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Part 4 

Structural Design 

Section 4.1. Structural Loads and Procedures 

4.4.. General 

4.1.1.1. Scope 

(I) The scope of this Part shall be as described in Subsection 1.1.2, of Division A. 

4.1 .t .2. Resewed 

4.1.4 .au Design Requirements 

(1) Buildings and their structural members and connections including formwork and falsework shall be designed to have 
sufficient structural capacity and smcnual integrity to safely and effectively resist all loads, effects of loads and 
influences that may reasonably be expected, having regard to the expected service life of buildings, and sM in any case 
satisfy the requirements of this Section. (See Appendix A,) 

(2) Buildings and their structural members shall be designed for serviceability, in accordance with Articles 4.1.3 -4 ,  to 
4.1.3.6. (See Appendix A,) 

(3) All permanent md temporary structural members, including formwork and falsework of a building, shall be 
protected against loads exceedmg the specifies loads during the comdm period except when, as verified by analysis 
or test, temporary overloading of a structural member would result in no impairment of that member or any other 
member. 

(4) Precautions shall be taken dusing all stages of conmction to ensure chat the building is not damaged or distorred 
due to loads applied during consmrctiun, 

{I) Except as provided in Sentence (2) and (31, buildings and their structural members shall be designed in c o n f o m c e  
with the procedures and practices provided in this Part. 

(2) Provided the design is c a m 4  out by a person especially qualified in the specific methods applied and provided the 
design demonstrates a level of safety and performance in accordance with the requirements of this Part, buildings and 
their structurd components falling within the scope of this Part that are not amenable to analysis using a generally 
established theory may be designed by, 
(a) evaluation of a full-scale strucrure or a prototype by a loading test, or 
(b) studies of model analogues. (See Appendix A , )  

(3) Communications towers, dish antennas and their supporting structures shall conform to CSA S37, "Antennas, 
Towers, and Antenna Supporting Structures " . 
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4.q.2. Spsclfled Loads and Effects 

4 . . 2  Loads and Effects (See Appendix A.) 

(I) Except as provided in Article 4.1.2.2., the categories of Ioads , specified loads and effects set out in Table 
4.1.2.1. A. shall be taken into consideration in the design of a building and its structural members and cownectjons. (See 

Tabte 4,l.Z.l.A. 
Categorles of Loads, Specified Loads and Effects 

Forming Part of Sentence 4.1.2.1 . ( I )  

cupancy (including loads due to cranes and the pressure of 

Notes to Table 4.1.2,A.A.: 
(1) load means the ~rnposed deformations (i.e. deflections, displacements or motions that induce deformations and forces in the structure), 

forces and pressures applied to the building structure, 
(2) permanent load is a load that changes very little once it has been applied to the structure, except during repair, 
(3) variable load is a load that frequently changes in magnitude, direction or location, and 
(4) rare load is a load that ocwrs infrequently and for a short time only. 

(2) Minimum specified vaIues of the loads described in Sentence (I), as set forth in Subsections 4.1.4. to 4.1.8., shall 
be increased to account for dynamic effects where applicable. 

(3) For the purpose of determining specified loads S, W or E in Subsections 4.1.6. to 4.1.8., BuiMngs shall be assigned 
an Importance Category based on intended use and occupmq, in accordance with TabIe 4.1.2. I. .B. (See Appendix A.) 

4 2 . 2  Loads Not  Listed 

(1) Where a brtiId@g or structural member can be expected to be subjected to Ioads, forces or other effects not listed in 
Article 4.1.2. I . ,  such effects shall be taken into account in the design based on the most appropria~ information 
available. 
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Table 4.1.2.1 .B. 
Importance Categories far Buildings 
Forrn~ng Part of Sentence 4.1.2.2 .(3) 

I Use and Occupancy I Importance Category 

Buildings that represent a low direct or indirect hazard to human life in the event of failure, including: 
a low human-occupancy buildings, where It can be shown that collapse is not likely to cause injury or 

other serious consequences 

I as an elementary, middle or secondary school 1 I 

a minor storage buildings 

All buildings except those listed in Importance Categories Low, High and Post-disaster 

Buildings that are likely to be used as post-disaster shelters, including buildings whose primary use is: 

Normal 

4."13. Limlt States Deslgn (See Appendix A,) 

a as a community centre 
Manufacturing and storage facilities containing toxic, explosive or other hazardous substances in 
sufhc~ent quantities to be dangerous to the public if released(') 

Past-disaster buildings 

Column 1 

(I) In this Part, the term, 

(a) "limit states" means those conditions of a building structure that result in the building ceasing to Mfd the function 
for which it was designed (Those limit states concerning safety are called ultimate limit states and incIude exceeding 
the load-carrying capacity, overturaing, sliding and fracture; those limit states that restrict the intended use and 
occupanly of the building are  called serviceabdiv limit states and include deflection, vibration, permanent 
deformation and local structural damage such as crackmg; and those limit states that represent failure under repeated 
loading are called fatigue limit states), 

(b) "specifiedloads@,E,H,L,P, -- S,TmdW)"meanth~seIoadsset~utinTable4.1.2.1.A., 
(c) "p&cipal load" means the specified variable load or rare load that dominates in a given load combination, 
(d) -"compani6!!10ad" means a specified variable load that accompanies the principal load in a given load combhation, 
(e>-FrVice load" means a specified load used for the evaluation of a serviceability limit state, 
If) '1principa1~1~a~factor'~ means a factor applied to tbe principal load in a load combination to account for the 

variability of the load and load panem and the analysis of its effects, 
(g) " c o r n ~ ~ ~ - I o a d  -. factor" means a factor that, when applied to a companion load in Ihe load combination, gives the 

probable magnitude 3 a companion load acting simultaneously with the factored principal load, 
(h) "'importance _ -  fact~rJ, " means a factor applied in Subsections 4.1.6. to 4.1.8. to obtain the specified load and take 

&to account the consequences of failure as related to the limit state and the use and occupanq of the, building, 
(i) "factored load" means the product of a specified load and its principal-load factor or companion-load factor, 
(j) "effecrs..  re^& to forces, moments, deformations or vibrations that Occur in the smcture, 
(k) " ~ ~ x e s i . ~ ~ c e I I R ,  " of a member, connection or structure, is based on the geometry and on the specified 

properties of the structural materials, 
(I) "resistance factor; 0," means a factor applied lo a specified material property or to the resistance of a member, 

connecrion Or strucme, and that, for the limit state under consideration, mkes into account the variability of 
dimensions and material properties, workmanship, type of failure and uncertainty in the prediction of resistance, and 

(m) "factored resistance, @R, " means the product of nominal resistance and the applicable resistance factor. 
-. - -- - 

High 

Post-disaster 

2 

Division B - Part 4 

Notes to Tabla 4.1 .T.l.B.: 
: I )  See Appendix A. 



2006 Building Code @ Ontario 

4.1.3.2. Strength and Stability 

(1) A building and its structural components shall be designed to have sufficient strength and stability so that the 
factored resistance, +R, is greater than or equal to the effect of factored loads,_which shall be deten&ed in accordance 

- - -. .- - -  . 
with Sentence (2). ; L C  1rtr4 T C  [ 

.. . . - _ . ---- _I 

(2) The effect of factored loads for a building or itructural component shall be determined in accordance with the load 
combination cases listed in Table 4.1.3.2, and the requirements of this Article, the applicable combination being that 
which results in the most critical effect. (See Appendix A .) 

" - f3) Where the effects due to lateral earth pressure, H, restraint effects from pre-stress , P, and imposed deformation, T, 
affect the structural safety, they shall be taken into account in the calculations, with load factors of 1.5, 1.0 and 1.25 
assigned to H, P and T respectively . (See Appendix A .) 

I 

(4) Except as provided in Sentence 4.1.8.16. (I), the counteracting factored dead Ioad, 0.9D in load combination cases 
2, 3 and 4 and 1 .OD in load combination case $, shall be used when the dead load acts to resist ovemuning , uplift, - 
sliding, failure due to stress reversal, and to determine anchorage requirements ad the fa'ctored resistance of members. 
(See Appendix A.) 

(5) The principal-load factor 1.5 - for live load, L, in Table 4. E .3.2. may be reducd to 1.25 for Iiquids in tanks. (See 
Appendix A. ) ,' 

(6) The companion-load fact d'-' 0.5 for live lwd, L, in Table 4.1.3.2. shall be increased to 1.0 far storage areas and for 
equipment areas and service room' referred to in Table 4.1.5.3. 

(7) The load factor 1.25 for dead load, D, in Table 4.1.3.2. for soil, superimposed earth, plants and trees shall be 
increased to 1.5, except that when the soil depth exceeds 1.2 m, the factor may be reduced to 1 + 0.6& but not less than , 
1.25, where h, is the depth of soil in metres supported by the mcture. 

(8) Eanhquake load. E, in Ioad combination case 5 of Table 4.1.3.2. includes horizontal earth pressure due to 
earthquake determined in accordance with Sentence 4.1.8.16. (4). 

Table 4,1.3.2. 
Load Combinations for Ultimate Llmit States 

Forming Part of Sentence 4.1.3.2.(2) 

Notes to Table 4.1.3.2,: 
(1) See Sentences 4.1.3.2.(2) and (3). 
(2) See Sentence 4.1.3.2.(7). 
(3) See Sentence 4.1.3.2.(4) 
(4) See Sentence 4.1.3.2.(5). 
(5) See Artlcle 4.1 -5.5. 
(6) See Sentence 4.1.3.2.(6). 
(7) See Sentence 4.1.3.2.(8). 
(8) See Appendix A. 

Load Cornbinationu~ 
Princ~pal Loads Companion Loads") 
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(9) Provision shall be made to ensure adequate stability of the amchue as a whole and adequate lateral, t o r s i d  and 
local stability of all smcwal parts. 

(10) Sway effects produced by vertical loads acting on the structure in its displaced configuration shall be taken into 
account in the design of buildings and their stnrchlral members. 

(1) A building and its structural components, including connections, shall be checked for fatigue failure under the effect 
of the cyclical loads, as required in the standards listed in Section 4.3. (See Appendix A.) 

(2) Whwe vibration effects, such as resonance and fszigue resulting from machinery and equipment, are likely to be 
significant, a dynamic analysis shall be carried out. (See Appendix A. ) 

(1) A bziilding and its stmctural components shall be checked for serviceability limit states as defined in Clause 
4.1.3.1 .(l)(a) under the effect of service loads for serviceability criteria specified or recommended in Articles 4.1.3.5. 
and4.1.3.5. and in the standards listed in Section 4.3. (See  Appendix A.) 

4.1 3.5. Deflection 

(I) In propwtioning smctural members to limit serviceability problem resulting from den ections, consideration shall 
be given to, 
(a) the intended use of the buiMng or member, 
(b) Limiting damage to non-structural members made of maaerif s whose physical properties are laown at the time of 

design, 
(c) lirmtingdamage to the structureitself, and 
(d) creep, shrinkage, temperature changes and prestress. 
(See A p p d i x  A.) 

(2) The lateral deflection of buildings due to service wind and gravity loads shall be checked to ensure that smctural 
elements and non-structural elements, whose nature is known at the time the structural design is carried out, will not be 
damaged. 

I!, 
ph (3) Except as provided in Sentence (41, the total drifi per storey under service wind and gravity loads shall not exceed 

11500 of the storey height unless other drift limits are specified in the design standards referenced in Section 4.3. (See 
Appendix A.) 

(4) The deflection limits required in Sentence (3) do not apply to industrial buildings or sheds if experience has proven 
h a t  greater movement will have no sipficant adverse effects on the strength and function of the building. 

(5) The b~lding structure shall be designed for lateral deflection due to E, in accordance with Article 4.1.8.13. 

4.9.3.6. Vibration 

(1) Floor systems susceptible to vibration shall be designed so that vibrations will have no significant adverse effects on 
the intended occupancy of the building. (See Appendix A.  ) 

(2) Where the fundamental vibration frequency of a structural system supporting an assembb occupancy used for 
rhythrmc activities, such as dancing, concerts, jumping exercises or gymnastics, is less than 6 Hz, the effects of 
resonance shall be investigated by meaw of a dynamic analysis. (See Appendix A. )  
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(3) A building susceptible to lateral vibration under wind load shall be designed in accordance with Article 4.1.7 -2, so 
that the vibrations will have no signif~cmt adverse effects on the intended use and occupancy of the building. (See 
Appendix A. ) 

4.1.4. Dead Loads 

4.1.4.4. Dead Loads 

(1) The specifZed &ad lo& for a structural memkr consists of, 
(a) the weight of the member itself, 
(b) the weight of all materiaIs of construction incorporated inta the building to be supported permanently by the 

member, 
(c) the weight of  partitions, 
(d) the weight of permanent equipment, and 
(e) the vertical load due to earth, plants and trees 

(2) Except as provided in Sentence (5 ) ,  in areas of a buihiing where parsitions other than permanent pammtiom are 
shown on the drawings, m where partitions might be added in the future, allowance shall be made for the weight of such 
partitiam. 

- lh 

'4 (3) The parfition weight allowance in Sentence (2) shall be determined from the actual or anticipated weight of the 
panitions placed in any probable position, ---- but shall -+- be-not Iess than 1 kPa over the area of floor being considered. - . . - A . -- --- - IF -. -- 

(4) Partition loads used in design shall be shown on the drawings. 

(5) In cases where the dead I d  of the partition is counteractive, the load alIowances refesred to in Sentences (2) and 
(3) shall not be included in the design ccalulations. 

7. 
. W6) Except for structures where the dead Ioad of soil is part of the load- resisting system, where the dead load due to 

soil, superimposed earth, plants and trees is coun~eractive, it shall not be incIuded in the design calculations. (See 
Appendix A .) 

4.15. Llve f oada Due to Use and Occupancy 

4 . 5 . 1  Loads Durn to Use d Floors and Roda 

(I) Except as provided in Sentence (2), the specified live load on an area of floor or roof depends on the intended use 
and occupancy, and sMl not be less than the uniformly distributed Ioad patterns in Article 4.1.5.3., the loads resulting 
from the intended use or the concentrated loads in Article 4.1.5. lo., whichever produces the most critical effect. 

(2) For buildings in the Low Impartance Category as described in Table 4.1.2.1 .B., a factor of 0.8 may be applied to 
rhe five Toird. - - 

-- 

4.1 S.2. U s e s  Not Stlpulat ed 

(1) Except as provided in Sentence (21, where the use of an area of floor or roof is not provided for in Article 4.1.5.3., 
the specified live loads due to the use and occarpmq of the area shdI be determined from an analysis of the loads 
resulting from the weight of, 
(a) the probable assembly of persons, 
{b) the probable accumulation of equipment and furnishings, and 
(c) the probable storage of materials. 

(2) For buildings in the Low Importance Category as described in Table 4.1.2. I .B., a factor of 0.8 may be applied to 
the live lmd. 
.- - 
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4.2.5.3. Full and Partlal Loading 

(1) The uniformly distributed live I d  shall be not less than the value listed in Table 4.1.5.3., which may be reduced as 
provided in Article 4.1.5.9., applied uniformly over the entire area, or on any portions of the area, whichever produces 
the most critical effects in the members concerned. (See Appwdix A.)  

Table 4,1,5,3, 
Specified Uniformly Distributed Live Loads on an Area of Floor or Roof 

Forming Parl of Sentence 4,1.5.3.(1) 
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- 

Table 4,1.5.3. (Cont'd) 
Specified Uniformly Plstributed Llve Loads on an Area of Floor or Roof 

Forming Part of Sentence 4.1.5.3.(t) 

Notes to Table 4.1 S.3.: 
(1) See Arl~cle 4.1,5.6. 
(2) See Article 4.1.5.4. 
(3) See Article 4.1.5.7. 
(4) See Article 4.l.6.1. 
(5) See Article 4.1.5.5. 
(6 )  See Appendix A. 
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4.1 5.4. Loads far Occupancy Sewed 

(1) The following shall be designed to carry not less than the specified bad required for the occupancy they serve, 
provided they cannot be used by an assembly of people as a viewing area: 
(a) corridors, lobbies and aisles not more than 1 200 mm wide, 
(b) all corridors above the first storey of residential areas of apartments, hotels and motels, and 
(c) interior balconies and mezzanines. 

4.1.5.5. Loads on Extedot Amas 

(1) Exterior areas accessible to vehiculnr traffic shall be designed for their intended use, including the weight of fire 
fighting equipment, but not for less than the snow and rain loads prescribed in Subsection 4.1.6. 

(2) Except as provided in Swtmces (3) and (4), roofs shall be designed for the uniform live loads specified in Table 
4.1.5.3. , the concentrated l i v ~  loads listed in Table 4.1.5. lo., or the snow and rain loads prescribed in Subsection 4.1.6., 
whichever prduces the most critical effects in the members concerned.. 

(3) Exterior areas accessible to pedestrian traffic, but not vehicular traffic, shall be designed for their infended use, but 
not less than the greater of, 
(a) the live load prescrikd for assembly areas in Table 4.1.5.3., or 
(b) the snow, and rain prescribed in Subsection 4.1.6. 

(4) Roof parking decks shall be designed for the ulliformly distributed live I& specified in Table 4.1.5.3., the 
concentrated live loads listed in Table 4.1 -5 .  lo., or the roof snow load, whichever produces the most critical effect in the 
members concerned. 

4.t S.6. Loads for Dining Areas 

(I) The m i n i m  specified live load listed in Table 4.1.5.3. for dining areas may be reduced to 2.4 kPa for areas in 
buildings that are being converted to dining areas, provided that xhefloor area does not exceed 100 m2 and the dining area 
will nor be used for other assembly purposes, including dancing. 

4.1 5 7  Floor Loads Due to Intended Use 

(1) Equipment areas and service moms, factories, storage areas and warehouses shall be designed for the live loads due 
to their intended use but not Iess than the specified loads listed in Table 4.1.5.3. 

4.1.5.8. More Than One Occupancy 

(1) Where an area of floor or roof is intended for 2 or more occupancies at different times, the value to be used from 
Table 4.1.5.3, shall be the greatest value for any of the occupancies concerned. 

4.1 S.9. Variation wlth Trl butary Area (See Appendix A.) 

(I) An area used for assembly occupancies designed for a live load of less than 4.8  Wa and roofs designed for the 
rrhimum loading specified in Table 4.1 -5.3, shall have no reduction for tributary area. 
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(2) Urhere a structural member supports a tributary area of a floor or a roof, or a combination of them, that is greater 
than 80 m2 and either used for assembly mcqancies designed for a live load of 4.8 kPa or more, or used for storage, 
manufacturing, retail stores, garages or as a footbridge, the specified live load due to use and occupancy is the load 
specified in Article 4.1 S.3. multiplied by, 

where A is the tributary area in square metres for this rype of use and ocmpancy. 

13) Where a slructural member supports n tributary area of a floor or a roof or a combination of them, that is greater 
than 20 m2 and used for any use or occqanq other than msernbb ocmparacies and those indicated in Sentences (1) and 
(2), the specified live load due to use and occupancy, is the load specified in Article 4.1.5.3. multiplied by, 

where B is the tributary area in square metres for this type of use and occupancy. 

(4 )  Where the specified live load for a floor is reduced in accordance with Sentences (2) or (3), the structural drawings 
shall indicate that a live load reduction factor for tributary area has been applied. 

4,l S.10. Concentrated Loads 

(1) The specified live load due to possible concemations of load resulting from the use of an area of floor or roof shall 
not be less than that Iisted in Table 4.1.5.10. applied over an area of 750 mm by 750 m located so as to cause maximum 
effects, except that for occupancies not listed in Table 4.1.5. lo., the concentrations of load shaIl be determined in 
accordance with Article 4.1.5.2. (See Appendix A.) 

Table 4,l S.70. 
Specified Concentrated Live Loads on an A n a  of Floor or Roof 

Forming Part of Sentence 4.1.5.1 0.(1) 

Floors of offices, manufacturing buildings, hospital wards and stages 1 9,O 

Area of Flwr or Roof 

Roof surfaces 

Flpors of dassmms 

Minimum Specified Concentrated Load, kN 

1.3 

4.5 

I 
- . ,". . I L 

Notes to Table 4.1.5.10. 

Floors and areas used by passenger cars 

Floors and areas used by vehicles not exceeding 3600 kg gross weight 

Floors and areas used by vehicles exceeding 3600 kg but not exceeding 9000 kg gross werght 

Floors and areas used by vehicles exceding 9000 kg gross weight"' 

Driveways and sidewalks over areaways and besements") 

Cnl~rrnn I 

(1) See Appendix A 

11 

f 8 

36 

54 

54 
3 

4.1.5.1 q.  Sway Forms In Asasm bly Occupancies 

{I) The floor assembly and other structural elements that support fmed seats in any building used for assembb 
occupancies accommodating Iarge numbers of people at one time, such as grandstands, stadia and fhearre balconies, shall 
be designed to resist a horizontal force equal to not less than 0.3 kN for each metre length of seats acting parallel to each 
row of seats, and not less then 0.15 kN for each metre length of seats acting at right angles to each row of seats, based on 
the assumption that these forces are acting independently of each other. 

Division B - Part 4 . 
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4.1.5.1 2. Crane-Supporting Structures and Impact of MachCnery and Equipmant 
(See Appendix A.) 

(l) The minimum specified load due to equipment, machinery or other objects that may produce impact shdl be the sum 
of the weight of the equipment or machinery and its maximum lifting capacity, multiplied by an appropriate factor listed 
in Table 4.1.5.12. 

(23 Crane runway structures shall be designed to resist a horizontal force applied normal to the top of the raiIs equaI to 
not Iess than 20% of the sum of the weights of the lifted load and the crane trolley, excludhg other parts of the crane. 

(3) The force described in Sentence (2) shall be equally distributed on each side of the runway and shall ke assumed to 
act in either direction. 

(4) Crane runway structures shall be designed to resist a horizonral force appIied parallel to the top of the rails equal to 
not less than 10% of the maximurn wheel loads of the crane. 

Table 4.1.5.12. 
Factors for the Calculation of lmpad Loads 

Forming Part of Sentence 4.1.5.12.(1) 

Notes to Table 4,1.5.12,: 
(1) See CSA 844, 'Safety Code for Elevators". 

Cause of Impact Factor 

Operatjon of cab or radio-operated cranes 1.25 

Operation of pendant or hand-operbted cranes 1.10 

.(I) 

1.20 

4.1.5.4 3. Bleachers 

Supports for reciprocating machinery (e.g. compressors) 

Supports for power-driven units (e.g, piston engines) 

Column 1 

(1) Bleacher seats &dl be designed for a unifordy distributed live load of 1.75 W for each hear  metre or for a 
concentrated load of 2.2 kN distributed over a length of 750 m, whichever produces the most critical effect on the 
supporting memkrs. 

1.50 

1 -50 

2 

(2) Bleachers shall be checked by the erector after erection to ensure that all structural members, including bracing 
specified in the design, have been installed. 

(3) Telescopic bleachers shall be provided with lwking devices to ensure stability while in use. 

4.f .5.q 4. Helicopter Landing Areas 

(1) Helicopter landing areas on roofs shall be construcred in conformance with the requirements contained in "Canadian 
Aviation Regulations - Part III", published by Transport Canada. 
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4.g .S.l5. Loads on Guards (See Appendix A.) 

(1) The minimum specified horizontal load applied inward or outward at the top of every required g& shall be, 
(a) 3.0 kNlm for means of egress in grandstands, stadia, bleachers and arenas, 
(b) a concentrated load of 1.0 kN applied at any point for access ways to equipment platforms, contiguous stairs and 

similar areas where the gathering of m y  people is improbable, and 
(c) 0-75 kN//m or a concentrated load of 1.0 kN applied at my point, whichever governs for locations other than those 

described in Clauses (a) and (b). 

(2) hdividual e1emwt.s within the guard, incIuding solid panels and pickets, shall be designed for a load of 0.5 kN 
applied over an area of 100 mm by 100 mm located at any point in the element or elements so as to produce the most 
critical effect. 

(3) The loads required in Sentence (2) need not be considered to act simultaneousiy with the bad$ provided for in 
Sentences (1) and (4). 

(4) The minbnum specified load applied vertically at the top of every required gwrd shall be 1.5 kNlm and need not be 
considered to act simultaneously with the horizontal load provided for in Sentence (I).  

(5) For loads on handrails, refer to Sentence 3.4.6.4.(9). 

4.1 .S.t 6. Loads on Vshlela Guardrails (See Appendix A.) 

(1) Vehicle guardrails for storage garages shall be designed for a concentrated load of 22 kN applied horizontally 
outward at any point 500 mm above the floor surface. 

4.4.5.f 7. Loads on Walls Actlng As Guards 

(1) Where the flmr elevation on one side of a wall, including a waII around a shaft, is more than 600 mm higher than 
the elevation of the floor or ground on the other side, the wall shall be designed to resist the appropriate lateral design 
leads prescribed elsewhere in tlus Section or 0.5 H a ,  whichever produces the more critical effect. 

4.1 S.18. Firewalls (See Appendix A.) 

(1) Firewalls shall be designed to resist the maximum effect due to, 
(a) the appropriate lateral design loads prescribed elsewhere in t h s  Section. or 
@) a factored lateral load of 0.5 kPa under fire conditions, as described in Sentence (2). 

(2) Under fire conditions, where the fire-resissance rating of the structure is less than that of the firewall, 
(a) lateral support shalI be assumed to be provided by the structure on one side only, or 
(b) another structural support system capable of resisting the loads imposed by a f r e  on either side of the frravall shall 

be provided. 

4 . 6  Loads Due to Snow and Raln 

4 . 1 . .  Specified Load Due to Rain or ta Snow and Associated Rain 

(1) The specified load on a roof or any other building surface subject to snow and associated rain shall be the snow load 
specified in Article 4.1.6.2., or the rain load specified in Article 4.1.6.4., whichever produces the more critical effect. 
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4 1  6 . 2  Specifled Snow toad (See Appendix A.) 

(I) The specified load, S, due to snow and asswiated rain accumulation on a roof or any other building surface subject 
to snow accumula~ion shall be calculated from the formula, 

where, 

1, = importance factor for snow load as provided in Table 4.1.6.2., 
S, = 1 -in-50-year ground snow load, in kPa, determined in accordance with Subsection 1.1.2., 
C, = basic roof snow load factor in Sentence (Z), 
C, = wind exposure factor in Sentences (3) and (41, 
C, = slope factor in Sentences (51, (6) and (71, 
C, = shape factor in Sentence (S), and 
S, = 1-in-50-year associated rain load, in kPa, determined in accordance with Subsection 1.1.2., but not greater than 

S,/C,C,C,C,). 

Table 4.1.6.2. 
Importance Factor for Snow Load, Is 
Forming Part of Sentence 4.1.6.2.(1) 

(2) The basic roof snow load,factor, C,, shall be 0.8, except that for large roofs it shall be, 
(a) 1.0 - (30/lc)" for roofs with C, = 1.0 and 3, greater than or equal to 70 m, or 
(b) 1.3 -(140/1c)2, for roofs with C ,  = 0.75 or 0.5 and I ,  greater than or equal to 200 m, 

lmportanoe Category 

Low 

Normal 

High 

Postdisaster 

where. 

- lC = characteristic length of the upper or lower roof, defmed as 2w-w211, in metres, 
w = smaller plan dimension of the roof, in metres, 
1 = larger plan dimension of the roof, in metres. 

Column 1 

Importance Factor, I, 

(3) Except as provided for in Sentence (4), the wind exposure factor, C,, shall be 1.0: 

ULS 

0.8 

1 

1.15 

1.25 

(4) For buildings in rhe Low and Nomd Importance Categories as set out in Table 4.1 -2.1. B., the wind exposure factor 
given in Sentence (3) may be reduced to 0.75, or to 0.5 in exposed areas north of the treeline, where, 
(a) the building is exposed on a11 sides to wind over open terrain as defined in Clause 4.1.7.1. (5)la) , and is expected to 

remain so during its life, 
(b) the area of roof under consideration is exposed to the wind on alE sides with no significant obstructions on he  roof, 

such as parapet walls, within a distance of at least 10 times the difference between the height of the obstruction and 
C,C,S,/y metres, where y is the unit weight of snow on roofs, and 

(c) the loading does not involve the accumulation of snow due to drifting from adjacent surfaces. 
(See Appendix A.  ) 

SLS 

0.9 

0.9 

0.9 

0.9 
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(5) Except 9s provided for in Sentences (6) and (71, the slope factor, C,, shall be, 
(a) 1.0 where the roof slope, a, is equal to or less than 30°, 
@) (70' - a)/4Oo where a is greater than 30 O but not greater than 70°, and 
(c) 0 where a exceeds 70". 

(6) The slope factor, C,, for unobstructed slippery roofs where snow and ice can slide completely off the roof shall be, 
(a) 1.0 when the roof slope, a, is equal to or less than ISo, 
(b) (60" - a1145 " when a is greater than 15 " , but not greater than 60°, and 
(c) 0 when a exceeds 60". 

(7) The slope factor, C,, shall be 1.0 when used in conjunction with shape factors for increased snow loads as given in 
Clauses (8)(b) and (e). 

(8) The shape factor, C,, shall be 1 .O, except that where appropriate for the shape of the roof, it shall be assigned other 
values that account for, 
(a) non-uniform snow loads on gable, arched or c w e d  rmfs and domes, 
(b) increased snow loads in valleys, 
(c) increased non-uniform snow loads due to snow drifting onto a roof that is at a level lower than other parts of the 

same building or at a level lower than another building within 5 rn of it, 
(d) increased non-uniform snow loads on areas adjacent to roof projections, such as penthouses, large chimneys and 

equipment, and 
(e) increased snow or ice loads due to snow sliding or meltwater draining from adjacent roofs. 

1 6 3 .  Full and Partlal Loading 

(1) A roof or other building surface and its structural members subject to loads due to snow accumulation shall be 
designed for the specified load in Sentence 4.1.6.2. (I), distributed over the entire loaded area. 

(2) h additian to the distribution in Sentence (11, flat roofs and shed rwfs , gable roofs of 15 " slope or less, and arched 
or curved roofs shdl k designed for the specified uniform snow load indicated in Swmce 4.1.6.2.(1), which shall be 
caIculated using C, = 1.0, distributed on any one portion of the loaded area, and half of this load on the reminder of the 
loaded area, in such a way as to produce the most critical effects on the member concerned. (See Appendix A .) 

4.1 A.4. Speclfind Rain Load 

(1) Except as provided in Sentence (41, the specified load, S, due to the accumulation of rainwater on a surface whose 
position, shape and deflection under load make such an accumulation possible, is that resulting from the one-day rainfall 
determined in conformance with Subsection 1.1.2, and applied over the horizontal projection of the surface and a l l  
tributary surfaces. (See Appendix A. ) 

(2) The provisions of Sentence (1) apply whether or not the surface is provided with a means of drainage, such as rain 
water leaders. 

(3) Except as provided for in Sentence 4.1.6.2. (I), loads due to rain need not k considered to act simuttaneously with 
loads due to snow. (See Appendix A.) 

(4) Where scuppers are provided and where the position, shape and deflection of the loaded surface make an 
accumulation of rainwater possible, the loads due to rain shall be the lesser of either the one-day rainfall determined in 
conformance with Subsection 1.1.2. or a depth of rainwater equal to 30 mm above the level of the scuppers, applied over 
the horizontal projection of the surface and tributary areas. 
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4.4.7. Wind Load 

4.1 "7.1. Speclf~ed Wind b a d  (See Appendix A,) 

(1) The specifid external pressure or suction due to wind on part or all of a surface of a building shall be calculated 
using the following formula: 

P = EwqC,C,Cp 

where, 

p = the specified external pressure acting statically and in a direction normal to the surface, either as a pressure 
directed towards the surface or as a suction directed away from the surface, 

I, = importance factor for wind load, as provided in Table 4.1.7. I., 
q = the reference velocity pressure as provided for in Sentence (4), 
C, = the exposure faczor as provided for in Sentence (5 ) ,  
6, = the gust effect factor, as provided for in Sentence (6), and 
C, = the external pressure coefficient averaged over the area of the surface considered. 

Table 4.1.7.1, 'i l i4.t 
importance Factor for Wind Load, Lw ' 

Forming Part of Sentence 4.1.7.1 .(I) and (3) 

Importance Factor, I, 
Importance Category 

Low 
Normal I 

High 
Postdisaster 

(2) The net wind load for the building as a whole &a11 be the algebraic difference of the loads on the windward and the 
leeward surfaces, and in some cases may be calculated as the rmm of the products of the external pressures or suctions and 
the areas of the surfaces over which they are averaged as provided in Sentence (1). 

(3) The net specified pressure due to wind on part or d l  of a surface of a building shall be the algebraic difference of 
the external pressure or suction as provided for in Sentence (1) and the specified internal pressure or suction due to wind 
calculated from, 

where, 

p, = specified internal pressure acting statically and in a direction normal to the surface, either as a pressure directed 
toward the surface or as a suction directed away from the surface, 

= importance factor for wind load, as provided in Table 4.1.7.1 . , 
q = the reference velocity pressure, as provided for in Sentence (41, 
C, = the exposure factor, as provided for in Sentence (3, 
C,, = internal gust effect factor, as provided for in Sentence (61, and 
C,, = the internal pressure coefficient. 

14) The reference velocity pressure, q, shall be the appropriate value determined in conformance with Subsection 1.1.2. 
based on a probability of being exceeded in any one year of 3-in-50. 
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(5) The exposure factor C,, shall be, 
(a) (hl10)a,2 but not Iess than 0.9 for open terrain, where open terrain is level terrain with only scattered buildings, trees 

or other obstructions, open water or shoreIines, h being the reference height above grade in metres for the surface 
or part of the surface, 

0) 0.7(h/12)~,' but not less than 0.7 for rough terrain, where rough terrain is suburban, urban or w d e d  terrain 
extending upwind from the building unintempted for at Ieast 1 tan or 10 times the building heighr, whichever is 
greater, h being the reference height above grade in metres for the surface or part of the surface, 

(c) an intermediate vaiue between the two exposures defined in Clauses (a) and @) in cases where the site is less than 
1 km or 10 times the building height from a change in terrain conditions, whichever is greater, provided an 
appropriate interpolation method is used, or 

(d) if a dynamic approach to the action of wind gusts is used, an appropriate value depending on both height and 
shielding. 

(See Appendix A.) 

(6) The gust effect factor, C,, shall be one of the following values: 
(a) for the building as a whole and main structural members, C, = 2.0, 
(b) for extend pressures and suctions on small elements including cladding, C, = 2.5, 
(c) for internal pressures, C, = 2.0 or a value determined by detailed calculation that takes into account the sizes of the 

openings in the building envelope, the internal volume and the flexibility of the building envelope, or 
(d) if a dynamic approach to wind action is used, C, is a value that is appropriate for the turbulence of the wind and the 

size and natural frequency of the structure. 
(See Appendix A.) 

4.1.7.2. Dynamic EHects of Wlnd 

(1) Buildings whose height is greater than 4 times their minimum effective width, which is defined in Sentence (2), or 
greater than 120 m and other buildings whose light weight, low frequency and low damping properties make them 
susceptible to vibration shall be designed by, 
(a) experimmtaI methods for the danger of dynamic overloading, vibration and the effects of fatigue, or 
(b) using a dynamic approach to the action of wind gusts. 

(2) The effective width, w, of a building shall be calculated using the formula, 

where, 

the summations are over the height of the building for a given wind direction, 
l-+ is the hei@t above g r d e  to leveI i, as defined in Sentence 4.1.7.1. (51, and 
wi is the width normal to the wind direction at height hi, 
the minhum effective width is the lowest value of the effective width considering all possible wind directions. 

4.1 . 7  Full and Partlal Loading (See Appendix A.) 

(I) BuiEdings and structural members shall k capable of withstanding the effects of, 
(a) the fuIl wind loads acting along each of the two principal horizontaI axes considered separately, 
(b) the wind loads as described in Clause (a) but with 100 $6 of the load removed from any portion of the area, 
(c) the wind loads as in Clause (a) but considered sirnultaneousIy at 75% of their full value, and 
(d) the wind loads as described In Clause (c) but with 50% of these loads removed from any portion of the area. 

4.1.7.4. Interior Walls and Partitions 

(I) In the desip of interior walls and panitions, due consideration shall be given to differences in air pressure on 
opposite sides of the wall or partition that may result from, 

18 Division B - Part 4 



@ Ontario 2006 Building Code 4. f.8.2. 

(a) pressure differences between the windward and leeward sides of a building, 
(b) stack effects due to a difference in air temperature between the exterior and interior of the building, and 
(c) air pressurization by the mechanical services of the building. 

4.1.8. Earthquake Load and Effects 

4.q.8.7. Analysts 

(1) The deflections and specified loading due to earthquake motions shalI be determined according to the requirements 
in this Subsection, except that the requirements in this Subsection need not be considered in design if S(0.21, as defined in 
Sentence 4. S .8.4.(6), is less than or equal to 0.12. 

4 . 8 .  Notatlorn (See Appendix A.) 

(1) In this Subsection, 
A, = response amplification factor to account for type of attachment of mechanicallelectrical equipment, as defined in 

Sentence 4.1.8.17.(1), 
A, = amplification factor at level x to account for variation of response of mechanicallelectrical equipment with 

elevation withm the building, as defined in Sentence 4.1,8.I7. ( 1), 
B, = ratio at level x used to determine torsional sensitivity, as defined in Sentence 4.1.8.11. (9), 
B = maximumvalueofB,, asdefindiaSentmce4.1.8.11.(9), 
C ,  = seismic coefficient for mechanical/electrical equipment, as defined in Sentence 4.1.8.17. (I), 
Dm = plan dimension of the building at level x perpendicular to the direction of seismic loasing being considered, 
ex = distance measured perpendicular to the direction of earthquake loading between centre of mass and centre of 

rigidity at the level being considered, 
F, = acceleration-based site coefficient, as defined in Sentence 4.1 -8 -4. (41, 
F, = portion of V to be concenwated at the top of the mhm, as defined in Sentence 4.1.8. f 1 .(6), 
F, = velociv-based site coefficient, as defined in Sentence 4.1.8.4. (4), 
F, = lateral force applied to level x, as defied in Sentence 4.1.8.1 1. (61, 

h, , b, %=the height above the base (i = 0) to level i, n, or x respectively, where the base of the structure is the level at 
which horizontal earthquake motions are considered to be imparted to the strucmre, 

h, = interstorey height (h, - h,.,), 
I, = earthquake importance factor of the structure, as described in Sentence 4.1.8.5. (I), 
J = numerical reduction coefficient for base overturning moment, as defined in Sentence 4.1.8.1 1. (5) 
Jx = numerical reduction coefficient for overturning momenr at level x, as defined in Sentence 4.1.8.1 1. (7), 

k v e l  i = any level in the building, i = 1 for first level above tbe base, 
Level n= Ievel that is uppermost in the main portion of the structure, 
Level x= level that is under design consideration, 

M, = factor to account for higher mode effect on base shear, as defined in Sentence 4.1.8.11 . (5 ) ,  
M, = overturning moment at level x, as defined in Sentence 4.1.8.1 1. (71, 
N = totaI number of storeys above exterior g r d e  to level n, 

= Average Standard Penetration Resistance for the top 30 m, corrected to a rod energy efficiency of 60 5% 'of the 
theoretical maximum, 

PGA = Peak Ground Acceleration expressed as a ratio to gravitational acceleration, as defined in Sentence 4.1.8.4.(1), 
PI = p'tasticity index for clays, 
% = ductility-related force modification factor reflecting the capability of a structure to dissipate energy through 

inelastic behaviour, as given in Article 4.1.8.9., 
% = overstrength-related force modification factor accoming for the dependable portion of reserve strength in a 

stmcture designed according to these provisions, as defined in Article 4.1.8.9., 
S, = horizontal force factor for part or portion of a building and its anchorage, as given in Sentence 4.1.8.17. ( I ) ,  

S(T) = design spectral response acceleration, expressed as a ratio to gravitational acceleration, for a period of T, as 
defined in Sentence 4.1.8.4. (6), 

S,(T) = 5 7% damped spectral response acceleration, expressed as a ratio to gravitational acceleration, for a period of T, as 
defined in Sentence 4.1.8.4.(1), 
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SFRS = Seismic Force Resisting System(s) is tkat part of the structural system that has been considered in the design to 
provide the required resistance to the earthquake forces and effects defined in Subsection 4.1.8., 

s, = average undrained shear strength in the top 30 m of soil, 
T = period in seconds, 
T, = fundamental laterd period of vibration of the building or structure in seconds in the direction under consideration, 

as defined in Sentence 4.1.8.1 1. (3), 
T, = floor torque at Ievelx, as defined in Sentence 4.1.8.11.(10), 
V = lateral earthquake design force at the base of the structure, as determined by Article 4.1.8.1 1 ., 
V, = lateral earthquake design force at the base of the structure, as determined by Article 4.1.8.12., 
V, = lateral earthquake elastic force at the base of the structure, as determined by Article 4.1.8.12. , 

- V, = lateral force on a part of the structure, as determined by Article 4.1.8.17.. 
V, = average shear wave velocity in the top 30 m of soil or rack, 

W = deard load1 as & h e d  in Article 4.1.4.1 . , except that the minimum padtion Ioad as defied in Sentence 
4.1.4.1. (3) need not exceed 0.5 P a ,  plus 25 % of the design snow load specified in Subsection 4.1.6., plus 60 5% of 
the storage load for areas used for storage, except that storage garages need not be considered storage areas, and 
the full coaents of any tanks, 

W,, W, = portion of W that is located at or is assigned to level i or x respectively, 
W, = weight of a part or portion of a structure, e-g., cladding, panitions and appendages, 
6, = average displacement of the structure at level x, as defined in Sentence 4.1.8.1 1. (91, and 
6, = maxirmun displacement of the structure at level x, as defined in Sentence 4.1.8.1 1. (9). 

41.8.3. General Requirements 

(1) The building shall be designed to meet the requirements of this Subsection and of the design standards referenced in 
Section 4.3. 

(2) Suuctures Ml be designed with a clearly defined load path, or paths, that wilI transfer the inertial forces generated 
in an earthquake to the supporting ground. 

(3) The stmrure shall have a clearly defined Seismic Force Resisting System(s) (SFRS), as defined in Article 4.1 -8.2. 

(4) The SFRS shall be designed to resist lOO % of the earthquake loads and their effects. (See Appendix A,) 

(5) All stnrcturd framing elements not considered to be part of the SFRS must be investigated and shown to behave 
elastically or to have sufficient non-linear capacity to support their gravity loads while undergoing earthquake-induced 
deformations calculated from the deflections determined in Article 4.1.8.13. 

(6) Stiff elements that are not considered pan of the SFRS, such as concrete, masonry, brick or pre-cast walls or panels, 
shall be, 
(a) separated from all structural elements of the building such that no interaction takes place as the building undergces 

deflections due to earthquake effects as calcufated in this Subsection, or 
@$ made part of the SFRS and satisfy the requirements of this Subsection. 
(See Appendix A.) 

( Stiffness imparted to the structure from elements not part of the SFRS, other than those described in Sentence (6), 
shall not be used to resist earthquake deflections but shall be accounted for, 
(a) in calcuIating the period of the structure for determining forces if the added stiffness decreases the fundamental 

lateral perid by more than 15 96, 
(b) in determining the irregularity of the smture, except the additional stiffness shall not be used to make an irregular 

SFRS regular or to reduce the effects of torsion, and 
(c) in desigmng the SFRS if inclusion of the elements not part of the SFRS in the analysis has an adverse effect on the 

SFRS. 
(See Appendix A. ) 
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(8) Structural modelling shall k representative of the magnitude and spatial distribution of the mass of the building and 
of the stiffness of all elements of the SFRS , including stiff elements that are not separated in accordance with Sentence 
4.1.8.3.(6), and shall account for, 
(a) the effect of cracked sections in reinforced concrete and reinforced masonry elements, 
(b) the effect of the finite size of members and joints, 
(c) sway effects arising from the interaction of gravity loads with the displaced ~ ~ g u r a t i o n  of tbe structure, and 
(d) other effects that influence the lateral stiffness of the buildzng. 
(See Appendix A.) 

4.1 4 Site Properties 

(1) The peak ground accderation (PGA) and the 5 % damped spectral response acceleration values, S,(T), for the 
reference p u n d  conditions (Site Class C in Table 4.1.8.4.A.) for periods T of 0.2 s, 0.5 s, 1.0 s, and 2.0 s, shall be 
determined in accordance with Subsection 1.1.2. and are based on a 2% probability of exceedaace in 50 years. 

(2) Site classificarions for ground shall conform to Table 4.1.8.4.A. and shall be determined using 7 ,  except as 
provided in Sentence (3). 

(3) If average shear wave velocity, 7 ,, is not known, Site Class shall be determined from energy-corrected Average 
Standard Penetration Resistance, ,, ar from soil average undrained shear strength, s, , as noted in Table 
4 . 1 . 8 . 4 . ~ . , m ,  and s, being calculated based on rational analysis. (See Appwdix A.) 

Table 4.1.8.4.A, 
Site Classification for Seismic Slte Response 

Forming Part of Sentences 4.1.8.4.(2) and (3) 

Notes to Table 4.1.8.4.A.: 
(1) Other soik include: 

(a) liquefiable soils, quick and highly sensitive clays, collapsible weakly cemented soils, and other soils susceptible to failure or collapse 
under seismic loading, 

{b) peat andfor highly organic clays greater than 3 m in thickness, 
(c) highly plastic clays (PI > 75) more than 8 rn thick, and 
(d) soft to medium stiff clays more than 30 rn thi& 

Ground Profile Name 
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E 

F 

Column 1 

Soft soil 

Other soils[') 

Any profile with more than 3 rn of soil with the following characteristics: 
plasticity index: Pb20 
moisture content w 240%, and 
undrained shear strength: s, < 25 kPa 

Srte-specific evaluation required 
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(4) Acceleration- and velwity-based sire c~f ic ients ,  FA and F,, shalI conform to Tables 4.1.8.4.B. and 4.1.8.4.C. 
using linear interpolation for intermediate values of S,(0.2) and S,(1.0). 

(5) To determine Fa and F, for Site Class F, site-specific geotechnical investigations and dynamic site response analysis 
shall be performed. 

(6) The design spectral acceleration values of S(T) shall be determined as follows, using linear interpolation for 
intermediate values of T: 

S O  = FaS,(0.2) for T50.2 s 

= F,S,(O. 5) or F,S,(0.2), whichever is smaller for T = 0.5 s 
= F,Sa(l.O) for T = 1.0 s 
= FvS,(2.0) for T = 2.0 s 
= FvS,(2.0)/2 for T r4.0 s 

Table 4,1.8.4.B 
Values of Fm as a Function of Site Class and S40.2) 

Forming Part of Sentence 4.1.8.4.(4) 

Notes to Table 4.1.8.4.R.: 
(1) See Sentence 4.1.8.4.{5) 

Table 4.1.8.4.C 
Values of F, as a Function of Site Class and Sa(0.1) 

Forming Part of Sentence 4.1.8.4.(4) 

Notes to Table 4.3.8.4.C.: 
(1) See Sentence 4.1.8,4.(5) 
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4 . 8 5  Importance Factor 

(1) The earthquake importance factor, I,, shall be determined according to Table 4.1.8.5. (See Appendix A. ) 

Table 4.1.8.5. 
ImpaFtanee Factor for Earthquake Loads and Effects, IE 

Forming Part of Sentence 4.1.8.5.(1) 

Importance Factor, I, 
Importance Category 

Low 

Normal 

High I 

Postdisaster 

Notes to Table 4.1.8.5.: 
(1) SeeArticle4.1.8.13. 
(2) See Appendix A. 

4.1.8.6. Structural Configuration (See Appendix A.) 

(1) Suuctures having any of the features listed in Table 4.1.8.6, shall be designated irregular. 

(2) Smcwes not classified as irregular according to Sentence 4.1.8.6. (1) may be considered regular. 

(3) Except as required by Article 4.1.8. lo., in cases where I,F,S,(O. 2) i s  equal to or greater than 0.35, mctures 
designated as irregular must satisfy the provisions referenced in Table 4.1.8.6. 

Table 4.1 -8.6. 
Structural lrregularitiesfll 

Forming Part of Sentence 4.1.8.6.(1) 
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Table 4.1.8.6, (Cont'd) 
Structural ~rragularities'') 

Forming Part of Sentence 4.1.8.6.(1) 

Notes to Table 4.1,8.6.: 
(1) One-storey penthouses with a weight of less than 10% of the level below need not be considered in the application of this Table. 
(2) See Article 4.1 B.7. 
(3) See Article 4.1.8.10. 
(4) SeeArticfe4.1.8.15. 
(5) See Sentences 4.1 8.11.(9), (10) and 4.1 8.12.(4). 
(6) See Art~cle 4.1.8.8. 
(7) See Appendix A. 

4.t .8.7. Methods of Analysis (See Appendix A.) 

Notes 

(2)131(4)VI 

01 

(~10Hs)rn 

c@m 

3 

f Y P ~  

5 

6 

(1) Analysis for design earthquake actions shall be carried out in accordance with the Dynamic Analysis Procedure 
described in Article 4.1.8.12., except that the Equivalent Static Force Procedure described in Article 4.1.8.1 I. may be 
used for structures that meet any of the following criteria: 
(a) in cases where I,F,S,(O.2) is less than 0.35, 
(b) regular structures that are less than 60 m in height add have a fundamental lateral period, T,, less than 2 s in each of 

two orthogond directions as defmed in Article 4. I .  8.8., or 
(c) structures wih smcwal irregularity, of Type 1, 2, 3,4, 5 ,  6 or 8 as defined in Table 4.1.8.6., that are less than 

20 rn in height and have a fundamental lateral period, T,, less than 0.5 s in each of two orthogonal directions as 
defined in Article 4.1.8.8. 

Irregularity Type and Definition 

Ou t-of-Plane Qffsets 
Discontinuities ~n a lateral force path, such as out-of-plane offsets of the vertical elements of Ihe 
SFRS. 

Discontinuity in Capacity - Weak Storey 
A weak storey is one in which the storey shear strength is less than that in Be storey above. The 
storey shear strength is the total strength of all seisrnic- resisting elements of the SFRS sharing 
the storey shear fo the direction under consideration. 

(1) Earthquake forces shall be assumed to act in any horizontal direction, except that the foIlowing shall be considered 
to provide adequate design force levels h the structure: 
(a) where components of the SFRS are oriented dong a set of orthogonaI axes, independent anaIyses about each of the 

principal axes of the structure shall be performed, 
(bj where the components of the SFRS are not oriented along a set of orthogod axes and IEF,S,(O. 2) is less than 0.35, 

independent analyses about any two orthogonal axes is permitted, or 
(c) where the compoaents of the SFRS are not oriented along a set of orthogonal axes and I,F,S,(0.2) is equal to or 

greater than 0.35, analysis of the structure independently in any two orthogonal directions for 100 B of the 
prescribed earthquake loads applied in one direction plus 30 % of the prescribed earthquake loads in the 
perpendicular direction, with the combination requiring the greater element strength being used in the design. 
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Column 1 

Torsional Sensitivity (to be considered when diaphragms are not flexible) 
Torsional sensitivity shall be mns~dered to exist when the ratio B calculated according to 
Sentence 4.1.8.1 1.19) exceeds 1 -7. 
Non-orthogonal Systems 
A non-orthogonal system irregularity shall be considered to exist when the SFRS is not oriented 
along a set of orthogonal axes, 

2 
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4.t .8.9. SFRS Force Rmductlmn Factors, System Ovenstrength Factom, and 
General RsstrSetFons 

(1) The values of % and % and the corresponding system restrictions shall conform to Table 4.1.8.9. and the 
requirements of this Subsection. 

(2) When a particular value of % is required by this Anicle, the corresponding % shall be used. 

(3) Far combinations of different types of SFRS acting in the sane direction in the same storey, %F& sMl k taken as 
the lowest value of R.& corresponding to these systems. 

(4) For vertical variations of R.&, excluding penthouses whose weight is less than 10% of tbe level below, the value of 
R& used in the design of any storey shall be less than or equal to the lowest value of %% used in the given direction for 
the storeys above, and the requirements of Sentence 4.1.8.15. (3) must be satisfied. (See Appendix A .  ) 

(5) If it can be dernonswated through testing, research and analysis that the seismic performance of a smctural system is 
at least equivalent to one of the types of SFRS mentioned in Table 4.1.8.9., thw such a smctural system will qualify for 
values of E+ and % corresponding to the equivalent type in that Table. (See Appendix A.) 

Table 4.1.8.9. 
SFRS Ductlljty.Relatd Force Modification Factors, Rd, 

Overstrength-Related Force Modification Factors, Re, and General ~estrictions('' 
Forming Part of Sentence 4.1.8 9.(1) 

Lrmrted ductility moment-resist~ng frames 
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Table 4,id.g. (Cont'd) 
SFUS Ductility-Related Force Modification Factors, Ra, 

Overstrength-Related Force Modification Factors, RP, and General ~estrict ions~~ 
Forming Part of Sentence 4.1.8 9.(1) 

Notes to Table 4.1.8.9.: 
(1 ) See Article 4.1.8.10. 
(2) NP = system is not permitled, 

NL = system is pem~tted and not limited m height as an SFRS; height may be lim~ted in other Parts of the Code, 
Numbers in Columns 4 to 8 are maximum height limits In m. 
The most stringent requirement governs. 

4.1.8.11 0. Addltlonal System Restrletlons 

(1) Except as required by Clause (2)(b), structures with a Type 6 irregularity, Discontinuity in Capacity - Weak Storey, 
as described in Table 4.1.8.6., are not permitted unless I,F,S,(U.2) is less than 0-2 and the forces used for design of the 
SFRS are multiplied by %%. 
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Posr disaster buildings shall, 
not have any irregularities conforming to Types 1, 3,4 ,  5 and 7 as descIibed in Table 4.1.8.6., in cases where 
IEF,S,(0.2) is equal to or greater than 0.35, 

(b) not have a Type 6 irregularifjr as described in Table 4.1.8.6., and 
(c) have an SFRS with an % of 2.0 or greater. 

(3) For buildings having fundamental lateral periods, T,, of 1.0 s or greater, and where IEF,S,(l .O) is greater than 0.25, 
walls forming part of the SFRS shall be conthuous from their top to the foun&tion and shall not have irregularities of 
Type 4 or 5 as described in Table 4.1.8,6. 

4.4.8.1 I .  Equivalent Statlc: Force Procedure for Strwetums Satisfying the 
Conditions of ArtIcle 4.11.8.6. 

(1) The static Joading due to earthquake motion shall be determined according to the procedures given in this Article. 

(2) The minimum lateral earthquake force, V,  shalI be calcdated using the fornufa, 

except that V shall not be less than, 

and for an SFRS with an % equal to or greater than 1.5, V need not be greater than, 

(3) The fundamental lateral period, T,, in the direction under consideration in Sentence (2) shall be determined as, 
(a) for moment resisting frames that resist 100% of the required lateral forces and where the frame is not enclosed by or 

adjoined by more rigid elements that would tend to prevent the frame from resisting lateral forces, and where h, is in 
metres, 

(i) 0.085 (hJ3I4  for steel moment frames, 
(ii) 0.075 for concrete moment frames, or 

(iii) 0.1 N for other moment frames, 
@) 0.025& for braced frames where h, is in metres, 
(c) 0.05 (&)3'4 for shear wall and other structures where h, is in metres, or 
(d) other established methods of mchanics using a suvcmral mode1 that complies with the requirements of Sentence 

4.1.8.3.(8), except that, 
i for moment resisting frames, T, shall not be taken greater than 1.5 times that determined in Clause (a), 
(ii) for braced frames, T, shall not be taken greater than 2.0 times that determined in Clause (b), 

(iii) for shear wall strucrures, T, shall not be greater than 2.0 times that determined in Clause (c), and 
(iv) for the purpose of calculating the deflections, the period without the upper limit specified herein m y  be 

used. 
(See Appendix A.) 

(4) The weight, W, of the building shall be calculated using the formula, 

(5) The higher mode factor, M,, and 11s associated base overturning moment reduction factor, J ,  shall conform to Table 
4.1.8.11. 
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Table 4.1,S.I 1. 
Higher Mode Factor, Mv, and Base Overturning R~duction Factor, Jum 

Forming Part of Sentence 4.1.8.1 I 45) 

Notes to Table 4.1.8.11.: 
(1) For values of M, between fundamental lateral periods, Ta, of 1.0 and 2.0 s, the product S(TJ M, shall be &dained by linear interpolation. 
{2) Values of J between fundamental lateral periods, T,, of 0.5 and 2.0 s shell be obtained by linear interpolation. 
(3) A "coupled wall"is a wall system with coupling hams, where at least 66% of the base overturning moment resist4 by the wall system is carried by the 

axial tension and compression forces resulting from shear in the cwpling beams. 
(4) For hybrid systems, values corresponding to walls must be used or a dynamic analysis must be carrid out as per Article 4.1.8.12. 

(6) The total lateral seismic force, V, shall be distributed such that a portion, F,, shaIl be assumed to be concentrated at 
the top of the building, where F,, is equal m 0.07 TJ but need not exceed 0.25 V and may be considered as zero, where 
the fundamental lateral period, T,, dms not exceed 0.7 s; the remainder, V - F,, shall be distributed along the height of 
the building, including the top level, in accordance with the formula, 

(3 The structure shall be designed to resist overturning effects caused by the earthquake forces determined in Sentence 
(6) and the overturning moment at leveI x, M,, shall be determined using the formula, 

where. 

J, = 1.0 for h, r 0.6&, and 
I, = J + ( 1 -  J)(h, 10.6hJ for &, < 0.6& 

where, 

J = base overturning moment reduction factor conforming to TabIe 4.1.8.1 1. 

(8) Torsional effects that are concurrent with the effects of the forces mentioned in Sentence (6) and are caused by the 
following torsional moments shall be considered in the design of the structure according to Sentence (10): 
(a) torsional moments introduced by eccentricity between the centres of mass and resistance and their dynamic 

amplification, or 
@) torsional moments due to accidental eccentricities. 

(9) Torsional sensitivity shall be determined by calculating the ratio B, for each level x according to the following 
equation for each orthogonal direction determined independently : 
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where, 

B = maximum of all values of B, in both orthogonal directions, except that the B, for one-slorqy penthouses with a 
weigh? less than 10% of the level below need not be considered, 

6, = maximum storey displacement at the extreme points of the structure, at level x in the dtrection of the earthquake 
induced by the equivalent static forces acting at distances f 0.10 Dm from the centres of mass at each floor, and 

6, = average of the displacements at the extreme points of the smcture at level x produced by the above mentiwed 
farces. 

(10) Torsional effects shall be accounted for as follows: 
(a) for a building with B 5 1.7, by applying tmsionaE moments abut a vertical axis at each level throughout the building 

derived for each of the following load cases considered separately, 
(i) T,=F,(ex+0.10Dm),and 

(ii) T, = Fx(e, - 0.10 D d  
where F, is the lateral force at each level determined according to Sentence (6) and where each element of the 
building is designed for the most severe effect of the above load cases, or 

(b) for a building with B r 1.7, in cases where IEF,S,(0.2) is equal to or greater than 0.35, by a Dynamic Analysis 
Procedure as specified in Article 4.1.8.12. 

4.1.8.1 2. Dynamic Analysb Procedurrs (See Appendix A,) 

(1) The Dynamic Analysis Procedure shall be in accordance with one of the following methods: 
(a) Linear Dynamic Analysis by either the Modal Response Spectrum Method or the Numerical Integration Linear Time 

History Methad wing a structural model that complies with the requirements of Sentence 4. I .  8.3.  (a), or 
(b) Nodinear Dynamic halysis, in which case a special study shall be performed. 

(2) The specma1 acceleration values used in the Modal Response Spectrum Method shall be the design spectral 
acceleration values, S(T), defined in Sentence 4.1.8.4. (6) .  

(3) The ground motion histories used in the Numerical Integration Linear Time Hisrory Method shall be compatible with 
a respwse spectrum constructed from the design spectral acceleration values, S(T), defined in Sentence 4.1.8.4.(6). 

(4) The effects of accidental torsional moments acting concurrently with the lateral earthquake forces that cause them 
shall be accounted for by the following methods: 
(a) the static effects of torsional moments due to (f 0.10 D,JF, at each level x, where F, is determined from Sentence 

4.  I. 8.1 1. (6) or from the dynamic analysis, shall be combined with the effects determined by dynamic analysis, or 
(b) if B, as defmed in Sentence 4.1.8.1 1 .  (9), is less than 1.7, it is permined to use a three-dimensional dynamic analysis 

with the centres of mass shifted by a distance of - 0.05 D,, and f 0.05 D,, 

(5) The elastic base shear, V,, obtained from a Linear Dynamic Analysis shall be multiplied by the importaace factor, 
I,, as determined in Article 4.1.8.5., and shall be divided by &R,,, as determined in Article 4.1.8.9., to obtain the base 
shear, V,. 

(6) Except as required by Sentence (71, if the base shear, V,, obtained in Sentence ( 5 )  is less than 80% of the lateral 
earthquake design force, V, of ArtjcIe 4.1.8.1 1 ., V, shdI be taken as 0.8 V. 

(7) For irregular structures requiring dynamic and ysis in accordance with Article 4.1.8.7., V, shaIl be taken as the 
larger of the V, determined in Sentence (5) and 100% of V. 

(81 Except as required by Sentence (91, the values of elastic srorq shears, storey forces, member forces, and deflections 
obtained from the Linear Dynamic Analysis shall be multiplied by V,IV, to determine their design values, where V, is the 
base shear. 
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(9) For the purpose of calculating deflections, it is permitted to use a value for V based on the value for T, determined 
io Clause 4.1.8.1 1. (3)(d) to obtain V, in Sentences (6) and (7). 

4.1.8.1 3. Ddsctions and Drift Limlts 

(1) Lateral deflections of a structure shall be calculated in accordance with the loads and requirements defined in this 
Subsection. 

(2) Lateral deflections obtained from a hear elastic analysis using the methods given in Articles 4.1.8.11. and 
4.1 -8.12. and incorporating the effects of torsion, including accidental torsional moments, shdI be multiplied by &%/I, 
to give realistic values of anticipated deflections. 

(3) Based on the lateral deflections calculated in Sentence (21, the largest interstorey deflection at any level shall k 
limited to 0.0 1 h, for post-disaster buildings, 0.02 h, for schools, and 0.025 h, for all other buildings. 

(4) The deflections calculated in Sentence (2) shall be used to account for sway effects as required by Sentence 
4.1.3.2.(10). (See Appendix A.) 

(1) Adjacent structures shall, either be separated by the square root of the sum of the squares of their individual 
deflections calculated in Sentence 4.1 .8.13. (21, or shall be connected to each other. 

(2) 'She method of connection required in Sentence ( I )  shall take into account the mass, stiffness, strength, ductility and 
anticipated motion of the connected buildings and the character of the connection. 

(3) Rigidly connected buildings shall be assumed to have the lowest %% value of the buildings connected. 

(4) BuiEdings with non-rigid or energy-dissipating comections require special studies. 

4,1.8.15. Dmslgn Pradslons (See Appendix A,) 

(1) Diaphragms and their connections shall be designed so as not to yield, and the design shall account for the shape of 
the diaphragm, including openings, and for the forces generated in the diaphagm due to the following cases, whichever 
one governs: 
(a) forces due to loads determined in Articles 4.1.8.1 1. or 4.1.8.12. applied to the diaphragm are increased to reflect 

the lateral load capacity of the SFRS, plus forces in the diaphragm due to the transfer of forces between elements of 
the SFRS associated with the lateral load capacity of such elements and accounting for discontinuities and changes in 
stiffness in these elements, or 

@) a minimum force corresponding to the design-based shear divided by N for the diaphragm at level x. 

(2) In cases where I,F,S,(O. 2) is equal to or greater than 0.35, h e  elements supporhg any discontinuous wall, column 
or braced frame shall be designed for the lateral Ioad capacity of the components of the SFRS they support. 

(3) Where structures have vertical variations of F!& satisfying Sentence 4.1.8.9.(4), the elements of the SFRS below 
the level where the change in R& occurs shall be designed for the forces associated with the lateral Ioad capacity of the 
SFRS above that level. 

(4) Where emquake effects can produce forces in a column or wall due to lateral loading along both orthogonal axes, 
account shall be taken of the effects of ptential concurrent yielding of other elements framing into the column or wall 
from all directions at the level under consideration and as appropriate at other levels. 

(S) Except as provided in Sentence (6), the design forces need not exceed the forces detemhed in accordance with 
Sentence 4.1.8.7.(1), multiplied by %%. 
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(6) If f o ~ ' u n  rocking is accounted for, the design forces for the SFRS need not exceed the maximum values 
associated withfaundarion rocking, provided that % and % for the type of SFRS used conform to Table 4.1.8.9. and that 
the f o M ' o n  is designed in accordance with Sentence 4.1 -8.16. (1). 

(I) Fom&rium shall k d e s i p d  to resist the lateral load capacity of the SFRS, except that when the foumiMom are 
allowed to rock, the design forces for the foundation need not exceed those determined in Sentence 4.1.8.7. (1 ) using an 
I?& equal to 2.0. (See Appendix A.) 

(2) The design of fou&om shall be such that they are capable of mansferring earthquake loads and effects between 
the building and the ground without exceeding Ehe capacities of the soil and ruck. 

(3) In cases where IEFkS,(0.2) is equal to or greater than 0.35, the following requirements shall be satisfied: 
(a) piles or pile caps, drilled piers, and caissons shall be interconnected by continuous ties in no fewer than two 

directions, 
(b) piles, drilled piws, and caissons shall be embedded a minimum of 100 mm into the pile cap or structure, and 
(c) piles, drilled piers, and caissons, other than wood piles, shall be connected to the pile cap or structure for a 

minimum tension force equal to 0.15 times the factored compression load on the pile. 
(See Appendix A.) 

(4) At sites where IEF,S,(0.2) is equal to or greater than 0.35, basemem walls shall be designed to resist eartbpke 
lateral pressures from backtill or natural ground. (See Appendix A. ) 

(5) At sites where IEF,S,(0.2) is greater than 0.75, the following requirements shall be satisfied: 
{a) piles, drilled piers, or caissons shalI be designed and detailed to accormnodate cyclic inelastic behaviour when the 

design moment in the element due to earthquake effects is greater h n  75 % of its moment capacity, and 
@) spread footings founded w soil defined as Site Class E or F shall be interconnected by continuous ties in no fewer 

than two directions. 
(See Appendix A.) 

(6) Each segment of a tie between elements that is required by Clauses (3)(a) or (5)(b) shalI be designed to carry by 
tension or compression a horizontal force at least equal to the greatest factored pile cap or column veflicat load in the 
elements it connects, multiplied by a factor of 0.10 IEF,S,(0.2), unless it can be demonstrated that equivalent restraints can 
be provided by other means. (See Appendix A. ) 

(7) The potential for liquefaction of the soil and its consequences, such as significant ground dispiacement and b s s  of 
soil strength and stiffness, shall be evaluated based on the ground motion parameters referenced in Subsection 1.1.2. and 
shall be taken into account in the design of the structure and its foundations. (See Appendix A,) 

4.1.8.q 7. Elements of Structures, Non-Structural Components and Equipment 

(1) Except as provided in Sentences (2) and (a), elements and components of buildings described in Table 4.1.8.17. and 
their connections to the structure shall be designed to accomodate the building deflections calculated in accordance with 
Article 4.1.8.13, and the element or component deflections calculated in accordance with Sentence (1 01, and shall be 
designed for a lateral force, V,, applied through the centre of mass of the element or component that is equal to: 

V,= O.3FaS,(0.2) I,S,W, 
where, 

Fa = as defined in Table 4.1.8.4.B., 
S,(0.2) = spectral response acceleration value at 0.2 s, as defined in Sentence 4.1.8.4.(1), 

I, = importance factor for the building, as defmed in Article 4. I. 8.5., 
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(12) Seismic restraint for suspended equipment, pipes, ducts, electrical cable trays, etc. shall be designed to meet the 
force and displacement requirements of this Article and be constructed in a manner tbat will not subject hanger rods to 
bending. 

(13) Isolated suspended equipment and components, such as pendant lights, maybe designed as a pendulum system 
provided that adequate chains or cables capable of supporting 2.0 times the weight of the suspended component are 
provided and the deflection requirements of Sentence (I 1) are satisfied. 

Table 4,1.8.17. 
Elements of Structures and Non-Stnrctural Components and Equipment 

Forming Part of Sentence 4.1.8.17.(1) 

Notes to Table 4.1.8.17,: 
(1) See Sentence 4.1 .&,I?.(&). 
(2)  Sw Sentence 4.1.8.17.(9). 
(3) See Sentence 4.1,8,17.(4). 
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Section 4.2. Foundations 

4.2.. General 

(1) This Section applies to excmafiom and foundation systems for buildings. 

4.2.2. Subsurface Investtgatlons and Revlews 

4.2.2.1. Subsurface lnvastlgat Ion 

(1) A s&su$ice investigasion, including groundwater conditions, shall be carried out, by or under the direction of a 
person having knowledge and experience in planning and execuhg such investigations to a d e w  appropriate for the 
building and its use, the ground and the surrounding site conditions. (See Appendix A.) 

42.2.2. Field Revlsw 

(1) A fieId review shall be carried out by the designer or by another suitably qualified person to ascertain that the 
subsurface conditions are consistent with the design and that constmction is carried out in accordance with the design and 
good engineering practice. 

(2) The review required in Sentence (1) shall be carried out, 
(a) on a continuous basis, 

(i) during the constmtion of all deep fo&on units with dl pertinent information recorded for each 
fowadLasion mir, 

(ii) during the installation and removal of retaining structures and related backfilling operations, and 
(iii) during the placement of mgineeredfills that are u, be used to support the founddon units, and 

(b) as required, unless otherwise directed by the chi@ building oficial, 
(i) in the consrmcrion of all shallowfoundrmon units, and 
(ii) in excavating, dewatering and other related works. 

4.2.2.3. Altnrsd Subsurface Conditlon 

(1) If during conSTmcrion, the soil, rock or groundwater is found not to be of the type or in the condition used in design, 
and as indicated on the drawings, the design shall be reassessed by the &signer. 

(2)  If during constnrction, climatic or any other conditions have changed the properties of the soil, rock or groundwater, 
the design shall be reassessed by the designer. 

4.2.3. Materials Used In Foundatfans 

4.2.3.1. Wood 

(1) Woad used in f o ~ r i o n s  or in support of sail or rock shall conform to the appropriate requirements of Subsection 
4.3.1. 
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4.2.3.2. Presarvatlon Treatment of Wood 

(1) Wood exposed to soil or air above the lowest anticipated g r o u A w e r  table shall be treated with preservative in 
conformance with CSA 080 Series, "Wood Preservation", and the requirements of the appropriate commodity standard 
as follows: 
(a) CSA-080.2, "Preservative Treannent of Lumber, Timber, Bridge Ties and Mine Ties by Pressure Processes " , 
(b) CSA-080.3, "Preservative Treatment of Piles by Pressure Processes", or 
(c) CSA-080.15, " Preservative Treatment of Wood for Building Foundation Systems, Basements and Crawl Spaces by 

Ressure Processes". 

(2) Where timber has been treated as required in Sentence (I), it shall be cared for as provided in AWPA-M4, "Care of 
Preservative-Treated Wood Products'; as revised by Clause 6 of CSA 080 Series, "Wood Preservation". 

4.2.3.3. Plain and Relnfomd Masonry 

(1) Plain or reinforced masonry used in folurdations or in support of soil or rock shall conform to the requirements of 
Subsection 4.3.2. 

4.2.3.4. Prevention of Deterloration of Masonry 

(1) Where plain or reinforced masonry in foundations or in structures supporting soil or rock may be subject to 
conditions conducive to deterioration, protection shall be provided to prevent such deterioration. 

4.2.3.5. Concrete 

(1) Plain, reinforced or prestressed concrete used in foundations or in support of soil or rock shall conform to the 
requirements of Subsection 4.3.3.  

4.2.3.6. Pmtectlon Agalnst Chemical Attack 

(I) Where concrete in foundations may be subject to chemical attack, it shall be treated in canfonnance with the 
requirements h CANICSA-A23.1, "Concrete Materials and Methods of Concrete Consimction" . 

4.2.3.7. Steel 

(1) Steel used in fomdarions or in support of soil or rock shall confom wirb the appropriate requirements of 
Subsections 4.3.3, or 4.3.4., unless otherwise specified in this Section. 

2 8 .  Steel Plies 

(I) Where steel piles are used in d e ~ p  foundations and act as permanent load-carrying members, the steel shall conform 
with one of the foUowing standards: 
(a) ASTM A252, "Welded and Seamless Steel Pipe Piles", 
(b) ASTM A283 1 A283M, "Low and Intermediate Tensile Strength Carbon Steel Plates", 
(c) ASTM A1008 I A1008M , "Steel, Sheet, Cold Rolled, Carbon, Structura1,High-Strength Low-Alloy and High- 

Strength Low- Alloy with Improved Formability", 
(d) ASTM A101 1 I A I01 lM, "Steel, Sheet and Strip, Hot Rolled, Carbn, Structural, High Strength Low Alloy and 

High Strength Low Alloy with Improved Formability", or 
(e) CANICSA-G40.21, 'Structural Quality Steel". 
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4.2.3.9. High Strength St-[ Tendons 

(1) Where high strength steel is used for tendons in anchor systems used for the permanent support of a foundation or in 
the erection of temporary support of soil or rock adjacent to an excavaaion, it shall conform with the requirements of 
CANICSA-,423.1, "Concrete Materials add Methods of Concrete Constmction". 

4.2.3.1 0. Comslon of Steel 

(I) Where conditions are corrosive to steel, adequate protection of exposed steel shall be provided. 

(1) The design of foundations, excavadions and soil- and sock-retaining structures shall be based on a subsutface 
investigation carried out by a person competent in this field of work, and on my of the following: 
(a) appIication of generally accepted geotechnical and civil enweering principles by a person especially qualified in this 

field of work as provided in this Section and other Sections of this Part, 
(b) established local practice where such practice includes successful experience both with soils and rocks of similar 

type and condition and with a foundation or e x ~ a w ~ o n  of similar type, consrmction method, size and depth, or 
(c) in situ testing of foudaion units such as the load testing of piles, anchors or footings carried out by a person 

competent in this field of work. 
(See Appendix A.) 

(2) The foundarions of a building shall be capable of resisting all the loads stipuIated in Section 4. I . ,  in accordance with 
limit states design in Subsection 4.1.3. 

(3) For the purpose of the application of the load combinations given in Table 4.1.3.2., the geotechical components of 
Ioads and the factored geotechnical resistances at ULS shall be determined by a suitably qudified and experienced person. 
(See Appendix A,) 

(4) Geotechnical components of service loads and geotechnical reactions for SLS shall be determined by a suitably 
qualified and person. 

(5) The fumdaion of a building shalI be designed to satisfy SLS requirements within the limits that the building is 
designed to accommodate, including total settlement and differential settlement, heave, lateral movement, tilt or rotation. 
(See Appendix A.) 

16) Communication, interaction and coordination between the designer and the person responsible for the geotechnical 
aspects of the project shall take place to a degree commensurate with the complexity and requirements of the project. 

4.2.4.2. Subsurface Investigation 

(1) A subsuface invesrigarion shall be carried out to the depth and extent to which the building or excavizfion will 
significantly change the stress in the soil or ruck, or to such a depth and extent as to provide all the necessary information 
for the design and commction of the excamion or the foundions. 

(1) The identification and classification of soil, rock and groundwater and descriptions of their engineering and physical 
properties shall be in accordance with a widely accepted system. 
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4.2.4.4 Pspth of Foundations 

(1) Except as permitted in Sentence (Z), the bearing surface of a f o w o n  shall be below the level of potential 
damage, incIudii damage resulting fromfrost action, and the foundan'on shall be designed to prevent damage resulting 
from meezing and frost jacking. (See Appendix A.) 

(2) The becuing suvace of a foundarion need not be below the Ievel of potential damage from frost where the 
fumdm'on , 
(a) is designed against frosf adon, or 
@) overlies material not susceptible to frost action. 

4.2.4.5. Sloplng Ground 

(1) mere a founddon is to rest on, in or near sloping ground, this particular condition shall bc provided for in the 
design. 

4.2.4.8. Eecentrlc and lncllnsd Loads 

(1) Where there is eccentricity or inclination of loading in f o W i o n  unirs, this effect shall lx fully investigated and 
provided for in the design. 

4.2.4.7. Dynamic Loading 

(1) Where dynamic loading conditions apply, the effects shall be assessed by a special investigation of these conditions 
and provided for in the design. 

4.2.4.8. Hydrostatic Uplift 

(I) Where a folcnddon or any part of a building is subject to hydrostatic uplift lhe effects shall be provided for in the 
design. 

4.2.4.9. Groundwater Level Charge 

(1) Where proposed constmaion will result in a temporary or permanem change in the groundwmer level, the effects of 
this change on adjacent buildings shall be fully investigated and provided for in the design. 

4.2.4.f 0. Permafrost 

(1) Where conditions of permafrost are encountered or proven to exist, the design of the foundation shall be based upon 
analysis of these conditions by a person especially qualified in that field of work. 

4.2.4.111 1. Swelling and Shrinking 8011s 

(1) Where swelling or shrinking soils, in which movements resulting from moismre content changes may be sufficient to 
cause damage to a structure, are encountered or lmown to exist, such a condition shall be fuIly investigated and provided 
for in ttie design. 

4.2.4.4 2. Expanding and Deteriorating Rock 

(I) Where rock that expands or deteriorates when subject4 to unfavourable environmental conditions or to stress 
release is known to exist,  his condition shall be fully investigated and provided for in the design. 
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(1) Buildings may be placed on fill if it can be shown by subsut$ace investigation that, 
(a) thefill is or can be made capable of safely supporting the buildmg, 
(b) detrimental movement of the building or services leading to the building will not occur, and 
(c) explosive gases can be controlled or do not exist. 

4.2.4.1 4. Structuml Deslgn 

(1) The stmchlral design of the foundan'ort of a building, the prwedures and constmcrion practices shall conform with 
the appropriate Sections of this Code unless otherwise specified in this Section. 

4.2.5. Excavatlons 

4.2.5.4. Deslgn of Excavations 

(1) The design of excavafiom and of supports for the sides of excavations shall conform to the requirements of 
Subsection 4.2.4. and this Subsection. (See Appendix A .) 

4.2.5.2. Excawat Ion Canstructian 

( I )  Every excavation shall be undertaken in such a manner as to prevent movement that would cause damage to adjacent 
buildings at all phases of consmmction. 

(2) Material shall not be @aced nor shall equipment be operated or placed in or adjacent to an excavation in a manner 
that may endanger the integrity of the excavation or its supports. 

4.2.5.3. Supported Exeavatlons 

(1) The sides of an excavation in soil or rock shall be supported by a retainrng structure conforming with the 
requirements of Articles 4.2.5.1. and 4.2.5.2., except as permitted in Article 4.2.5.4. 

4.2.5.4. Unsupportmd Excavations 

(1) The sides of an excavation in soil or rock may be unsupported where a design is prepared by a person especially 
qualified in this field of work in conformance with rhe requirements of Articles 4.2.5.1. and 4.2.5.2. 

4.2.5.5. Control of Water Around Excavations 

(I) Surface water, all groundwafer, perched groundwater and in particular artesian gsaluulfwater shall be kept under 
control at all phases of excavation and connmion. 

4.2.5.6. Loss of Ground 

(1) At all phases of excavation and construction, loss of ground due to water or any other cause shall be prevented. 

4.2.5.7. Protection and Maintenance at Excavations 

(1) All sides of an excavdon, supported and unsupported, shall be continuously maintained and protected from possibIe 
deterioration by consrrucrion activity or by the action of frost, rain and wind. 
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(I) Where an excavnrion is backfilled, the backfill shall be placed so as to, 
(a) provide lateral support to the soil adjacent to the acmm'on, and 
(b) prevent detrimental movements. 

(2) The material used as backfill osfili supporting a footing, fourddon or a floor on gmde shall be of a type that is not 
subject to detrimental volume change with changes in moisture content and temperature. 

4.2.6. Shallow Foundatlons 

4.2.6.1. Design of Shallow Foundations 

(1) The design of shallow folmdations shall be in conformance with the requirements of Subsection 4.2.4. and this 
Subsection. (See Appendix A,) 

4.2.6.2. Support at Shallow Foundations 

(1) Where a shallow foundation is to be placed on soil or rock, the soil or rock shall be cleaned of loose and unsound 
material and &all be adequate to support the design load taking into a c c m t  temperature, precipitation, constsuction 
activities and other factors that may lead to changes of the properties of soil or rock. 

4.2.6.3. Incorred Placement of Shallow Foundatlons 

(1) Where a shallow foundaion mir has not been placed or located as indicated on the drawings, 
(a) the error shall be corrected, or 
(b) the design of the folsndation unir shall be recalculated for the altered conditions by the designer. 

4.2.6.4. Damaged Shallow Foundatians 

(1) Where a shallow foundbtion unit is damaged, 
(a) it shall be repaired, or 
(b) the design of the foundariun uuisir shall be recalculated for the damaged condition by the designer. 

4.2.7. Deep Founrdatlons 

4.2.7.11. General 

(1) A deep f o W i o n  unit shall provide support for a building by transferring loads by end-bearing to a competent 
stratum at considerable depth below the structure, or by mobilizing resistance by adhesion or friction, or booth, in the soil 
or rock in which it is placed. (See Appendix A.) 

4.2.7.2. Dsslgn for Deep Foundations 

(I) Deep foundation lulirs shall be designed in conformance with SubsectiDn 4.2.4. and this Subsection. (See Appendix 
A.) 

(2) mere deep fomdation units ace load tested, as required in Clause 4.2.4.1 .(l)(c), the determination of the number 
and type of load test and the interpretation of the results shall be carried out by a person especially qualified in this field 
of work. (See Appendix A. )  
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(3) The design of deep fowdationr shall k determined on the basis of geotechnical considerations taking into account, 
(a) the method of installation, 
(b j the degree of inspection, 
(c) the spacing of foundation uniis and group effects, 
(d) other requirements of this Subsection, and 
(e) the appropriate structural requirements of Section 4.1. and Subsectians 4.3. l., 4.3 -3.  and 4.3.4. 

(4) Tbe portion of a deep founddon unit permanently in contact with soil or rock shall be structurally designed as a 
laterally supported compression member. 

15) The portion of a deep foundation unit that is not permanently in contact with soil or rock shdl be structurally 
designed as a laterally unsupported compression member. 

(6) The structural design of prefabricated deep founddon units shall allow for all stresses resulting from driving, 
handing and testing. 

4.2.7.3. Tolerance In Alignment and Location 

(1) Permissible deviations from the design alignmenem and the lixatiw of the tap of deep foundation units shall I>e 
determined by design analysis and shall be indicated on the drawings. 

4.2.7.4. Inconed AHgnment and Location 

(1) Where a deep f o M t i o n  unir has not been placed within the permissible deviations referred to in Article 4.2.7.3., 
the condition of the fu-on shall be assessed by the designer. 

4.2.7.5. Instal latlon af Deep Foundations 

(1) Deep foundation units shall be installed in such a manner as not ta Wair 
(a) the strength of the deep foundation uprirs and the properties of the soil or rock on or in which they are placed beyond 

the calculated or anticipated limits, 
(b) the integrity of previously installed deep fau&on units, or 
(c) the integrity of neighbouring buildings. 

4.2.7.6. Damaged Deep Foundation Units 

(1) Where inspection shows that a deep founhon unit is darnaged or not consistent with design or good engineering 
practice, 
la) such a unit shall be reassessed by the designer, and 
(b) any necessary changes shall be made and action taken as required. 

4.2.8. Special Foundatlons 

(1) Where special foundation systems are used, such systems shall conform to Subsection 4.2.4. and Sentence 
4.1.1.4.(2). 

4.2.i2. U s e  nf Existing Foundatimns 

(1) Existing f o w d a o  may be used to support new or altered buildings provided they comply with all pertinent 
requirements of this Section. 
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Section 4.3. Design Requirements for Structural 
Materials 

4.3.1. Weod 

4 . 3 1 .  Design Basls for Weod 

(1) Buildings and their structural members made of wood shall conform to CANICSA-086, "Engineering Design in 
Wd". 

4.3.4.2. Glue-Laminated Members 

(1) Glued-laminated members shall be fabricated in plants conforming to CANICSA-0177-M, "Qualification Code for 
Manufacturers of Structural Glued-Laminated Timber". 

(I) Inareasknowntobeinfestedbytedtes, therequirementsinArticles9.3.2.9,, 9.12.1.1. and9.15.5.1. shallapply. 

4.3.2. Plaln and Relnforced Masonry 

4.3.2.4. Design Basis for Plain and Relnfarced Masonry 

(1) BkZdings and their structural members made of plain and reinforced masonry shall conform to CSA-S304.1, 
"Design of Masonry Structures". 

4.3.3. Plaln, Relnforced and Prestressed Concmte 

43.31. Design Basls for Plaln, Reinfarced and Prestmssed Concrete 

[I) Buildings and their structural members made of plain, reinforced or prestressed concrete shall conform to CSA 
A23.3, "Desip of Concrete Structures " . (See Appendix A. ) 

4.3.4. Steel 

4.3.4.1. Desegn Basls for Structural Steel 

( 1) Buildings and their structural members made of structural steel shall conform to CANICSA-S 16, "Limit Srates 
Design of Steel Structures". (See Appendix A.) 

4.3.4.2. Design Basis for Cold Formed Steel 

(1) Buildings and their structural members made of cold formed steel shall codom to CANICSA-S136, "North 
American Specification for the Design of Cold-Formed Steel StructuraI Members". (See Appendix A.) 
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4.3.4.3. Steel Bulldlng Systems 

(1) Steel building systems shall be manufactured by companies certified in accordance with h e  requirements of CSA- 
A m ,  "Certification of Manufacturers of Steel Building System". 

4.3.5.11. Design Basls for Aluminium 

f 1) Buildings and their structural members made of aluminum shall conform to CAN3-S157, "Strength Design in 
Aluminum", using the loads stipulated in Section 4.1 ., in accordance with Iimit states design in Subsection 4.1 -3. 

4.3.6. Glass 

4.3.6.1. Deslgn Basis for Glass 

(1) Glass used in buildings shall be designed in conformance with CANICGSB-12.2GM, "Structural Qesign of Glass 
for Buildings " . 

Section 4A. Deslgn Requirements for Speclal Structures 

4.4.1. Alr-Suppollted Structures 

4.4.1 .l. Design Basis for AlrcSrrpported Structures 

(I) The structural design of air-suppomd smctures shall confann m CAN3-S367-M, "Air-Supported Structures" wing 
the loads stipulated in Section 4, I., in accordance with limit states design in Subsection 4.1.3. 

4.4.2.1. Resign Basis far Parking Structures 

(1) Parking structures shall be designed in conformance with CANICSA-3413, "Parking Structures". 

4.4.5. Guards Ower RetalnIng Walls 

4.4.3.1. Guards Ower Retaining Walls 

(I) Every retaining wall that is designated id Sentence 1 . 1 . 1 . 1  . (1) of Division A shall be protected by guards on all open 
sides where the public has access to open space at the top of the retaining wall. 

4,4.4. Anchor Systems on BuHdIng Exterior 

4.4.4.1. Anchor Systems on BuiIdlng Exterior 

(1) Where maintenance and window cleaning operations are intended to be carried out on the exterior of a building 
described in Article 1.3.2.2. of Division A, anchor systems shaIl be provided where any portion of the roof is more than 
8 m above adjacent ground level. 
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