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2 il EXAM One, Page 1 of 10
Place only your student identification number on this test (on all pages). Do not place your
name on the test. Do all of your work on the pages provided. If you must separate the pages,
staple them back together before surrendering your test. The credit and approximate time that it
should take you to work each problem is provided in the square brackets [ ]. It is smarter to
attempt all of the problems than to spend most of your time on one problem. You may use your
ACI concrete code and the reference sheets that are provided for your use; no other materials
are allowed.

1. Design a rectangular section for the beam and loads shown. The beam weight is not included
in the given loads. Use f;'= 4,000 psi and fy, = 60,000 psi. Select beam size for the largest
moment (positive or negative) and select the steel required for the maximum positive
moment and for maximum negative moment. Finally, sketch the beam and show
approximate bar locations. Use p = 0.5 py.

[40 points, 30 minutes]
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2. Answer the following questions as they relate to reinforced concrete. Feel free to use
sketches to accompany your written answers. Your answer must fit in the space provided!
[20 points, 15 minutes]

a. Distinguish between tension controlled and compression controlled beams. |

T 2 ya B w5 : "4{ 2 T3 | - ¥ G re€adrfr ‘ al
{ e E. € NS to) =2 YEE " 3 =5 £ : = .

b. Why are epoxy-coated bars sometimes used in the construction of reinforced
concrete?

o FOL10r s T

¢. Describe a two-way slab and explain the load path.

d. What are the basic assumptions of the strength design theory?
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3. Sketch and label the reinforcing steel in the walls and the one-way slabs shown below.
Explain what each type of reinforcing does for the structure. [20 points, 15 minutes]
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4. Find the nominal moment capacity and moment reduction factor ¢ of the beam section
below. [20 points, 15 minutes]
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B B2 F |22|22ra5aa2|B0R ¥ Table 3.9.3  Minimum Beam Width (inches) To Satisfy 2 Bar
E E5gEs= AR ) Diameters Clear Spacing
£33 23
f TeR=N g $ BAR NUMBER OF BAEH IN SINGLE LAYER
E B & o Y
2 o B gy 2 E 2 o I =-EE B R R - Sp=Na I L . -
2%2f BFgE |a%|fmnbinadf| i SIZE 2 5 4 5 A 7 8
EZE 5835 L lz # 68 83 98 113 128 143 158
BEig PRRE (BB |0Dewewesnl, N #5 2t 90 109 128 146 165 184
28 Ef.f Lo (SREISRER Z |Z #6 75 98 120 143 165 188 210
g -9 S eg S |2
E2d LEES g |2 £7 79 105 131 158 184 210 236
:{ E fr?: =B 2 3 et — e e : CD e % 3
5 g2 58 CH|GRREEEEe |a =9 18 =8 8.3 11.3 1-’-&3 17.3 203 2_?3 2C‘:.,
S2F BFIF |pvw|mcnbohnm o (3 £ 86 120 154 188 222 256 289
22pn EzoE Z2 |= #2091 129 167 205 243 281 319
e22 #2883 |Looloronenao| || #1195 137 179 222 264 306 349
§.§-m‘ =28 » R NS s R O R = 3 . bz _ 7 . )
= b~ — e [ SV N o0 {3 il ..
538 &Hgev TemEsEwlEs (2 24122 159 209 260 311 362 412
££2 Es35 5Z |3 28 150 198 266 333 401 469 537
cef E7TE |MBlsEstrzsn|o|28 |E - :
- LI R I = T R i S e Table Assuimptions:
= o -] 5 £ . .
g F T = o a. Side cover 1.5 in. each side:
=5 5 = E =g §
) 4 ¢ ;\S': § é_ o | i e Bl = |a b. #3 stirrups for bars #11 and smaller.
,'E’ g g =37 e R R o |5 ¢. #4 stirrups for bars #14 and =18,
sz 2 gy il d. Since stirmaps are bent around 4 stirrup bar diameters, the distance from
g g z 2 - Word MR 10 e e 2 centroid of bar nearest side face of beam to inside face of #3 stirp is
i £ 2 .E: ;: E é‘ ﬁ e sf ? : a ; 0 T taken as 0.75 in. for bars #11 and smaller; and equal to the bar radius
§ £z 3 % for #14 and #18 bars.
=3 7 ) = .
—_—a 0O [~]
n o= a =10
M8
£48° g o NNNNHE?‘~5%§E§§
8% 2 HEIBEEEEURL B5ERL
&R 2 ©9*g Table 3.9.4 Minimum Beam Width (inches) To Satlsfy
3 Bar Diameters Clear Spacing
BAR NUMBER OF BARS IN SINGLE LAYER
. o y SIZE 2 3 4 5 6 7 8
ifuis g » % ow ﬁ E & -
£| 8RR SASEIRE IRe Z #4 73 93 113 133 153 173 193
= : : ;
g oz |w #5 78 103 128 153 178 203 228
Slrzocrcescee 028 | #6 83 113 143 173 203 233 263
s o — o o o - = 2 -
E|38Z3E2ALRET 253 (= #7 88 123 158 193 228 263 208
o =0 #8 93 133 173 213 253 293 333
z < |5 #9 98 143 188 233 278 323 368
ElZumeswe=cceo|Ba | #10 103 154 205 256 307 357 408
o " S ow T N e e o = ;
T|PFEE885RcE 128 |3 #11 109 165 222 278 335 301 447
2 = £14 125 192 260 328 396 463 531
= BN~ =D 000 S e - Ie} T S LS. ; <0 . 2
sl8hanBIdgnEy: 2 #18 153 243 333 424 514 604 695
] [+%)
g P prtlie soner ool S‘ *Table Assumptions:
5 8 A e \i 8 AN D [ = } .
2 o FommEr ; a. Side cover 1.5 in. each side.
=3 = . 3
o e 3 b. #3 stirrups for bars #11 and smaller.
g o oo s | = |
g g b ;m.\ ‘é § ‘E gaza |” g_ ¢. #4 stirrups for bars #14 and #18. ‘ ,
E @ d. Since stirrups are bent around 4 stifrup bar diameters, the distance from
Sl poveavn——co |, g centroid of bar nearest side face of beam to inside face of #3 stirrup is
dl2ekxg8asadbkiy = taken as 0.75 in. for bars #11 and smaller; and equal to the bar radius
5 Z @ for #14 and #18 bars,
3B v vmmmn e oo u-g =X Ceed
L lekzxngnenuzy Z |9
= = |0 .
KC‘. o R S o =t & A= ]i.--in clear cover to stirrup
5 BEET8HERRBE E & B = %in. stirrup bar diameter
x & =
E EoSoumbpwmaso = € = For #11 and smaller bars, use twice the
’ 2H E g3nEggay - diameter of #3 stirrups (i.e., 0.75 in.).
For =14 and #18 bars, use € = 0.3d,
E sé; E —E- = Sah é g = D = clear distance between bars = d, or 1in.,
cEEssNEeE whichever is greater (where d, is the diameter
SBEHoumuwmes |, of the larger adjacent longitudinal bar) A .
b EREHBoaRIBE Diameter of corner bar is
assumed to be located to
BEGRESworo = (o intersect the horizontal
88838822283 |7 tangent to stirrup bend
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Table A.7 Values of p Balanced, p to Achieve Various €, Values, and p Minimum for Flexure. All
Values Are for Tensilely Reinforced Rectangular Sections

[y "o 3000 psi 4000 psi 5000 psi 6000 psi -

¥ B =0.85 By =035 B, =0.80 B, =075
p balanced 0.0371 0.0495 0.0582 0.0655
p when €, = 0.004 0.0232 0.0310 (L0364 0.0410

Grade 40

40,000 psi p when g, = 0.003 0.0203 0.0271 0.0319 0.0359

(275.8 MPa) _ , ,
p when €, = 0.0075 0.0155 0.0206 0.0243 0.0273
p min for flexure 0.0050 0.0050 0.0053 0.0058
p balanced 0.0275 0.0367 0.0432 0.0486
p when €, = 0.004 0.0186 0.0248 0.0291 0.0328

Grade 50
50.000 psi p when €, = 0.005 0.0163 0.0217 0.0255 0.0287
(344.8 MPa)

p when €, = 0.0075 0.0124 0.0165 0.0194 0.0219
p min for flexure 0.0040 0.0040 0.0042 0.0046
p balanced 0.0214 0.0285 0.0335 0.0377
_ pwhen g, = 0.004 0.0155 0.0206 0.0243 0.0273
Grade 60
60,000 psi p when €, = 0.005 0.0136 0.0181 0.0212 0.0239
(413.7 MPa) N }
p when €, = 0.0075 0.0103 0.0138 0.0162 .0182
£ min for flexure 0.0033 0.0033 0.0035 0.0039
p balanced 0.0155 0.0207 0.0243 0.0274
p when €, = 0.004 0.0124 0.0165 0.0194 0.0219

Grade 75
75.000 psi p when €, = 0.005 0.0108 . 00144 0.0170 0.0191
(517.1 MPa)

pwhen €, = 0.0075 0.0083 0.0110 0.0130 0.0146

p min for flexure 0.0027 0.0027 0.0028 0.0031
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Table A.12 (Continued)

M, M, M, M,

P pbd? P Pbd? i bd? P bhd*
0.0102 338.3 0.0111 578.8 0.0120 618.0 0.0129 636.2
0.0103 542.9 0.0112 582.3 0.0121 622.3 0.0130 660.9
0.0104 547.4 0.0113 587.6 0.0122 626.6 0.0131 664.5
0.0105 551.9 0.0114 592.0 0.0123 1309 0.0132 668.6
0.0106 556.4 0.0115 596.4 0.0124 635.1 0.0133 672.8
0.0107 560.9 0.0116 600.7 0.0125 639.4 0.0134 676.9
0.0108 565.4 0.0117 605.1 0.0126 643.0 0.0135 681.0
0.0109 569.9 0.0118 609.4 0.0127 647.3 (0.0136 685.0
0.0110 574.3 0.0119 613.7 0.0128 652.0

Table A.13 f, = 60,000 PSL; % = 4000 PS]—U.S. Customary Units

M, M, M, M,
g obd* P dbd £ bbd’ & bbd’
puafor 0.0018 1063 0.0041  237.1 0.0064 3622 0.0087 4818
e 0.0019 1121 00042 2426 0.0065  367.6 0.0088 4869
00020 1171 0.0043 2482 0.0066 3729 0.0089 4919
0.0021 1237 0.0044 2537 0.0067 3782 0.0090  497.0
00022 1294 0.0045  259.2 0.0068 3834 00091 502.0
00023 1352 0.0046 2648 0.0069  388.7 0.0092  507.1
0.0024 1410 00047 2703 D.0070 3940 0.0093  512.1
00025 1467 0.0048 2758 0.0071 3992 0.0004 517
00026 1524 00049 2812 0.0072 4043 0.0005  522.1
00027  158.1 0.0050 2867 0.0073 4097 0.0096  527.1
0.0028 1638 00051  292.2 0.0074 4149 0.0097 5320
0.0029 1695 0.0052  297.6 0.0075  420.) 00008  537.0
00030 1752 0.0053  303.1 0.0076 4253 0.0099  542.0
00031 1809 0.0054 3085 0.0077 4305 0.0100 5469
00032 186.6 0.0055 3139 0.0078  435.7 0.0101 5518
prafir 00033 1922 0.0056 3193 0.0079 4409 00102 5567
00034 1979 00057 3247 0.0080  446.0 0.0103 5617 -
00035 2035 00058  330.1 0.0081 4512 00104 566.6
00036  209.1 0.0050 3355 00082 4563 0.0105 5715
\ ' 0.0037 2147 0.0060 3409 0.0083 4614 0.0106 5763
0.0038 2203 0.0061 3462 0.0084 4665 00107 5812
0.0039 2259 0.0062 3516 0.0085 4716 00108  586.1

0.0040 231.5 0.0063 356.9 0.0086 476.7 0.0109 590.9
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Table A.13 (Continued)

M, M, M, M,

P bbd’ 5 b’ P bbd p $bd?
00110 5957 00128  681.0 00146 7628 00164 8412
00111 6006 00129 6856 00147 7672 0.0165 8454
00112 6054 00130 6903 00148 7717 00166 8497
00113 6102 00131 6949 00140  776.1 00167  853.9
0.0114 6150 00132 6995 00150 7805 00168  858.1
0.0115 6198 00133 7041 00151 7849 00169 8623
00116 6245 00134 7086 00152 7893 00170 8665
00117 6293 00135 7132 00153 7937 00171 8707
00118 6341 0.013 7178 00154  798.1 00172 8749
00119 6388 00137 7223 00155 8024 0.0173  879.1
0.0120 6435  -00138 7269 00156 8063 0.0174 8832
00121 6482 00139 7314 00157 8111 00175  887.4
00122 6530 00140 7359 00158 8154 00176 8915
00123 6577 00141 7404 00159 8197 00177 8956
00124 6623 00142 7449 00160 8241 00178  899.7
00125 6670 00143 7494 00161 8283 00179 903.9
00126 6717 00144 7539 00162 8326 0.0180  907.9

0.0127 676.3 0.0145 758.3 0.0163 836.9 0.0181 912.0

Table A.14 Size and Pitch of Spirals, ACl Code—U.S. Customary Units

Diameter of Qut to out of i
column (in.) spiral (in.) 2500 <3000 4000 5000
f, = 40,000
14, 15 H.I2 = 215 e L S
16 13 i-2 -1 323 -2
17-19 14-16 20l 3-13 2 32
20-23 17-20 i2: | -1 1ol 12
24-30 21-27 224 ) 1t K
£, = 60,000:
14, 15 11,12 13 §-02 22 L2
16-23 13-20 13 222 22 L3
24-29 21-26 113 i3 2% -3
30 15| 3 72 | 3%




