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Code: ACI 318-14

MEMBER #1 (SECTION POSITION 0.0 INCHES) BEAM DESIGN REPORT

Project details

Project Name: null
Project ID: null
Company: null
Designer: null

Client: null

Project Notes: null
Project Units: Imperial

General member design information

Dimentions:

Height h = 14.5in

Flange width b; = 32 in
Flange thickness h; = 2 in
Web width b, = 10 in
Member length = 240 in

Material properties:

Concrete strength f. = 3000 psi

Steel strength of longitudinal rebar f, = 60000 psi
Steel strength of shear rebar f,; = 50000 psi
Permissible crack width ¢,, = 0.012 in

Load Combinations (Uktimate Limit State)

For axial force in section:
LC1: USER = 0 Kip

For bending moment in section:
LC1: USER = 0 Kip-ft

For shear force in section:
LC1: USER = 0 Kip

Load Combinations (Serviceability Limit State)

For bending moment in section:
LC1: USER = 0 Kip-ft

CHAPTER 9 (Section 9.5)

Flexure check (Positive bending moment case)

BENDING MOMENT CAPACITY

0.003 0.85 fc

Fsc

Hl| e EmasTEne e

Beam section Strain Stress

Section input data:

Design yield strain of rebar e, = f,/Es = 60000/29000000 = 0.00207
Ultimate strain in concrete e, = 0.003

Distance to the outermost layer of tensile reinforcement d; = 12 in
Given bending moment M = 0.00 kip-ft

Section Rebar
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bar
::’-‘:lt:; bar diameter (in) al-(i?
(in™2)
12.00 | 1.128 +00
12.00 | 1.128 +00
12.00 | 1.128 +00

Rectangular compression block factor

1. Calculation of neutral axis depth c

A
&

{1

Calculation is based on iterative process:
- Assume ¢

f. < 4000 psi — B = 0.85

- Calculate concrete force F. = 0.85 - f. - fdA B1 ¢

- Calculate compression force in steel Frg = > As; - fsi
- Calculate tensioning force in steel F; = > Ag; - fsi

- Check equilibrium F,. + F.s = F§

Reinforcement stresses fs = {esEs (es < ey), ey (€5 > €y)}
Reinforcement strains above axis e; = e, - (¢ — d)/c
Reinforcement strains below axis es = e. - (d — ¢)/c

Searching of neutral axis ¢ (from 12 to 0 in)

lter. (i‘:‘) c/dt | Fc (Ibf) (I:;?) Fc(l’;f';cs Fs (Ibf) | Ratio
1 12.0 | 1.00 | 372300.00 | 0.00 | 372300.00 | 0.00 Infinity
2 11.8 | 0.98 | 367098.00 | 0.00 | 367098.00 | 5326.53 | 68.919
3 115 | 0.96 | 361896.00 | 0.00 | 361896.00 | 10875.00 | 33.278
4 113 | 0.94 | 356694.00 | 0.00 | 356694.00 | 16659.57 | 21.411
5 11.0 | 0.92 | 351492.00 | 0.00 | 351492.00 | 22695.65 | 15.487
6 10.8 | 0.90 | 346290.00 | 0.00 | 346290.00 | 29000.00 | 11.941
7 10.6 | 0.88 | 341088.00 | 0.00 | 341088.00 | 35590.91 | 9.584
8 10.3 | 0.86 | 335886.00 | 0.00 | 335886.00 | 42488.37 | 7.905
9 10.1 | 0.84 | 330684.00 | 0.00 | 330684.00 | 49714.29 | 6.652
10 |98 | 082 | 325482.00 | 0.00 | 325482.00 | 57292.68 | 5.681
11 | 9.6 | 0.80 | 320280.00 | 0.00 | 320280.00 | 65250.00 | 4.909
12 |94 | 078 | 315078.00 | 0.00 | 315078.00 | 73615.38 | 4.280
13 | 9.1 | 0.76 | 309876.00 | 0.00 | 309876.00 | 82421.05 | 3.760
14 | 89 | 074 | 304674.00 | 0.00 | 304674.00 | 91702.70 | 3.322
15 | 86 | 0.72 | 299472.00 | 0.00 | 299472.00 | 101500.00 | 2.950
16 | 84 | 070 | 294270.00 | 0.00 | 294270.00 | 111857.14 | 2.631
17 | 82 | 0.68 | 289068.00 | 0.00 | 289068.00 | 122823.53 | 2.354
18 | 7.9 | 0.66 | 283866.00 | 0.00 | 283866.00 | 134454.55 | 2.111
19 | 7.7 | 0.64 | 278664.00 | 0.00 | 278664.00 | 146812.50 | 1.898
20 | 7.4 | 0.62 | 273462.00 | 0.00 | 273462.00 | 159967.74 | 1.709
21 | 7.2 | 0.60 | 268260.00 | 0.00 | 268260.00 | 174000.00 | 1.542
22 | 7.0 | 0.58 | 263058.00 | 0.00 | 263058.00 | 180000.00 | 1.461
23 | 67 | 0.56 | 257856.00 | 0.00 | 257856.00 | 180000.00 | 1.433
24 | 65 | 0.54 | 252654.00 | 0.00 | 252654.00 | 180000.00 | 1.404
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31 3.2 0.27 | 181906.80 | 0.00 181906.80 | 180000.00 | 1.011

32 3.2 0.27 | 181802.76 | 0.00 181802.76 | 180000.00 | 1.010

33 3.2 0.27 | 181698.72 | 0.00 181698.72 | 180000.00 | 1.009

34 3.2 0.27 | 181594.68 | 0.00 181594.68 | 180000.00 | 1.009

35 3.2 0.27 | 181490.64 | 0.00 181490.64 | 180000.00 | 1.008

36 3.2 0.27 | 181386.60 | 0.00 181386.60 | 180000.00 | 1.008

37 3.2 0.27 | 181282.56 | 0.00 181282.56 | 180000.00 | 1.007

38 3.2 0.27 | 181178.52 | 0.00 181178.52 | 180000.00 | 1.007

39 3.2 0.26 | 181074.48 | 0.00 181074.48 | 180000.00 | 1.006

40 3.2 0.26 | 180970.44 | 0.00 180970.44 | 180000.00 | 1.005

41 3.2 0.26 | 180866.40 | 0.00 180866.40 | 180000.00 | 1.005

42 3.2 0.26 | 180762.36 | 0.00 180762.36 | 180000.00 | 1.004

43 3.2 0.26 | 180658.32 | 0.00 180658.32 | 180000.00 | 1.004

44 3.2 0.26 | 180554.28 | 0.00 180554.28 | 180000.00 | 1.003

45 3.1 0.26 | 180450.24 | 0.00 180450.24 | 180000.00 | 1.003

46 3.1 0.26 | 180346.20 | 0.00 180346.20 | 180000.00 | 1.002

47 3.1 0.26 | 180242.16 | 0.00 180242.16 | 180000.00 | 1.001

48 3.1 0.26 | 180138.12 | 0.00 180138.12 | 180000.00 | 1.001

49 3.1 0.26 | 180034.08 | 0.00 180034.08 | 180000.00 | 1.000

50 3.12 | 0.26 | 179930.04 | 0.00 179930.04 | 180000.00 | 1.000

Final value of c is 3.12 in and flexural tension reinforcement area is 3.00 in™2
Working depth of reinforcement d = 12.00 in

di —c 12 —3.12
= (0.003) = 313

es . (0.003) = 0.00852 > 0.005 — ¢ = 0.9

2. Calculation moment resistance Mg

Mp=¢-M=q¢-(F. -ac+ Fu -acs + F, - a;) = 0.90 - (360097.19 + 0.00 + 1597536.00) = 1761.87 Ibf-in
— 146.82 Kip-ft

M = 0.00 Kip-ft < Mr = 146.82 Kip-ft

STATUS OK!
3. Minimum required flexural tension reinforcement in a beam section
3-\/fe 3. ,/3000
Agmin = ———— by -d = ———-10-12.00 = 0.33 in?
’ 7, 60000 o
200 200
Agmin < —— by -d=——-10-12.00 = 0.40in* — A, ;;;n = 0.40 in”
min = T 60000 o ’ o
4. Maximum required flexural tension reinforcement in a beam section
fe 87 3000 87
=08 01— (=——)=085-0.85- . = 0.02138
P o Gy 60000~ 87+ 60000 )
0.003 + (fy/ Es) 0.003 + (60000/29000000)
maxr — : = -0.02138 = 0.01355
P oo0s )=l 0.008 )
Agmaz = Pmaz - bw - d = 0.01355 - 10 - 12.00 = 1.63 in”
5. Check of required flexural tension reinforcement in a beam section
Ay = 3.00 mm® > Agmee = 1.63 mm?
STATUS NG!
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Ag = 3.00 mm® > Ay min = 0.40 mm?

STATUS OK!
Crack check (Positive bending moment case)
CHAPTER 10 (Section CONTROL OF FLEXURAL AND MISCELLANEQOUS CRACKS
10.6)
= ciactiVe
L ecanitlt EHLC Are? A
NA [ ensio” ared
,- Idc
Section input data:
Permissible crack widths wy;,,, = 0.012 in
Ratio of the distance 85 = 1.2
Cover of the outermost bar d. = 2.5 in
Effective tension area of concrete around the main reinforcing A = 16.67 in?2
Clear cover ¢, = 1.936 in
1. Determine permitted steel stress, f,
fs = 0.6 - f, = 36000.00 psi
2. Determine estimated cracking width, w
w=0.076-8, - fs - \Vdc - A =0.076 - 1.2 - 36000.00 - /2.5 - 16.67 = 0.0114 in
3. Determine maximum code-permitted bar spacing, s
40000 40000 .
s =15 )—25-¢c, =15 (————) —2.5-1.936 = 11.83 in
fs 36000.00
40000 40000 .
s <12 )=12. (————) = 13.33in
fs 36000.00
w = 0.0114 in < wy,, = 0.012 in
STATUS OK!
ce =1.936in < s =11.83 in
STATUS OK!
Flexure check (Negative bending moment case)
Als _
T
Bottom Reinforcement is absent in the section. Design checks can't be performed. But as acting moment value is equal to zero
no need to check. STATUS OK!

Crack check (Negative bending moment case)
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A's _
T

Bottom Reinforcement is absent in the section. Design checks can't be performed. But as acting moment value is equal to zero

no need to check.
STATUS OK!

Shear check

CHAPTER 11 (Section BEAM ANALYSIS FOR SHEAR (IN PLANE)
11.2)
d

Section input data:

Working depth of reinforcementd = 12 in

Spacing of the stirrups s = 10 in

Number of stirrups that are intersected by inclined sectionn = 2

Web width b,, = 10 in

Tensile reinforcement area A, = 3.00 in?2

Sum of the cross sectional areas of the stirrup legs A, = 0.39 in?

Concrete area A, = 189.00 in?

Given axial force according to Load Combination ( USER) INV,, = 0.00 kip

Given bending moment according to Load Combination ( USER) M, = 0.00 kip-ft

Given shear force according to Load Combination ( USER) V,, = 0.00 kip

1. Calculate minimum area of shear reinforcement (A4, i, )

by - S — 10-10
Apmin = 0.75 - /f. - ——— = 0.75 - 1/3000 - = 0.08 in?
o Je £y v 50000
. 50 - by - s 50-10-10 . .
Aymin = 0.08in? < f;" = o = 010in® = A, = 01010
A, =0.39in? > Ay min = 0.10 in? — area of shear reinforcement is satisfied

STATUS OK!

2. Calculate maximum spacing for vertical stirrups (Smaqz )

.| d :
Smaer = min 3 24| = 6.00 in
s =10in > S, = 6.00 in — spacing of stirrups is not satisfied

STATUS NG!

3. Calculate shear strength of section stirrups (V;)

Vi =n-A, - fy, =2-0.39 - 50000 = 39269.91 1b = 39.27 kip
4. Calculate shear strength of concrete section (V)
case beam subjected to shear force only
V.=2-\- /fc by - d =
=2-1-4/3000-10-12 = 13145.341b = 13.15 kip
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For design check V. is taken as 13.15 kip

5. Calculate design resisting shear (V)

Ve =¢- (Vo +V,) =0.75 - (13145.34 + 39269.91) = 39.31 kip

V. = 0.00 kip < Vg = 39.31 kip

STATUS OK!
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