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Motivations

• ACI 348 Structural Reliability and Safety committee is currently developing 

the “Guide to Reliability Basics of Concrete Structures”. 

• ACI 348 will provide the support to ACI 562 Standard “Assessment, Repair, 

and Rehabilitation of Existing Concrete Structures – Code and Commentary”,

in addition to ACI 318 Standard “Building Code Requirements for Structural

Concrete and Commentary” 

(i.e. assessment of existing structures vs. design of new structures)

• ACI 348 will focus on the effects of climate change on structural safety and 

resilience of structures and infrastructure systems, where non-stationary 

design loads caused by extreme climate and weather events shall be 

developed and the corresponding vulnerabilities and risks shall be 

considered in the initial planning phase of infrastructure systems.
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ACI 318-14 Loads, Load Factors, and Load Combinations

• Section 4.3 Design loads           Chapter 5;   ( R4.3 mentions ASCE/SEI 7) 

• Section 5.2.2  Loads General Building Code 

(e.g. IBC, IRC & NFPA 5000)                 

• Table 5.3.1 – Load combinations

• Sections 5.3.7 to 5.3.11            load factors for fluid (F), lateral soil 

pressure (H), flood (ASCE/SEI 7), ice (ASCE/SEI 7), and prestressing.   

Load combination Equation Primary load

U = 1.4D (5.3.1a) D (Dead)

U = 1.2D + 1.6L + 0.5(Lr or S or R) (5.3.1b) L (Live)

U = 1.2D + 1.6(Lr or S or R) + (L or 0.5W) (5.3.1c) Lr (Roof) or S (Snow) or R (Rain)

U = 1.2D + W + L + 0.5(Lr or S or R) (5.3.1d) W (Wind)

U = 1.2D + E + L + 0.2S (5.3.1e) E (Earthquake)

U = 0.9D + (W or E) (5.3.1f and g) W and E
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ACI 562-21 Loads, Load Factors, and Load Combinations

• Section 1.7.3 Loads              Existing Building Code (e.g. IEBC)

Load combinations in Chapter 5;  

• Section 1.8.5 Loads             Design-Basis Code (see Chapter 4) 

Current or Original Building Code

(e.g. IBC)      (e.g. UBC)

Load combinations in Chapter 5; 

• Section 5.2.3  Load combinations Design-Basis Code 

(e.g. IEBC, IBC, or UBC)      

• Sections 5.2.4, 5.2.5 and 5.5 provide additional load combinations.
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Dead Loads in IBC and ASCE/SEI 7

IBC - 2018

Dead (Section 1606)

• actual weights;

• estimated weights approved 

by the building official.

• nominal dead loads, D

Tables C3-1 and C3-2 of

the commentary to ASCE/SEI 7

ASCE/SEI 7-16

Dead (Chapter 3)

• maximum weight of the contents;

• vegetative and landscaped roofs;

• PV panel systems

Table C3-1 Minimum Design Dead 

Load

Table C3-2 Minimum Densities for 

Design Loads from Materials

Material Unit Load (average)

Concrete 150 pcf

Steel 490 pcf

Aluminum 170 pcf

Soil 120 pcf

4” thick Brick 40 psf

8” thick CMU 55 psf
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Live Loads in IBC and ASCE/SEI 7

IBC - 2018

Live (Section 1607)

ASCE/SEI 7-16

Live (Chapter 4)

(1) 1607.3 Uniform live loads

(2) 1607.4 Concentrated loads

(3) 1607.5 Partition loads 

(4) 1607.6 Helipads 

(5) 1607.7 Heavy vehicle loads 

(6) 1607.8 Handrail and guard loads

(7) 1607.9 Vehicle barriers

(8) 1607.10 Impact loads 

(9) 1607.11 Reduction in uniform live loads. 

Eq. (16-23)

(10) 1607.12 Distribution of floor loads

(11) 1607.13 Roof loads 

(12) 1607.14 Crane loads

(13) 1607.15 Interior walls and partitions

(1) 4.3 Uniform live loads

(2) 4.4 Concentrated loads

(3) 4.5 Handrail and guard loads

(4) 4.6 Impact loads 

(5) 4.7 Reduction in uniform live loads

(6) 4.8 Reduction in roof live loads

(7) 4.9 Crane loads

(8) 4.10 Garage loads 

(9) 4.11 Helipad loads

(10) 4.12 Uninhabitable attics

(11) 4.13 Library stack rooms 

(12) 4.14 Seating for assembly uses 

(13) 4.15 Sidewalks, driveways

(14) 4.16 Stair treads

(15) 4.17 PV system
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Live Loads in IBC and ASCE/SEI 7 (cont.)

Provisions 7-05 7-10 7-16 IBC 09 IBC 12 IBC 15 IBC 18

Uniformly 4.2.1 4.3.1 4.3.1 1607.3 1607.3 1607.3 1607.3

Partitions 4.2.2 4.3.2 4.3.2 1607.5/13 1607.5/14 1607.5/14 1607.5 /15

Concentrated 4.3 4.4 4.4 1607.4 1607.4 1607.4 1607.4 

Handrail 4.4 4.5 4.5 1607.7 1607.8 1607.8 1607.8/9

Unspecified 4.5 4.2 4.2 N/A N/A 1607.2 1607.2

Partial 4.6 4.3.3 4.3.3 1607.10 1607.11 1607.11 1607.12

Impact 4.7 4.6 4.6 1607.8 1607.9 1607.9 1607.10

Reduction 4.8 4.7 4.7 1607.9 1607.10 1607.10 1607.11

Roof 4.9 4.8 4.8 1607.11 1607.12 1607.12 1607.13

Crane 4.10 4.9 4.9 1607.12 1607.13 1607.13 1607.14

Garage, 

Helipad, PV

N/A Table 

4-1

4.10 

-17

1607.6 1607.6/7 1607.6/7 /12 1607.6/7 /13
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Table 1607.1.in IBC 2018 and Table 4-1 in ASCE/SEI 7 -16
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Snow Loads in IBC and ASCE/SEI 7

IBC - 2018

Snow (Section 1608)

• Chapter 7, ASCE/SEI 7;

• ground snow load (pg)

Figure 1608.2; (7.2-1)

Table 1608.2; (7.2-1) for Alaska

• 2% annual probability of being 

exceeded (50-year return 

period)

ASCE/SEI 7-16

Snow (Chapter 7)

• 40 + years of ground snow load data;

• Exposure factor (Ce)

Section 7.3.1 (0.7 ~ 1.2)

• Thermal factor (Ct)

Section 7.3.2 (0.85, 1.1, 1.2, 1.3)

• Importance factor (I) 

Section 7.3.3 (Table 1.5 -2)

• Balanced with slope factor (Cs)

Section 7.4 ( ≤ 1.0)

• Partial: Section 7.5 

• Unbalanced: Section 7.6

• Drifting

Sections 7.7 and 7.8

Location Pg (psf) Location Pg (psf)

Anchorage 50 Talkeetna 120

Fairbanks 60 Petersburg 150

Cordova 100 Whittier 300
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Wind Loads in IBC and ASCE/SEI 7

IBC - 2018

Wind (Section 1609)
• Chapters 26 to 31, ASCE/SEI 7;

• Basic design wind speed (V)

( 3-second gust speed at 33 ft. (10 m) 

above the ground in Exposure C)

• Allowable stress design wind speed 
(Vasd)

• Exposure category

• Any horizontal direction

• Normal pressure to the surface

• ICC 600, AWC WFCM, AISI S230 (V)

• NAAMM FP 1001 and TIA-222 (Vasd)

• Wind tunnel tests

ASCE 49

Sections 31.4 and 31.5 of

ASCE/SEI 7

ASCE/SEI 7-16

Wind (Chapters 26 to 31)

• Directional procedure

Chapter 27

• Envelope procedure (low-rise)             

Chapter 28

• Directional procedure

Chapter 29 (e.g. posts)

• Component and cladding

Chapter 30

• Wind tunnel tests

Chapter 31

• Minimum design wind load

16 psf or 8 psf
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Modeling Dead Loads

• Mean D = (bias coef.) (nominal D)

(1.03 ~ 1.05)      (Tables C3-1 and C3-2 of ASCE/SEI 7)

Construction Material Bias coef. COV** Probability Distribution

Concrete
Biased about 

5%*,**,***

3% for precast 

concrete***

0.04

Log-normal(*,**)

and normal**

Steel 0.01

Timber

(i) Sawn beam or strut

(ii) Laminated beam
0.12

0.10

Overall 0.07*

0.08 ~ 0.10***

*  Refer to “Structural Reliability Handbook” (2015, Australian Building Codes Board)

** Refer to “Risk and Safety in Civil, Surveying and Environmental Engineering” 

(by Prof. Michael Faber, Swiss Federal Institute of Technology, ETH Zurich)

*** Refer to “Calibration of Design Code for Buildings (ACI318): Part 2” (2003)

(by Prof. Andrzej Nowak, University of Michigan, currently, Auburn University)
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Modeling Live Loads

Design Life Time

from Y. K. Wen (1990)

A live load can be categorized as sustained or transient (extraordinary) 

live load, in addition to uniformly distributed or concentrated live load.

S(t)

t

S(t)

t

Sustained Live Load, Q

Transient (extraordinary) Live Load, P

x

f X
(x

)

xf X
(x

)
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Modeling Sustained Live Loads (Q)

Q on office floors (Ellingwood 1977, Ref. 4 in ASCE/SEI 7)                

Mean (Q) = 11.6 psf.    

Var (Q) = 26.2 + 14,300 / Area

Assume Area = 4,000 ft2,    Var (Q) = 29.8 psf2, COV (Q) = 0.47

Gamma or Type I Extreme Value Distribution
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CDFwhere x, 𝛂, 𝛃 > 0

𝜞(𝜶) is the gamma 

function.
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Modeling Transient (extraordinary) Live Loads (P)

P on residential floors (Corotis 1983)

Mean (P) = 26.7 psf.    

COV (P) = 0.69

Gamma or Exponential distribution

Historical surveys in ANSI A58

(i) 1949 local survey (ref. 5 in ASCE/SEI 7)

(ii) 1955 ANSI survey (ref. 5 in ASCE/SEI 7)

(iii) 1971 survey by Bruce Ellingwood (ref. 10 in ASCE/SEI 7)

(iv) 1971 local survey by MIT (ref. 8 in ASCE/SEI 7)
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Total Live Load (sustained Q + extraordinary P)

(i) L = Q max. + P at the occurrence of Q max.

(ii) L = P max. + Q at the occurrence of P max.

(iii) L = Q max  + the largest P with relatively small probability

(iv) Other cases

(v) Total Live Load (L) = weighted (i) to (iii) using the total probability concept.

(vi) The design live loads in Table 4-1 of ASCE/SEI 7 came from a Delphi method

that involved top 25 structural engineers in 1978 (Corotis 1981 Ref. 7)

Total live load (L) can be modeled as Type I Extreme Value Distribution.

According to “Calibration of Design Code for Buildings (ACI318): Part 2” (2003) 

by Prof. Andrzej Nowak, University of Michigan, currently, Auburn University

For average live loads, bias coef. = 0.24 and COV = 0.65
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Modeling Snow Loads

• pf = (0.7).   (Ce).         (Ct).  (Cs)              (I).  (nominal pg)

(0.8 ~ 1.2)        (0.85 ~ 1.3 Cs)       (Figure 7-1 or Table 7-1 of ASCE/SEI 7)

(exposure factor) (thermal and slope roof)

Random Variable Bias coef. * COV* Probability Distribution

(Ce) 1.0 0.15

Log-normal* and 

Gamma or Gumbel **

(Ct) (Cs) 1.0 0.10

(I) (pg) 0.27 ~ 0.32 0.57

maximum snow

average snow

0.82***

0.20***

0.26***

0.87***

*  Refer to “Structural Reliability Handbook” (2015, Australian Building Codes Board)

** Refer to “Risk and Safety in Civil, Surveying and Environmental Engineering” 

(by Prof. Michael Faber, Swiss Federal Institute of Technology, ETH Zurich)

*** Refer to “Calibration of Design Code for Buildings (ACI318): Part 2” (2003)

(by Prof. Andrzej Nowak, University of Michigan, currently, Auburn University)
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Modeling Wind Loads (velocity pressure)

• q z = (0.00256).(Kz).(Kzl).          (Ke).                  (Kd).             (nominal V2) 

(0.57 ~ 1.43 when z < 100 ft.)  (0.8 ~ 1.0)  (0.85 ~ 1.0) (Section 26.5 of ASCE/SEI 7-16)

(shape factor)    (exposure factor)   (directional factor)

Random Variable Bias coef. COV Probability Distribution

(Kz) (Kzl) 1.0
0.2*

0.10 ~ 0.30**

Log-normal*, ** except for 

V ~ Gumbel**

(Ke) (Kd) 1.0
0.15*

0.10 ~ 0.20**

(V) 0.14 ~ 0.41*

10 min. mean**

0.49 ~ 0.72*

0.20 ~ 0.30**

maximum wind 0.78*** 0.37***

*  Refer to “Structural Reliability Handbook” (2015, Australian Building Codes Board)

** Refer to “Risk and Safety in Civil, Surveying and Environmental Engineering” 

(by Prof. Michael Faber, Swiss Federal Institute of Technology, ETH Zurich)

*** Refer to “Calibration of Design Code for Buildings (ACI318): Part 2” (2003)

(by Prof. Andrzej Nowak, University of Michigan, currently, Auburn University)
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Principles in Load Combinations

• Turkstra’s load combination rule (1980)

The maximum value of the combined loads occurs when one of the loads reaches 

its maximum value (primary load), while other loads have their instantaneous or

arbitrary-point-in-time values (companion load).

Recall the example on live loads
(i) L = Q max. + P at occurrence of Q max.

(ii) L = P max. + Q at occurrence of P max.

Dead load

Sustained Q load

Transient P load
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Load combination IBC ASCE/SEI 7 ACI 318

U = 1.4D Y Y Y

U = 1.2D + 1.6L + 0.5(Lr or S or R)

1.2D + 1.6L + 0.5(Lr or 0.6S or R)

Y Y

in 7-22

Y

U = 1.2D + 1.6(Lr or S or R) + (L or 0.5W)

1.2D + 1.6(Lr or 0.6S or R) + (L or 0.5W)

Y Y

in 7-22

Y

U = 1.2D + W + L + 0.5(Lr or S or R)

1.2D + W + L + 0.5(Lr or 0.6S or R)

Y Y

In 7-22

Y

U = 1.2D + E + L + 0.2S

1.2D + E + L + (0.7 or 0.2)S

Y

New

Deleted in 7-16 

due to EQ

Y

U = 0.9D + W Y Y Y

U = 0.9D + E Y Deleted in 7-16 Y

U = 1.4D + 1.7L

0.75(1.4D + 1.7L + 1.7W)

0.9D + 1.3W

0.75(1.4D + 1.7L +1.87E)

ACI 318-99 since 1950’s

Appendix C in ACI 318-02

Load Combinations in IBC, ASCE/SEI 7, and ACI 318
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Calibration of Design Code for Buildings (ACI 318) in 2003

Published (1995)

in ASCE J. Structural 

Engineering
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Summary on Loads

• Loads: ACI 318 (new structure design)                 General Building Code 

(e.g. current IBC, IRC & NFPA 5000)

ACI 562 (existing structure assessment)                 Design-Basis Code 

(i.e. IEBC and original design code)

(current IBC)       (current IBC)

(current IRC)       (previous IBC)

(current NFPA 5000)       (UBC or BOCA etc.)

IBC-18: Dead (Section 1606)              Tables C3-1 and C3-2 of ASCE/SEI 7-16

Live (Section 1607), Table 1607.1              Table 4-1 of ASCE/SEI 7-16

Snow (Section 1608)             Chapter 7 of ASCE/SEI 7-16   

Wind (Section 1609)              Chapters 26 – 31 of ASCE/SEI 7-16  

Concrete design and 

assessment loads are 

based on the nominal 

loads in ASCE/SEI 7.
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Summary on Loads (cont.)

ACI 348 will have 

a position paper.

maximum 25-year load for ACI 562 repairs ?
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Summary on Load Combinations

• Load Combinations: ACI 318-14                Table 5.3.1

ACI 562-21               Design-Basis Code 

(i.e. IEBC and original design code)

(current IBC)          (current IBC)

(current IRC)          (previous IBC)

(current NFPA 5000)          (UBC or BOCA etc.)

ACI 318 -14: Table 5.3.1         Section 2.3.2 of ASCE/SEI 7-10

without seismic loads                Section 2.3.1 of ASCE/SEI 7-16 

IBC-18:   Section 1605.2 with additional snow load factor of 0.7

Section 2.3.2 of ASCE/SEI 7-10         

ASCE/SEI 7 is the key 

document on loads and 

load combinations.
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Future Research Needs on Loads

• Dead Loads:  

Self-weights or dead loads         deterministic variables in structural assessment?

• Live Loads:

Effects of the different design lifespans T in new structure design (50 ~ 75 years) 

and in existing structure repairs (10 ~ 25 years).

• Snow and Wind Loads  (extreme weather events e.g. non-stationary high/low 

temperatures, heavy precipitation, and wind speeds V due to climate change)                       

𝑀𝑎𝑥. 𝐿𝑖𝑣𝑒 𝐿𝑜𝑎𝑑 = exp(−𝜈𝑇 1 − 𝐶𝐷𝐹 ) (Ellingwood 1977)

where 𝜈 = average rate of occupancy changes = 0.125 or 0.5 for every 8 or 2 

years;  CDF = cumulative function of the live loads. (new survey data?)
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Future Research Needs on Loads (cont.)

• Data from Structural Health Monitoring (SHM):  

• Data from Weight-in-Motion (WIM): (photos from ACI PRC – 444.2-21)

• Data from routine inspection:

(e.g. reservoir water heights for dam safety)
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Future Research Needs on Load Combinations

• Load combinations for structural assessment (ACI 562):  

Since the root causes of uncertainties in assessment of existing structures are

significantly different from those in design of new structures, the load factors,

load combinations, and strength reduction factors should be determined using

the calibration procedures presented by Prof. Nowak. Currently, such calibration

of code requirements for structural assessment has not been conducted yet.

• Other rules and methods in load combinations (e.g. Monte Carlo simulation)

(i) Ferry Borges-Castanheta’s model (1980, 1982)

The loads x1 (Dead) and x2 (Live) have the time duration of t1 and t2, respectively. 

During the design life T years, the occurrence of x1 (i.e. change of the Dead) will

be n1 = T/t1. During the duration of t1, the occurrence of x2 (i.e. change of the Live)

will be n2 = t1/t2 (t1 > t2). The maximum value of x2 during n2 = 𝑚𝑎𝑥𝑛2 𝑥2 Thus,

the maximum value of the combined load Y = x1 + x2 = 𝑚𝑎𝑥𝑛1 𝑥1 + 𝑚𝑎𝑥𝑛2(𝑥2)

(ii)Wen’s load coincidence method (1978, 1981)

𝑃 𝐸, 𝑇 ≈ 1 − 𝑒𝑥𝑝 − σ𝑖=1
𝑛 𝜆𝑖𝑝𝑖 + σ𝑖−1

𝑛−1σ𝑗=𝑖+1
𝑛 𝜆𝑖𝑗𝑝𝑖𝑗 +⋯ 𝑇
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Welcome to ACI 348 committee meeting

ACI 348 committee meeting (Spring 2022)

Monday, March 28, 2022    1:30 PM – 3:00 PM (EDT)

Room C-Curacao 1, Caribe Royale Orlando, Orlando, FL


