Problem 1 (30/100)

A 24-ft long simply supported RC beam with the cross-section shown below is considered. Assume that all
segments of the channel section are fully effective. The compressive, f,, and tensile, f,, strength of concrete as
well as the yield strength, f,, of steel are given in Figure 1. The beam is subjected to a uniformly distributed
load w that is factored and includes the self weight of the beam. Assume that the beam has adequate shear
strength.

1. Calculate the nominal ﬂawMM of the section for bending about the y axis (moment in the x2
plane). Ignorgthe contribution of steel in /compressmn as well asthe contribution of concrete in tension.

(15 points) —————— — : : )

2. Calculate the cracking flexural strength of the section for bending about the y axis. Can the beam support
its own self-weight without cracking? (10 points)

3. Without calculating the nomina! flexural strength M, for bending about the z axis (moment in the xy
plane) explain in three lines ( maximug\) why it cannot be larger than M,,. (5 points)
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Problem 2 (30/100)

Consider the 12’ long simply supported RC beam shown in Figure 2. It is given that f, = 4 ksi and f, = 60 ksi. The
beam supports 2 uniformly distributed load w that is already factored and includes the self weight of the
beam. >

1. Design the beam to carry the maximum possible load w and at the same time to satisfy flexural and shear
design requirements of ACI. .W\h\at is the maximum value of w + the beam can resist? (24 points)

2. Draw a sketch of the section as well as a side vfew of 'your beém showing both the longitudinal and
transverse reinforcer ails of your design. (6 points)

Assume an effective depth d (distance from the extreme compressive fiber to the centroid of tension
reinforcement) of 28", For the shear design consider the critical section to be at the support.

(a) Beam geometry and loading (b) Beam section

| 0
|

32:'
13271

1D —

w (kips/ft)
vy IIILTIITTITT

A
W

12°
16"

Assume on effective depth d = 28"

Figure 2.

Problem 3 (40/100)

The two-story RC frame building of Figure 3 is considered. Fach slab carries a uniformly distributed load q (in
units of kips / ft’). Consider this load already factored includes the selfwei-gh?;f the slab. Ignore the
self weight of the beams. It is given thé\t_c = 4 ksi and f, = 60 ksi. Fhe slab in the x direction is reinforced with
~#4 rebars @ 12” both top and bm also Figure 3(d).
1) W!ia_ti_s 5 the n n{rr'?nal ﬂexuralbs_tﬁ@'n\sf the T-beam B1B2, the cross section of which is shown in Figure 3(d)
for negative moment (tbp reinforcement in tension)? It is given that the hominal flexural strength of beamn
Biazformmvrmarﬁént 's M, = 400 kips-ft. (20 points) 2%
2) What is the maximum force per unit lengt'{‘,uw'}in kips / ft) that beam B182 can resist? All beams are
assumed to be fixed to the columns, The bending E{oment diagram of beam B1B2 subjected to a uniform load
w is shown in Figure 3(e). Find the maximum load per unit of are%, q,\the slab can support. e e S
3) Givgrl t_h_e_lo_ngitudina_! E_i_r)fgr_c_enlep}_details of beam 818_2_5@ in Figure 4 dndgl{g\\e_beam can ca_rry)
g!e'léaa "W you calculated in question 2>Check t?e{n?horage 51_13 the bar termination. All the bars are
uncoated. Normal weight concrete is used. e e ST, 2
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