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Fig. 1 (from Part 1): Progress photo of a project with tilt-up concrete walls  

 

 

Introduction 

 

Focus of course: 

Design of slender exterior concrete walls subject to gravity loads from floors and roofs 

combined with out-of-plane lateral loads due to wind and earthquakes.  

 

Ideally, readers should be familiar with statics and mechanics of materials, as well as 

concrete design.  

 

This is the second of two courses on tilt-up wall panels. The first course, Cast, Lift, and 

Release, Tilt-Up Concrete Walls, Part 1: Construction, addresses the background 

and construction phase information about tilt-up concrete walls. 
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Fig. 2 (from Part 1): Erected tilt-up panels placed side-by-side 

 
Fig. 4 (from Part 1): Panels in various stages, a) Finishing of poured panels, b) Panel 

ready for pour 
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Tilt-Up Concrete Wall Design 

 

General Information 

 

There are two types of design that will be done for tilt-up wall panels. They are usually 

completed separately by two different parties: 

 

1. Building code, Service life: 

This tilt-up concrete wall design is strictly for the purposes of the service life of the 

building to meet the building code in the building’s completed condition. The building 

design team’s structural engineer of record generally performs this role.  

a) Project-specific engineering analysis of walls is done, and drawings and 

details are produced.  

b) A tilt-up wall panel specification lays out performance and prescriptive criteria, 

as well as acceptable products and methods to be used during construction. The 

specifications also provide guidance on the engineering analysis for the 

construction phase. 

c) A note such as the following may appear on the drawings: 

 

 

2. Construction phase: 

There is a separate design for lifting, placing, and bracing of the panel during 

construction that will need to be done and certified by the panel supplier, or 

someone representing them. This keeps the responsibilty of panels during 

construction with the contractor, where the expertise in panel erection exists. The wall 

panel supplier has the freedom to pursue their own method of erection procedures that 

they are most familiar with. 

 

The considerations and guidelines include: 

a) Specific loading from the chosen lifting and bracing methods used 

b) Design for various angles from horizontal that the panels will undergo while 

being subjected to self-weight of the panels while being erected 

c) Openings and strongbacks 
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d) Wind loading from ASCE 37 in the braced position 

 

NOTE: This design for the construction phase may control over the design 

for the completed condition. Panel suppliers will add reinforcing in the panels 

or provide supplemental bracing or strongbacks as necessary. Unless other 

arrangements are made, the expectation should be that this additional 

strengthening will not be shown in the Construction Documents issued by the 

building design team. 

 

Self-weight. Because design panel bending moments occur at midheight, the axial 

load due to self-weight at midheight is used. 

 

Openings will change the effective section available for moment and axial resistance, 

and engineering judgement will need to be used in determining how to apply loads to 

the critical section. See Figs. 57, 58, 59a & 59b. For single openings with a maximum 

dimension of two feet or less, the designer may choose to ignore their impact on wall 

design due to the ability of the concrete to redistribute loading around small 

discontinuities. Generally, though, reinforcing will be added at opening jambs, 

where loads become concentrated. 
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Fig. 57: Elevation view of panel opening with rough schematic of reinforcing 
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Fig. 58: Typical panel reinforcing in a panel with openings; Elevation view 
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Fig. 59a & 59b: Typical panel reinforcing in a panel with openings; Section views 

 

Panels with wide openings should be designed to span horizontally and vertically 

to drive loads to critical sections at the jambs. Fig. 60 shows a wide panel opening 

with added horizontal reinforcing. Or, as in Fig. 61, If the panel opening below is too 

wide, panels can be supported by adjacent panels.  
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Fig. 60, Wide panel opening with added horizontal reinforcing. 

 

 
Fig. 61, Panel opening too wide below. Panel supported by adjacent panels. 
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Integral pilasters can be used for wide openings or at heavy concentrated loads. 

It is recommended that a minimum dimension of 3-1/2” of added thickness be used for 

ease of construction, or other dimensions that are convenient for the contractor. The 

increased bending stiffness of the pilaster relative to the adjacent wall area will tend to 

invite a higher portion of the loading to the pilaster.  See Figs. 62a&b and 63a&b for 

pilasters. 

 
Figs. 62a & 62b: Panel with a large opening and integral pilasters and header beam 
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Figs. 63a & 63b: Panels with pilasters done in a single-pour  
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Loads at top of wall are often applied at an eccentricity to the panel centerline, 

meaning a moment would need to be applied there. See a typical detail in Fig. 64. A 

minimum eccentricity should be used for design even if loads are intended to be 

concentric. Eccentricity at the bottom of the panel is generally assumed to be zero. See 

Figs. 65a, 65b, and 66 for options. 

 

 
Fig. 64: Typical joist bearing detail 
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Figs. 65a & 65b:  

Top: Angle attached to embed at face of panel 

Bottom: Optional pocket in panel to reduce eccentricity 
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Fig. 66: Forming and angle embed for pocketed bearing prior to pour 

 

Assuming panels will be restrained near bottom corner anchors, use developed 

reinforcing at the bottom corners of the wall panels to minimize cracking due to 

shrinkage and temperature movements towards the center of mass. This means bars 

that are hooked at the corners that lap sufficiently with straight bars. (Fig. 67). 

 

 
Fig. 67: Corner bars at bottoms of panels (ACI 551) 
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No construction is perfect, nor does it need to be. It is recommended that panels 

follow ACI 117 for construction tolerances. A joint between panels and a gap 

below panels are used for leveling and shimming to get sufficient alignment. 

 

The presence of in-plane shear if tilt-up panels are used as shear walls may trigger the 

need for additional design rules of panels per ACI 318 Chapter 11. For simplicity,  those 

differences are not addressed in this course. Mainly, those additional provisions require 

greater minimum reinforcing to ensure ductility in the resistance of shear forces (upon 

diagonal cracking). 

 

There are other items that will require engineeing judgement. A couple of these are: 

a. In northern climates, air entrainment may be required.  

b. Some wall panel suppliers prefer to wet-set embed plates into wet concrete 

during concrete pours. The most effective method of setting embed plates at the right 

location, in the proper orientation, where the align with the face of the panel, and so 

they don’t move during concrete placement, is to fasten them into place prior to the 

pour. Imagine all of the moving parts on pour day, and how those play out with quality 

control. The plates can’t really be inspected for compliance prior to the pour if they are 

loose on site, and once they’re wet set, there’s no way to know if they’re the right 

embed plates. Vibrating the concrete around the embed plate wiill be a challenge either 

way. ACI leaves it to the engineer of record to decide if wet-setting is acceptable. 

 

Tilt-Up Concrete Wall Design per ACI 318 

 

Tilt-up concrete walls are designed per the governing building code and ACI 318. When 

ACI 318 is mentioned, this refers to the 318-14 version or later, after the chapters were 

rearranged to get concrete components in their own chapters. 

 

Though local code modifications will govern over it, the International Building Code 

(IBC) is the base defining body for concrete design, as follows: 

 

Loading: 

IBC Chapter 16, with ASCE 7 loading provisions by reference in IBC Chapter 35 

These correspond with ACI 318 Chapter 5 load combinations. 
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Load cases for tilt-up wall panels from ACI 318: 

 
D = Dead load   L = Live load 

Lr = Roof live load   S = Snow load 

R = Rain load   W = Wind load 

E = Seismic load 

Fig. 68: ACI Load combinations 

 

Again, under IBC, ASCE 7 would be the primary reference for the loads. Panel loading 

in general is shown in Fig. 69, with axial load and moments arising from gravity loads 

and lateral loading. Due to the slender nature of the wall panels, deflections need to be 

considered, especially when considering ultimate (failure) loads.  
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Fig. 69; ACI 318, Forces on walls 

 

As mentioned above, loads from the structure may be appied off-center on the panel, 

leading to moments at the top of the panel. These are half their value at midheight. In 

addition, P− moments also need to be factored in. See Fig. 70, 71 & 72. 

 
Fig. 70 (Smith) 
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Fig. 71: P- as shown in ACI 551.2  

 

 

Fig. 72: Moments on a panel from ACI 551.2 
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Strength and servicability provisions: 

 

Use IBC Chapter 19, with ACI 318 concrete design by reference in IBC Chapter 35. 

Specifically, use ACI 318, Chapter 11 – Walls 

 

ACI 318 Chapter 11 is focused primarily on the more comprehensive collection of 

concrete walls. Section 11.8 addresses “slender walls”, which is a special case of 

concrete walls that follow certain narrow guidelines. Tilt-up walls fit in this category of 

“slender walls”. Research has been done to support a different set of provisions for 

walls that meet the requirements below. Note that if the requirements cannot be met, 

the general ACI 318 provisions would apply, with all of the additional constraints. 

 

Where the above are defined as below, for the effective length of wall in question, for 

ACI 318 code section noted (2014 and later), and standard U.S. units (k=kip or 1,000#): 

Mn = bending strength of the concrete wall (out-of-plane), 22.2 (in-k, ft-k) 

 =Strength reduction factor for concrete, tension-controlled element, 21.2.1 = 0.9 

Mcr = the cracking moment where Mcr = Sfr, 19.2.3 (in-k, ft-k) 

S = Uncracked section modulus of wall (out-of-plane), = 1/6bt2 (in3) 

h = thickness of wall panel 

b = width of wall (in-plane) (in)  

fr = 7.5  √𝒇′𝒄, 19.2.3 (psi) 

 = 1 for normal weight concrete. See 19.2.4.2 for lightweight concrete. 

f’c = compressive strength of concrete (psi); units for √𝒇′𝒄 remain psi 

Pu = Factored axial force in wall the midheight section (k) 

Ag = Gross area of concrete, (in2) 

“11.8.1.1 It shall be permitted to analyze out-of-plane slenderness effects in 

accordance with this section for walls satisfying (a) through (e): 

“(a) Cross section is constant over the height of the wall 

(b) Wall is tension-controlled for out-of-plane moment effect 

(c) Mn is at least Mcr where Mcr is calculated using fr as provided in 19.2.3 

(d) Pu at the midheight section does not exceed 0.06f’cAg 

(e) Calculated out-of-plane deflection due to service loads, s, including P effects,        

does not exceed lc/150” 
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s = Out-of-plane deflection due to service loads (in) 

lc = clear span of wall between supports (in, ft) 

 

The ACI commentary reads: 

 

 

The compressive strength of concrete, f’c, is not the most critical parameter in wall 

panel design. Because the wall design is controlled by tension, and the wall is slender, 

the compression block is relatively small. So, lower values of f’c such as 3,000 psi may 

be suitable. However, 4,000 psi is a common value, and it has a much greater impact 

on resisting concentrated loads at connections to the concrete wall. 

 

In the above, the author treats jambs of openings under 11.8 slender wall provisions as 

the constant cross section elements to support the load tributary to the openings. 

 

Analysis modeling of wall per ACI 318 has a couple of requirements: 

 

1. Wall to be designed as simply supported: 

  
 

 

 

 

 

 

“R11.8.1.1 This procedure is presented as an alternative to the requirements of 

11.5.2.1 for the out-of-plane design of slender wall panels, where the panels are 

restrained against rotation at the top. 

“Panels that have windows or other large openings are not considered to have 

constant cross section over the height of the panel. Such walls are to be designed 

taking into account the effects of openings. 

“Many aspects of the design of tilt-up walls and buildings are discussed in ACI 

551,2R and Carter et al. (1993).” 
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2. Concentrated load on walls to be treated as follows: 

 
Or, in graphic form: 

 
Fig. 73, 1H:2V distribution of concentrated loads (Smith) 

 

 

ACI 551.2 has the following recommendations (note: not strict provisions) for practical 

limits on panel slenderness: 

Single mat of reinforcement (centered in the panel cross section): lc / h = 50 

Two mats of reinforcment (1 inch clear of each face): lc / h = 65 

where: 

h = thickness of wall panel 
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Design 

 

As mentioned previously, in the normal project workflow, there are two types of tilt-up 

wall design:  

1) Design for lifting, placing, and bracing of the panel during construction that 

will be done and certified by the panel supplier.  

2. Service life of the building to meet the building code in the building’s completed 

condition. 

 

The design below is related to building code design. 

 

Stepping through the 11.8 of ACI 318, the design procedure includes: 

Loading on walls, slabs, building geometry, wall openings, finishes, crane limits, 

contractor preferences, panel joint layout, structural drawings 

 

Structural drawings: 

Some excerpts of structural wall panel drawings are shown below. 
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Fig. 74: Elevation of loading dock area from structural drawings; Note dock door 

openings 

 

 
Fig. 75: Wall panel reinforcing, with Panel type for elevation shown above 
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Fig. 76:Detail depicting a typical wall panel with no openings 

 
Fig. 77: Detail at edge of panel 
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Fig. 78: Jamb reinforcing at the side of openings. Refer to elevation in Fig. 75 
 

 

 
Fig. 79: Section through jamb at openings 

 
Fig. 80: Section through jamb at openings 
Top: No ties 
Bottom: Closed Ties with 135 degree hooks for development 
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Fig. 81: Nominal vs. actual dimensions 

 
Fig. 82: Assumed sequence (with contractor input) 
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Fig. 83: Typical details 

 

The design building code and structural loading criteria need to be idenfitifed on the 

structural drawings.  

 

Other types of information on wall panels on structural drawings include: 

1) Concrete strength, rebar strength, concrete mix design properties 

2) Wind, seismic and gravity load info 

3) Roof, floor, foundation info 

4) Wall panel joints between panels, which are normally 1/2" to 3/4", connections, 

reinforcing 

5) Shim and grout info at bearing: Normally 1-1/2” gap, 6,000 psi grout, and a note to 

avoid bearing directly under nearby panel openings 
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Fig. 84: Sample of wind loads that would appear on a structural drawing 

 

Basis for design per ACI 318, 11.8 

 

See Fig. 85 for the widely accepted equivalent stress block for a concrete section. 

 
Fig. 85; Stress block for concrete (Whitney) 
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Design parameters: 

fy = yield strength of reinforcing steel (psi) 

This is almost always 60,000 psi. If other yield strengths are proposed, the 

engineer should check with the contractor on availabililty. 

 

Ec = Young’s modulus of concrete for normal weight concrete 

 = 57,000 √𝒇′𝒄, 19.2.2.1b (psi) 

Es = Young’s modulus of reinforcing steel (psi) 

As = Area of reinforcing steel per unit width (in2) 

Ase = Effective area of reinforcing steel (in2) 

 = 𝑨𝒔 + 
𝑷𝒖

𝒇𝒚
(

𝒉 𝟐⁄

𝒅
) 

 Note: ACI 551 describes the use of Ase: 

 “Applied axial forces will counteract a portion of the flexural tension stresses in  

the concrete section, resulting in increased bending moment resistance. For 

small axial stresses less than 0.1 fc', this can be accounted for by a simple 

modification of the area of reinforcement [see above]…Ase can also be used to 

account for the increased bending stiffness when computing P- deflections.” 

d = depth from compression face to centerline of the reinforcing that is used to resist  

bending (in) 

a = depth of equivalent rectangular compressive stress block (in) 

= 
𝑷𝒖+𝑨𝒔𝑭𝒚

𝟎.𝟖𝟓𝒇𝒄
′ 𝒃

 

b = width of wall (in-plane) (in)  

c = a/1 = distance from extreme compression fiber to neutral axis (in) 

𝜷𝟏 =  {

𝟎. 𝟖𝟓 𝒇𝒐𝒓 𝒇𝒄
′ ≤ 𝟒, 𝟎𝟎𝟎 𝒑𝒔𝒊

𝟎. 𝟖𝟓 − 𝟎. 𝟎𝟓 (
𝒇𝒄

′ − 𝟒, 𝟎𝟎𝟎

𝟏, 𝟎𝟎𝟎
) ≥ 𝟒, 𝟎𝟎𝟎 𝒑𝒔𝒊

 

 

1 = axial strain in reinforcing steel 

= (0.003)d/c-0.003 per common concrete design methods 

Must be ≥ 0.005 for tension control 

Mn =(𝑨𝒔𝒆𝑭𝒚) (𝒅 −
𝒂

𝟐
)⁄  per common concrete design methods 

n = Es / Ec 
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 = Shall be at least 6 per 11.8.3.1c 

Icr = Cracked moment of inertia of concrete section (in4) 

 = 𝒏𝑨𝒔𝒆(𝒅 − 𝒄)𝟐 +
𝟏

𝟑
𝒃𝒄𝟑 

Mua = Maximum factored moment at midheight of wall not including P- effects 

Mu = Maximum factored moment at midheight of wall including P- effects 

 = 
𝑴𝒖𝒂

(𝟏−
𝟓𝑷𝒖𝒍𝟐

(𝟎.𝟕𝟓)𝟒𝟖𝑬𝒄𝑰𝒄𝒓
)
 

 

Note that the depth to the reinforcing steel, d, must account for such things as 

panel reveals (Fig. 86), which are used to break up massive continuous planes of 

concrete on exposed (or exposed and painted) exterior concrete faces. The distance d  

must start at the face within the reveal, not at the greater thickness outside the reveal. 

 

As stated previously, panel thickness will be based on a balance between load 

demands and the economy of concrete and reinforcing. The decision should be based 

on a cost analysis with input from the general contractor. If a thinner choice of panel 

leads to a reduced number of panels by increasing the length of individual panels 

that will work with the crane, the savings in labor and crane time may be worth 

considering. Options include one layer of reinforcing centered in the wall, or reinforcing 

in two layers, one layer close to each face. Obviously, two layers of reinforcing will use 

more reinforcing and result in more labor, but the increase in the distance d  can help 

the strength of the panel tremendously. Thickness may be controlled by the jamb 

design, as is the case for many walls at dock doors. The Also, the need to control 

deflections may influence the thickness of panels. 
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Fig. 86 

 
Deflections of tilt-up wall panels are somewhat predictable. Fig. 87 shows the evolution 

of design provisions. The top curve is the earlier UBC curve used to predict panel 

deflections. The middle dotted line shows test results, and the bottom solid line shows 

how adjustments were made to code provisions to better match experimental data. In 

all cases, there is a strong bilinear relationship where the line breaks when the 

moment reaches 2/3Mcr. 
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Fig. 87, Bilinear deflection curve for tilt-up panels  (Lawson) 

 
The latest version of deflection provisions in ACI 318 appears below: 

Reproduction of Table 11.8.4.1: 

Ma s  

≤ (𝟐 𝟑⁄ )𝑴𝒄𝒓 
∆𝒔= [

𝑴𝒂

𝑴𝒄𝒓
] ∆𝒄𝒓 

(a) 

> (𝟐 𝟑⁄ )𝑴𝒄𝒓 
∆𝒔= (𝟐 𝟑⁄ )∆𝒄𝒓 +

(𝑴𝒂 − (𝟐 𝟑⁄ )𝑴𝒄𝒓)

(𝑴𝒂 − (𝟐 𝟑⁄ )𝑴𝒄𝒓)
(∆𝒏 − (𝟐 𝟑⁄ )∆𝒄𝒓) 

(b) 

 

Msa = Maximum service moment at midheight of wall not including P- effects 

Ma = Maximum service moment at midheight of wall including P- effects 

 = Msa + Pss 

Pss = Service level axial load 

s = Out-of-plane deflection due to service loads, see table above 
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∆𝒄𝒓=
𝟓𝑴𝒄𝒓𝒍𝒄

𝟐

𝟒𝟖𝑬𝒄𝑰𝒈
 

∆𝒏=
𝟓𝑴𝒏𝒍𝒄

𝟐

𝟒𝟖𝑬𝒄𝑰𝒄𝒓
 

 

Reinforcing steel and clear cover, per ACI 318 

Concrete cover:  

If standard wall provisions are used, use ACI 318, 20.6.1.3.1, or 

 
For more controlled conditions, precast concrete provisions are an option in ACI 318, 

20.6.1.3.3, 

459.pdf

http://www.suncam.com/


 
Tilt-Up Concrete Wall Design 

A SunCam online continuing education course 

 

 
www.SunCam.com  Copyright© 2021 Thor C. Heimdahl Page 34 of 58 

 

 
2. Maximum bar spacing:  

a. Again, if standard wall provisions are used, use ACI 318, 11.7.2.1 & 11.7.3.1,  

 

Longitudinal (vertical) bars 

 

   
 

Transverse (horizontal) bars 

 
 

b. For more controlled conditions, use precast concrete provisions in ACI 318, 11.7.2.2, 

 

459.pdf

http://www.suncam.com/


 
Tilt-Up Concrete Wall Design 

A SunCam online continuing education course 

 

 
www.SunCam.com  Copyright© 2021 Thor C. Heimdahl Page 35 of 58 

 

Longitudinal (vertical) bars 

 
 

Transverse (horizontal) bars 

 

 
Fig. 88: Vertical (dot), and Horizontal (Line) Reinforcing in wall panels 

 

Bar spacing, 11.7.2.2 

 

Walls with h<10” are permitted to have one layer of reinforcing, with the vertical 

reinforcing centered in the wall, and the horizontal reinforcing toward one face.  

 

Walls with h >10” require reinforcing in both the interior and exterior faces. These 

can be placed per 11.7.2.3: 
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Minimum reinforcing: 

Though not strictly required unless used as shear walls, use ACI 318, 11.6 as practical 

minimums for shrinkage and temperature and to control cracking. 

 
Fig. 89, ACI 318, Table 11.6.1 

 

Longitudinal/Vertical: l= Asv/bh, where Asv is the vertical bar area 

Transverse/Horizontal: h= Ash/bh where Ash is the horizontal bar area 

 

Reinforcing required at openings, around each side of the opening, and fully developed 

is noted in 11.7.5.1. 

2-#5 bars in walls with reinforcing in each face 

1-#5 bar in walls with reinforcing in a single layer 

 

It is common practice to use 2-#5 at openings, no matter whether there is one or two 

layers of reinforcing (Fig. 90). 
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Fig. 90: Corner bars at panel openings (ACI 551) 

 

 

Closed ties may be required per 11.7.4.1.  

Transverse ties are required if Ast exceeds 0.01Ag where Ast is the total amount of 

longitudinal steel. (Fig. 91). 

 

 
Fig. 91: Transverse ties at a panel region with high axial load  
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Reinforcing development lengths and splices: 

See 25.4 and 25.5 of ACI 318 (318-14 and later). 

 

Design of connections from load bearing elements to the tilt-up wall panels is per 

concrete design references ACI 318 (Ch. 17), ACI 355, and steel design references 

AISC (2010a, 2010b). See Fig. 92.    

 
Fig. 92: Embed plate for panel connection 
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Design Examples 

 

Use the previous equations from the 11.8 slender wall provisions of ACI 318 in wall 

design. 

 

Example 1: Typical wall 

 

 
Fig. 93, Typical load bearing exterior wall 
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Fig. 94: Example 1: Typical Wall Section and Elevation 

 

 

Design info: 

See Figs. 93 & 94 

f’c =4,000psi 

Fy = 60,000 psi 

Design with b = 12” 

Panel thickness h = 7.25” 

Depth to reinforcing (#5, 5/8” bars) = 7.25”-1.5”-0.625”/2 = 5.44” 

 

Load case used in design. See Fig. 68 (others need to be checked as well).: 

1.2D + 1.0W + 0.5L 

 

Check also 1.2D + 1.6L for the vertical stress limit of 0.06 f’c. 
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1. Wall thickness: Base the thickness on using reinforcing each face and a contractor-

preferred 7-1/4” thickness. Check slenderness based on ACI 551.2 recommendations: 

lc / h = 30 x 12 / 7.25 = 50 < 65 OK 

2. Steel roof joists:  

a. Gravity load: With joists at 6’-0” on center, and a load that distributes at a 2:1 

height:width ratio, the load is uniform at 6’-0” below bearing.  

 

Its value is Pdw = 4.32k / 6ft = 0.72klf service level dead load, and Plw = 4.32k / 6ft = 

0.72klf service level live load. 

 

b. Eccentric moment: Assume bearing connection to wall is as shown below. Center of 

bearing is not at center of wall, so account for eccentric bearing by applying a 

concentrated moment at the point of bearing.  

 

See Fig. 95. Accounting for ½ thickness of the wall, the gap to the end of joist and 

knowing the effective bearing will slightly favor toward the supported leg, use e = 7.25”/2 

+ 3” = 6.625”.  

 

This results in concentrated service moments at the top of the wall, that are spread out 

to the 6’-0” wide wall segment, of Mdw = 0.72k x 6.625” x 1”/12ft = 0.40 ft-kip service 

level dead moment, and Mlw = 0.72k x 6.625” x 1”/12ft = 0.40 ft-kip service level live 

moment.  

 

Concentric bearing is assumed at the base of the wall, where the moment is zero, and 

the moment is resolved by a constant shear along the wall. 

459.pdf

http://www.suncam.com/


 
Tilt-Up Concrete Wall Design 

A SunCam online continuing education course 

 

 
www.SunCam.com  Copyright© 2021 Thor C. Heimdahl Page 42 of 58 

 

 
Fig. 95: Top of wall joist-to-wall connection 

 

3. Self-weight: The critical section for bending moment plus axial load is taken at the 

midheight of the panel span. Therefore, use the self-weight at midheight. In this case, 

it’s Psw = 90.6psf x (15ft+3ft) /1000 = 1.63 klf service level dead load. 

 

4. Lateral load on the panel: Assume wind loading governs. Use 1.0 W case for ultimate 

loading from ASCE 7-16 for use in LRFD loading. Ultimate level uniform loading is wu = 

0.032 psf. 

 

For deflection checks, use service level loading of 0.6W, or ws = 0.6 x 0.032 ksf = 

0.20ksf. 
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A couple of notes: 

a. Watch for increased wind forces at the primary corners of the building as defined 

by ASCE 7. 

b. This example uses wind as the design load case. Where it applies, seismic 

loading also needs to be considered, as prescribed by ASCE 7. 

 

5. Panel reinforcing: 

Longitudinal (Vertical) steel: 

Try #5@16”oc each face 

l= Asv/bh = (2x0.31x12/16)/(12x7.25) = 0.0053 > 0.0015 OK 

 

Transverse (Horizontal) steel: 

Try #4@18”oc each face per vertical foot of height 

h= Ash/(12”)h = (2x0.2x12/18)/(12x7.25) =  0.0031 > 0.0020 

 

6. Check 1.2D + 1.6L for the vertical stress limit of 0.06 f’c. 

Pu = 1.2 x (0.72k Joists + 1.63k self) + 1.6 x 0.72k = 3.97 k 

Pu/Ag = 3.97k / (7.25”x12”) = 0.046 ksi < 0.06 f’c. = 0.06 x 4 = 0.24 ksi 

By inspection, load case 1.2D+1.0W+0.5L is OK as well. 

 

7. Check the moment design strength for the 1.2D+1.0W+0.5L load case: 

 

Axial load at midheight: 

Pu = 1.2 x (0.72k +1.63k) + 0.5 x 0.72k = 3.18k 

Ase = Effective area of reinforcing steel (in2) 

 = 𝑨𝒔 +  
𝑷𝒖

𝒇𝒚
(

𝒉 𝟐⁄

𝒅
) = 𝟎. 𝟑𝟏𝒙𝟏𝟐/𝟏𝟔 +  

𝟑.𝟏𝟖

𝟔𝟎
(

𝟕.𝟐𝟓 𝟐⁄

𝟓.𝟒𝟒
)  = 0.268 in2 

a = depth of compressive stress block (in) 

= 
𝑨𝒔𝒆𝑭𝒚

𝟎.𝟖𝟓𝒇𝒄
′ 𝒃

=  
𝟎.𝟐𝟔𝟖𝒙𝟔𝟎

𝟎.𝟖𝟓𝒙𝟒𝒙𝟏𝟐
= 0.394 in 

Es = 29,000 ksi 

Ec = 57,000 √𝒇′𝒄 = 57,000 √4,000 / 1000 #/k = 3,605 ksi  

n = Es / Ec = 29,000/3.605 = 8.04 > 6 (per 11.8.3.1c) OK 

Icr = Cracked moment of inertia of concrete section (in4) 

 c = a/0.85 = 0.394/0.85 = 0.464” 

 = 𝒏𝑨𝒔𝒆(𝒅 − 𝒄)𝟐 +
𝟏

𝟑
𝒃𝒄𝟑 
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 = 𝟖. 𝟎𝟒𝒙𝟎. 𝟐𝟔𝟖(𝟓. 𝟒𝟒 − 𝟎. 𝟒𝟔𝟒)𝟐 +
𝟏

𝟑
𝟏𝟐𝒙𝟎. 𝟒𝟔𝟒𝟑 = 53.75 in4 

fr = 7.5  √𝒇′𝒄 = 7.5 x 1.0 x √4,000  = 0.474 ksi 

Mcr = Sfr 

S = 1/6bt2 (in3) 

Mcr = 1/6 x 12 x (7.25)2 x 0.474 / 12 in/ft = 4.15 ft-kip 

Mn = ∅(𝑨𝒔𝒆𝑭𝒚) (𝒅 −
𝒂

𝟐
) =  𝟎. 𝟗(𝟎. 𝟐𝟔𝟖𝒙𝟔𝟎) (𝟓. 𝟒𝟒 −

𝟎.𝟑𝟗𝟒

𝟐
) /(

12𝑖𝑛

𝑓𝑡
) = 6.32 ft-kip > Mcr  

=4.15 OK 

 

Check if the wall is tension controlled. 

1 = axial strain in reinforcing steel 

= (0.003)d/c-0.003 = (0.003)(5.44/0.464)-0.003 = 0.032 > 0.005 

Must be ≥ 0.005 for tension control = OK 

 

Check bending moments on the wall against bending strength. 

Mua = Maximum factored moment at midheight of wall not including P- effects, which is 

as follows: 

a. Moment due to wind: Muw = wulc
2/8 = 0.032klf x (30ft)2 / 8 = 3.60 ft-kip 

b. Moment due to eccentricity (note does not include dead weight of panel): 

Mue = Puee/2 = (1.2 x 0.72k + 0.5 x 0.72k) x 6.625” / 2  x 1ft/12in= 0.34 ft-kip 

c. Sum of moments = Mua = 3.60 ft-kip + 0.34 ft-kip = 3.94 ft-kip 

 

Considering Fig. 96, 

Mu = Maximum factored moment at midheight of wall including P- effects 

 = 
𝑴𝒖𝒂

(𝟏−
𝟓𝑷𝒖𝒍𝟐

(𝟎.𝟕𝟓)𝟒𝟖𝑬𝒄𝑰𝒄𝒓
)

=  
𝟑.𝟗𝟒 𝒇𝒕−𝒌

(𝟏−
𝟓𝒙𝟑.𝟏𝟖𝒙(𝟑𝟎𝒙𝟏𝟐)𝟐

(𝟎.𝟕𝟓)𝟒𝟖𝒙𝟑,𝟔𝟎𝟓𝒙𝟓𝟑.𝟕𝟓
)
 = 5.59 ft-kip < Mn = 6.32 ft-kip OK 
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Fig. 96: Moments on the wall 

 

Check deflection per ACI 318, 11.8.1.1(e) and 11.8.4. 

 

Reproduction of Table 11.8.4.1: 

Ma s  

≤ (𝟐 𝟑⁄ )𝑴𝒄𝒓 
∆𝒔= [

𝑴𝒂

𝑴𝒄𝒓
] ∆𝒄𝒓 

(a) 

> (𝟐 𝟑⁄ )𝑴𝒄𝒓 
∆𝒔= (𝟐 𝟑⁄ )∆𝒄𝒓 +

(𝑴𝒂 − (𝟐 𝟑⁄ )𝑴𝒄𝒓)

(𝑴𝒏 − (𝟐 𝟑⁄ )𝑴𝒄𝒓)
(∆𝒏 − (𝟐 𝟑⁄ )∆𝒄𝒓) 

(b) 

 

Msa = Maximum service moment at midheight of wall not including P- effects 

Governing load cases are D + (0.6W) and D + 0.75L + 0.75 (0.6W) from ASCE 7, 2.4.1. 

Combine for single check and use D + (0.6W) + 0.75L. 

 

Wind: Msw = wslc
2/8 = 0.020klf x (30ft)2 / 8 = 2.25 ft-kip 
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Eccentric Bearing: Mse = Psee/2 = (0.72k + 0.75x0.72k) x 6.625”/2 x1ft/12in= 0.35 ft-kip 

Sum of moments = Msa = 2.25 + 0.35 = 2.60 ft-kip 

 

Ma = Maximum service moment at midheight of wall including P- effects 

 Ps = 0.72 + 1.63 self + 0.75x0.72 = 2.89k 

s = See table above 

 And Ma = Msa + Pss  (with Pss based on service level axial load) 

Now, (2/3)Mcr = (2/3) x 4.15 = 2.77 ft-kip 

Allowable s, including P effects, is lc/150 = 30x12/150 = 2.4 in 

Ig = (1/12)bh3 = (1/12)12*7.253 = 381 in4 

∆𝒄𝒓=
𝟓𝑴𝒄𝒓𝒍𝒄

𝟐

𝟒𝟖𝑬𝒄𝑰𝒈
=

𝟓𝒙𝟒.𝟏𝟓𝒙𝟏𝟐𝒙(𝟑𝟎𝒙𝟏𝟐)𝟐

𝟒𝟖𝒙𝟑,𝟔𝟎𝟓𝒙𝟑𝟖𝟏
  = 0.49in 

Note that, if needed, Mn and n should be calculated using service loads: 

Ase = Effective area of reinforcing steel (in2) 

 = 𝑨𝒔 +  
𝑷𝒔

𝒇𝒚
(

𝒉 𝟐⁄

𝒅
) = 𝟎. 𝟑𝟏𝒙𝟏𝟐/𝟏𝟔 + 

𝟐.𝟖𝟗

𝟔𝟎
(

𝟕.𝟐𝟓 𝟐⁄

𝟓.𝟒𝟒
)  = 0.265 in2 

a = depth of compressive stress block (in) 

= 
𝑨𝒔𝒆𝑭𝒚

𝟎.𝟖𝟓𝒇𝒄
′ 𝒃

=  
𝟎.𝟐𝟔𝟓𝒙𝟔𝟎

𝟎.𝟖𝟓𝒙𝟒𝒙𝟏𝟐
= 0.39 in 

Mn = (𝑨𝒔𝒆𝑭𝒚) (𝒅 −
𝒂

𝟐
) =  (𝟎. 𝟐𝟔𝟓𝒙𝟔𝟎) (𝟓. 𝟒𝟒 −

𝟎.𝟑𝟗

𝟐
) /(

12𝑖𝑛

𝑓𝑡
) = 6.95 ft-kip 

∆𝒏=
𝟓𝑴𝒏𝒍𝒄

𝟐

𝟒𝟖𝑬𝒄𝑰𝒄𝒓
=

𝟓𝒙𝟔.𝟗𝟓𝒙𝟏𝟐𝒙(𝟑𝟎𝒙𝟏𝟐)𝟐

𝟒𝟖𝒙𝟑,𝟔𝟎𝟓𝒙𝟓𝟑.𝟕𝟓
 = 5.81” 

Thus, with, starting with Ma = Msa = 2.60 ft-kip < (2/3)Mcr = 2.77 ft-kip 

 Ma = Msa + Pss  with ∆𝒔= [
𝑴𝒂

𝑴𝒄𝒓
] ∆𝒄𝒓 per the above table  

 ∆𝒔= [
𝑴𝒂

𝑴𝒄𝒓
] ∆𝒄𝒓=  [

𝟐.𝟔𝟎

𝟒.𝟏𝟓
] 𝟎. 𝟒𝟗" = 0.31in 

 Ma = = 2.60 + 2.89 x 0.31in/12in/ft = 2.675 ft-kip 

 

Now, perform another iteration that includes the new Ma 

New Ma = 2.675 ft-kip < (2/3)Mcr = 2.77 ft-kip 

 Ma = Msa + Pss  = 2.6 + 2.89 x (2.675/4.15) 0.49in/12in/ft = 2.676 ft-kip 

 

Because the iteration shows convergence with the last value, no more iterations are 

required. Thus, final ∆𝒔= [
𝑴𝒂

𝑴𝒄𝒓
] ∆𝒄𝒓=  [

𝟐.𝟔𝟕𝟔

𝟒.𝟏𝟓
] 𝟎. 𝟒𝟗" = 0.32in. This value is much less than 

the allowable s oflc/150 = 2.4 in. 
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Example 2: Typical jamb at dock door opening 

In examining typical walls, with uniform loading and cross section over the height 

between supports, the design is straightforward. If openings are added to the wall, there 

are many ways to approach the wall design, both for the load path and for the section 

and properties used for design. The method below is just one way to go about it, and it 

echoes the approach used in ACI literature. For example, wind loads are assumed to be 

driven uniformly from the area above the opening, as well as wind load from the door 

itself. Obviously, the behavior of the structure and door may cause wind loads to be 

induced in the jamb slightly differently. Also, the jamb cross section itself at the opening 

is projected to the roof as the sole resistance to axial load and bending. One could 

account for the additional width of the wall above the opening in stiffness and strength 

calculations. However, the simplifications used are rational and reasonable, meet the 

intent of ACI 318, 11.8, and in the opinion of the author yield a satisfactory design. The 

reader should decide on a design method suitable for their own purposes. 

 
Fig. 97: Example 2, Typical dock door opening jamb 
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Fig. 98: Example 2 Wall Elevation 
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Fig. 99: Example 2 Wall Section 

 

Design info: 

See Figs. 97, 98, 99 

f’c =4,000psi 

Fy = 60,000 psi 

Design with b = 1’-9” = 1.75 ft 

Panel thickness h = 9.25” 

Depth to reinforcing (#6, 3/4” bars) = 9.25”-1.5”-0.75”/2 = 7.38” 
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Use previous analysis as a guide: 

Load case used in design: 

1.2D + 1.0W + 0.5L 

 

Check also 1.2D + 1.6L for the vertical stress limit of 0.06 f’c. 

 

1. Wall thickness: Use reinforcing each face and a contractor-preferred 9-1/4” thickness. 

Check slenderness based on ACI 551.2 recommendations: 

lc / h = 30 x 12 / 9.25 = 39 < 65 OK 

2. Steel roof joists:  

a. Gravity load: Use the uniform load from the previous example and find the load to the 

jamb. Uniform 0.72klf service level dead load, and 0.72klf service level live load. The 

load at the jamb due to additional load from the area over the dock door opening Pdw = 

0.72klf x (10/2 + 1.75) = 4.9k service level dead load, and Plw = 0.72klf x (10/2 + 1.75) = 

4.9k service level live load. (Note: The figure shows 4 joists acting on a 27’-0” length of 

wall, which would result in lower loading than the above, but for simplicity the previous 

uniform load was used.) 

b. Eccentric moment: e = 9.25”/2 + 3” = 7.625”. Uniform service moments at the top of 

the wall of Mdw = 0.72k x 7.625” x 1”/12ft x = 0.46 ft-kip service level dead moment, and 

Mlw = 0.72k x 7.625” x 1”/12ft = 0.46 ft-kip service level live moment.  

 

3. Self weight: The self-weight at midheight includes the influence area over the dock 

door, so for a 9-1/4” PANEL, it’s Psw = 115.6psf x (15ft+3ft) x (10/2 + 1.75) /1000 = 

14.0k service level dead load. 

 

4. Lateral load on the panel: Use 1.0W case for ultimate loading from ASCE 7-16 for 

use in LRFD loading. The wind load from the area over the dock door as well as the 

dock door area itself is assumed to be distributed evenly and uniformly to the jambs on 

each side. Ultimate level uniform loading is wu = 0.032 psf x (10/2+1.75) = 0.216klf,  

For deflection checks, use service level loading of 0.6W, or ws = 0.6 x 0.216 klf = 

0.130klf. 

 

5. Panel reinforcing: 

Longitudinal (Vertical) steel: 

Try 3-#6 each face in 1’-9” jamb width 

l= Asv/bh = (2x3x0.44)/(12x1.75x9.25) = 0.0136 > 0.0015 OK 
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Transverse (Horizontal) steel: 

Try #4@18”oc each face per vertical foot of height 

h= Ash/(12”)h = (2x0.2x12/18)/(12x9.25) =  0.0024 > 0.0020 OK 

 

6. Check 1.2D + 1.6L for the vertical stress limit of 0.06 f’c. 

Pu = 1.2 x (4.9k Joists + 14.0k self) + 1.6 x 4.9k = 30.5 k 

Pu/Ag = 30.5k / (9.25”x21”) = 0.16 ksi < 0.06 f’c. = 0.06 x 4 = 0.24 ksi 

By inspection, load case 1.2D+1.0W+0.5L is OK as well. 

 

7. Check the moment design strength for the 1.2D+1.0W+0.5L load case: 

 

Axial load at midheight: 

Pu = 1.2 x (4.9k +14.0k) + 0.5 x 4.9k = 25.1k 

Ase = Effective area of reinforcing steel (in2) 

 = 𝑨𝒔 +  
𝑷𝒖

𝒇𝒚
(

𝒉 𝟐⁄

𝒅
) = 𝟎. 𝟒𝟒𝒙𝟑(𝒆𝒂. 𝒇𝒂𝒄𝒆) + 

𝟐𝟓.𝟏

𝟔𝟎
(

𝟗.𝟐𝟓 𝟐⁄

𝟕.𝟑𝟖
)  = 1.58 in2 

a = depth of compressive stress block (in) 

= 
𝑨𝒔𝒆𝑭𝒚

𝟎.𝟖𝟓𝒇𝒄
′ 𝒃

=  
𝟏.𝟓𝟖𝒙𝟔𝟎

𝟎.𝟖𝟓𝒙𝟒𝒙𝟐𝟏
= 1.33 in 

Es = 29,000 ksi 

Ec = 57,000 √𝒇′𝒄 = 57,000 √4,000 / 1000 #/k = 3,605 ksi  

n = Es / Ec = 29,000/3.605 = 8.04 > 6 (per 11.8.3.1c) OK 

Icr = Cracked moment of inertia of concrete section (in4) 

 c = a/0.85 = 1.33/0.85 = 1.56” 

 = 𝒏𝑨𝒔𝒆(𝒅 − 𝒄)𝟐 +
𝟏

𝟑
𝒃𝒄𝟑 

 = 𝟖. 𝟎𝟒𝒙𝟏. 𝟓𝟖(𝟕. 𝟑𝟖 − 𝟏. 𝟓𝟔)𝟐 +
𝟏

𝟑
𝟐𝟏𝒙𝟏. 𝟓𝟔𝟑 = 457 in4 

fr = 7.5  √𝒇′𝒄 = 7.5 x 1.0 x √4,000  = 0.474 ksi 

Mcr = Sfr 

S = 1/6bt2 (in3) 

Mcr = 1/6 x 21 x (9.25)2 x 0.474 / 12 in/ft = 11.83 ft-kip 

Mn = ∅(𝑨𝒔𝒆𝑭𝒚) (𝒅 −
𝒂

𝟐
) = 𝟎. 𝟗(𝟏. 𝟓𝟖𝒙𝟔𝟎) (𝟕. 𝟑𝟖 −

𝟏.𝟑𝟑

𝟐
) /(

12𝑖𝑛

𝑓𝑡
) = 47.7ft-kip > Mcr  = 11.83 

OK 

 

Check if the wall is tension controlled. 

1 = axial strain in reinforcing steel 
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= (0.003)d/c-0.003 = (0.003)(7.38/1.56)-0.003 = 0.011 > 0.005 

Must be ≥ 0.005 for tension control = OK 

 

Check bending moments on the wall against bending strength. 

Mua = Maximum factored moment at midheight of wall not including P- effects, which is 

as follows: 

a. Moment due to wind: Muw = wulc
2/8 = 0.216klf x (30ft)2 / 8 = 24.3 ft-kip 

b. Moment due to eccentricity (note does not include dead weight of panel): 

Mue = Puee/2 = (1.2x0.46ft-k+0.5x0.46ft-k)x(10/2+1.75)/2 = 2.64 ft-kip 

c. Sum of moments = Mua = 24.3 ft-kip + 2.6 ft-kip = 26.9 ft-kip 

 

Mu = Maximum factored moment at midheight of wall including P- effects 

 = 
𝑴𝒖𝒂

(𝟏−
𝟓𝑷𝒖𝒍𝟐

(𝟎.𝟕𝟓)𝟒𝟖𝑬𝒄𝑰𝒄𝒓
)

=  
𝟐𝟔.𝟗 𝒇𝒕−𝒌

(𝟏−
𝟓𝒙𝟐𝟓.𝟐𝒙(𝟑𝟎𝒙𝟏𝟐)𝟐

(𝟎.𝟕𝟓)𝟒𝟖𝒙𝟑,𝟔𝟎𝟓𝒙𝟒𝟓𝟕
)
 = 37.1 ft-kip < Mn = 47.7 ft-kip OK 

 

Check deflection per ACI 318, 11.8.1.1(e) and 11.8.4. 

Governing load cases are D + (0.6W) and D + 0.75L + 0.75 (0.6W) from ASCE 7, 2.4.1. 

Combine for single check and use D + (0.6W) + 0.75L. 

 

Wind: Msw = wslc
2/8 = 0.135klf x (30ft)2 / 8 = 15.2 ft-kip 

Eccentric Bearing: 

Mse = Psee/2 = (0.72k+0.75x0.72k)x7.625”/2x(10/2+1.75)x1ft/12in= 2.7 ft-kip 

Sum of moments = Msa = 15.2 + 2.7 = 17.9 ft-kip 

 

Ma = Maximum service moment at midheight of wall including P- effects 

 Ps = (0.72 + 0.75x0.72)(10/2+1.75) + 14.0 self = 22.5k 

s = See Table 11.8.4.1 

 And Ma = Msa + Pss  (with Pss based on service level axial load) 

Now, (2/3)Mcr = (2/3) x 11.83 = 7.89 ft-kip 

Allowable s, including P effects, is lc/150 = 30x12/150 = 2.4 in 

Ig = (1/12)bh3 = (1/12)21*9.253 = 1,385 in4 

∆𝒄𝒓=
𝟓𝑴𝒄𝒓𝒍𝒄

𝟐

𝟒𝟖𝑬𝒄𝑰𝒈
=

𝟓𝒙𝟏𝟏.𝟖𝟑𝒙𝟏𝟐𝒙(𝟑𝟎𝒙𝟏𝟐)𝟐

𝟒𝟖𝒙𝟑𝟔𝟎𝟓𝒙𝟏𝟑𝟖𝟓
  = 0.38in 

 

 

459.pdf

http://www.suncam.com/


 
Tilt-Up Concrete Wall Design 

A SunCam online continuing education course 

 

 
www.SunCam.com  Copyright© 2021 Thor C. Heimdahl Page 53 of 58 

 

Mn and n should be calculated using service loads: 

Ase = Effective area of reinforcing steel (in2) 

 = 𝑨𝒔 +  
𝑷𝒔

𝒇𝒚
(

𝒉 𝟐⁄

𝒅
) = 𝟎. 𝟒𝟒𝒙𝟑 +  

𝟐𝟐.𝟓

𝟔𝟎
(

𝟗.𝟐𝟓 𝟐⁄

𝟕.𝟑𝟖
)  = 1.56 in2 

a = depth of compressive stress block (in) 

= 
𝑨𝒔𝒆𝑭𝒚

𝟎.𝟖𝟓𝒇𝒄
′ 𝒃

=  
𝟏.𝟓𝟔𝒙𝟔𝟎

𝟎.𝟖𝟓𝒙𝟒𝒙𝟐𝟏
= 1.31 in 

Mn = (𝑨𝒔𝒆𝑭𝒚) (𝒅 −
𝒂

𝟐
) =  (𝟏. 𝟓𝟔𝒙𝟔𝟎) (𝟕. 𝟑𝟖 −

𝟏.𝟑𝟏

𝟐
) /(

12𝑖𝑛

𝑓𝑡
) = 52.5 ft-kip 

∆𝒏=
𝟓𝑴𝒏𝒍𝒄

𝟐

𝟒𝟖𝑬𝒄𝑰𝒄𝒓
=

𝟓𝒙𝟓𝟐.𝟓𝒙𝟏𝟐𝒙(𝟑𝟎𝒙𝟏𝟐)𝟐

𝟒𝟖𝒙𝟑,𝟔𝟎𝟓𝒙𝟒𝟓𝟕
 = 5.16” 

 

Thus, starting with Ma = Msa = 17.9 ft-kip > (2/3)Mcr = 7.89 ft-kip 

 Ma = Msa + Pss  with  

∆𝒔= (𝟐 𝟑⁄ )∆𝒄𝒓 +
(𝑴𝒂−(𝟐 𝟑⁄ )𝑴𝒄𝒓)

(𝑴𝒏−(𝟐 𝟑⁄ )𝑴𝒄𝒓)
(∆𝒏 − (𝟐 𝟑⁄ )∆𝒄𝒓) in table 11.8.4.1 shown above 

∆𝒔= (𝟐 𝟑⁄ )𝟎. 𝟑𝟖 +
(𝟏𝟕.𝟗−𝟕.𝟖𝟗)

(𝟓𝟐.𝟓−𝟕.𝟖𝟗)
(𝟓. 𝟏𝟔 − (𝟐 𝟑⁄ )𝟎. 𝟑𝟖) = 1.35in 

 Ma = 17.9 + 22.5 x 1.35in/12in/ft = 20.4 ft-kip 

 

Now, perform another iteration that includes the new Ma 

New Ma = 20.4 ft-kip > (2/3)Mcr = 7.89 ft-kip 

 Ma = Msa + Pss  with  

∆𝒔= (𝟐 𝟑⁄ )∆𝒄𝒓 +
(𝑴𝒂−(𝟐 𝟑⁄ )𝑴𝒄𝒓)

(𝑴𝒏−(𝟐 𝟑⁄ )𝑴𝒄𝒓)
(∆𝒏 − (𝟐 𝟑⁄ )∆𝒄𝒓) in table 11.8.4.1 shown above 

∆𝒔= (𝟐 𝟑⁄ )𝟎. 𝟑𝟖 +
(𝟐𝟎.𝟒−𝟕.𝟖𝟗)

(𝟓𝟐.𝟓−𝟕.𝟖𝟗)
(𝟓. 𝟏𝟔 − (𝟐 𝟑⁄ )𝟎. 𝟑𝟖) = 1.63in 

 Ma = 17.9 + 22.5 x 1.63in/12in/ft = 21.0 ft-kip 

 

Again, perform another iteration that includes the new Ma 

New Ma = 21.0 ft-kip > (2/3)Mcr = 7.89 ft-kip 

 Ma = Msa + Pss  with  

∆𝒔= (𝟐 𝟑⁄ )∆𝒄𝒓 +
(𝑴𝒂−(𝟐 𝟑⁄ )𝑴𝒄𝒓)

(𝑴𝒏−(𝟐 𝟑⁄ )𝑴𝒄𝒓)
(∆𝒏 − (𝟐 𝟑⁄ )∆𝒄𝒓) in table 11.8.4.1 shown above 

∆𝒔= (𝟐 𝟑⁄ )𝟎. 𝟑𝟖 +
(𝟐𝟏.𝟎−𝟕.𝟖𝟗)

(𝟓𝟐.𝟓−𝟕.𝟖𝟗)
(𝟓. 𝟏𝟔 − (𝟐 𝟑⁄ )𝟎. 𝟑𝟖) = 1.70in 

 Ma = 17.9 + 22.5 x 1.70in/12in/ft = 21.1 ft-kip 
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Because the iteration shows convergence with the last value, no more iterations are 

required. Thus, final ∆𝒔= (𝟐 𝟑⁄ )∆𝒄𝒓 +
(𝑴𝒂−(𝟐 𝟑⁄ )𝑴𝒄𝒓)

(𝑴𝒏−(𝟐 𝟑⁄ )𝑴𝒄𝒓)
(∆𝒏 − (𝟐 𝟑⁄ )∆𝒄𝒓) = 1.70in. This value is 

less than the allowable s oflc/150 = 2.4 in. However, it should be noted that the 

deflection limit for jambs needs to be watched closely, and may in fact, in some cases, 

control the design. 

 

Check of closed ties are required per 11.7.4.1. Again, transverse ties are required if Ast 

exceeds 0.01Ag, where Ast is the total amount of longitudinal steel.  

 

Ast = 3 x 2 x 0.44 = 2.64 in2 

0.01Ag = 0.01 x 21 x 12 = 2.52 in2 < Ast 
Thus, Ast > 0.01Ag, and ties are required. See below.  

 

 
Fig. 100: Transverse ties at a panel region with high axial load  

 

Use ties per ACI 318, Chapter 25. In this case use #3 ties for #6 verticals. With a 

minimum member size of 9-1/4”, use 9” on center spacing. See Figs. 101 through 104 

below for ACI guidance from Chapter 25. 
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Fig. 101: ACI 318 tie parameters 

  
Fig. 102: ACI 318 tie parameters 

  
Fig. 103: ACI 318 tie parameters 
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Fig. 104: ACI 318 ties bends and hooks 
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