67 55.67 9.28 41.75 
 

Table 28: Load effects on the beam elements for IBC09 loads 
Load type Maximum 

positive 
moment 
(kN/m) 

Maximum 
negative 
moment 
(kN/m) 

Maximum 
shear force 
(kN) 

Maximum 
axial force 
(kN) 

Dead 198.00 79.20 59.40 29.70 
Live 147.86 59.14 44.36 22.18 
Snow 147.86 59.14 44.36 22.18 
Wind 1.14 0.46 0.13 9.14 
Earthquake 35.19 35.19 5.86 26.40 
 
Table 29: Design load values and corresponding load combinations for the 
beam element of the moment frame 
Load 
effect 

NBCC05 IBC09 
Load Combination Load Combination

Maximum 
positive 
moment 
(kN/m) 

704.19 1.25D+1.5S+0.5L 548.10 1.2D+1.6L+
0.5S 

Maximum 
negative 
moment 
(kN/m) 

281.67 1.25D+1.5S+0.5L 219.24 1.2D+1.6L+
0.5S 

Maximum 
shear force 

(kN) 
211.26 1.25D+1.5S+0.5L 164.43 1.2D+1.6L+

0.5S 

Maximum 
axial force 

(kN) 
105.63 1.25D+1.5S+0.5L 88.65 1.2D+1.0E+

f1L+f2S 

 
Tables 27 and 28 show the maximum positive moment, maximum 
negative moment, axial load and shear force on the beam element 
of the moment frame due to the loads evaluated from NBCC05, 
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and IBC09 respectively. Based on these load effects, the design 
loads are evaluated from the load combinations in Tables 4 and 14. 
The final design values and the corresponding load combinations 
are given in Table 29.  

6.0 Conclusion 
In the present report, load evaluation methods for steel bridges and 
buildings according to CHBDC (S6.06), NBCC05, and IBC09 are 
demonstrated. NBCC09 has conservative load factors compared to 
IBC09 for the environmental loads. An Excel spreadsheet is 
developed for rapid evaluation of loads on steel buildings, 
according to NBCC05 and IBC09. The Excel spreadsheet for load 
evaluation for steel bridges is modified to reflect the update 
CHBDC.  
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