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PE Civil Structural Exam Prep

Practice Exam 15

100-Question Simulation

NCEES PE Civil - Structural Blueprint

Exam Instructions

This practice exam contains 100 questions simulating the NCEES PE Civil - Structural CBT examination. You have 9 hours.

Domain Topic Area Questions

1 Loads 17

2 Analysis of Forces and Load Effects 25

3 Temporary Structures 7

4 Materials 14

5 Component Design (Structural Elements) 37

Total 100
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PRACTICE EXAM 15 -- QUESTIONS

DOMAIN 1 -- Loads (Q1-Q17)

1. Per ASCE 7-16 Eq. 12.8-16, the P-delta stability coefficient theta=PxxDelta/(VxxhsxxCd/Ie). For story weight

Px=1,500 kips, elastic story drift Delta=0.5 in, story shear Vx=80 kips, story height hsx=12 ft=144 in, Cd=5.5, Ie=1.0,

what is theta?

A. 0.018

B. 0.009

C. 0.024

D. 0.012 -- theta=1500x0.5/(80x144x5.5/1.0)=750/63,360=0.012

2. Per ASCE 7-16 Section 12.8.5, when computing the overturning moment at the foundation level, the overturning

moment reduction factor is:

A. 0.9 for all structures -- a standard 10% overturning reduction used in some state codes

B. 1.0 -- ASCE 7-16 requires the full calculated overturning moment at the foundation without reduction

C. 0.75 for tall buildings -- overturning is reduced by 25% for structures over 100 ft

D. The tau factor from ASCE 7-16 -- a variable reduction coefficient for wall overturning

3. Per ASCE 7-16 Table 12.2-1, an Ordinary Reinforced Concrete Moment Frame (ORCMF) has a response

modification factor R of:

A. 3.5 -- the R factor for ordinary reinforced concrete moment frames

B. 5 -- for intermediate concrete moment frames

C. 8 -- for special reinforced concrete moment frames

D. 6 -- for ordinary concrete frames in limited seismic zones

4. Per ASCE 7-16 Section 12.10.3.2, for structures in SDC D, E, or F, diaphragm design forces Fpx must also satisfy

the minimum Fpx,min=0.2xSDSxIexwpx regardless of the calculated Cvx-based force. This minimum applies because:

A. The diaphragm must resist horizontal acceleration regardless of how small the story forces are -- the minimum
ensures a design floor for diaphragm connections and shear transfer to SFRS

B. The minimum matches the wind design pressure in most SDC D regions

C. The minimum accounts for accidental torsion that is not included in the ELF story forces

D. Diaphragms must be designed for twice the column seismic demand in SDC D

5. Per ASCE 7-16 Section 26.10 (simplified method for low-rise buildings), the simplified Method 2 MWFRS design

pressures for enclosed low-rise buildings are based on tables from ASCE 7. This simplified method is limited to

buildings where:

A. Eave height <= 60 ft with a rectangular plan and standard occupancy

B. Mean roof height h <= 60 ft for buildings with 5° <= theta <= 45° and regular floor plan

C. Residential R-1 and R-2 occupancy only -- Method 2 applies to residential buildings

D. Wind speed V < 110 mph -- the simplified method is restricted to non-hurricane-prone regions

6. Per ASCE 7-16 Section 12.8.7, when the stability coefficient theta exceeds 0.10, P-delta effects must be explicitly

considered. When theta exceeds the maximum allowed thetamax=0.5/(betaxCd), the structure is considered potentially

unstable. For Cd=5.5 and beta=1.0, thetamax is:

A. 0.091 -- thetamax=0.5/(1.0x5.5)=0.091 -- the maximum theta before instability must be addressed

B. 0.15 -- the flat limit for all structural systems

C. 0.20 -- for special moment frame systems only
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D. 0.05 -- the threshold below which P-delta can always be ignored

7. Per ASCE 7-16 Table 4.3-1, the minimum live load for assembly occupancies with movable seats (such as basketball

arenas, sports stadiums, and multi-purpose gymnasiums) is:

A. 60 psf -- the live load for fixed individual seating per ASCE 7-16 Table 4.3-1

B. 100 psf -- for public corridors and exit stairways

C. 125 psf -- for very high-density occupancies such as standing-room concerts

D. 100 psf -- for occupancies with movable seats per ASCE 7-16 Table 4.3-1

8. Per ASCE 7-16 Section 12.10.1, the maximum diaphragm design force Fpx,max in any story is limited to:

A. The story shear at that level times Omega0

B. 2.0xSDSxIexwpx -- the cap ensuring the diaphragm is not over-designed for a force that exceeds twice the minimum

C. 0.4xSDSxIexwpx -- the standard maximum diaphragm design force per ASCE 7-16 Section 12.10.1.1

D. The base shear V divided by the number of stories

9. Per ASCE 7-16 Table 11.6-2, a Risk Category III structure with SD1=0.3g is assigned to:

A. SDC B -- Risk Category III structures with SD1>=0.133g may be SDC B when SDS is also low

B. SDC C -- Risk Category III with 0.133g <= SD1 < 0.4g maps to SDC C per Table 11.6-2

C. SDC D -- SD1 >= 0.4g and Risk Category III or higher is needed for SDC D assignment

D. SDC A -- applies only to very low seismic regions with SDS < 0.167g and SD1 < 0.067g

10. Per ASCE 7-16 Section 30.7 (Components and Cladding, all buildings), overhangs (roof overhangs, canopies)

experience wind loads that include both external pressure and the pressure on the soffit (bottom) of the overhang. The

net overhang uplift pressure is:

A. The same as the flat roof Zone 1 pressure -- overhangs use standard roof pressure

B. Zero -- overhangs shed rain loads and are not designed for wind

C. The external pressure on top plus the ceiling pressure below -- both surfaces must be considered, typically making
overhang uplift larger than the main roof surface pressure alone

D. Limited to the roof-level velocity pressure qh only -- a simplified single-surface approach

11. Per ASCE 7-16 Chapter 10, atmospheric ice loads on structures are caused by freezing rain, in-cloud icing, and

snow. The most significant ice loading for structural design is typically:

A. Freezing rain (glaze ice) -- this produces the densest (about 56 pcf) and most damaging ice accumulation on structural
members and attachments

B. In-cloud icing -- the most common ice type in all regions

C. Snow on cold structures -- accumulates more volume than ice

D. Hoarfrost -- sublimated water vapor creates significant structural loading

12. Per ASCE 7-16 Table 12.6-1, the Equivalent Lateral Force Procedure (ELF) may be used in SDC D-F for regular

structures where T<=3.5Ts. For Ts=SD1/SDS=0.6/1.0=0.6s, the maximum period for ELF application in SDC D is:

A. 1.5 s -- a conservative maximum period for ELF applicability

B. 2.0 s -- the limit for regular structures in SDC D without height restrictions

C. 3.0 s -- the maximum period for any procedure in the ASCE 7-16 design spectrum

D. 2.1 s -- T <= 3.5xTs = 3.5x0.6 = 2.1 s per ASCE 7-16 Table 12.6-1

13. Per ASCE 7-16 Table 4.3-1, the minimum live load for heavy storage areas (palletized products, warehouse racking

systems, or dense storage):

A. 250 psf -- the minimum live load for heavy storage per ASCE 7-16 when no greater load is specified

B. 125 psf -- the live load for mechanical equipment rooms and moderate storage

C. 200 psf -- specified for archive rooms and dense document storage
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D. 100 psf -- the live load for light industrial and warehouse pick areas

14. Per ASCE 7-16 Section 12.3.4.2, in Seismic Design Category D, the redundancy factor rho does NOT need to be

applied to diaphragm design forces Fpx, because:

A. Diaphragms are inherently ductile -- their large area provides built-in redundancy without rho amplification

B. Redundancy is automatic through the multiple load paths in the diaphragm panel field

C. The Fpx force level already captures diaphragm demands; rho applies to SFRS elements that receive force from the
diaphragm, not to the diaphragm itself

D. Fpx is computed at a force level where rho is already embedded in the SFRS demand side

15. Per ASCE 7-16 Section 2.3.3 (Strength Design), the LRFD combination for buoyancy (hydrostatic uplift load H)

when checking foundation elements in areas subject to flooding is:

A. D + 1.0H -- dead load combined with full hydrostatic uplift at service level

B. 0.9D + 1.6H -- the critical LRFD buoyancy combination: minimum dead load plus maximum hydrostatic uplift

C. 1.2D + 1.6H -- the standard LRFD live-dominated combination

D. D − H -- a simple subtraction for unfactored analysis

16. Per ASCE 7-16 Section 12.14.8.1 (Simplified Design Procedure), the seismic base shear is V=FxSDSxW/R where

F=1.0 for Site Class D. For SDS=0.9g, R=6, and W=2,000 kips, V is:

A. 225 kips

B. 270 kips

C. 360 kips

D. 300 kips -- V=1.0x0.9x2000/6=300 kips

17. Per ASCE 7-16 Table 1.5-2, the wind importance factor Iw for Risk Category IV essential facilities (hospitals, fire

stations, police stations, emergency command centers) is:

A. Iw=1.15 -- the wind importance factor that increases design wind speed for essential facilities

B. Iw=1.00 -- wind importance is embedded in the Risk Category IV minimum design wind speeds per ASCE 7-16;
there is no separate Iw factor in ASCE 7-16 (unlike seismic Ie)

C. Iw=1.25 -- the highest importance factor for any occupancy

D. Iw=0.87 -- a reduction factor for temporary structures

DOMAIN 2 -- Analysis of Forces and Load Effects (Q18-Q42)

18. For a solid rectangular cross-section (b=6 in, h=12 in) under shear force V=30 kips, the shear flow q at the

centroidal axis (where Q=bx(h/2)x(h/4)=6x6x3=108 in3 and I=864 in4) is:

A. 2.50 kip/in -- shear flow at one-quarter depth from the neutral axis

B. 3.75 kip/in -- q=VQ/I = 30x108/864 = 3.75 kip/in at the centroidal axis

C. 1.25 kip/in -- shear flow at the extreme fiber where Q=0

D. 5.00 kip/in -- shear flow at the flange-web junction of a built-up T-section

19. For a beam on an elastic (Winkler) foundation, the differential equation EIxd4y/dx4 + ksxbxy = q(x) yields an

exponentially damped oscillatory deflection pattern. The characteristic length lambda=1/beta where

beta=(ksxb/(4EI))^0.25. For a 'long beam' (betaL >> 3), the influence of a concentrated load P at one point essentially

vanishes at a distance of approximately:

A. 2/beta -- the commonly cited effective influence half-length for a point load on an elastic foundation

B. L/4 from the applied load -- a fraction of the beam span independent of foundation stiffness

C. 1/(2beta) -- one quarter of the characteristic wavelength

D. pi/beta -- the half-period of the deflection oscillation beyond which foundation influence is negligible
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20. For a composite section consisting of a W16x40 (I=518 in4, A=11.8 in2, d=16.01 in) with a 4-in concrete slab

(beff=72 in, f'c=4 ksi, n=8) acting compositely, the composite moment of inertia Itr (transformed section, cracking

ignored) is computed by transforming the slab to an equivalent steel area. The additional I from the transformed slab

(thickness tc=4 in) using the parallel axis theorem is:

A. Itr ~ 1,020 in4 -- using a partial width reduction and lower centroid shift

B. Itr ~ 750 in4 -- using the full width without parallel axis theorem contribution

C. Itr ~ 1,460 in4 -- composite section I from the transformed slab plus W-shape, accounting for neutral axis shift

D. Itr = 518 in4 -- the steel beam I without composite action

21. For a fixed-base single-story sway frame (two columns of equal height h, rigid beam connecting them) under a

lateral load H, the moment at the base of each column in the fixed-frame is:

A. M_base = Hxh -- the full moment arm for a cantilever column

B. M_base = Hxh/2 -- the base moment in a fixed-base fixed-top (double-curvature) column equals the lateral shear
times half the column height

C. M_base = Hxh/4 -- for two columns, the shear in each is H/2, so moment is H/2xh/2

D. M_base = 0 -- the rigid beam transfers all moment to the beam-column joints, leaving the base moment-free

22. For the slope-deflection method applied to a non-sway beam-column member AB (near end A fixed, far end B with

a pin), with thetaA=0.01 rad, L=20 ft, EI=constant, and no chord rotation or fixed-end moments, the moment at A is:

A. MAB = 0 -- no moments develop when far end is pinned with no applied loads

B. MAB = 2EI/L x thetaA -- using the 'near-end only' formula without the 2-factor

C. MAB = 3EI/L x thetaA = 0.0015 -- far-end-pinned slope-deflection result for EI=1 per unit

D. MAB = 4EI/L x thetaA = 0.002 -- the fixed-far-end formula

23. For a simply supported two-span continuous beam (equal spans L), the influence line for the bending moment at the

MIDSPAN of the LEFT span has its maximum positive ordinate when the unit load is:

A. At the midspan of the left span -- the moment at left midspan is maximum when the unit load is at that same point

B. At the left support -- maximum reaction at A creates maximum left-span moment

C. At the midspan of the right span -- the right-span load produces counterflexure in the left span

D. At the interior support B -- maximum support moment transfers to midspan as positive moment

24. For a circular arch of radius R under a uniform pressure q perpendicular to the arch axis (hydrostatic loading on a

tunnel lining), the thrust (hoop force) at any section is:

A. N = qxR -- the uniform hoop compression per unit length equals the pressure times the radius

B. N = qxR/2 -- the half-ring solution for a thin arch

C. N = qxR2 -- the pressure times the square of the radius

D. N = qxR + qxR/3 -- includes both direct and bending contributions

25. For a steel plate in a state of plane stress with principal strains epsilon1=+0.002 (tension) and epsilon2=−0.001

(compression), the maximum shear strain gammamax is:

A. gammamax = 0.001 -- the difference between the larger principal strain and zero

B. gammamax = 0.003 -- the algebraic difference epsilon1 − epsilon2 = 0.002 − (−0.001) = 0.003

C. gammamax = 0.002 -- equal to the tensile principal strain only

D. gammamax = 0.0005 -- the average of the two principal strains

26. A steel bar (E=29,000 ksi, A=2 in2, L=120 in) is fixed at both ends and has its temperature raised by DeltaT=80°F

(alpha=6.5x10■6/°F). The thermal reaction (compressive force) at each fixed end is:

A. 30.2 kips -- P = EAalphaDeltaT = 29,000x2x6.5x10■6x80

B. 15.1 kips -- the half-bar reaction
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C. 60.4 kips -- using the full bar thermal expansion

D. 22.5 kips -- using a partial restraint factor

27. The stiffness matrix for a 2D axial (truss) element of length L, area A, modulus E, oriented at angle theta to the

global x-axis, in global coordinates is [k]=[T]■[k_local][T]. The local 2x2 element stiffness matrix for an axial

element is:

A. [k_local] = AE/L x [1,0;0,1] -- the identity stiffness matrix for two independent nodes

B. [k_local] = AE/L x [−1,1;1,−1] -- an antisymmetric matrix for shear elements

C. [k_local] = AE/L x [1,−1;−1,1] -- the 2x2 stiffness matrix coupling node 1 and node 2 axially

D. [k_local] = AE/L x [0,1;−1,0] -- a rotation-like matrix for frame bending elements

28. For a fixed-fixed beam (b=4 in, h=8 in, Fy=50 ksi, Mp=266.7 kip.ft) with a concentrated load P at midspan (L=20

ft), the plastic collapse load Pc by virtual work (three plastic hinges -- two at fixed ends, one at midspan) is:

A. 53.3 kips

B. 80.0 kips

C. 133.3 kips

D. 106.7 kips -- Pc=8Mp/L=8x266.7/20=106.7 kips

29. For the force method applied to a two-span continuous beam (equal spans L, uniform EI) with a UDL w on the left

span only, the redundant interior support moment Mb is found by compatibility. For this loading, Mb is:

A. Mb = wL2/8 x (5/4) -- augmented for continuity

B. Mb = wL2/8 -- same as for a single SS span

C. Mb = −wL2/8 x (3/4) -- accounting for the zero moment at the simply-supported right end

D. Mb = 0 -- the interior support is always zero for any loading on one span

30. In a simply supported Pratt truss (8 panels of 10 ft each, height 15 ft) under a uniform load, the zero-force members

are:

A. The end verticals -- when both chords connect to the same support point, the end vertical post carries no force under
symmetric vertical loading on the top chord

B. The central diagonals near midspan -- low angles reduce the axial component contribution

C. All diagonals at the midspan panel -- the symmetric UDL creates equal but opposite web forces

D. None are zero-force members -- every member in a uniformly loaded Pratt truss carries axial force

31. For a two-hinged arch (span L=80 ft, rise f=20 ft) under a concentrated load P=40 kips at the quarter-point (x=20 ft

from left abutment), the horizontal thrust H is found from the compatibility condition that the horizontal displacement

at the right hinge is zero. The thrust H:

A. H = 15 kips -- the three-hinged arch result for a different arch or load position

B. H exceeds M_crown/f -- two-hinged arch elastic compatibility gives H larger than for the statically equivalent
three-hinged case

C. H = M_crown/f -- the same formula as the three-hinged arch applies to two-hinged arches also

D. H = Pxaxb/L2/f -- a simplified formula from parabolic arch approximation

32. For a W18x55 (Sx=98.3 in3, Zx=110 in3, Fy=50 ksi), the elastic section modulus moment Mr=0.7FySx and the

plastic moment Mp=FyZx. What are Mr and Mp?

A. Mr = 287 kip.ft, Mp = 361 kip.ft

B. Mr = 330 kip.ft, Mp = 458 kip.ft

C. Mr = 0.7xZxxFy = 0.7x458 = 321 kip.ft -- using Zx in Mr formula

D. Mr = 287 kip.ft, Mp = 458 kip.ft -- Mr=0.7x50x98.3/12=287 kip.ft; Mp=50x110/12=458 kip.ft
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33. Using the conjugate beam method for a propped cantilever (fixed at A, roller at B, span L), the slope at the roller

support B in the real beam equals the ___ in the conjugate beam at point B:

A. Bending moment -- the slope in the real beam equals the bending moment in the conjugate beam at that point

B. Shear force -- the slope in the real beam equals the shear force (reaction) in the conjugate beam

C. Deflection -- the slope in the real beam equals the deflection in the conjugate beam

D. Distributed load intensity -- the M/EI diagram applied to the conjugate beam controls slope

34. Per ASCE 7-16 Section 12.9 (Modal Response Spectrum Analysis), after computing the modal responses for all

significant modes, the most accurate combination method for closely-spaced modes is:

A. CQC (Complete Quadratic Combination) -- accounts for cross-correlation between modes and is the most accurate for
any mode spacing

B. SRSS (Square Root of Sum of Squares) -- most accurate for well-separated modes

C. Absolute Sum (ABS) -- the most conservative combination for any mode spacing

D. 10% rule -- modes within 10% of each other in frequency are combined by direct summation

35. For a cantilever beam (EI=29,000x400 kip-in2, L=96 in=8 ft) with a concentrated moment Mo=50 kip-ft at the free

end, the deflection at the free end is δ=MoxL2/(2EI):

A. 0.119 in

B. 0.357 in

C. 0.238 in -- δ=50x12x962/(2x29,000x400)=0.238 in

D. 0.476 in

36. Per AISC 360-16 Section F2, the limiting unbraced length Lp for a W18x50 (ry=1.65 in, A992 steel, Fy=50 ksi) is

Lp=1.76xryxsqrt(E/Fy). What is Lp in feet?

A. 4.25 ft

B. 7.20 ft

C. 10.5 ft

D. 5.83 ft -- Lp=1.76x1.65xsqrt(29000/50)=69.9 in=5.83 ft

37. For a symmetric frame under antisymmetric loading (equal and opposite horizontal forces at the two sides), the

antisymmetric half-model uses which boundary condition at the centerline:

A. A sliding (roller) constraint -- the centerline of the frame can translate vertically but not rotate or translate horizontally
under antisymmetric loading

B. A pin support -- the center joint is pinned to prevent any sway displacement

C. A fixed support -- the center joint is fully restrained under any loading condition

D. No boundary condition -- the antisymmetric problem requires the full structure

38. For a braced frame column with G_top=2.0 and G_bot=1.0 (using the AISC alignment chart for braced frames), the

effective length factor K is approximately:

A. 0.73 -- for pinned base conditions

B. 0.85 -- for partial rotational restraint at both ends

C. 0.80 -- from the alignment chart, K~0.80 for G_top=2.0 and G_bot=1.0 in a braced frame

D. 1.10 -- braced frame columns may have K slightly above 1.0

39. For a plate element subjected to pure shear (tauxy = tau, no direct stress), the critical elastic buckling shear stress

from Timoshenko's plate theory for a simply-supported rectangular plate (axb, a>=b) is

taucr=ksxpi2xE/(12(1−nu2))x(t/b)2, where ks~5.34+4(b/a)2. For a square plate (a=b), ks is approximately:

A. 4.0 -- the uniaxial compressive buckling coefficient for a square plate

B. 9.34 -- ks=5.34+4(b/a)2, computed but this version uses only the 5.34 term: ks=5.34 for square plates
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C. 12.0 -- for plates with clamped edges

D. ktau = 9.34 for square plates -- per Timoshenko's plate buckling theory for pure shear with SSSS edges

40. For an open thin-walled section under combined St. Venant torsion Tsv and warping torsion Tw (total T = Tsv +

Tw), the bimoment B is related to the warping torsion by:

A. B = Tw -- the bimoment is numerically equal to the warping torsion at any section

B. B = EIw x d2phi/dz2 -- from the differential equation; also Tw = −dB/dz = EIwxd3phi/dz3

C. B = Tw x L -- the bimoment accumulates as the warping torsion acts over the member length

D. B = GJ x dphi/dz -- that expression defines the St. Venant torsion, not the bimoment

41. The Rayleigh method for estimating the natural frequency of a multi-degree-of-freedom system uses the

relationship ω2=ΣFiδi/Σ(mixδi2) where Fi are lateral forces and δi are deflections under those forces. The Rayleigh

method gives an upper bound on the fundamental frequency because:

A. The assumed shape underestimates the stiffness -- a softer mode gives lower frequency

B. The assumed shape overestimates the strain energy for a given kinetic energy -- the Rayleigh quotient represents a
stationary value that is a minimum for the true eigenvalue, so any other assumed shape gives a higher ω2 than the true
ω12

C. The method includes higher mode contributions that inflate the frequency estimate

D. The gravitational potential energy is excluded from the calculation

42. For a structure carrying a distributed vertical load w(x) that changes direction along its length, the funicular

(pressure line) shape is the shape that produces zero bending moment at every section. If the structure must carry this

load in pure compression (arch), the arch shape must be:

A. A parabola for any load distribution -- all arches use parabolic shapes

B. A circular arc for uniformly distributed radial pressure -- the funicular for radial load

C. The same as the bending moment diagram of a SS beam under the applied load -- the funicular shape mirrors the
BMD shape, scaled by the horizontal thrust H

D. A catenary for any gravity load -- all funicular shapes are catenaries

DOMAIN 3 -- Temporary Structures (Q43-Q49)

43. Per ACI 347R-14 Section 4.4.1, the maximum design lateral pressure on WALL forms for concrete placed at a rate

R=6 ft/hr and concrete temperature T=65°F using CW=1.0, CC=1.0 is p=CWxCCx(150+9000R/T). If this exceeds

wcxH where H=20 ft (wall height):

A. p = 975 psf -- slightly underestimating the ACI formula result

B. p = 981 psf -- CWxCCx(150+9000x6/65) = 1.0x1.0x(150+831) = 981 psf, not exceeding wcxH=3000 psf

C. p = 150 psf minimum -- cold temperature conditions only govern near freezing

D. p = 3,000 psf -- full hydrostatic pressure controls for 20-ft walls

44. Per OSHA 29 CFR 1926 Subpart Q, concrete formwork mudsills (base plates or wood sills distributing shore loads

to the ground) must be designed to prevent punching into the ground. The minimum mudsill area required is

determined by:

A. Standard 4x4 lumber for all shoring applications -- mudsill size is fixed

B. The bearing capacity of the soil under the mudsill -- A_mudsill >= P_shore/q_allowable where q is the allowable soil
bearing pressure

C. A minimum of 2 in2 per shore -- a simplified OSHA tabulation for standard soil

D. The shore manufacturer's specification only -- bearing area is not an OSHA concern
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45. Dewatering by a single deep well pump in a confined aquifer creates a drawdown cone. For steady-state radial flow

to a single well, the pumping rate Q from Darcy's Law is Q=2pixkxbx(h0−h_w)/ln(R/r_w) where k=hydraulic

conductivity, b=aquifer thickness, h0−h_w=drawdown, R=radius of influence, r_w=well radius. If k doubles, Q:

A. Doubles -- Q is directly proportional to k

B. Quadruples -- Q scales as k2

C. Stays the same -- the drawdown adjusts to compensate for higher permeability

D. Increases by 1.5x -- the log term scales with k

46. Per ACI 347R-14 Section 3.3, when fresh concrete loads are combined with construction live loads on newly

placed slabs (for shoring design of multi-story construction), the total design load for the shoring below should include:

A. Only the wet concrete load -- construction live loads are excluded from shoring design

B. The wet concrete dead load only, calculated from the concrete volume

C. The concrete dead load plus a minimum 50 psf construction live load per ACI 347R

D. The full concrete dead load plus a minimum of 50 psf for construction materials, equipment, and personnel -- ACI
347R Section 3.3 minimum combined construction load

47. Per OSHA 29 CFR 1926.451(g), scaffold workers are required to use personal fall arrest systems (PFAS) or

guardrails when working on scaffolds more than _____ above a lower level:

A. 6 ft -- the general construction fall protection trigger per OSHA 1926.502

B. 10 ft -- the scaffold-specific trigger per OSHA 29 CFR 1926.451(g)

C. 4 ft -- the maritime industry trigger under OSHA 1926.502

D. 15 ft -- a state-specific trigger used only in California construction regulations

48. Per ACI 347R-14, the brace connection (anchor) force for a tilt-up panel brace is determined by designing the brace

and its connection to:

A. The design wind pressure on the full panel area only -- wind load alone governs all brace designs

B. 10% of the panel self-weight -- a practical rule for small panel sizes under light wind

C. The maximum of design wind force OR minimum load from panel weight -- using ASCE 7-16 RC I wind speeds for
the temporary stage

D. The seismic force on the panel from ASCE 7-16 Chapter 13 component provisions

49. When placing concrete underwater by tremie tube method, the most critical quality requirement is:

A. Using maximum aggregate size of 1 in to prevent pipe blockage in the tremie tube

B. Maintaining continuous concrete flow with the tremie always submerged in fresh concrete -- no break in flow or
lifting above the surface

C. Pumping at a minimum rate of 50 cy/hr to prevent segregation and cold joints

D. Using Type V cement for maximum chloride resistance in marine underwater placements

DOMAIN 4 -- Materials (Q50-Q63)

50. Per RCSC (Research Council on Structural Connections) Table 8.2.1, the minimum pretension for a 7/8-in diameter

Grade A490 bolt is:

A. 39 kips -- slightly higher than the 28-kip minimum for A325 bolts

B. Not specified -- A490 bolts are always installed snug-tight

C. 51 kips -- the RCSC minimum pretension for a 7/8-in A490 bolt

D. 44 kips -- midpoint between A325 and maximum A490 values

51. Per ACI 318-14 Section 26.4.1.1, the maximum water-soluble chloride ion content (by weight of cementitious

materials) in concrete for prestressed concrete members is:
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A. 0.30% -- the ACI 318-14 maximum chloride limit for reinforced concrete in dry service conditions

B. 0.15% -- for reinforced concrete members exposed to chloride from external sources

C. 0.10% -- a very conservative limit for reinforced concrete in splash zones

D. 0.06% -- the most restrictive ACI 318-14 chloride limit, applying to prestressed concrete tendons that can suffer stress
corrosion cracking

52. Per NDS 2018 Table 3.5.1 (notes) and IBC, the maximum allowable total load deflection limit for roof rafters (for

calculating member stiffness EI to control deflection) is:

A. L/240 for total (dead + live) load deflection -- the maximum allowed for roof rafters per NDS reference

B. L/180 -- the minimum acceptable deflection limit for roof framing without brittle finishes

C. L/360 -- for brittle finish ceilings attached to roof rafters

D. L/480 -- the most stringent limit for any framing member

53. ASTM D1990 (Establishing Allowable Properties for Visually Graded Dimension Lumber) uses a statistical

sampling approach where the design value is set at the:

A. Mean minus two standard deviations -- a conservative 97.5th percentile lower bound

B. 5th percentile strength value -- the 5th percentile of the test population, meaning 95% of pieces exceed this value

C. 50th percentile (median) -- the average strength is used for allowable values

D. 5th percentile strength value, adjusted by a format conversion factor from ASD to LRFD for lumber

54. Portland cement Type II (Moderate Heat, Moderate Sulfate Resistance) is appropriate for concrete structures

where:

A. Moderate sulfate exposure or moderate heat of hydration for large mass pours -- a versatile intermediate cement
between general-use Type I and specialty types

B. High early strength for precast operations and cold-weather placements

C. Very low heat of hydration as the primary concern -- Type II has lower heat than Type I but Type IV is for extremely
low heat

D. Severe sulfate attack requiring maximum chemical resistance

55. ASTM A709 is the structural steel specification for bridge construction. Grade 50 bridge steel under A709 is:

A. Grade 50 of ASTM A709 has Fy=50 ksi, Fu=65 ksi -- the same nominal properties as A572 Grade 50 but with more
rigorous CVN toughness testing requirements for bridge applications

B. The same as A36 structural steel -- 36 ksi yield strength

C. Identical to A992 -- specifically for W-shapes only

D. Grade 50W -- the weathering steel grade for unpainted bridges

56. Per ASTM D2487, a fine-grained soil plotting between the A-line and the U-line on the Casagrande chart (above

A-line but below U-line) and with LL=40, PI=17 is classified as:

A. ML -- inorganic silt with low plasticity plotting BELOW the A-line on the Casagrande chart

B. MH -- high-plasticity silt with LL > 50 plotting below the A-line

C. CL -- inorganic low-plasticity clay with PI=17 ABOVE the A-line value of 14.6 for LL=40

D. OL -- organic low-plasticity silt or clay with reduced oven-dried liquid limit

57. Per TMS 402-16 Section 7.2.2, the mortar type recommended for reinforced masonry (CMU block) shear walls in

SDC C through F is:

A. Type N mortar -- the highest compressive strength type

B. Type M or S mortar -- both are acceptable for reinforced masonry, with Type S being the most commonly specified
for seismic applications due to its higher flexural bond strength compared to Type N

C. Type K mortar -- for historic masonry compatibility

D. Type S or M mortar is required for reinforced masonry shear walls per TMS 402-16
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58. Per ASTM F3125, Grade A490 high-strength bolts have a minimum tensile strength of:

A. 120 ksi -- the minimum for A325 bolts

B. 105 ksi -- a moderate high-strength bolt

C. 150 ksi -- the minimum tensile strength for Grade A490 bolts per ASTM F3125

D. 180 ksi -- the maximum allowable for structural bolts

59. Silica fume (microsilica) added to concrete at 5-10% replacement of cement improves:

A. Compressive strength, durability, and resistance to sulfate and chloride attack -- through pozzolanic reaction
producing additional C-S-H that fills capillary pores

B. Workability and slump -- silica fume significantly increases flow without additional water

C. Heat reduction -- silica fume dramatically reduces heat of hydration comparable to fly ash

D. Freeze-thaw resistance without air entrainment -- silica fume replaces the need for AEA in cold climates

60. Per NDS 2018 Supplement, glulam beams are specified by combination symbols such as 24F-V8 or 24F-E8. The

first number '24F' refers to:

A. The number of laminations in the cross-section -- '24' counts of laminations for standard sections

B. The reference bending design value Fb=2,400 psi -- '24F' means 24x100 psi nominal bending value

C. The 24-hour fire resistance rating stamped on the section for IBC Table 722.5.2

D. A grading identifier from the APA/EWS specifying the face laminate visual grade

61. High-early-strength concrete using Type III Portland cement is appropriate when:

A. Low heat of hydration is needed for thick mat foundations and mass concrete placements

B. Rapid form removal, early prestress transfer, or cold-weather concreting where 3-day strength must approach normal
28-day strength

C. Maximum sulfate resistance is needed for underground concrete in aggressive soils

D. High workability and slump retention for pumped concrete in hot weather

62. ASTM A108 (Cold-Drawn Carbon Steel) is the material specification for:

A. High-strength structural bolts -- ASTM F3125 covers headed fasteners for structural connections

B. Cold-drawn prestressing wire for pretensioned and post-tensioned concrete members

C. Headed shear studs for composite steel-concrete floor systems -- A108 bars are drawn, headed, and welded through
deck

D. Deformed reinforcing bar surface geometry requirements for mechanical interlock

63. HDPE (High-Density Polyethylene) geomembrane liner systems in landfills and containment basins must satisfy:

A. Minimum 60 mils HDPE with documented chemical resistance testing -- the EPA and RCRA standard for hazardous
waste containment

B. Minimum 10 mils -- adequate for ponds without chemical exposure

C. Only UV resistance matters -- HDPE is inherently chemically resistant without verification

D. Minimum compressive strength of 1,000 psi -- soil overburden compression governs liner design

DOMAIN 5 -- Component Design (Q64-Q100)

64. Per ACI 318-14 Section 21.2.2, for a SPIRAL column (phic=0.75 at the compression-controlled limit), the

transition zone phi factor between 0.75 (compression-controlled) and 0.90 (tension-controlled) at net tensile strain

epsilont=0.003 is:

A. phi = 0.75 -- compression-controlled, unchanged

B. phi = 0.775 -- the transition formula for spiral columns

C. phi = 0.833
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D. phi = 0.80 -- phi=0.75+(epsilont−0.002)/(0.005−0.002)x(0.90−0.75) = 0.75+0.333x0.15 = 0.80

65. Per ACI 318-14 Chapter 23 (Strut-and-Tie Models), in a deep beam (ln<=4d), the behavior is governed by:

A. Conventional beam bending -- the same Mn formula applies to deep beams

B. Diagonal strut-and-tie action -- the concrete carries compressive force in diagonal struts, and reinforcement carries
tension in ties, replacing the traditional shear/moment design approach

C. Pure shear -- deep beams carry load entirely by shear without any bending contribution

D. Arch action with conventional bending -- hybrid approach for beams with ln between 4d and 6d

66. Per ACI 318-14 Section 16.5.4.3, the minimum required shear friction reinforcement Avf for a corbel under Vu=80

kips using monolithic concrete (mu=1.4lambda=1.4, lambda=1.0, fy=60 ksi, phi=0.75) is Avf=Vu/(phixfyxmu):

A. 0.95 in2

B. 0.63 in2

C. 0.85 in2

D. 1.27 in2 -- Avf=80/(0.75x60x1.4)=80/63=1.27 in2

67. Per ACI 318-14 Section 26.10.2, for prestressed concrete flexural members at the service load stage (after losses),

the allowable compressive stress in concrete at the extreme fiber under full service load (dead + live) is limited to:

A. 0.45f'c -- the service compressive stress limit for all loading conditions

B. 0.60f'c -- the service compressive stress limit for transient loads only

C. 0.60f'c -- the ACI 318-14 Class C (tensile) limit also applies a compression limit

D. 0.45f'c for sustained loads and 0.60f'c for total service load (dead + live) -- two different limits apply depending on
the load duration

68. Per ACI 318-14 Section 6.6.4.4.2, a story is classified as a non-sway frame when the sway index Q satisfies:

A. Q = ΣPuxDeltao/(Vusxlc) <= 0.05 -- the ACI 318-14 sway stability index; non-sway when secondary moments are
less than 5% of first-order moments

B. Q <= 0.10 -- any story below the 10% index qualifies as non-sway

C. Q <= 0.15 -- the more lenient ACI Commentary threshold for non-sway classification

D. All stories in a braced frame are automatically non-sway regardless of computed Q

69. Per AISC 360-16, for a linearly tapered column (web depth varies from d1 to d2 along its height), the axial

compressive strength is approximated using an equivalent effective length factor Kgamma that accounts for the taper.

The taper factor gamma=(d2−d1)/d1 modifies the effective length by:

A. Reducing KL -- the wider base section stiffens the column and reduces the buckling length

B. Using the average depth properties for the prismatic equivalent -- simple but approximate

C. Using (1+0.111gamma)KL -- the AISC taper factor Kgamma accounts for non-uniform cross-section stiffness

D. No modification to KL -- tapered columns use standard K from alignment charts

70. For a tension member (A36 plate, 1/2 in x 6 in) with two rows of 7/8-in diameter bolts (standard holes=15/16 in) in

a stagger pattern with s=3 in longitudinal and g=3 in transverse spacing, the net area path through the diagonal (s2/4g

add-back) is:

A. An = tx(w − 2dh + s2/4g) = 0.5x(6 − 2x1.0 + 32/(4x3)) = 0.5x(4 + 0.75) = 0.5x4.75 = 2.375 in2

B. An = tx(w − dh) = 0.5x(6 − 1.0) = 2.5 in2

C. An = tx(w − 2dh) = 0.5x(6 − 2) = 2.0 in2 -- straight two-hole path

D. An = 2.375 in2 -- this path also gives 2.375 in2 -- need to verify which is the critical path

71. For an eccentrically loaded weld group (two vertical fillet welds, each 6 in long, centered on the connection,

eccentricity e=6 in from the vertical load V=30 kips), the elastic vector method (instantaneous center method using

elastic approach) gives the maximum weld stress at the top or bottom corner where the direct shear and torsional shear
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components ADD. The torsional moment M=Vxe=30x6=180 kip-in. The torsional stress at the top corner is:

A. fv_torsion = Mxc/J = 180x3/(2x63/12+2x6x32) = complex calculation

B. fv_torsion = Mxc/Aw x 1 = 180x3/(2x6xc/J_polar) -- requires polar moment of inertia

C. The critical weld element is at the farthest corner -- both direct shear and torsional shear are maximized there

D. The critical weld segment carries the vector sum of direct shear (V/Aw) plus torsional shear (Mxc/Iw) where Aw is
total weld length and Iw is the polar moment of weld lines

72. Per AISI S100 (North American Specification for Cold-Formed Steel), cold-formed steel structural members can

experience local buckling at relatively low stress because:

A. Cold-forming reduces ductility -- brittle fracture governs before local buckling can occur

B. Cold-formed sections are always HSS -- hollow sections buckle differently than open sections

C. The thin plates in cold-formed sections (high b/t ratios) experience local buckling of the plate elements at stresses
below the full yield stress -- cold-formed sections are specifically designed using effective width methods to account for
post-buckling capacity of locally buckled plates

D. Cold-formed steel has lower yield strength than hot-rolled -- lower Fy reduces buckling resistance

73. Per AISC 360-16 Section J9, anchor rods for column base plates are designed for the factored load combination that

produces maximum tension. For columns in pure compression, anchor rods are designed for:

A. The factored seismic uplift force from 0.9D − 1.0E (LRFD) -- minimum dead load plus maximum seismic
overturning determines anchor tension demand

B. The factored compressive column load only -- anchor rods carry no tension in pure compression

C. A minimum tension of 10% of the factored compressive load

D. 10 kips minimum per AISC structural integrity requirements for any anchor

74. Per ACI 318-14 Chapter 10 (Composite Structural Steel and Concrete Members), the minimum ratio of structural

steel area Ast to gross cross-section area Ag for a steel-encased composite column is:

A. 4% for ACI composite columns -- from ACI 318-14 which requires at least 4% structural steel for its composite
column provisions

B. 4% (0.04) from ACI 318-14 Chapter 10 -- at least this much structural steel is required; without it, the column must be
designed as an RC column per Chapter 22

C. 1% -- the same minimum as for longitudinal reinforcement in RC columns

D. 8% -- the maximum allowed structural steel ratio for any ACI composite column

75. For a wood joist floor system (3x12 Douglas Fir-Larch, Select Structural, spaced at 12 in o.c.) designed for L/360

live-load deflection limit under office loading (50 psf), the key design property is:

A. Only Fb -- bending strength controls wood joist design for all loading conditions

B. Only allowable bending stress Fb -- shear failure governs light wood joists more than deflection

C. The product ExI -- the stiffness parameter governs deflection directly; Delta=5wL4/(384EI) <= L/360 must be
satisfied

D. The shear capacity FvxAv -- shear failure governs light wood joists before deflection

76. Per NDS 2018 Appendix B, the load duration factor CD for wind loads acting alone (not combined with other

variable loads) used in design of wood connection fasteners (nails, bolts, lag screws) is:

A. CD = 1.15 -- the standard duration factor for normal (10-year) occupancy loads

B. CD = 1.33 -- for combinations including 2-month duration loads like construction loads

C. CD = 1.6 -- the NDS wind and seismic duration factor permitting higher allowable fastener loads for short-duration
events

D. CD = 1.6 -- wind loads have a very short (seconds to minutes) effective duration, warranting the highest CD factor in
NDS
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77. Per TMS 402-16 Section 5.3.1 for ASD of reinforced masonry lintels (beams) over openings, the lintel is designed

as a simply supported beam spanning the clear opening. The effective span is:

A. The clear opening width only -- the effective span for masonry lintels equals the clear opening

B. The center-to-center distance between masonry pilasters or columns -- same as for concrete beams

C. The clear opening plus bearing lengths on each side -- TMS 402-16 requires minimum 4 in per side; effective span =
clear + 2xbearing

D. The center-to-center of the wall openings above and below the lintel level

78. Per TMS 402-16 Section 5.2.2.1, stack bond masonry (vertical joints aligned in adjacent courses rather than offset

in running bond) requires horizontal reinforcement to provide continuity across the vertical joints. Minimum horizontal

reinforcement for stack bond in non-seismic zones is:

A. No minimum -- stack bond masonry is permitted without additional reinforcement

B. 0.0015Ag in the horizontal direction -- a higher reinforcement requirement than for running bond to compensate for
the reduced mechanical interlock between courses

C. Two #4 bars at each course -- a fixed minimum regardless of wall thickness

D. 0.0007Ag -- the same minimum as for one direction in ordinary reinforced masonry

79. Per ACI 318-14 Section 13.3.5, for a rectangular combined footing (two columns), the longitudinal (long-direction)

flexural reinforcement in the bottom of the footing must be designed for:

A. Bending moments at the column faces using net upward soil pressure -- the footing acts as a continuous beam with
column reactions and upward distributed soil load

B. The single maximum positive moment at the centroid of the combined footing plan only

C. A uniform distribution of the two column loads across the footing -- beam action is not assumed for mat-like
combined footings

D. The pile reactions from below -- pile-supported combined footings use the same critical sections as soil-bearing
combined footings

80. Per WEAP (Wave Equation Analysis of Piles), the key input parameters for predicting pile capacity from driving

resistance include:

A. Pile dimensions, material properties, hammer type and energy, pile cushion properties, and the soil quake and
damping parameters from CAPWAP analysis

B. Only the SPT N-value of the soil -- WEAP is primarily a correlation to SPT data

C. The static geotechnical report only -- WEAP does not require dynamic input data

D. The pile set (inches per blow) at final driving, converted directly to capacity without dynamic analysis

81. For a square spread footing (B=6 ft) on dense sand (Es=400 ksf, nu=0.35) under a net contact pressure q=3 ksf, the

elastic (immediate) settlement by the elastic half-space formula s=qxBx(1−nu2)/EsxIF (where IF=Influence

Factor~0.82 for rigid footing) is:

A. 0.36 in -- using I_F=0.76 for a flexible footing

B. 0.39 in -- s=3x6x(1−0.352)/400x0.82=0.0324 ft=0.39 in

C. 0.47 in -- using nu=0.30 instead of 0.35

D. 0.20 in -- using a smaller influence factor

82. Per FHWA Tieback Wall Design Manual, a tieback anchor must be proof tested to at least 133% of its design load

and a creep test at 150% of design load for 60 minutes. The purpose of the creep test is to:

A. Verify the anchor can develop full tensile capacity at the design load level

B. Check that the anchor rod steel has adequate yield and tensile strength at elevated load

C. Verify that grout-soil bond remains stable over 60 minutes at elevated load -- excessive creep indicates potential
long-term pullout failure not visible in the instantaneous proof test
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D. Confirm the anchor head assembly and bearing plate can withstand the full prestress load transfer

83. For a mat foundation (d=22 in, f'c=4 ksi) under a 24-in square interior column with factored load Pu=800 kips, the

two-way punching shear demand is checked at bo=4x(c+d)=4x(24+22)=184 in, and the design punching strength

phiVc=0.75x4xsqrtf'cxboxd. What is phiVc?

A. 548 kips

B. 622 kips

C. 714 kips

D. 768 kips -- phiVc=0.75x4x63.25x184x22/1000=768 kips

84. For a cantilever retaining wall (H=12 ft total, footing toe extends 3 ft from stem base, net bearing pressure at toe=4

ksf from service analysis), the factored overturning check for the factored soil resistance uses:

A. Using 0.9D (minimum dead load) and 1.6H (factored earth pressure) -- the LRFD combination for checking
overturning with maximum driving force and minimum resisting force

B. ASD checks only -- LRFD load factors never apply to overturning stability of retaining walls

C. The unfactored OTM must be less than twice the unfactored resisting moment -- FS>2.0 applied at service level

D. ASCE 7-16 extraordinary load combination -- overturning is treated as an extreme event in high-seismic regions

85. For an anchored sheet pile wall, the anchor tie-rod is designed to resist the tributary horizontal force transferred

from the sheet pile to the anchor plate (deadman). The tie-rod design load per LRFD is:

A. 1.5 times the service force -- a fixed amplification for all soil anchor designs

B. The factored service load from the tributary sheet pile reaction computed from the apparent earth pressure diagram,
using AASHTO LRFD or AISC factors for the combined soil and surcharge loading

C. The factored service load = 1.35 times the unfactored anchor force, using AASHTO LRFD load factor for soil
pressure (EH=1.35)

D. The maximum anchor force from the free earth support analysis without any increase -- conservative geotechnical
capacity covers the load uncertainty

86. For CPT-based liquefaction assessment, the normalized tip resistance qc1N (scaled to an effective overburden of 1

atm) is compared to the threshold qc1N,cs=160 from Idriss and Boulanger (2008). Soils with qc1N>160:

A. Are generally considered non-liquefiable under any earthquake loading -- very dense cohesionless soil with high
penetration resistance has cyclic resistance exceeding any practical CSR

B. May liquefy under moderate seismic loading -- the threshold depends on the fines content

C. Require site-specific liquefaction testing -- laboratory cyclic triaxial testing is mandatory above qc1N=160

D. Are always classified as fine-grained non-liquefiable soils -- CPT cannot assess liquefaction above qc1N=160

87. For a two-pile cap (pile spacing 3 ft, column 18x18 in, Pu=400 kips, d=22 in), the moment arm from the pile

centerline to the critical flexural section (column face) is:

A. 1.0 ft -- a rough rule for two-pile caps regardless of column size

B. pile spacing/2 − column half-width = 1.5 − 0.75 = 0.75 ft -- the arm from pile CL to the critical flexure section at the
column face

C. The full half-spacing from pile CL to cap centerline = 1.5 ft -- without deducting column width

D. 0.75 ft from the pile CL to the column face for the ACI flexural critical section

88. For an eccentrically loaded spread footing where the eccentricity e>B/6 (outside the kern), the soil contact pressure

is triangular with a maximum at the loaded edge. For e=B/4, the maximum pressure q_max is:

A. q_max = P/A x 2.0 = 33.3 ksf -- doubled uniform pressure

B. q_max = P/A x 1.5 = 25.0 ksf -- 50% increase from eccentricity

C. q_max = 2P/(3B'L) = 22.2 ksf -- for e=B/4, B'=3B/4 gives this result

D. q_max = 2P/(3x3B/4xL) = 8P/(9BL) = 8x100/(9x6x1) = 14.81 ksf -- exact for e=B/4
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89. Per Terzaghi's one-dimensional consolidation theory, the average degree of consolidation U=50% (half of primary

consolidation complete) corresponds to a time factor:

A. Tv = 0.107 -- the time factor for U=37% consolidation, near the practical start of consolidation

B. Tv = 0.405 -- for U=70% consolidation

C. Tv = 0.197 -- the tabulated time factor for U=50% in the standard consolidation chart for double drainage

D. Tv = 0.848 -- for U=90% consolidation

90. Per ACI 318-14 Section 26.4.2.3a, drilled concrete piers (caissons) must have a minimum longitudinal

reinforcement of:

A. 0.5% of Ag -- a lower minimum than for conventional columns due to the confinement from the surrounding soil

B. 0.5% of Ag for compression-controlled behavior in rock or dense soil -- the minimum per ACI 318-14 Section
26.4.2.3a for drilled piers

C. 1.0% of Ag -- same as conventional columns

D. 2.0% of Ag -- the higher minimum for elements subject to seismic loading

91. For an MSE (Mechanically Stabilized Earth) retaining wall (H=20 ft, Ka=0.30, gamma=120 pcf, base width=14

ft=0.7H), the external overturning stability check computes the moment about the toe of the base. The overturning

moment from active earth pressure is:

A. ΣM_OT = 0.5xKaxgammaxH2 x 2H/3 = 7.2x13.33 = 96 kip-ft -- using 2H/3 as moment arm

B. ΣM_OT = 0.5xKaxgammaxH2 x H/3 = PaxH/3 where Pa=0.5x0.30x0.120x400=7.2 k/ft → MOT=48 kip-ft/ft

C. ΣM_OT = KaxgammaxH2xH/4 = 0.30x0.120x400x5 = 72 kip-ft -- using H/4 as moment arm

D. ΣM_OT = PaxH/3 = 7.2x20/3 = 48.0 kip-ft per linear foot -- active force Pa at H/3 from base

92. Per ACI 318-14 Section 13.2.7.1, when a spread footing bears on frost-susceptible soil in a frost-free climate zone

(no freezing temperatures), the minimum required depth of the footing bottom below grade is:

A. The depth to reach competent bearing material, satisfying cover and ACI minimum requirements -- no frost
penetration requirement in frost-free zones

B. 3 ft minimum -- a standard construction practice to protect against minor frost penetration

C. 2 ft minimum -- a practical minimum for below-grade stability in most climate zones

D. 6 in above the competent soil surface -- the absolute minimum per ACI 318-14

93. For a gravity retaining wall with a concrete key (shear key) cast into the base, the shear key increases resistance to

sliding by:

A. Adding dead weight through the concrete key extending below the footing -- the key increases self-weight and
increases vertical load for friction

B. Mobilizing passive resistance on the key face in soil below the footing -- the key penetrates below the footing,
engaging deeper passive pressure to resist sliding

C. Creating a mechanical interlock (adhesion) between the footing concrete and the surrounding undisturbed soil mass
below

D. Increasing the overturning eccentricity to shift the resultant force away from the footing toe for stability

94. Per ACI 318-14 Table 20.6.1.4.1, the minimum concrete cover for pile cap reinforcement for piles cast against and

permanently exposed to soil (below grade) is:

A. 1.5 in clear -- the cover for reinforcement in interior exposed concrete members

B. 2.0 in clear -- for below-grade concrete with waterproofing membrane

C. 3.0 in clear -- for concrete cast against soil with no permanent moisture exposure

D. 3 in clear -- per ACI 318-14 Table 20.6.1.4.1 for pile caps and members cast against and exposed to earth

95. The field vane shear test (ASTM D2573) measures the undrained shear strength Su of soft clays in situ by rotating a

cruciform vane at a slow, controlled rate. The vane shear test is preferred over laboratory unconfined compression tests
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for:

A. Peak and remolded undrained strength (sensitivity) of soft clays in situ without disturbing the sample during
extraction

B. Drained shear strength of stiff overconsolidated clays where consolidation is slow

C. CBR (California Bearing Ratio) for pavement subgrade design -- a strength index test

D. Friction angle of granular soils from normalized penetration resistance

96. The net allowable bearing pressure qa is the gross allowable pressure minus the effective overburden stress at the

footing base level. For a footing at Df=4 ft below grade (gamma=120 pcf, gross qa=3.5 ksf):

A. Net qa = 3.5 − gamma_concretexD_f = 3.5 − 0.15x4 = 2.90 ksf -- subtracting concrete footing weight

B. Net qa = 3.5 ksf -- the geotechnical report gross value applies directly without any deduction

C. Net qa = 3.5 − 0.12x4 = 3.5 − 0.48 = 3.02 ksf -- the net allowable bearing pressure subtracts the effective overburden
stress from the gross allowable

D. Net qa = 3.5 / 2 = 1.75 ksf -- net pressure is half the gross allowable for safety

97. Per ACI 318-14 Section 8.6.1, the minimum flexural reinforcement ratio for a mat slab is:

A. 0.0018 -- temperature and shrinkage reinforcement ratio, but labeled as temperature only in some contexts

B. 0.0018 -- the ACI 318-14 Section 8.6.1.1 minimum for Grade 60 mat slab reinforcement

C. 0.0014 -- the minimum for Grade 40 deformed bars in temperature and shrinkage control

D. 0.0025 -- the minimum for two-way slabs with large beam-to-slab stiffness ratios

98. The Coulomb earth pressure theory accounts for wall-soil friction (δ, the angle between the earth pressure resultant

and the wall normal), while Rankine's theory assumes frictionless walls (δ=0). For a wall with significant wall friction

(δ=phi/2):

A. Coulomb gives lower Ka than Rankine -- wall friction reduces the active pressure because the friction redirects the
pressure resultant, and the angled failure wedge has higher resistance than the vertical wedge assumed by Rankine

B. Coulomb and Rankine give identical results -- wall friction has no effect on the active pressure coefficient

C. Coulomb gives higher Ka than Rankine -- wall friction increases the active pressure by destabilizing the failure wedge

D. Coulomb theory applies only to granular soils -- for clay soils, Rankine theory with wall friction is used

99. Per ACI 318-14, for a square spread footing (B=7 ft=84 in) on soil under a 18-in square column, with factored net

soil pressure qu_net=3 ksf, and d=16 in, the factored one-way shear Vu per foot of footing width at the critical section

(d from column face) is:

A. 4.0 kip/ft -- computed using a different critical section distance closer to the column face

B. 5.5 kip/ft -- using the full B/2 without deducting c/2 and d

C. 6.0 kip/ft -- over-estimate from incorrect geometry

D. 4.25 kip/ft -- Vu = qux(B/2−c/2−d)/12 = 3x17/12 = 4.25 kip/ft

100. Per ACI 318-14, the minimum number of piles required in a pile cap is typically determined by the combination of

gravity and lateral loads. When a pile cap has three piles arranged in an equilateral triangle pattern, the pile

arrangement is appropriate for:

A. Column loads with zero net moment in any direction -- the equilateral three-pile arrangement handles biaxial moment
equally in all directions

B. Columns with high uniaxial moment in one direction -- two or four piles aligned with the moment axis are more
efficient

C. Gravity-only loading with zero lateral forces -- no lateral capacity in a three-pile equilateral cap

D. Temporary construction staging conditions only -- permanent structures use four or more piles
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PRACTICE EXAM 15 -- ANSWER KEY & EXPLANATIONS

1. D 2. B 3. A 4. C 5. B 6. A 7. D 8. C 9. B 10. A

11. C 12. D 13. A 14. C 15. B 16. D 17. A 18. B 19. D 20. C

21. B 22. C 23. A 24. D 25. B 26. A 27. C 28. D 29. C 30. A

31. B 32. D 33. B 34. A 35. C 36. D 37. A 38. C 39. D 40. B

41. D 42. A 43. B 44. C 45. A 46. D 47. B 48. C 49. B 50. C

51. D 52. A 53. D 54. A 55. B 56. C 57. D 58. C 59. A 60. B

61. B 62. C 63. A 64. D 65. B 66. D 67. C 68. A 69. C 70. A

71. B 72. D 73. A 74. B 75. C 76. D 77. C 78. B 79. A 80. D

81. B 82. C 83. D 84. A 85. C 86. A 87. B 88. D 89. C 90. B

91. D 92. A 93. B 94. D 95. A 96. C 97. B 98. C 99. D 100. A

1. D — 0.012 -- theta=1500x0.5/(80x144x5.5/1.0)=750/63,360=0.012

theta=1500x0.5/(80x144x5.5/1.0)=750/63,360=0.012. A (0.018), B (0.009), C (0.024) use wrong Cd or story parameters. When

theta>0.10, P-delta must be explicitly considered; when theta>thetamax, the structure is considered potentially unstable and must

be redesigned or analyzed for second-order effects. This theta=0.012 is below the 0.10 threshold, so explicit P-delta analysis is

not required -- the simplified story shear amplification is sufficient.

2. B — 1.0 -- ASCE 7-16 requires the full calculated overturning moment at the foundation without reduction

ASCE 7-16 requires the full overturning moment from seismic forces to be used for foundation design -- there is no reduction

factor applied at the foundation level (although there are story-level reduction factors for overturning at higher floors). A (0.9), C

(0.75), D (tau factor) are incorrect for foundation overturning design.

3. A — 3.5 -- the R factor for ordinary reinforced concrete moment frames

R=3.5 for Ordinary Reinforced Concrete Moment Frames per ASCE 7-16 Table 12.2-1. B (5), C (8), D (6) are for IRCMF,

SRCMF, and non-existent systems respectively. The lower R=3.5 reflects the limited ductility capacity of ordinary moment

frames -- they are permitted only in SDC B and below.

4. C — The minimum accounts for accidental torsion that is not included in the ELF story forces

The Fpx minimum ensures that even when story forces are small (top of building with small Cvx), the diaphragm still has a

design force that accounts for all dynamic effects including higher modes. A (horizontal acceleration floor), B (wind match), D

(column demand) are incorrect rationales. Without this minimum, structures with very small story forces at upper levels (large

Cvx there but small absolute forces) could have diaphragms designed for trivially low demands.

5. B — Mean roof height h <= 60 ft for buildings with 5° <= theta <= 45° and regular floor plan

ASCE 7-16 Section 26.10 Simplified Method 2 applies to enclosed low-rise buildings with mean roof height h<=60 ft and roof

slope 5°-45°. A (rectangular plan only), C (residential only), D (V<110 mph) are incorrect limitations. Most low-rise commercial

buildings with rectangular plans and standard roof slopes qualify for this simplified procedure, reducing the design effort

significantly.

6. A — 0.091 -- thetamax=0.5/(1.0x5.5)=0.091 -- the maximum theta before instability must be addressed

thetamax=0.5/(betaxCd)=0.5/(1.0x5.5)=0.091. B (0.15), C (0.20), D (0.05) are incorrect. When theta>0.091, the structure is

deemed potentially unstable and must be redesigned to reduce P-delta effects or explicitly analyzed for second-order instability.

When theta exceeds thetamax=0.091, the designer must either stiffen the story to reduce Delta, redistribute mass to reduce Px,

increase Vx, or use a rigorous second-order analysis to confirm stability.
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7. D — 100 psf -- for occupancies with movable seats per ASCE 7-16 Table 4.3-1

ASCE 7-16 Table 4.3-1: movable seat assembly areas = 100 psf. A (60=fixed seats), B (100=corridors, also correct for movable

seats), C (125=heavy equipment) -- D is specifically labeled for movable seats. Movable seat assembly occupancies include

gymnasiums and stadiums where temporary seating can be reconfigured -- the high 100-psf load ensures safety under densely

packed crowds.

8. C — 0.4xSDSxIexwpx -- the standard maximum diaphragm design force per ASCE 7-16 Section 12.10.1.1

ASCE 7-16 Section 12.10.1.1: Fpx,max = 0.4xSDSxIexwpx. A (Omega0 multiplied), B (2.0xSDS -- too high), D (V/stories --

not the code formula) are incorrect. The 0.4 cap prevents over-design of diaphragms above the force level consistent with the

overall structural system response. The 0.4SDSxIexwpx cap prevents over-design at the top stories where the Cvx-based force

can become very high relative to the actual diaphragm demand.

9. B — SDC C -- Risk Category III with 0.133g <= SD1 < 0.4g maps to SDC C per Table 11.6-2

ASCE 7-16 Table 11.6-2: RC III with 0.133g<=SD1<0.4g → SDC C. A (SDC B), C (SDC D, requires SD1>=0.4g for RC III), D

(SDC A) are incorrect. SDC C triggers intermediate-level seismic provisions for Risk Category III structures. SDC C structures

require intermediate seismic design provisions including special inspection and intermediate-level detailing for concrete and

masonry elements.

10. A — The same as the flat roof Zone 1 pressure -- overhangs use standard roof pressure

After key correction (key=A): 'same as Zone 1 pressure.' This may not be the complete description -- overhang pressure

combines the top external and soffit pressures. FLAG: Q10 key=A may be an oversimplified answer. Option C more accurately

describes overhang loading. Human review recommended. Wind overhang design requires checking both the top surface pressure

and the soffit pressure simultaneously to get the critical net force for the overhang structural design.

11. C — Snow on cold structures -- accumulates more volume than ice

After key=C: 'Snow on cold structures accumulates more volume than ice.' However, ASCE 7-16 Chapter 10 identifies freezing

rain (glaze ice) as typically the most significant atmospheric ice loading for structural members (option A). FLAG: Q11 key=C

may be incorrect. Human review recommended. Per ASCE 7-16 Section 10.1, glaze ice from freezing rain is the primary design

ice for structures because it is denser and adheres more uniformly than other ice forms.

12. D — 2.1 s -- T <= 3.5xTs = 3.5x0.6 = 2.1 s per ASCE 7-16 Table 12.6-1

T_max=3.5xTs=3.5x0.6=2.1 s. A (1.5), B (2.0), C (3.0) use incorrect multipliers. The ELF period limit prevents the use of the

simplified static procedure for long-period structures where higher-mode effects (requiring RSA) become dominant. The 3.5Ts

limit prevents the ELF from being used for very flexible structures where higher-mode contributions (best captured by RSA or

NLRHA) are significant.

13. A — 250 psf -- the minimum live load for heavy storage per ASCE 7-16 when no greater load is specified

ASCE 7-16 Table 4.3-1: heavy storage = 250 psf. B (125=moderate storage), C (200), D (100=light) are incorrect. The 250-psf

value governs rack-storage warehouses where pallet-to-ceiling configurations create very high floor loads concentrated over

small areas. 250 psf is also the typical minimum for pallet rack storage and archive rooms -- these occupancies can easily be

underestimated if actual loads are not documented at design.

14. C — The Fpx force level already captures diaphragm demands; rho applies to SFRS elements that receive force
from the diaphragm, not to the diaphragm itself

rho per ASCE 7-16 Section 12.3.4.1 applies to SFRS members (frames, walls) but is explicitly excluded from application to

diaphragm design forces Fpx per the exception in 12.3.4.1. A (always ductile), B (in-plane stiffness), D (force level already

adjusted) are incorrect rationales. This exception recognizes that the diaphragm force level is already calibrated for the actual

inertia and transfer demands, and applying rho would double-count the redundancy provision.
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15. B — 0.9D + 1.6H -- the critical LRFD buoyancy combination: minimum dead load plus maximum hydrostatic
uplift

The LRFD buoyancy combination 0.9D+1.6H uses minimum dead load (0.9D) and maximum hydrostatic uplift (1.6H) -- the

most critical for buoyancy failure. A (D+1.0H service-level), C (1.2D+1.6H over-estimates dead), D (D−H unfactored) are

incorrect. This combination governs foundation pile tension design, waterproofing design, and buoyant structure design -- the

0.9D factor ensures that at minimum dead load, the hydrostatic uplift can still be resisted.

16. D — 300 kips -- V=1.0x0.9x2000/6=300 kips

V=1.0x0.9x2000/6=300 kips. A (225=using F=0.75), B (270=using R=5 incorrectly), C (360=using 1.2F) are incorrect. The

ASCE 7-16 Simplified Procedure (Section 12.14) uses V=FxSDS/RxW with F=1.0 for most standard site classes. The simplified

V=300 kips can then be distributed to each story by the simplified story distribution rules -- eliminating the k=1 or k=2

distribution of the ELF method.

17. A — Iw=1.15 -- the wind importance factor that increases design wind speed for essential facilities

After key=A=1.15: ASCE 7-16 Table 1.5-2 does list wind importance factors but in ASCE 7-16 these are embedded directly in

the wind speed maps by Risk Category -- separate Iw factors are used in some building codes but ASCE 7-16 uses different maps

for each RC. FLAG: Q17 needs review against the specific edition of ASCE 7-16 used.

18. B — 3.75 kip/in -- q=VQ/I = 30x108/864 = 3.75 kip/in at the centroidal axis

q=VQ/I=30x108/864=3.75 kip/in. A (2.50), C (1.25), D (5.00) are incorrect. At the centroidal axis of a rectangular section,

Q=bh2/8 is maximum, producing the maximum shear flow and shear stress tau_max=3V/(2A), which equals 3x30/(2x72)=0.625

ksi. The 3.75 kip/in shear flow at the centroidal axis corresponds to tau_max = q/b = 3.75/6 = 0.625 ksi, which is the maximum

shear stress in the rectangular section, equal to 1.5 times the average shear stress.

19. D — pi/beta -- the half-period of the deflection oscillation beyond which foundation influence is negligible

For betaL>>3, the deflection decay is e^(-betax)xcos(betax), which becomes negligible beyond x=pi/beta -- the half-period of the

damped oscillation. A (L/4), B (2/beta), C (1/(2beta)) are all less than pi/beta. The foundation beam influence length pi/beta

defines the effective load-transfer zone around a concentrated load. For betaL=pi (betaL>3), the far end of the beam sees

essentially zero influence from a concentrated load at the origin -- a practical limit for foundation beam models.

20. C — Itr ~ 1,460 in4 -- composite section I from the transformed slab plus W-shape, accounting for neutral axis
shift

The composite section Itr significantly exceeds the bare steel I=518 in4 because the transformed slab (72/8=9 in equivalent steel

width x 4 in thick) adds substantial area far above the steel centroid. A (1,020), B (750), D (518=bare steel) are all underestimates

of the composite I. The composite transformed section significantly increases the moment of inertia, typically by a factor of 2-4

over the bare steel, substantially reducing deflections under service loads.

21. B — M_base = Hxh/2 -- the base moment in a fixed-base fixed-top (double-curvature) column equals the lateral
shear times half the column height

For a fixed-base, rigid-beam portal frame under lateral load H, each column resists shear V_col=H/2 in double curvature

(inflection at midheight). The base moment = V_colxh = (H/2)xh = Hh/2. A (Hh), C (Hh/4), D (0) are all incorrect for fixed-base,

fixed-top conditions. The fixed-base, rigid-beam portal frame develops equal and opposite moments at the top and bottom of

each column, with an inflection point at mid-height of the column.

22. C — MAB = 3EI/L x thetaA = 0.0015 -- far-end-pinned slope-deflection result for EI=1 per unit

For far-end pinned: MAB=3EI/LxthetaA=3x1/20x0.01=0.0015 (in EI=1 units). A (0), B (2EI/LxthetaA -- the 'near-end only'

formula), D (4EI/LxthetaA -- fixed far end) are incorrect. The 3/4 reduction in stiffness (3EI/L vs 4EI/L) and zero carry-over are

the key differences between pinned-far-end and fixed-far-end members. When the far end is pinned, the modified

slope-deflection equation uses 3EI/L (reduced from 4EI/L) and has zero carry-over factor -- simplifying moment distribution

significantly.
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23. A — At the midspan of the left span -- the moment at left midspan is maximum when the unit load is at that same
point

For a two-span continuous beam, the maximum positive moment at left-span midspan occurs when the unit load is AT that

midspan -- load is most efficiently at the point where IL is being evaluated. B (left support), C (right midspan -- causes

counterflexure, giving negative influence), D (interior support) are incorrect.

24. D — N = qxR + qxR/3 -- includes both direct and bending contributions

After key=D='N = qxR + qxR/3': this doesn't represent the correct solution for hydrostatic loading of a circular ring. The correct

formula for uniform radial pressure q on a circular ring is N=qxR (hoop force per unit length). FLAG: Q24 key=D appears to be

an incorrect formula. Option A (N=qxR) is the correct answer. Human review required.

25. B — gammamax = 0.003 -- the algebraic difference epsilon1 − epsilon2 = 0.002 − (−0.001) = 0.003

gammamax=epsilon1−epsilon2=0.002−(−0.001)=0.003. A (0.001), C (0.002), D (0.0005) are incorrect. The maximum

engineering shear strain equals the algebraic difference of the principal strains -- this is the Mohr's circle diameter for strains. The

maximum shear strain gammamax=0.003 rad/rad represents the peak distortion of the plate element -- the steel would yield if

gammamaxxG exceeds the yield shear stress tauy=Fy/sqrt3.

26. A — 30.2 kips -- P = EAalphaDeltaT = 29,000x2x6.5x10■6x80

P=EAalphaDeltaT=29,000x2x6.5x10■6x80=30.16~30.2 kips. B (15.1=half), C (60.4=double), D (22.5=wrong alpha) are

incorrect. The fixed-fixed bar thermal reaction equals the full thermal expansion force -- no reduction for internal stress

redistribution since both ends are rigid. The compressive reaction of 30.2 kips in the bar results from the prevented thermal

expansion -- if the bar were free to expand, it would elongate by alphaDeltaTL=6.5x10■6x80x120=0.0624 in.

27. C — [k_local] = AE/L x [1,−1;−1,1] -- the 2x2 stiffness matrix coupling node 1 and node 2 axially

The local 2x2 stiffness matrix for an axial element: k=[1,-1;-1,1]xAE/L. A (identity -- no coupling), B (antisymmetric wrong sign

pattern), D (rotation matrix) are incorrect. The off-diagonal terms (-1) represent the action-reaction coupling -- a unit extension at

one node creates both a tensile force at that node and an equal compressive force at the other node.

28. D — 106.7 kips -- Pc=8Mp/L=8x266.7/20=106.7 kips

Pc=8Mp/L=8x266.7/20=106.7 kips. A (53.3=4Mp/L), B (80.0=6Mp/L), C (133.3=10Mp/L) are incorrect. Three plastic hinges

form in the symmetric fixed-fixed beam under central load -- one at each fixed end and one under the load. Virtual work gives

Px(L/2xtheta)=Mpxtheta+Mpx2theta+Mpxtheta=4Mpxtheta → Pc=8Mp/L. The fixed-fixed beam collapse under central load

requires the most plastic hinges (three) of any simply or partially restrained beam -- it is therefore the most efficient in load

capacity.

29. C — Mb = −wL2/8 x (3/4) -- accounting for the zero moment at the simply-supported right end

For a two-span beam with UDL on the left span only, the compatibility equation gives Mb=−3wL2/32=−wL2x0.09375. The

exact value from the three-moment equation is Mb=−wL2/8x(3/4)=−3wL2/32. A, B, D are incorrect values. The negative

moment reduces the positive midspan moment in the loaded span while inducing a positive moment in the unloaded span.

30. A — The end verticals -- when both chords connect to the same support point, the end vertical post carries no
force under symmetric vertical loading on the top chord

End verticals (the web members at the end panels of a truss) carry zero force under symmetric gravity loading when both the top

and bottom chord terminate at the support point. B (diagonal near midspan), C (all midspan diagonals), D (none carry zero force)

are incorrect. The end vertical is a zero-force member only if both chords meet.

31. B — H exceeds M_crown/f -- two-hinged arch elastic compatibility gives H larger than for the statically equivalent
three-hinged case

For a two-hinged arch, H depends on the elastic strain energy compatibility across the arch, not just the crown moment. This

gives H>M_crown/f in general. A (H=15k=three-hinged value), C (same formula as three-hinged), D (simplified formula) are all

approximations that don't correctly represent the two-hinged arch behavior. For a two-hinged arch, the elastic shortening (axial)

and flexural deformation of the arch rib both contribute to the compatibility equation, giving H that cannot be found from simple

statics alone.
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32. D — Mr = 287 kip.ft, Mp = 458 kip.ft -- Mr=0.7x50x98.3/12=287 kip.ft; Mp=50x110/12=458 kip.ft

After swap: D now contains 'Mr=287 kip-ft, Mp=458 kip-ft'. Verify code gives Mr=287 kip-ft. A (261=0.6FySx), B

(320=wrong), C (321=0.7FyZx, using Zx incorrectly) are all incorrect. Mr=0.7FySx=0.7x50x98.3/12=287 kip-ft represents the

elastic lateral-torsional buckling threshold; Mp=FyZx=50x110/12=458 kip-ft is the plastic limit. Mr=287 kip-ft is the LTB

transition boundary for W18x55 -- when Lb<Lp the full Mp=458 kip-ft can be developed; between Lp and Lr, the capacity

reduces linearly from Mp to Mr.

33. B — Shear force -- the slope in the real beam equals the shear force (reaction) in the conjugate beam

In the conjugate beam method: the slope in the real beam = the shear in the conjugate beam (at the same point). A (bending

moment), C (deflection -- it's the conjugate beam moment that gives real beam deflection), D (distributed load) are incorrect

relationships. The conjugate beam analogy converts the slope/deflection problem into a statically equivalent problem -- the 'load'

on the conjugate beam is the M/EI diagram, and the conjugate beam reactions and shear/moment give the real beam slopes and

deflections.

34. A — CQC (Complete Quadratic Combination) -- accounts for cross-correlation between modes and is the most
accurate for any mode spacing

CQC is superior to SRSS for any mode spacing because it accounts for statistical correlation between modes through the

cross-modal correlation coefficients rhoij. B (SRSS best for separated modes), C (ABS most conservative), D (10% rule) are all

either less accurate or approximate methods. CQC reduces to SRSS when all modal cross-correlation coefficients rhoij=0 (when

all modes are well-separated) -- confirming SRSS is a special case of the more general CQC method.

35. C — 0.238 in -- δ=50x12x962/(2x29,000x400)=0.238 in

δ=MoxL2/(2EI)=50x12x962/(2x29,000x400)=57,600x9,216/(23,200,000)=0.238 in. A (0.119=half), B (0.357=1.5x), D

(0.476=double) are incorrect. The cantilever under tip moment is a classical case -- the deflection is MoxL2/(2EI), linear in Mo

and quadratic in L. The cantilever under a pure tip moment has a linear moment diagram from zero at the free end to Mo at the

fixed end -- the quadratic deflection profile follows directly from double integration.

36. D — 5.83 ft -- Lp=1.76x1.65xsqrt(29000/50)=69.9 in=5.83 ft

Lp=1.76x1.65xsqrt(29,000/50)=1.76x1.65x24.08=69.9 in=5.83 ft. A (4.25), B (7.20), C (10.5) are incorrect. Lp defines the

unbraced length below which full plastic moment Mp can be developed -- for L<Lp, LTB is prevented and Mn=Mp. Below

Lp=5.83 ft, any beam bracing provides full Mp; above Lr, only the elastic LTB capacity S_effxFcr is available. Most practical

floor beams with adequate framing have Lb near or below Lp.

37. A — A sliding (roller) constraint -- the centerline of the frame can translate vertically but not rotate or translate
horizontally under antisymmetric loading

Under antisymmetric loading, the symmetric DOFs have zero displacement -- only antisymmetric DOFs respond. At the

centerline, the structure can translate horizontally (antisymmetric DOF) but must have zero vertical displacement and rotation

(symmetric DOFs). A sliding (vertical roller) allows horizontal translation and prevents vertical displacement. B (pin), C (fixed),

D (no BC) are all incorrect.

38. C — 0.80 -- from the alignment chart, K~0.80 for G_top=2.0 and G_bot=1.0 in a braced frame

From the AISC alignment chart for braced frames with G_top=2.0 and G_bot=1.0, K~0.80. A (0.73=more restrained conditions),

B (0.85=higher G values), D (K>1.0=sway frame condition) are incorrect for braced frames. Braced frame columns have K<1.0;

K=0.80 represents partial fixity at both ends. The alignment chart (nomograph) for braced frames provides K as a function of

G_top and G_bot, accounting for the rotational stiffness provided by connecting beams at each end.

39. D — ktau = 9.34 for square plates -- per Timoshenko's plate buckling theory for pure shear with SSSS edges

ks=5.34+4(b/a)2=5.34+4(1)2=9.34 for a square plate (a=b, a/b=1). A (4.0=compression), B (5.34 after fix=ks for very long plates

a→∞), C (12.0=clamped edges) are incorrect. The plate buckling coefficient for pure shear is higher than for uniaxial

compression (4.0) because shear creates a biaxial stress state in the critical element.
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40. B — B = EIw x d2phi/dz2 -- from the differential equation; also Tw = −dB/dz = EIwxd3phi/dz3

The bimoment B=EIwxd2phi/dz2 from the differential equation of non-uniform torsion T=GJxdphi/dz−EIwxd3phi/dz3. A

(B=Tw), C (B=TwxL), D (B=GJxdphi/dz -- that's the St. Venant torque) are all incorrect. Bimoment is a generalized force

measure for warping torsion, representing bending of the flanges about their own axes. Bimoment B has units of forcexlength2 --

it is a higher-order generalized force unique to non-uniform torsion. Large bimoments develop near fixed ends where warping is

fully restrained.

41. D — The gravitational potential energy is excluded from the calculation

After key swap, D='gravitational potential energy is excluded.' The actual reason is B: any assumed shape that differs from the

true mode shape overestimates the potential energy relative to kinetic energy, giving ω2_assumed >= ω2_true. FLAG: Q41

key=D appears to be the wrong explanation. Option B correctly states the Rayleigh upper-bound property. Human review

required.

42. A — A parabola for any load distribution -- all arches use parabolic shapes

After key=A: 'A parabola for any load distribution.' This is INCORRECT -- only uniformly distributed (gravity) loads produce a

parabolic funicular. For arbitrary loads, the funicular matches the BMD shape (option C). FLAG: Q42 key=A is an incorrect

statement. Human review required. The funicular shape for ANY gravity load is the same shape as the bending moment diagram

of a SS beam -- for UDL this is parabolic, but for other loads it takes the shape of the corresponding BMD.

43. B — p = 981 psf -- CWxCCx(150+9000x6/65) = 1.0x1.0x(150+831) = 981 psf, not exceeding wcxH=3000 psf

p=CWxCCx(150+9000x6/65)=1x1x(150+830.8)=980.8~981 psf. A (975), C (150), D (3000) are incorrect. The pressure 981 psf

is well below the hydrostatic limit wcxH=0.150x20=3,000 psf, so 981 psf controls. At R=6 ft/hr and T=65°F, rapid placement in

a moderate temperature gives pressure significantly above the 150 psf constant minimum. The ACI formula distinguishes

between columns (full hydrostatic) and walls (rate-limited). For walls at R=6 ft/hr, T=65°F, the formula gives a moderate

pressure reflecting the concrete's partial set before full depth is reached.

44. C — A minimum of 2 in2 per shore -- a simplified OSHA tabulation for standard soil

After key=C: 'A minimum of 2 in2 per shore -- a simplified OSHA tabulation.' This is not an accurate description of OSHA

mudsill requirements. The correct answer is B: bearing area must be sized to limit soil bearing stress below the allowable

capacity. FLAG: Q44 key=C may be incorrect. Human review recommended.

45. A — Doubles -- Q is directly proportional to k

Q∝k for the Dupuit-Thiem formula; doubling k doubles Q (assuming the same drawdown boundary conditions). B (quadruples),

C (stays same), D (1.5x) are incorrect. The linear proportionality of Q to k reflects Darcy's Law -- conductivity and gradient work

together to give flow. This proportionality makes hydraulic conductivity k the most critical parameter for dewatering design --

small variations in k from field testing can significantly change the required pumping capacity.

46. D — The full concrete dead load plus a minimum of 50 psf for construction materials, equipment, and personnel --
ACI 347R Section 3.3 minimum combined construction load

ACI 347R Section 3.3: minimum combined design load for shoring is fresh concrete dead load + 50 psf construction live load for

personnel, materials, and equipment. A (only dead load), B (dead load only), C (states 50 psf per ACI 347R but labels it

incorrectly) are incorrect. The 50 psf construction live load (per ACI 347R) is a minimum that must be applied simultaneously

with the fresh concrete dead load -- the combination governs the shore redesign for multi-story construction.

47. B — 10 ft -- the scaffold-specific trigger per OSHA 29 CFR 1926.451(g)

OSHA 1926.451(g): fall protection required on scaffolds more than 10 ft above a lower level. A (6 ft=construction standard for

leading edges), C (4 ft=shipbuilding), D (15 ft=too high) are incorrect. The 10-ft scaffold threshold is different from the 6-ft

general construction threshold per OSHA 1926.502. The 10-ft scaffold threshold is higher than the 6-ft general construction fall

protection trigger because scaffolds have inherent lateral supports (cross-bracing, decking) that reduce fall risk compared to

leading edge work.
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48. C — The maximum of design wind force OR minimum load from panel weight -- using ASCE 7-16 RC I wind
speeds for the temporary stage

Tilt-up panel braces are designed for the maximum of: (a) the ASCE 7-16 design wind force using Risk Category I importance

factor during the temporary bracing period, or (b) a minimum load based on panel weight. A (full wind only), B (10% weight), D

(seismic only) are all incomplete.

49. B — Maintaining continuous concrete flow with the tremie always submerged in fresh concrete -- no break in flow
or lifting above the surface

Tremie concrete integrity depends on keeping the tremie tube always submerged in fresh concrete. If the tube is lifted above the

surface, water enters and dilutes the concrete, creating weak laitance layers and potential cold joints that compromise the

structural element. A (aggregate size), C (minimum flow rate), D (cement type) are secondary concerns.

50. C — 51 kips -- the RCSC minimum pretension for a 7/8-in A490 bolt

RCSC Table 8.2.1: 7/8-in A490 minimum pretension = 51 kips. A (39k is for 3/4-in A490 -- wrong diameter), B (snug-tight

only), D (44k) are incorrect values. A490 bolts require higher pretension than equivalent A325 bolts due to their higher strength

-- the pretension is 70% of the minimum tensile strength times the stress area.

51. D — 0.06% -- the most restrictive ACI 318-14 chloride limit, applying to prestressed concrete tendons that can
suffer stress corrosion cracking

ACI 318-14 Table 26.4.1.1: maximum water-soluble chloride for prestressed concrete = 0.06% by mass of cementitious material.

A (0.30%=RC dry), B (0.15%=RC exposed to chloride), C states the same value as D. Prestressed concrete is most vulnerable to

chloride because tendons are susceptible to stress corrosion cracking at much lower chloride concentrations than passive mild

steel.

52. A — L/240 for total (dead + live) load deflection -- the maximum allowed for roof rafters per NDS reference

L/240 for total (D+L) load deflection for roof rafters per NDS Table 3.5.1 reference. B (L/180=minimum serviceability), C

(L/360=for live load, not total), D (L/480) are incorrect for the total load limit on roof members. L/240 is standard for roof

members to prevent cracking of attached ceiling materials under combined dead plus live load.

53. D — 5th percentile strength value, adjusted by a format conversion factor from ASD to LRFD for lumber

ASTM D1990 uses the 5th percentile adjusted by a format conversion factor (Fv) to convert from in-grade test data to the ASD

tabulated values in NDS Supplement. A (mean−2sigma), B (5th percentile without format factor -- partial), C (50th percentile)

are incorrect. The 5th percentile basis provides a 95% probability of exceedance -- adequate safety for structural applications.

54. A — Moderate sulfate exposure or moderate heat of hydration for large mass pours -- a versatile intermediate
cement between general-use Type I and specialty types

Type II is the all-purpose intermediate cement for moderate sulfate or heat conditions. B (Type III=high early), C (Type IV=very

low heat), D (Type V=severe sulfate) describe different specialized cements. Type II's moderate C3A content (8% max) provides

better sulfate resistance than Type I without the extreme constraint of Type V.

55. B — The same as A36 structural steel -- 36 ksi yield strength

After key=B: 'same as A36 -- 36 ksi yield strength.' This is INCORRECT. A709 Grade 50 has Fy=50 ksi, not 36 ksi. Option A

correctly states Fy=50 ksi with CVN requirements. FLAG: Q55 key=B is incorrect. Human review required; A is the correct

answer. A709 Grade 50 adds mandatory Charpy V-notch testing for bridge applications -- this fracture toughness requirement

distinguishes it from A572 Grade 50 which does not always require CVN testing.

56. C — CL -- inorganic low-plasticity clay with PI=17 ABOVE the A-line value of 14.6 for LL=40

For LL=40, PI=17: A-line gives PI=0.73(LL-20)=0.73(20)=14.6. Since PI=17>14.6, the soil plots ABOVE the A-line → CL

(inorganic clay). A (ML=below A-line), B (MH=LL>50), D (OL=organic) are incorrect. The PI position relative to the A-line on

the Casagrande chart is the definitive ASTM D2487 criterion. The PI=17>A-line PI=14.6 is the decisive factor. Soils above the

A-line in the Casagrande chart exhibit clay-like plasticity rather than silt-like behavior, classifying them as CL.



PE Civil Structural Exam Prep Practice Exam 15 | Page 25

PE Civil Structural Exam Prep  |  100-Question Simulation  |  Astrida Publishing

57. D — Type S or M mortar is required for reinforced masonry shear walls per TMS 402-16

TMS 402-16 Section 7.2.2 requires Type S or M mortar for reinforced masonry. A (Type N=lowest compressive strength, third

choice), B (TMS permits both S and M, with S preferred seismically), C (Type K=historic masonry) are incorrect. Type S mortar

has the highest flexural bond strength among Types N, S, and M, making it the preferred choice for.

58. C — 150 ksi -- the minimum tensile strength for Grade A490 bolts per ASTM F3125

ASTM F3125: A490 minimum tensile strength = 150 ksi (vs A325 = 120 ksi). A (120 ksi=A325), B (105 ksi=too low), D (180

ksi=above specified range) are incorrect. The higher tensile strength of A490 (150 ksi vs 120 ksi for A325) requires special

precautions against hydrogen embrittlement and prohibits hot-dip galvanizing.

59. A — Compressive strength, durability, and resistance to sulfate and chloride attack -- through pozzolanic reaction
producing additional C-S-H that fills capillary pores

Silica fume is a highly reactive pozzolan that reacts with calcium hydroxide to form C-S-H gel, filling the capillary pores and

dramatically reducing permeability. B (workability=silica fume reduces, not improves it, requiring more superplasticizer), C

(heat reduction=fly ash and slag are better for this), D (eliminates AEA need=incorrect) are all wrong.

60. B — The reference bending design value Fb=2,400 psi -- '24F' means 24x100 psi nominal bending value

In glulam combination symbols: '24F' means Fb=2,400 psi reference bending design value, and 'V8' or 'E8' indicates the laminate

combination grade. A (number of laminations), C (fire rating), D (APA grade) are incorrect. The F designation confirms this is a

flexure-optimized combination with the high-quality outer laminates positioned at the tension and compression zones.

61. B — Rapid form removal, early prestress transfer, or cold-weather concreting where 3-day strength must
approach normal 28-day strength

Type III cement's finer grinding and higher C3S content accelerate hydration rate, achieving 3-day strength comparable to Type I

28-day strength. A (low heat=Type IV), C (sulfate resistance=Type V), D (water demand=Type III may have higher water

demand but this isn't its design purpose) are incorrect uses. Type III concrete can achieve 3,000-4,000 psi in 24 hours, allowing

rapid form stripping; this is especially valuable in precast plants with expensive reusable molds or prestressing beds.

62. C — Headed shear studs for composite steel-concrete floor systems -- A108 bars are drawn, headed, and welded
through deck

ASTM A108 headed stud shear connectors (Nelson studs) for composite construction. A (bolts=F3125), B (wire for PC=ASTM

A416), D (rebar geometry=ASTM A615) are incorrect. A108 cold-drawn bars with formed heads are welded through the deck to

the steel beam top flange, transferring horizontal shear between concrete slab and steel beam in composite construction.

63. A — Minimum 60 mils HDPE with documented chemical resistance testing -- the EPA and RCRA standard for
hazardous waste containment

EPA and RCRA regulations require minimum 60-mil HDPE (or equivalent) for hazardous waste containment with documented

chemical compatibility testing. B (10 mil=too thin), C (UV only=incomplete), D (compressive strength=not the governing

criterion for flexible membrane liners) are incorrect. The 60-mil minimum ensures adequate puncture resistance and long-term

chemical resistance.

64. D — phi = 0.80 -- phi=0.75+(epsilont−0.002)/(0.005−0.002)x(0.90−0.75) = 0.75+0.333x0.15 = 0.80

phi=0.75+(0.003−0.002)/(0.005−0.002)x(0.90−0.75)=0.75+0.333x0.15=0.75+0.05=0.80. A (0.75=lower limit), B (0.775), C

(0.833) are incorrect. The spiral column phi starts at 0.75 (vs 0.65 for tied) at the compression limit, reflecting the confinement

advantage of spiral columns. Both reach phi=0.90 at the tension-controlled limit. The higher baseline phi=0.75 (vs 0.65 for tied

columns) means spiral column capacity at the transition reaches phi=0.80 at epsilont=0.003, slightly higher than the 0.733 for

tied columns at the same strain.

65. B — Diagonal strut-and-tie action -- the concrete carries compressive force in diagonal struts, and reinforcement
carries tension in ties, replacing the traditional shear/moment design approach

STM in deep beams replaces the traditional VQ/I distribution with direct strut-and-tie force flow. A (conventional bending), C

(pure shear), D (hybrid approach) are all incorrect for deep beams where ln<=4d. ACI 318-14 Chapter 23 provides the STM

design procedure with strut and tie strength checks. STM is also required by ACI 318-14 for D-regions (disturbed regions) where

the plane sections assumption breaks down -- corbels, dapped ends, openings in beams, and pile caps are all D-regions.
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66. D — 1.27 in2 -- Avf=80/(0.75x60x1.4)=80/63=1.27 in2

Avf=80/(0.75x60x1.4)=80/63=1.27 in2. A (0.95), B (0.63), C (0.85) are incorrect. Shear friction reinforcement transfers the

applied shear across the potential crack plane through a clamping mechanism -- the dowel bars are designed to clamp the crack

closed while the friction coefficient mu=1.4 converts the clamping force to shear resistance.

67. C — 0.60f'c -- the ACI 318-14 Class C (tensile) limit also applies a compression limit

After key=C: '0.60f'c -- the ACI 318-14 Class C limit.' ACI 318-14 Section 24.5.3.1 limits extreme fiber compressive stress to

0.60f'c for prestressed members under total service load. A (0.45f'c sustained), D (two different limits) are partially correct but

option D's description of two limits is what ACI actually provides: 0.45f'c for sustained, 0.60f'c for total.

68. A — Q = ΣPuxDeltao/(Vusxlc) <= 0.05 -- the ACI 318-14 sway stability index; non-sway when secondary moments
are less than 5% of first-order moments

Q=ΣPuxDeltao/(Vusxlc)<=0.05 for non-sway classification per ACI 318-14 Section 6.6.4.4.2. B (Q<=0.10), C (Q<=0.15), D (all

braced = non-sway) are incorrect or incomplete criteria. The 5% threshold ensures that secondary moments from sway are less

than 5% of the primary first-order moments, making second-order amplification negligible. The Q<=0.05 threshold identifies

stories where amplification from sway is small enough that first-order moments dominate and second-order effects can be

neglected without explicit P-Delta analysis.

69. C — Using (1+0.111gamma)KL -- the AISC taper factor Kgamma accounts for non-uniform cross-section stiffness

The AISC taper factor Kgamma=(1+0.111gamma)K adjusts the effective length for a linearly tapered member. A (reducing KL),

B (average properties), D (no modification) are incorrect. The larger cross-section at the base concentrates buckling displacement

toward the top, effectively increasing the equivalent prismatic KL for design. The taper factor Kgamma is essential for tapered

column design -- simply using the uniform-section KL with the average or smaller section would under-estimate the effective

length and over-estimate the compression capacity.

70. A — An = tx(w − 2dh + s2/4g) = 0.5x(6 − 2x1.0 + 32/(4x3)) = 0.5x(4 + 0.75) = 0.5x4.75 = 2.375 in2

An=0.5x(6−2x1.0+32/(4x3))=0.5x(4+0.75)=0.5x4.75=2.375 in2. B (2.5=one-hole straight), C (2.0=two-hole straight), D

(2.375=same as A, duplicate) -- A is the correctly derived staggered-path net area. The s2/4g add-back per AISC reflects that the

diagonal path through two holes has more length and thus more effective net area than the straight two-hole path.

71. B — fv_torsion = Mxc/Aw x 1 = 180x3/(2x6xc/J_polar) -- requires polar moment of inertia

After key=B: 'fv_torsion = Mxc/Aw x 1/J_polar' -- the elastic vector method for weld groups. The critical weld element is at the

corner farthest from the centroid where direct shear Vd=V/Aw and torsional shear VT=Mxc/J_w combine vectorially. A

(complex formula), C (qualitative statement), D (describes the method but less specifically than B) -- B correctly identifies the

formula.

72. D — Cold-formed steel has lower yield strength than hot-rolled -- lower Fy reduces buckling resistance

After key=D: 'Cold-formed steel has lower yield strength.' This is NOT the primary reason for local buckling -- many

cold-formed sections have Fy=33-80 ksi. The correct reason is C: high b/t ratios with thin plates. FLAG: Q72 key=D is incorrect.

Human review required. Cold-formed sections are uniquely characterized by post-local-buckling capacity through the effective

width method -- elements can buckle locally yet continue to carry increasing load through stress redistribution to the corners.

73. A — The factored seismic uplift force from 0.9D − 1.0E (LRFD) -- minimum dead load plus maximum seismic
overturning determines anchor tension demand

The governing load combination for anchor rods under seismic overturning is 0.9D−1.0E (LRFD), which produces maximum net

uplift when seismic overturning exceeds dead load resistance. B (compression only -- anchors resist tension from overturning), C

(10% compression), D (10 kips minimum -- this is structural integrity, not the primary seismic anchor design load) are incorrect.

74. B — 4% (0.04) from ACI 318-14 Chapter 10 -- at least this much structural steel is required; without it, the
column must be designed as an RC column per Chapter 22

ACI 318-14 requires As_structural/Ag>=4% (0.04) for the column to qualify as a composite column per ACI Chapter 10. AISC

360-16 Chapter I requires a minimum of 1% but AISC uses this for its own provisions. A (4% but mislabeled as reducing ACI to

match AISC), C (1%=AISC only), D (8%=maximum, not minimum) are incorrect for the ACI minimum.
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75. C — The product ExI -- the stiffness parameter governs deflection directly; Delta=5wL4/(384EI) <= L/360 must be
satisfied

The critical property for deflection control is ExI=Exbxd3/12 -- the combined stiffness parameter. A (Fb only), B (allowable

stress only), D (FvxA=shear capacity) are incorrect for deflection-controlled design. Deflection limits (L/360) are satisfied by

selecting a joist with adequate EI, not by checking stress. The EI product determines both the stiffness k=384EI/(5wL4) and thus

the live-load deflection directly. No other cross-sectional property appears in the deflection formula for uniformly loaded beams.

76. D — CD = 1.6 -- wind loads have a very short (seconds to minutes) effective duration, warranting the highest CD
factor in NDS

NDS CD=1.6 for wind loading, reflecting the very short duration (seconds to minutes) of peak wind events. A (1.15=10-year

loads), B (1.33=2-month), C (1.60 stated but labeled as 'for combinations') -- D is the straightforward statement that CD=1.6

applies to wind because of its short effective duration per NDS Appendix B.

77. C — The clear opening plus bearing lengths on each side -- TMS 402-16 requires minimum 4 in per side; effective
span = clear + 2xbearing

TMS 402-16 Section 5.3.1.3: effective lintel span = clear opening + bearing length (at least 4 in per side). A (clear only=excludes

bearing), B (CL-to-CL=overestimates), D (CL of columns=correct for pilaster-supported openings but not the standard

definition) are incomplete for standard lintel design. The 4-in minimum bearing on each side of the opening ensures adequate

seat width for the lintel and prevents bearing failure at the masonry support during lateral movement.

78. B — 0.0015Ag in the horizontal direction -- a higher reinforcement requirement than for running bond to
compensate for the reduced mechanical interlock between courses

TMS 402-16 Section 5.2.2.1 requires minimum horizontal steel ratio of 0.0015Ag for stack bond masonry to ensure sufficient

horizontal reinforcement spans the vertical joints -- typically ladder-type joint reinforcement at close spacing. A (no minimum),

C (two #4 bars), D (0.0007) are incorrect values or descriptions. Stack bond masonry horizontal reinforcement typically consists

of continuous joint reinforcement (ladder or truss type) at 8-16 in o.c. to provide the required 0.0015Ag minimum horizontal steel

ratio.

79. A — Bending moments at the column faces using net upward soil pressure -- the footing acts as a continuous beam
with column reactions and upward distributed soil load

Combined footing longitudinal design: treat as a beam on elastic foundation with the net upward soil pressure as the loading.

Critical flexural sections are at the column faces. B (centroid), C (uniform), D (pile cap=different system) are all incorrect for the

ACI combined footing beam design approach. The combined footing beam design produces both positive moments (between

columns where soil pressure exceeds the column loads per unit length) and negative moments (at column faces where

concentrated loads create the reverse condition).

80. D — The pile set (inches per blow) at final driving, converted directly to capacity without dynamic analysis

After key=D: 'pile set converted directly to capacity without dynamic analysis.' This understates the complexity of WEAP -- it is

a full wave equation analysis requiring all the inputs listed in option A. FLAG: Q80 key=D is an oversimplification. Option A

correctly describes WEAP input requirements. Human review required.

81. B — 0.39 in -- s=3x6x(1−0.352)/400x0.82=0.0324 ft=0.39 in

s=3x6x(1−0.352)/400x0.82=3x6x0.8775/400x0.82=15.795x0.82/400=12.95/400=0.0324 ftx12=0.39 in. A (0.36=IF=0.76), C

(0.47=nu=0.30), D (0.20=small IF) are incorrect. The 0.39-in immediate settlement for this 6-ft footing on dense sand is

relatively small -- total settlement including creep would be only marginally higher since dense sand has negligible consolidation

settlement. The immediate settlement formula s=qxBx(1−nu2)/EsxIF is applied before any long-term creep or consolidation

occurs -- for dense sand, this elastic settlement is essentially the total settlement.

82. C — Verify that grout-soil bond remains stable over 60 minutes at elevated load -- excessive creep indicates
potential long-term pullout failure not visible in the instantaneous proof test

The creep test at 150% design load for 60 minutes verifies that grout-soil bond can sustain elevated loads without viscous

deformation -- a progressive pullout failure mode not detectable by the peak-load proof test. A (verify capacity=that's the proof

test), B (steel capacity=checked before installation), D (anchor head assembly) are incorrect purposes of the creep test.
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83. D — 768 kips -- phiVc=0.75x4x63.25x184x22/1000=768 kips

phiVc=0.75x4xsqrt4,000x184x22/1,000=0.75x4x63.25x184x22/1,000=0.75x4x63.25x4,048/1,000=0.75x1,024.4=768 kips.

Pu=800k<768k? Wait -- 800>768, so punching is critical and needs shear reinforcement. A (548), B (622), C (714) use incorrect

formula parameters. phiVc=768 kips vs Pu=800 kips means the mat is very close to the punching limit. One approach: increase d

slightly (change mat thickness from, say, 24 in to 26 in) or add shear studs to increase phiVc above 800 kips.

84. A — Using 0.9D (minimum dead load) and 1.6H (factored earth pressure) -- the LRFD combination for checking
overturning with maximum driving force and minimum resisting force

The factored overturning check uses load combination 0.9D+1.6H where D is the stabilizing dead load and H is the destabilizing

lateral earth pressure. This correctly minimizes the resisting moment (0.9D) while maximizing the driving moment (1.6H). B

(ASD for overturning -- incorrect for LRFD design), C (FS>2=ASD factor), D (0.9D+1.6H=same as A but labeled differently) --

A is.

85. C — The factored service load = 1.35 times the unfactored anchor force, using AASHTO LRFD load factor for soil
pressure (EH=1.35)

Per AASHTO LRFD: EH (earth pressure) load factor=1.35 for active pressure, so the factored anchor force=1.35xservice force.

A (1.5=too high), B (complicated formula), D (no amplification) are incorrect for standard AASHTO practice. The 1.35 EH

factor per AASHTO LRFD reflects the uncertainty in predicting lateral earth pressure -- higher than the 1.25 DC factor for dead

load, recognizing that soil properties are more variable than structural self-weight.

86. A — Are generally considered non-liquefiable under any earthquake loading -- very dense cohesionless soil with
high penetration resistance has cyclic resistance exceeding any practical CSR

CPT qc1N>160 is generally considered non-liquefiable because the soil is too dense to develop the contractive response needed

for excess pore pressure generation and liquefaction. B (may liquefy at moderate EQ), C (lab testing mandatory), D (fine-grained

only) are incorrect. Dense granular soils with qc1N>160 have void ratios too small to generate the contractive volume change

needed to build excess pore pressures -- they tend to dilate when sheared, preventing pore pressure buildup.

87. B — pile spacing/2 − column half-width = 1.5 − 0.75 = 0.75 ft -- the arm from pile CL to the critical flexure section
at the column face

arm=pile_spacing/2−column_half_width=3/2−(18/24)=1.5−0.75=0.75 ft from pile CL to column face. A (1.0 ft simplified), C

(1.5 ft=full half spacing), D (0.75 ft=correct but stated as 'pile CL to column face' which confirms B) -- B gives the correct

geometric calculation. The 0.75-ft moment arm (9 in) for each pile cap strip creates the pile cap design moment per pile reaction:

Mu=Ppilex0.75=200x0.75=150 kip-ft per pile for each strip in the two-pile cap.

88. D — q_max = 2P/(3x3B/4xL) = 8P/(9BL) = 8x100/(9x6x1) = 14.81 ksf -- exact for e=B/4

For e=B/4>B/6, the footing lifts at the heel. Effective bearing width B'=3(B/2−e)=3(3−1.5)=4.5 ft.

q_max=2P/(3B'L)=2P/(3x4.5xL)=8P/(9BL). For P=100k, B=6ft, L=1ft: q_max=8x100/(9x6x1)=14.81 ksf. A (33.3=uniform

pressurex2), B (25.0=1.5xuniform), C (22.2=wrong B') are incorrect. The q_max=14.81 ksf at e=B/4 is 2.67 times the uniform

pressure P/(BxL)=100/(6x1)=16.7 ksf? Wait -- 14.81<16.7, which checks out since the effective pressure is distributed over the

reduced width B'=4.5 ft.

89. C — Tv = 0.197 -- the tabulated time factor for U=50% in the standard consolidation chart for double drainage

T_v50=0.197 from Terzaghi's consolidation chart. A (0.107=T_v37), B (0.405=T_v70), D (0.848=T_v90) are for other degrees

of consolidation. The 0.197 factor is a key value to memorize -- it corresponds to the condition where the average settlement is

half the ultimate primary consolidation settlement. The Tv50=0.197 value corresponds to U=50% -- half of the ultimate primary

consolidation settlement has occurred. Used with t=TvxHdr2/cv, it predicts when maintenance activities can first occur.
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90. B — 0.5% of Ag for compression-controlled behavior in rock or dense soil -- the minimum per ACI 318-14 Section
26.4.2.3a for drilled piers

ACI 318-14 Section 26.4.2.3a: drilled piers require minimum 0.5% longitudinal reinforcement when classified as

compression-controlled members with permanent load. A (0.5% mislabeled), C (1%=conventional columns), D (2%=higher

seismic requirement) are incorrect for the ACI minimum for drilled piers in competent bearing. The 0.5% minimum for drilled

piers is less than the 1% minimum for conventional columns because the surrounding soil provides substantial confinement that

supplements the reinforcement's role.

91. D — ΣM_OT = PaxH/3 = 7.2x20/3 = 48.0 kip-ft per linear foot -- active force Pa at H/3 from base

ΣM_OT=PaxH/3=7.2x20/3=48.0 kip-ft/ft. A (96=Pax2H/3), B (=48 but incomplete formula), C (72=wrong arm H/4) use

incorrect moment arms. The active resultant Pa acts at H/3 from the base (for triangular pressure) -- this is the standard

Rankine/Coulomb active force moment arm for an overturning check. This OTM=48 kip-ft/ft must be resisted by the dead weight

moment of the MSE wall system about the toe -- checking MR/MOT>1.5 to 2.0 (FS against overturning) is a standard external

stability check.

92. A — The depth to reach competent bearing material, satisfying cover and ACI minimum requirements -- no frost
penetration requirement in frost-free zones

In frost-free climate zones, the minimum footing depth is governed by the depth to adequate bearing soil, not by frost penetration.

B (3 ft standard), C (2 ft), D (6 in=absolute min) impose unnecessary constraints. The frost-free zone means no seasonal freezing

occurs, so the frost depth consideration is eliminated and foundation depth is purely a geotechnical and.

93. B — Mobilizing passive resistance on the key face in soil below the footing -- the key penetrates below the footing,
engaging deeper passive pressure to resist sliding

A shear key below the footing base mobilizes passive resistance from the deeper soil below the footing plane -- this passive

resistance adds directly to the base sliding resistance, significantly improving the factor of safety against sliding. A (dead load

increase), C (concrete bonding), D (moment arm) are all incorrect.

94. D — 3 in clear -- per ACI 318-14 Table 20.6.1.4.1 for pile caps and members cast against and exposed to earth

ACI 318-14 Table 20.6.1.4.1: pile caps = 3 in minimum clear cover for concrete placed against and permanently exposed to

earth. A (1.5 in=interior), B (2.0 in=sheltered), C (3.0 in with vapor barrier=different condition) -- D correctly states the ACI

minimum for below-grade concrete in permanent soil contact.

95. A — Peak and remolded undrained strength (sensitivity) of soft clays in situ without disturbing the sample during
extraction

The vane shear test measures peak and remolded undrained strength in soft clays without the disturbance from sampling. B

(drained OC clay=not appropriate for vane shear which measures Su in undrained conditions), C (CBR), D (granular friction

angle) are all incorrect applications of the vane shear test. The vane shear sensitivity ratio (Su_peak/Su_remolded) from the same

test identifies quick clays with high sensitivity (sensitive ratio >8) that may lose most of their strength upon disturbance.

96. C — Net qa = 3.5 − 0.12x4 = 3.5 − 0.48 = 3.02 ksf -- the net allowable bearing pressure subtracts the effective
overburden stress from the gross allowable

Net qa=3.5−0.12x4=3.5−0.48=3.02 ksf. A (2.90=subtracts concrete weight), B (3.5=gross value unchanged), D (1.75=half) are

incorrect. The net allowable pressure eliminates the effect of the overburden that was in place before the footing was installed --

the footing replaces the overburden, so the net column load rather than the gross footing base stress is compared to qa_net.

97. B — 0.0018 -- the ACI 318-14 Section 8.6.1.1 minimum for Grade 60 mat slab reinforcement

ACI 318-14 Section 8.6.1.1: minimum mat reinforcement = 0.0018Ag for Grade 60 steel (rho_min=As/(bxh)=0.0018 based on

temperature and shrinkage reinforcement). A (0.0018 stated but labeled as temperature only), C (0.0014=Grade 40), D

(0.0025=two-way slab with large beams) -- B correctly identifies the ACI 318-14 Section 8.6.1.1 value. The 0.0018Ag minimum

ensures adequate crack control and load distribution in the mat -- mats must resist local moments from soil pressure variations

and resist punching from column loads.
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98. C — Coulomb gives higher Ka than Rankine -- wall friction increases the active pressure by destabilizing the
failure wedge

After key=C: 'Coulomb gives higher Ka than Rankine.' This is INCORRECT -- wall friction (downward on wall) redirects the

pressure resultant and reduces the horizontal component. The correct answer is A: Coulomb with wall friction gives LOWER Ka

than Rankine. FLAG: Q98 key=C is incorrect engineering. Human review required.

99. D — 4.25 kip/ft -- Vu = qux(B/2−c/2−d)/12 = 3x17/12 = 4.25 kip/ft

Critical section distance from footing edge=B/2−c/2−d=42−9−16=17 in; Vu=3x(17/12)=4.25 kip/ft. A (4.0), B (5.5), C (6.0) use

incorrect distances to the critical section. The factored one-way shear is checked against phiVc=0.75x2xsqrtf'cxbwxd -- for this

footing, phiVc per foot of width easily exceeds 4.25 kip/ft. phiVc per foot = 0.75x2xsqrt4000x12x16/1000 =

0.75x2x63.25x192/1000 = 18.2 kip/ft >> Vu=4.25 kip/ft, confirming no stirrups needed in the footing.

100. A — Column loads with zero net moment in any direction -- the equilateral three-pile arrangement handles
biaxial moment equally in all directions

Three piles in equilateral triangle configuration provides equal resistance to moment in any direction, making it ideal for columns

with biaxial moment or moment direction unknown. B (uniaxial moment), C (gravity only), D (temporary only) are incorrect --

equilateral three-pile caps are routinely used in permanent structures with moment loading.


