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PE Civil Structural Exam Prep

Practice Exam 10

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 coverage mirrors the official NCEES PE Civil - Structural exam blueprint.

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 10 -- QUESTIONS

DOMAIN 1 -- Loads (Q1-Q17)

1. Per ASCE 7-16 Section 4.7.3, the reduced live load L=Lox(0.25+15/sqrtKLLxAT) applies to members supporting

large tributary areas. Live load reduction is NOT permitted for:

A. Beams carrying a reduced tributary area where KLLxAT >= 400 ft2 -- large area beams qualify for reduction

B. Interior columns of multi-story office buildings where multiple tributary floor areas accumulate above

C. Assembly occupancies with LL>=100 psf, one-way slabs, and roofs used for assembly -- live load reduction not
permitted for these cases

D. Cantilever beams supporting only one floor with tributary area less than 200 ft2

2. Per ASCE 7-16 Table 26.6-1, the wind directionality factor Kd for buildings (main wind-force-resisting system,

MWFRS) is:

A. Kd = 1.00 -- no directionality reduction for buildings

B. Kd = 0.80 -- for circular cylindrical structures

C. Kd = 0.90 -- for components and cladding

D. Kd = 0.85 -- the MWFRS directionality factor for buildings

3. Per ASCE 7-16 Table 7.3-2, the thermal factor Ct=1.3 applies to which type of structure?

A. Continuously heated structures with Ct=1.0 as the base case

B. Structures intentionally kept below freezing -- the snow retention is highest because melt-off is negligible

C. Unheated open-frame structures exposed to wind from all sides

D. Membrane structures (fabric roofs) with insulation above the membrane

4. ASCE 7-16 Section 2.3.1 includes a load combination specifically to check the minimum dead load counteracting

fluid pressure: 0.9D+1.6H. The 0.9 factor on dead load reflects that:

A. When dead load stabilizes the structure against uplift, it is taken at its minimum likely value -- a 10% reduction from
nominal acknowledging dead load variability on the unconservative side

B. Dead load always exceeds fluid pressure in a properly designed structure, so the factor is a nominal safety margin
only

C. The 0.9 factor on D is required only for concrete structures because concrete density varies more than steel fabrication
weight

D. ASD equivalent of this combination uses 0.6D rather than 0.9D -- only ASD requires the lower factor, not LRFD

5. Per ASCE 7-16 Section 7.3, the design roof snow load (sloped roof) is ps=Csxpf where pf=0.7CeCtIsωpg. For a

heated roof with exposure B (Ce=1.0), Risk Category II (Is=1.0), pg=25 psf, and Ct=1.0, the flat roof design snow load

pf is:

A. 25 psf -- pf equals pg for this case

B. 20 psf -- Ce reduces it by 20%

C. 17.5 psf -- 70% of ground snow

D. 17.5 psf -- 0.7x1.0x1.0x1.0x25=17.5 psf

6. Per ASCE 7-16 Fig. 27.3-1 for MWFRS wind design, the external pressure coefficient Cp for the windward roof

with a slope theta = 2:12 (9.46°) at the roof-to-wall junction is:

A. Cp = +0.25 -- shallow roofs generate positive wind pressure at the windward face

B. Cp = 0 -- flat roofs have zero external pressure along the length
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C. Cp = −0.9 (or interpolated negative value) -- windward roof surfaces with slope < 10° generate uplift (negative
pressure)

D. Cp = +0.5 -- windward roof pressure equals half of the windward wall Cp

7. Per ASCE 7-16 Table 4.3-1, the minimum design live load for heavy manufacturing areas (steel rolling mills, paper

mill machines) is:

A. 100 psf

B. 250 psf

C. 150 psf

D. 200 psf

8. Per ASCE 7-16 Table 12.12-1, the allowable story drift for Risk Category II office buildings using a steel special

moment frame (SMF) is:

A. 0.020hsx -- the least restrictive limit for Risk Category II with moment frames

B. 0.015hsx -- for all steel frame buildings

C. 0.010hsx -- the most restrictive limit reserved for essential facilities

D. 0.025hsx -- permitted for Risk Category II structures

9. A five-story office building has a seismic response coefficient Cs=0.15 and a total effective seismic weight W=2,000

kips. Per ASCE 7-16 Eq. 12.8-1, the design base shear V=CsxW is:

A. 300 kips

B. 200 kips

C. 150 kips

D. 400 kips

10. Per ASCE 7-16 Table 12.3-1, a horizontal structural irregularity Type 2 (reentrant corner irregularity) is defined as:

A. When the maximum story drift ratio in any story exceeds 1.3 times the average drift

B. When the sum of floor or roof diaphragm offsets exceeds 15% of the diaphragm dimension

C. When both plan projections of the building beyond a reentrant corner are greater than 15% of the plan dimension of
the structure in the same direction

D. When the floor or roof diaphragm contains an opening greater than 50% of the gross diaphragm area

11. Per ASCE 7-16 Section 26.7, Exposure Category B is defined as terrain with:

A. Open terrain with scattered obstructions, generally in flat open country

B. Large body open water with fetch exceeding 5,000 ft -- coastal zones and tidal inlets

C. Urban, suburban, wooded, or other terrain with numerous closely spaced obstructions having heights generally 30 ft
or more

D. Flat unobstructed areas and water surfaces outside hurricane-prone regions

12. Self-straining loads (also called constrained forces, deformation loads, or imposed deformations) are generated by:

A. External forces applied directly by wind, occupants, and equipment -- any force not originating from a restrained
deformation

B. Structural deformations prevented by boundary conditions -- temperature changes, differential settlement, creep,
shrinkage, and moisture produce stress only when restrained

C. Impact forces from vehicles, cranes, and construction machinery during routine building operations

D. Variable live loads that change position and magnitude over the building's service life -- including moving loads and
occupant activities

13. Per ASCE 7-16 Table 12.12-1, the allowable story drift for structures in Risk Category II other than masonry shear

wall buildings is 0.020hsx. The story drift Delta is defined as the:
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A. Total horizontal displacement at the roof relative to the building base -- a cumulative measure of all story drifts
combined

B. Relative lateral displacement between the top and bottom of a given story, calculated using design displacements
amplified by Cd/Ie -- not the elastic analysis displacements

C. Elastic story displacement from the LRFD seismic force analysis without any amplification or Cd adjustment

D. Maximum elastic horizontal drift at any individual column in the story -- a local measure not representative of the full
story

14. Per ASCE 7-16 Eq. 12.8-3, the upper-bound Cs for periods T<=TL is Cs=SD1/(TxR/Ie). For SD1=0.6g, T=1.2 s,

R=8, and Ie=1.0, this upper bound is:

A. 0.0625

B. 0.075

C. 0.050

D. 0.100

15. ASCE 7-16 Chapter 12 permits a Simplified Design Procedure (Section 12.14) for short, regular, low-occupancy

structures. One key condition for using the simplified procedure is:

A. The structure must be in SDC A or B only -- the simplified procedure is prohibited in SDC C or higher regardless of
building height

B. The structure must have a minimum Cs of 0.01 regardless of seismic zone and Risk Category -- this is a base
minimum, not a simplified procedure condition

C. The structure must be 3 stories or fewer, regular in plan and elevation, with the seismic system running in both
directions -- excluding all taller or irregular buildings

D. The structure must use reinforced masonry shear walls only -- moment frames and other system types are excluded
from the simplified procedure

16. Per ASCE 7-16 Section 3.1.2, dead loads include the weight of all materials incorporated permanently into the

structure. Which of the following would NOT be classified as a dead load for design purposes?

A. Roof insulation and waterproofing membrane permanently applied to the deck

B. Mechanical penthouse HVAC unit permanently mounted on the roof

C. Movable partitions that may be rearranged -- these are assigned a minimum 15 psf live load per ASCE 7-16 Section
4.3.3

D. The self-weight of the structural steel framing and fireproofing

17. Per ASCE 7-16 Section 2.4.1, the ASD load combination for wind uplift resistance (dead load stabilizes against

wind-induced uplift or overturning) is:

A. 0.6D + W

B. 1.2D − W

C. D + 0.6W

D. 0.9D + W

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

18. The influence line for shear at a section located L/4 from the left support of a simply supported beam has a

triangular shape. When a unit load is placed just to the RIGHT of the section, the IL ordinate is:

A. −L/4 -- negative shear because the load is to the right

B. +3/4 -- the left reaction provides upward shear just to the right of the load's section

C. 0 -- shear is zero when a unit load is at any section boundary

D. +L/4 -- equal to the fractional distance from the section to the right support
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19. When the far end of a beam is pinned (a simple support), the slope-deflection equation for the near-end moment

simplifies because the carry-over factor to a pinned end is zero. The modified stiffness of a beam with the near end

fixed and far end pinned (for moment distribution) is:

A. EI/L -- one quarter of the standard fixed-far-end stiffness, used when the member contributes negligible moment
resistance

B. 2EI/L -- exactly half the standard 4EI/L stiffness for when the far end is simply pinned with zero moment

C. 4EI/L -- the standard fixed-far-end stiffness used in moment distribution when the far end is fixed in rotation

D. 3EI/L -- the modified stiffness for a member with the far end pinned, equal to 3/4 of the fixed-fixed stiffness

20. For a two-span continuous beam (equal spans L, uniform load w on both spans), the interior support reaction is:

A. wL/2 -- same as for a simply supported beam

B. 5wL/8 -- same as the propped cantilever pin reaction from one span

C. 5wL/4 -- the combined reaction from contributions of both adjacent spans loaded with w

D. wL -- the full UDL load from one span carried directly to the center support

21. In the moment distribution method, when a beam member has its far end pinned, the carry-over factor from the near

end to the far end is:

A. 1/4 -- one-quarter carry-over to the far end for lightly restrained members

B. 1/2 -- the standard carry-over factor when the far end is fixed in rotation

C. 0 -- the far pinned end receives no carry-over because it immediately releases any moment

D. 1/3 -- an intermediate carry-over factor for partially restrained far-end conditions

22. In a diaphragm-braced building under lateral load, the maximum chord force (tension or compression) in the

diaphragm occurs at:

A. The chord (edge) members parallel to the lateral load -- maximum diaphragm moment at midspan gives maximum
chord force = M_diaphragm/diaphragm depth

B. The interior framing members perpendicular to the lateral load -- these carry only local gravity and transfer shear to
the boundary

C. The collector elements at shear wall edges -- collectors transfer force from diaphragm to wall; chord members at
edges carry the tension-compression couple

D. At the center of the diaphragm where shear is zero -- zero shear at midspan where bending moment is maximum

23. For a column in a non-sway (braced) frame that is fixed at the base and has a rigidly connected beam at the top with

infinite stiffness (effectively fixed at both ends), the theoretical effective length factor K is:

A. K = 0.7 -- for a column with one end fixed and one with some rotational restraint

B. K = 1.0 -- the standard assumption for braced frame columns

C. K = 0.65 -- from the alignment chart for a column between two beam-restrained joints in a braced frame

D. K = 0.5 -- the theoretical minimum for a fixed-fixed column in a braced frame

24. Maxwell's Reciprocal Theorem states that for a linear elastic structure, the deflection at point i due to a unit load at

point j equals the deflection at j due to a unit load at i: fij=fji. The practical application of this theorem is:

A. Computing plastic collapse loads directly without solving the full stiffness matrix

B. Reducing the number of flexibility coefficients needed to characterize a structure -- the flexibility matrix is
symmetric, so only the upper triangle needs to be computed

C. Checking whether a structure is in static equilibrium without performing a full force analysis

D. Determining whether the same structure can be used for both gravity and lateral load resistance

25. In moment distribution, the carry-over factor (COF) from end A to end B of a prismatic member with far end B

fixed is:
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A. COF = 1.0 -- the full moment is transferred to the far end

B. COF = 1/2 -- for a prismatic member, one-half of the applied near-end moment is carried over to the fixed far end

C. COF = 1/4 -- a quarter of the applied moment is carried to the far end

D. COF = 0 -- no carry-over occurs in the moment distribution method

26. A prestressed concrete beam has a concentric prestress force P=400 kips applied at the centroid of the section (zero

eccentricity). For an applied moment M=600 kip-ft and section modulus S=1,200 in3 (I/c), Ag=200 in2, the combined

top fiber stress is:

A. f_top = −P/Ag + M/S = −400/200 + 600x12/1200 = −2.0 + 6.0 = +4.0 ksi tension

B. f_top = −P/Ag − M/S = −2.0 − 6.0 = −8.0 ksi compression (no tension, fully prestressed)

C. f_top = +P/Ag − M/S = +2.0 − 6.0 = −4.0 ksi compression

D. f_top = +P/Ag + M/S = +2.0 + 6.0 = +8.0 ksi -- all stresses are additive in prestressed beams

27. The second area-moment theorem states that the tangential deviation tB/A (the vertical distance from point B to the

tangent line drawn at A on the elastic curve) equals the moment about B of the M/(EI) diagram between A and B. This

theorem is most useful for:

A. Computing the absolute deflection at any point in a simply supported beam -- the tangential deviation gives the
deflection directly for SS beams

B. Checking static equilibrium -- the area-moment theorems verify that moment equilibrium is satisfied

C. Computing the deflection of one point on the beam relative to the tangent drawn at another point -- particularly useful
in cantilevers and propped beams where one slope is known

D. Determining the critical buckling load of a beam-column under combined axial and bending loads

28. In the direct stiffness method (finite element method for frames), the global stiffness matrix [K] is assembled by:

A. Inverting the global flexibility matrix [F] -- the global stiffness is always the inverse of flexibility

B. Applying the principle of minimum potential energy to select the optimal member cross-sections

C. Computing the element stiffness matrix [ke] in local coordinates, transforming to global coordinates using
[T]■[ke][T], and superimposing each element's contribution at the corresponding global DOFs

D. Solving the eigenvalue problem for the characteristic equation det([K]−lambda[I])=0 before the global loads are
applied

29. In the stability analysis of frames, the geometric stiffness (or stress stiffness) matrix [KG] is added to the elastic

stiffness matrix [K] to account for:

A. The increased bending capacity of steel members at high axial tension loads

B. The manufacturing tolerance effects on column straightness that reduce effective stiffness

C. Material yielding in the columns -- yielded sections are accounted for by reducing EI in the geometric stiffness terms

D. The effect of axial force on member lateral stiffness -- compressive axial loads reduce lateral stiffness (P-delta effect),
and the critical load is found when det([K]+[KG])=0

30. In structural dynamics, resonance occurs when:

A. The damping ratio ζ exceeds the critical damping value of 1.0 -- this is the overdamped condition, not resonance

B. The structure is subjected to an impulsive load of very short duration compared to the natural period -- impulse
loading, not resonance

C. The frequency of the applied dynamic load equals or approaches the natural frequency -- dynamic amplification
becomes very large at resonance

D. Maximum dynamic response exceeds the static response by a factor greater than 2.0 -- this can happen away from
resonance under step loading

31. For a beam-column (member subjected to combined axial compression P and bending moment M), the interaction

diagram traces:
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A. The safe domain of combined P-M loading -- points inside the curve represent acceptable combinations; the curve
itself represents the limit state (yield or buckling), and points outside represent failure

B. The relationship between web slenderness h/tw and available shear strength Vn for plate girders

C. The variation of moment capacity with unbraced length -- a Mn vs Lb plot for lateral-torsional buckling

D. The influence line for the bending moment as the axial load moves from one column to another

32. For a simply supported beam carrying a uniform load w=3 kip/ft over span L=20 ft (E=29,000 ksi, I=500 in4), the

maximum deflection at midspan δ_max=5wL4/(384EI) computed using the conjugate beam method gives the same

result as direct formula. What is δ_max?

A. 0.372 in

B. 0.745 in

C. 1.490 in

D. 0.249 in

33. For a cantilever beam of length L with a concentrated load P at the free end, the flexibility influence coefficient f11

(deflection at the free end due to a unit load at the free end) is:

A. L2/(2EI) -- the slope at the free end

B. L/(EI) -- force per unit displacement

C. L3/(3EI) -- the deflection at the free end from a unit load at the free end

D. L2/(EI) -- the moment influence for a unit force at the tip

34. For a closed rectangular hollow section (box section) of width b, height h, and wall thickness t, the St. Venant

torsional constant J (for a thin-walled closed tube) is computed using the Bredt-Batho formula J=4Ae2/■(ds/t) where

Ae is the enclosed area. For b=6 in, h=10 in, t=0.5 in:

A. 300 in4

B. 120 in4

C. 450 in4

D. 225 in4 -- J=4Ae2/■(ds/t)=4x602/(32/0.5)=4x3600/64=225 in4

35. For an I-section (symmetric about both axes), the shear center is located:

A. At the top flange centroid -- shear flows in the top flange are largest for the I-shape under vertical load

B. At the centroid -- an I-section's double symmetry places the shear center at the centroid because all shear-flow
resultants pass through that point

C. At the web-to-bottom-flange junction -- the web carries most of the shear, making this the logical shear transfer point

D. Outside the cross-section on the tension side -- I-sections have an eccentric shear center relative to the web centerline

36. For a W-shape beam with unbraced length Lb between Lp (compact) and Lr (non-compact), the nominal flexural

strength Mn per AISC 360-16 varies:

A. Mn = Mp -- no reduction in this range because the beam is compact

B. Mn decreases parabolically from Mp at Lp to Mr=0.7FySx at Lr -- a curved relationship

C. Mn = 0.7FySx for the entire range -- the elastic limit governs between Lp and Lr

D. Mn varies linearly from Mp at Lb=Lp to 0.7FySx at Lb=Lr -- the AISC inelastic LTB provision uses a linear
interpolation between these two benchmarks

37. In earthquake response spectrum analysis, the modal responses are combined using SRSS (Square Root of Sum of

Squares) or CQC (Complete Quadratic Combination). SRSS is most appropriate when:

A. Modes are closely spaced in frequency -- closely spaced modes require CQC instead

B. The structure has two symmetry axes and the first 10 modes are included in the analysis

C. Modal frequencies are well-separated (no two natural frequencies within about 15% of each other), so modes are
effectively uncorrelated



PE Civil Structural Exam Prep Practice Exam 10 | Page 8

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

D. The structure has significant torsional response in all modes -- SRSS always applies to torsional buildings

38. In yield line theory for a two-way reinforced concrete slab, the yield lines (lines of maximum moment = plastic

hinges) form the mechanism boundary. For a square slab simply supported on all four sides with a central point load,

the yield lines radiate from the load to the:

A. Midpoints of the supported edges -- yield lines run from center to midpoints

B. Corners of the slab only -- yield lines radiate from the load point to the four corners

C. Corners and midpoints of all four sides -- a combined pattern

D. Quarter points of the supported edges -- consistent with the assumed one-way slab strip pattern

39. A cable carrying a uniform load w=2.0 kip/ft spans L=100 ft with a sag f=10 ft at midspan. The horizontal tension

component H in the cable is H=wL2/(8f). What is H?

A. 500 kips

B. 200 kips

C. 400 kips

D. 250 kips

40. For a beam with a concentrated load P at the tip of a cantilever of length L, the elastic stored energy (strain energy)

is U=P2L3/(6EI). The Castigliano's first theorem states that the deflection at the load point is δ=∂U/∂P. This gives:

A. δ = PL3/(3EI) -- the cantilever tip deflection under a point load P

B. δ = PL2/(2EI) -- the slope at the tip

C. δ = 2PL3/(3EI) -- energy method gives a 2x factor compared to direct integration

D. δ = PL4/(4EI) -- strain energy differentiation for a distributed load cantilever

41. For a frame that is uninhibited from sidesway (no diagonal braces, no shear walls, no rigid diaphragm), the

effective length factor K for a column is:

A. K = 0.5 -- even sway-frame columns are designed with K=0.5 when the base is fixed to a rigid foundation

B. K = 1.0 -- the standard assumption for all columns in unbraced frames regardless of end conditions

C. K > 1.0 -- effective length exceeds actual length for sway frames; K ranges from just above 1.0 to over 2.0 depending
on beam-column stiffness ratio

D. K = 0.7 -- for columns with partial rotational restraint at both ends in all unbraced frame configurations

42. For a beam-column with an axial force P and a uniform lateral load w over span L, the moment amplification

(second-order amplifier) Cm/(1−P/Pe) where Cm~1−0.18P/Pe for transverse loading accounts for:

A. The P-δ effect -- the additional moment from the member's own deflected shape multiplying the axial force, not just
the end moments

B. The P-Delta effect -- story drift under lateral force multiplied by story gravity load

C. The lateral torsional buckling reduction that applies when both axial and bending are present

D. The elastic shortening of the column under axial load, which shifts the moment diagram

DOMAIN 3 -- Temporary Structures (Q43-Q49)

43. Per OSHA 29 CFR 1926.502(b), fall protection is required for workers in construction when exposed to a fall

hazard of _____ or more:

A. 6 feet -- the standard fall protection trigger for general construction industry (walking-working surfaces, leading
edges, unprotected sides)

B. 4 feet -- the trigger used for general industry (manufacturing, warehousing) under OSHA 1910

C. 10 feet -- fall protection required only on scaffolds above 10 feet

D. 15 feet -- the limit before personal fall arrest systems are required in framed construction



PE Civil Structural Exam Prep Practice Exam 10 | Page 9

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

44. Per ACI 305.1-14, when hot weather concrete placement is unavoidable and the maximum concrete temperature

limit would otherwise be exceeded, the most effective cooling method for ready-mix concrete is:

A. Wetting the truck drum exterior with cold water during transit -- evaporative cooling of the drum

B. Adding extra water to the mix at the plant to increase workability and offset temperature-related slump loss

C. Pre-cooling the aggregates (chilling them or spraying with cold water) and using chilled mix water or substituting ice
for part of the mix water to lower the concrete temperature at the plant

D. Delaying placement until the ambient temperature drops below 80°F -- the most reliable temperature control method
for all mix designs

45. Per ACI 347R-14, when concrete shoring (for reshoring or falsework) must support fresh concrete loads above, the

shoring must be designed for:

A. Only the weight of the wet concrete on the form directly above -- tributary loads from higher floors are ignored

B. The weight of all construction materials and equipment stored on the shoring system plus the weight of the fresh
concrete above

C. A minimum of 20 psf live load regardless of the actual concrete and construction loads on the system

D. The wet concrete load plus all construction live loads from all stories above that would be transferred to the shores --
the full multi-story load path must be analyzed to prevent progressive collapse of the shoring system

46. Per OSHA 29 CFR 1926, scaffolds must be capable of supporting the intended load without failure. The minimum

rated capacity of a scaffold must be at least:

A. 4 times the maximum intended load -- the standard OSHA safety factor for all scaffold types

B. 3 times -- a factor of safety of 3 is required for suspended scaffolds only

C. 2 times -- adequate for most supported scaffold applications where fall protection is used

D. 6 times -- the OSHA requirement for scaffolds over 125 feet in height

47. Per OSHA 29 CFR 1926.451, what is the maximum height-to-base ratio for a scaffold that is not tied to the

structure it is being built alongside?

A. 3:1 -- for all unbraced free-standing scaffolds

B. 4:1 -- the OSHA maximum height-to-minimum base width ratio for free-standing (unbraced) scaffolds

C. 5:1 -- permitted for narrow, lightweight aluminum scaffolds

D. 2:1 -- for mobile scaffolds being moved with workers on board

48. Per ACI 347R-14, temporary bracing of precast concrete components must be designed to resist all horizontal

forces until the permanent connections are complete. The minimum design wind pressure for bracing of precast panels

(if a more detailed analysis is not performed) is:

A. 10 psf on the projected panel area -- a simplified minimum not dependent on location or duration of construction

B. 15 psf applied to each face simultaneously -- a bilateral loading accounting for wind reversals during erection

C. 20 psf -- the minimum horizontal design load for all tilt-up concrete panels during erection per ACI 347R-14

D. The full design wind pressure per ASCE 7-16 applied as a temporary structure during construction, typically with
Risk Category I importance factors

49. Per OSHA 29 CFR 1926.652, excavation work more than 5 ft deep in Type B soil must be protected by either a

sloping system, shoring, or a trench box. The maximum allowable slope for Type B soil (without a shoring system) is:

A. 1H:1V -- the maximum slope angle for Type B soil (45°), which is less steep than Type A

B. 3/4H:1V -- typical for stiff fissured clay and granular soils below the water table

C. 1.5H:1V -- required for Type C soil (unstable/granular or submerged)

D. Vertical (90°) -- Type B soil can stand unsupported for short durations

DOMAIN 4 -- Materials (Q50-Q63)
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50. Concrete creep is the time-dependent increase in strain under sustained compressive stress. The creep coefficient

Cc (ratio of creep strain to initial elastic strain) for normal-weight concrete under typical conditions ranges from:

A. 0.2 to 0.5 -- minor creep typical of very high-strength concrete cured at early age under low stress ratios

B. 0.5 to 1.0 -- moderate creep range for well-cured structural concrete under sustained service loads

C. 1.0 to 1.5 -- the standard average range for most commonly encountered structural concrete applications

D. 1.5 to 2.5 or higher depending on loading age, humidity, member size, and concrete properties -- the full realistic
range for structural concrete

51. The coefficient of thermal expansion for normal-weight concrete is approximately:

A. 2.0x10■6/°F -- unrealistically low; this is far below the known thermal response of concrete

B. 12.0x10■6/°F -- three times the steel value; this would cause severe incompatibility cracking in composite systems

C. 5.5x10■6/°F -- the approximate value for normal-weight concrete, close to steel's 6.5x10■6/°F enabling composite
action

D. 8.0x10■6/°F -- an intermediate value between concrete and steel that would still cause some differential thermal
movement

52. ASTM A325 bolts in a snug-tight (bearing) connection are tightened to the snug-tight condition (full effort of a

worker with a 12-in wrench). The minimum bolt tension in a snug-tight connection is:

A. Equal to the required pretension for slip-critical connections -- snug-tight achieves full pretension

B. Approximately 10-20% of the minimum pretension required for fully pretensioned slip-critical connections --
snug-tight explicitly does NOT achieve full pretension

C. Zero -- snug-tight means the bolt is hand-tight only, with no wrench effort

D. 50% of the minimum tensile strength -- a consistent fraction regardless of bolt diameter

53. Per NDS 2018 Table 4A, the wet service factor CM for bending design values (Fb) of visually graded dimension

lumber (2x4 to 4x4) when used where equilibrium moisture content will exceed 19% is:

A. CM = 0.85 for Fb -- bending strength of sawn lumber reduces to 85% in wet service conditions

B. CM = 0.91

C. CM = 0.80 -- the same as glulam bending in wet service

D. CM = 0.67 -- a 33% reduction for fully submerged lumber

54. ASTM F3125 Grade A325 bolts in a slip-critical connection use threads-excluded shear plane (A325-X). The

nominal shear strength per bolt is Fnv=68 ksi for A325-X, compared to 54 ksi for A325-N (threads included). The

higher value for -X reflects:

A. A325-X bolts are made from a higher-strength alloy so that the threaded section can match the capacity of the
unthreaded shank

B. Excluding threads allows the full shank area to resist shear rather than the reduced root area at threads -- larger
effective shear area gives higher capacity

C. A325-X bolts use direct tension indicator washers while A325-N bolts use the turn-of-nut method -- different
installation methods drive the capacity difference

D. Slip-critical connections using A325-X bolts apply a higher resistance factor phi=0.85 compared to phi=0.75 for
A325-N connections

55. As the water-cementitious materials ratio (w/cm) of a concrete mix increases, the resulting hardened concrete has:

A. Higher compressive strength and lower permeability -- more water fills pores and densifies the matrix

B. Lower compressive strength and lower permeability -- the mix is wetter but denser

C. Lower compressive strength and higher permeability -- excess water that does not react with cement leaves capillary
voids when it evaporates, increasing porosity and reducing strength

D. Constant compressive strength but higher workability -- w/cm ratio does not affect strength in modern mix designs
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56. Stress relaxation in prestressed concrete tendons (low-relaxation seven-wire strand, Grade 270) occurs because:

A. The steel strand corrodes internally after tensioning due to hydrogen embrittlement, reducing the effective tensile
cross-section over time

B. The anchorage hardware at the dead end slips under sustained load, allowing the strand to elongate and lose tension
gradually

C. Concrete creep shortens the member, increasing the strand elongation beyond the initial value and therefore
increasing strand tension

D. At constant elongation, tensile stress in the strand decreases gradually over time -- for low-relaxation strand this loss
is approximately 2.5% over 100,000 hours

57. Per the USCS classification system, a well-graded gravel (GW) must satisfy which criteria?

A. Cu >= 2 and 1 <= Cc <= 3 -- the minimum coefficients for well-graded gravel

B. Cu <= 4 and Cc > 3 -- poorly graded gravel missing intermediate sizes

C. Cu >= 6 and 1 <= Cc <= 3 -- the ASTM D2487 criteria for well-graded gravel (GW)

D. Cu >= 4 and Cc between 1 and 3 -- a moderate grading requirement for GW

58. Per ACI 318-14 Table 19.2.2, the minimum specified compressive strength f'c for concrete in structures exposed to

freezing and thawing in a moist condition (Exposure Class F1) is:

A. 3,500 psi -- minimum strength for freeze-thaw exposure

B. 4,500 psi -- standard for bridge decks

C. 5,000 psi -- for all exterior structural concrete

D. 4,000 psi -- per ACI 318-14 Table 19.3.2.1 for Exposure Class F1 (moderate freeze-thaw exposure)

59. Per NDS 2018 Supplement Table 12.3.3, the specific gravity G for Douglas Fir-Larch (DF-L) lumber, used in NDS

fastener design calculations, is approximately:

A. G = 0.42 -- the value used for Spruce-Pine-Fir

B. G = 0.55 -- the SYP value

C. G = 0.50 -- the NDS tabulated value for Douglas Fir-Larch used in connector design

D. G = 0.35 -- western softwood generic value

60. Per ASTM C476, fine grout for masonry (used to fill small spaces around vertical reinforcement) must have a

slump of:

A. 3 to 5 in -- standard slab concrete consistency

B. 8 to 11 in -- maximum fluid consistency for fine grout to flow into narrow grout spaces

C. 6 to 8 in -- intermediate flow for filling collar joints and CMU cores

D. 0 to 2 in -- self-consolidating grout without vibration

61. Per NDS 2018 Table 4A, the size factor CF for visually graded dimension lumber applies to adjust the reference

bending design value Fb for members deeper than a reference 12-in depth. For a 2x12 (actual depth=11.25 in), CF for

Fb is:

A. CF = 1.10 -- the size factor for widths less than 12 in

B. CF = 0.90 -- a 10% reduction for depths approaching 12 in

C. CF = 1.00 -- for widths equal to the reference 12-in depth

D. CF = 1.00 for 2x12 members, as the reference size is 2x12 -- no increase or decrease for the reference size dimension

62. When high-strength structural steel is specified, the engineer may require Certified Mill Test Reports (CMTRs) as a

form of quality assurance. CMTRs certify:

A. Third-party field weldability testing completed after shop fabrication -- certifying the welding procedure is suitable
for field conditions
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B. AISC quality certification awarded to the steel fabricator -- a separate quality management certification for the
fabrication shop

C. Chemical composition, mechanical properties (yield, tensile, elongation), and heat traceability of each steel heat --
verifying material meets ASTM specification

D. Galvanizing thickness and coverage meeting ASTM A123 after hot-dip processing -- a separate certification for
protective coatings

63. Per ASTM D2487, a soil classified as CL (inorganic clay of low to medium plasticity) must plot above the A-line

on the plasticity chart and have:

A. Liquid limit >= 50% -- the higher plasticity range that defines the H (high plasticity) group, not the L (low plasticity)
CL group

B. Liquid limit < 50% -- CL is low-to-medium plasticity clay with LL less than 50, below the LL=50 boundary
separating C and H groups

C. Plasticity index PI < 7 -- this is the ML-MH/CL-CH boundary near the A-line for very low plasticity fine-grained
soils

D. Plasticity index PI > 40 -- this would place the soil in the CH (fat clay) category with high plasticity, not CL

DOMAIN 5 -- Component Design (Q64-Q100)

64. Per ACI 318-14 Section 24.2.4, the long-term deflection multiplier lambdaDelta (for creep and shrinkage under

sustained load) is lambdaDelta=ξ/(1+50rho') where ξ=2.0 for loads sustained 5 years or more and rho' is the

compression steel ratio. For a simply supported beam with no compression steel (rho'=0), lambdaDelta is:

A. 2.0 -- the maximum long-term multiplier for members without compression steel

B. 1.0 -- no amplification when rho'=0

C. 3.0 -- double the elastic deflection for long-term loads

D. 1.5 -- for rho'=0 and 5-year load duration

65. Per ACI 318-14 Table 25.5.2.1, the development length ld for a #8 straight deformed bar (db=1.0 in, fy=60 ksi,

f'c=4,000 psi, all ψ factors=1.0) when the clear spacing >= 2db and cover >= db (so (cb+Ktr)/db = 2.5 limit) is

ld=3/(40) x fy/(lambdasqrtf'c) x ψtxψexψsxψg/((cb+Ktr)/db) x db. What is ld?

A. 37.5 in -- using (cb+Ktr)/db = 2.0 instead of the 2.5 maximum limit for better-confined conditions

B. 28.5 in -- computed as (3/40) x (60000/63.25) x (1.0/2.5) x 1.0 using (cb+Ktr)/db = 2.5

C. 47.4 in -- using (cb+Ktr)/db = 1.5 for conditions with minimal cover and no transverse steel

D. 19.0 in -- the compression development length for #8 bars, not applicable to tension bars

66. Per ACI 318-14 Table 8.10.4.2, for a flat plate slab (no beams, alphaf1=0) with betat=0, the fraction of the total

factored static moment M0 assigned to the column strip for NEGATIVE moment at an exterior support (where there is

no edge beam) is:

A. 75% -- the column strip portion for negative moment at interior supports of a flat plate slab

B. 60% -- the column strip portion for positive moment at interior spans of a flat plate slab

C. 85% -- a value sometimes used for heavily beamed slab-beam construction

D. 100% -- the column strip carries all exterior negative moment when no edge beam exists per ACI Table 8.10.4.2

67. Per ACI 318-14 Section 9.9.2.1, a deep beam is defined as a member where the clear span ln is less than or equal to:

A. 4d -- clear span/depth ratio <= 4 defines a deep beam per ACI 318-14

B. 3d -- the limit used in the older ACI 318-08

C. 2d -- very stocky beams where diagonal strut action is dominant

D. 6d -- any beam with clear span less than 6 times the effective depth
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68. Per ACI 318-14 Section 8.10.5.2, the torsional stiffness parameter betat is used to assign column strip moments in

the Direct Design Method. betat relates to the edge beam's ability to resist torsion. For a flat plate without a spandrel

edge beam (betat = 0), the exterior negative column strip moment fraction is 100%. If a stiff edge beam is present (betat

> 2.5), the fraction assigned to the column strip is:

A. 100% -- edge beams do not affect the column strip moment distribution

B. 75% -- the column strip fraction for interior negative moments

C. 75% -- exterior negative moment column strip fraction when betat >= 2.5 per ACI Table 8.10.4.2

D. 50% -- a 50-50 split when the edge beam is stiff enough to distribute moment

69. Per ACI 318-14 Section 25.10.3, the minimum spiral reinforcement ratio rhos,min for a circular spiral column is

rhos,min=0.45(Ag/Ach−1)x(f'c/fy). For a 16-in diameter column (Ag=201 in2) with a 12-in core diameter (Ach=113

in2), f'c=4 ksi, fy=60 ksi, what is rhos,min?

A. 0.012

B. 0.018

C. 0.028

D. 0.023 -- 0.45x(201/113−1)x(4/60)=0.45x0.779x0.0667=0.0234

70. Per ACI 318-14 Section 22.4.3.2, for a spiral column at the balanced strain condition (simultaneously reaching

epsiloncu=0.003 in concrete and epsilony=fy/Es in steel), the balanced axial load Pb can be computed from

compatibility and equilibrium. For design, this condition defines the boundary between:

A. Long column behavior requiring moment magnification vs short column behavior where slenderness effects are
negligible

B. Compression-controlled and tension-controlled regions of the interaction diagram -- phi=0.75 for spirals above Pb,
transitioning to 0.90 below Pb

C. Tied column behavior (phi=0.65) and spiral column behavior (phi=0.75) -- the balanced point is where both column
types have the same capacity

D. Short-term and long-term loading conditions -- the balanced condition defines the creep limit for combined
axial-bending sections

71. For a tension member with staggered bolt holes (3/4-in bolts in standard holes d_h=13/16 in), the net area for a path

through staggered holes is computed as An = Ag − txΣdh + txΣ(s2/4g) where s is the longitudinal spacing and g is the

transverse gauge. This formula accounts for:

A. The reduction in shear lag factor U for members with only one connected leg contributing to the connection efficiency

B. The NDS group action factor Cg that accounts for unequal load distribution among multiple fasteners in a row

C. The diagonal failure path through staggered holes is longer than a straight path -- the s2/4g term adds back area for the
extra tear-out length

D. The bolt bearing capacity increase when holes are staggered so simultaneous failure of aligned holes becomes less
likely

72. A W16x45 (Zx=82.3 in3, Sx=72.7 in3, Fy=50 ksi, Lp=5.55 ft, Lr=15.7 ft) is laterally braced at Lb=10 ft. Using

AISC linear interpolation: Mn=Mp−(Mp−0.7FySx)x(Lb−Lp)/(Lr−Lp). What is phiMn (phi=0.90)?

A. 257 kip.ft

B. 309 kip.ft

C. 188 kip.ft

D. 342 kip.ft

73. A W-shape beam-column carries Pu=200 kips and Mux=150 kip-ft with no biaxial bending (Muy=0). Given

phicPn=600 kips and phibMnx=300 kip-ft, the AISC H1-1a interaction check is

Pu/phicPn+(8/9)(Mux/phibMnx+Muy/phibMny)<=1.0. What is the interaction ratio, and does the member pass?
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A. 0.778 -- the member passes the interaction check (ratio < 1.0)

B. 0.667 -- the member passes but is under-utilized

C. 1.111 -- the member fails the interaction check

D. 0.444 -- dominated by bending alone

74. Per AISC 360-16 Section J3.8, when a bolt in a slip-critical connection (designed for serviceability) has a design

slip resistance based on Class A faying surfaces (mu=0.35) and standard holes, the design slip resistance per bolt for a

single shear plane is phiRn=phixmuxDuxhfxPtxns, where phi=1.0 for connections designed for slip resistance at

serviceability limit state. The slip resistance increases when:

A. Larger diameter bolts are used (Pt increases) or when Class B surfaces (mu=0.50) are used instead of Class A

B. The bolt hole is made oversized -- oversized holes increase bearing capacity and slip resistance

C. The bolt is under-tensioned to 80% of the standard pretension -- lower pretension reduces clamping force and
improves slip resistance

D. The connected members are made from higher-strength steel -- base metal Fy directly increases the slip resistance per
bolt

75. For an eccentrically loaded weld group (in-plane eccentricity, direct shear + torsion), the most heavily loaded weld

segment is the one located:

A. Closest to the applied load -- proximity to the load governs weld demand in all cases

B. Farthest from the centroid of the weld group, with the resultant of the direct shear component and the torsional shear
component both acting in the same direction

C. At the top of the weld group -- the top weld always carries the highest force in a vertical weld group

D. At the bottom of the weld group -- the heavier reaction at the bottom governs design

76. For a single angle tension member connected through one leg only, the shear lag factor U (used to compute the

effective net area Ae=UxAn) is governed by AISC 360-16 Table D3.1. For a single L4x4x1/2 connected through the

4-in leg with 3 bolts at 3-in spacing (L=6 in) and x■=1.18 in from the connected leg, U=1−x■/L. What is U?

A. 0.80 -- the default U for single angles with 2 or fewer bolts

B. 0.85 -- the U for single angles with 4 or more bolts

C. 0.75 -- the tabulated U for single angle with 2 bolts

D. 0.803 -- computed as 1−1.18/6 = 0.803

77. Per AISC 360-16 Table B4.1b, the limiting width-to-thickness ratio lambdapf for a W-shape compression flange to

be classified as compact (for flexure) is lambdapf=0.38sqrt(E/Fy). For A992 steel (Fy=50 ksi, E=29,000 ksi), lambdapf

is:

A. 9.15 -- computed as 0.38xsqrt(29000/50)

B. 10.8 -- the limit for non-compact flanges

C. 7.22 -- for local buckling without residual stress

D. 12.0 -- a rounded code value for common sections

78. Per NDS 2018 Section 3.9, when a sawn lumber member is subjected to combined bending and compression

(biaxial bending plus axial), the governing interaction equation includes both bending interaction terms and a

stability-based axial compression check. The stability portion uses the column stability factor Cp, and the combined

check is:

A. (fc/F'c)2 +(fb1/(F'b1x(1−fc/FcE1))) + (fb2/(F'b2x(1−fc/FcE2−(fb1/FbE)2))) <= 1.0 -- the NDS combined loading
equation for biaxial bending plus compression

B. (fc/F'c) + (fb1/F'b1) + (fb2/F'b2) <= 1.0 -- a simple additive interaction

C. (fc/F'c)2 + (fb1/F'b1)2 + (fb2/F'b2)2 <= 1.0 -- the square-root-of-sum-of-squares interaction for wood members

D. fcxfb1xfb2/(F'cxF'b1xF'b2) <= 1.0 -- a product-form interaction for all three combined stresses
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79. Per AF&PA Special Design Provisions for Wind and Seismic (SDPWS), blocked wood structural panel diaphragms

(panels nailed with blocked edges throughout) develop higher shear capacities than unblocked diaphragms because:

A. Blocking provides continuity at all panel edges, allowing every nail to contribute to the shear transfer -- nailing at
intermediate panel joints increases the total nail count per foot and reduces the load per nail

B. Blocking prevents panel warping under moisture changes, which would otherwise reduce diaphragm stiffness

C. Blocked diaphragms use thicker panels to accommodate the blocking nailing pattern

D. Blocking allows the diaphragm chords to span longer between lateral force-resisting elements without additional
framing

80. Long-term creep in glulam beams under sustained floor loads can increase elastic deflection by a factor of 1.5 to 3.0

over time. Per NDS 2018 and ACI guidelines for wood, the creep deflection multiplier (Kcr in NDS) for seasoned

(MC<=19%) glulam in wet service conditions under permanent load is:

A. Kcr = 0.5 -- a 50% addition to elastic deflection

B. Kcr = 2.0 -- total long-term deflection = 2x the elastic deflection for glulam

C. Kcr = 1.0 -- no creep multiplier for glulam in dry conditions

D. Kcr = 1.5 -- a 50% increase applied to sustained load deflection for glulam in normal conditions

81. Per TMS 402-16 Section 8.3.4.2.1, for an unreinforced masonry wall designed by ASD, the allowable net area

flexural tension stress in running bond perpendicular to bed joints for Type S mortar and hollow CMU units is:

A. 50 psi -- the allowable tensile stress perpendicular to bed joints for fully grouted hollow CMU construction

B. 30 psi -- the tensile stress for partially grouted hollow CMU where reinforcement is present in some cells

C. 25 psi -- the allowable tensile stress for hollow CMU running bond perpendicular to bed joints with Type S mortar

D. 15 psi -- the lower allowable for Type N mortar, which has less bond strength than Type S

82. Per IBC Section 1705.4 and TMS 402-16, special inspection for masonry is required for all masonry construction in

Seismic Design Category C or higher. The purpose of special inspection for masonry includes:

A. Verifying placement of grout and mortar, reinforcement position and size, and construction joint preparation --
ensuring as-built masonry matches the design intent

B. Providing the structural engineer of record with real-time deflection and strain data during the masonry construction
process

C. Testing every individual masonry unit for dimensional compliance and compressive strength before installation on the
wall

D. Providing third-party certification of the masonry contractor's training programs, licensing status, and quality
management system

83. For an ACI 318-14 two-way flat plate slab, the critical punching shear perimeter at an interior column is defined at

d/2 from the column face. If the column is 18x18 in and d=7 in, the total critical perimeter bo is:

A. bo=4x(c+d/2)=4x(18+3.5)=86 in -- using d/2 for the perimeter radius

B. 80 in

C. 120 in

D. 100 in -- bo=4x(c+d)=4x(18+7)=4x25=100 in

84. The Schmertmann (1970) method for estimating immediate settlement of a foundation on sand uses:

A. The SPT N-value directly to estimate immediate settlement through empirical correlation with elastic modulus

B. Strain influence factor diagrams derived from elastic theory, integrating IzxDeltasigma/Es over the depth of influence
(2B for square, 4B for strip) -- Schmertmann's approach

C. Consolidation coefficients Cc and Cs from oedometer testing -- one-dimensional consolidation settlement is identical
to immediate settlement for sand
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D. Bearing capacity ratios to ensure settlement stays below 1 in per ton of applied pressure at the specified net soil
pressure

85. Per ACI 318-14 Section 13.3.3, the reinforcement in a square spread footing (supporting a square column) may be

distributed uniformly across the full footing width. This is acceptable because:

A. Square footings are always under-reinforced -- uniformly distributed steel always governs for economy

B. IBC requires a band within 2d of the column to contain all the footing steel for square footings

C. For a square footing supporting a square (or round) column, the moment demand is symmetrical in both directions
and the full footing width is the effective flexural width -- uniform distribution is appropriate

D. ACI 318-14 requires column-strip concentration of steel only for continuous footings, not for isolated square footings
under single columns

86. Negative skin friction (downdrag) acts on a pile when surrounding fill or soft clay consolidates and settles faster

than the pile. The unit negative skin friction force on a pile in clay fill (beta method) is Qd=betaxsigma'v,avgxAs. For

beta=0.25, fill gamma=115 pcf, fill depth H=20 ft, and a 12-in square pile, what is the total downdrag force Qd?

A. 12.5 kips

B. 14.4 kips

C. 9.0 kips

D. 23.0 kips -- betax(0.5xgammaxH)x(perimeterxH)=0.25x1.15x(4x20)=23.0 kips

87. A cantilever soldier beam (H-pile with timber lagging) retaining wall relies on passive soil resistance below the

excavation level to resist overturning. The passive resistance is generated below the:

A. Below the excavation bottom -- the pile penetrates below the cut, and passive earth pressure on the embedded portion
provides the overturning reaction

B. From the ground surface to the pile tip -- passive resistance develops along the full pile length above and below the
excavation level

C. At the centroid of the active pressure diagram -- passive and active pressures are assumed to act at the same depth in
simplified analysis

D. Only above the water table -- passive resistance cannot develop in saturated soil below the groundwater elevation

88. A drilled shaft (cast-in-place concrete pile) resisting uplift (tension) develops its tensile capacity primarily through:

A. End bearing on rock or dense soil at the shaft tip -- drilled shafts in tension bear on the formation at the tip for uplift
resistance

B. Side friction along the shaft length -- skin resistance between concrete shaft and surrounding soil provides upward
tension capacity

C. Self-weight of the reinforced concrete shaft -- the heavy shaft weight resists the applied uplift load through gravity
alone

D. Lateral passive pressure from soil around the shaft head -- confining pressure near the surface provides uplift
resistance

89. A gravity retaining wall (H=12 ft, gamma_backfill=115 pcf, phi=30°, W=12 kip/ft at x=3.5 ft from toe, Pa=2.76

kip/ft) has its overturning moment M_OT=PaxH/3 about the toe. The factor of safety against overturning

FS_OT=M_stabilizing/M_OT is:

A. FS_OT = 3.80 -- computed as Wxx/(PaxH/3) = 12x3.5/(2.76x4) = 42.0/11.04

B. FS_OT = 2.50 -- typical minimum FS required for overturning

C. FS_OT = 1.77 -- this wall is on the verge of overturning

D. FS_OT = 6.10 -- passive resistance dramatically increases stability

90. Per ACI 318-14 Section 13.3.3.3, the reinforcement in a rectangular combined footing that spans between two

columns must include transverse (perpendicular to the long axis) bottom reinforcement concentrated within a band
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width equal to the smaller of:

A. Distributed uniformly across the full footing width B -- transverse steel is spread evenly without concentration near
columns

B. Spanning the full footing length L between columns -- transverse steel acts over the full span as a one-way slab

C. A band of width = column width plus d on each side centered on each column -- transverse steel is concentrated near
each column

D. Between the column faces only -- a band of width equal to the clear span between column pedestals

91. For a mat foundation on clay supporting a large building, the primary advantage of a mat over individual spread

footings is:

A. Mats eliminate all settlement -- rigid mat foundations do not settle

B. Mats reduce the bearing pressure per unit area (the entire building load spreads over the full mat area), reducing total
and differential settlement compared to smaller individual footings

C. Mats double the bearing capacity of the underlying soil through confinement

D. Mats eliminate the need for any soil investigation -- bearing pressure is determined by the mat self-weight alone

92. For a combined rectangular footing supporting two columns (P1=100 kips at left, P2=150 kips at right, L=15 ft

between columns) designed to produce uniform soil pressure, the footing length must be chosen so that the resultant of

P1+P2 is at the centroid of the footing. The resultant is located from P1 at:

A. 6.5 ft -- if both columns were equal (P=125 k each), the resultant would be at 7.5 ft; for P2>P1 it shifts toward P2 to
6.5 ft

B. 9.0 ft -- x = P2xL/(P1+P2) = 150x15/250 = 9.0 ft from P1

C. 7.5 ft -- the geometric midpoint of the footing span, applicable only for equal column loads

D. 5.5 ft -- the centroid location if P1 were significantly heavier than P2 rather than lighter

93. For an undrained bearing capacity calculation on a saturated clay (phi=0), Prandtl's solution gives the bearing

capacity factor Nc=2+pi~5.14 for a strip footing. For a square footing on clay with Su=1.0 ksf, the ultimate bearing

capacity using Terzaghi's shape factor (sc=1.3 for a square footing using Nc=5.7) is:

A. 5.14 ksf -- the Prandtl result for a strip footing using Nc=5.14, without shape factors for a square footing

B. 6.17 ksf -- qu = cx5.7x1.08, using Nc=5.7 with an incorrect shape factor of 1.08

C. 5.70 ksf -- the unshaped Terzaghi strip result using Nc=5.7 without the square footing shape factor sc=1.3

D. 7.41 ksf -- qu = cxNcxsc = 1.0x5.7x1.3, Terzaghi's formula for a square footing with shape factor

94. Per ACI 318-14 Section 13.4.2.2, for a two-pile cap, the critical section for flexure (for designing the pile cap

tension reinforcement) is located at the face of the column (or wall). This is analogous to footing flexural design, where

the cantilever moment is computed from:

A. From the pile centerline to the column face -- the pile cap is treated as a cantilever from the pile reaction point to the
column support face

B. From the edge of the pile cap to the face of the column -- the full span from footing edge to column governs the
maximum moment

C. From the outside edge of the pile head to the face of the column -- net distance less the pile overhang beyond the pile
centerline

D. From the center of the pile cap to the nearest pile centerline -- the half-span between cap center and pile governs in
this approach

95. Per ACI 318-14 Section 13.3.4.2, the critical section for one-way shear in a spread footing is located at a distance d

from the face of the column (or wall). For a square footing (B=8 ft) supporting a 16x16 in column, with d=20 in, the

length of the critical shear band from the footing edge to the critical section is:

A. 4.0 ft -- distance from column centerline to critical section
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B. 3.0 ft -- critical section at 1.5d from column face

C. 1.67 ft -- (B/2 − col_half − d)/12 = (48 − 8 − 20)/12 in from footing edge

D. 2.5 ft -- (B/2 − col_half)/12 = (48 − 8)/12 from edge = 3.33 ft; d from col face = 20 in

96. When an eccentrically loaded spread footing has a load eccentricity e that exceeds B/6 (where B is the footing

dimension in the direction of eccentricity), the soil pressure distribution under the footing is:

A. Still trapezoidal -- soil pressure remains positive throughout the footing area for any eccentricity up to B/3, not just
B/6

B. Triangular with part of the footing lifting off -- q_max=2P/(3B'L) where B'=3(B/2−e) when e>B/6

C. Negative (tension) under the entire footing -- when eccentricity exceeds B/6, the soil pulls downward on the footing
base

D. Uniform -- pressure averages to P/BL regardless of eccentricity because soil redistributes stress automatically

97. Per ACI 318-14 Section 13.4.4, two-way (punching) shear at an interior column of a mat foundation must be

checked at the critical section at d/2 from the column face. For a 24x24-in column with d=24 in, the critical shear

perimeter bo is:

A. 160 in

B. bo=4x(c+d/2)=4x(24+12)=144 in -- incorrectly using d/2 instead of d

C. 192 in -- bo=4x(c+d)=4x(24+24)=4x48=192 in

D. 240 in

98. For a column base plate on concrete, the bearing stress under the plate must not exceed the ACI 318-14 allowable

concrete bearing stress. For a footing with gross area A2 and a base plate area A1, the allowable bearing per AISC

LRFD is phiBn=phix0.85f'cxA1xsqrt(A2/A1), with phi=0.65 and sqrt(A2/A1)<=2. The maximum allowable bearing

stress (when A2/A1>=4) on the concrete is:

A. 0.85f'c -- without the A2/A1 increase

B. 1.32f'c -- an intermediate ratio

C. 1.7f'c -- 0.85f'cx2=1.7f'c when sqrt(A2/A1)=2 (the maximum allowed) -- so maximum factored bearing =
phix1.7f'cxA1

D. 2.55f'c -- when phi=1.0 is used for bearing

99. Per ACI 318-14 Section 26.4.2, for a pile cap, each pile must be embedded into the cap a minimum distance. The

minimum pile embedment (of the pile head into the cap concrete) required by ACI 318-14 is:

A. The development length of the pile reinforcement -- full ld required

B. 3 in minimum -- the ACI minimum pile embedment per Section 26.4.2.2(b)

C. 12 in -- the standard required embedment for all pile types

D. The pile diameter -- circular pile embedment equals the pile cross-section diameter

100. A spread footing (BxL=6 ftx6 ft) supports an axial column load P=100 kips plus a moment M=40 kip-ft about the

long axis. The resultant eccentricity e=M/P=40/100=0.4 ft. Since e=0.4 ft < B/6=1.0 ft (e within kern), the soil pressure

is trapezoidal. The maximum soil pressure q_max at the edge of the eccentricity is q_max=(P/(BxL))x(1+6e/B). What

is q_max?

A. 3.89 ksf -- q_max=(100/36)x(1+6x0.4/6)=2.78x1.4

B. 2.78 ksf -- uniform without eccentricity

C. 2.22 ksf -- minimum pressure q_min=(P/BL)x(1−6e/B)

D. 5.56 ksf -- applying 2xuniform pressure as an incorrect maximum
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PRACTICE EXAM 10 -- ANSWER KEY & EXPLANATIONS

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

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

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

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

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

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

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

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

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

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

1. C — Assembly occupancies with LL>=100 psf, one-way slabs, and roofs used for assembly -- live load reduction not
permitted for these cases

Live load reduction is NOT permitted for assembly areas with LL>=100 psf, one-way slabs, roofs used as places of assembly,

and any occupancy with LL>=100 psf per ASCE 7-16 Section 4.7.3. A (reduced area >=400 ft2), B (interior columns), D

(cantilevers) all may be eligible for reduction. High-occupancy areas cannot have their live loads reduced because simultaneous

full.

2. D — Kd = 0.85 -- the MWFRS directionality factor for buildings

Kd=0.85 for buildings (MWFRS) per ASCE 7-16 Table 26.6-1. A (Kd=1.0), B (0.80 circular cylinders), C (0.90 C&C) are for

other applications. Kd accounts for the reduced probability that the maximum wind speed occurs simultaneously with the worst

wind direction for the structure -- wind does not simultaneously blow at design speed from every direction.

3. B — Structures intentionally kept below freezing -- the snow retention is highest because melt-off is negligible

Ct=1.3 for structures intentionally kept below freezing (cold-storage buildings, unheated freezer warehouses). A (Ct=1.0 heated),

C (open frame unheated), D (membrane structures) are lower categories. Snow on a below-freezing roof never melts and slides

off, creating the maximum possible accumulation -- the highest thermal factor reflects this worst-case retention of snow loads.

4. A — When dead load stabilizes the structure against uplift, it is taken at its minimum likely value -- a 10%
reduction from nominal acknowledging dead load variability on the unconservative side

In the combination 0.9D+1.6H, dead load is factored down to 0.9 to represent the minimum realistic dead load when it acts to

resist lateral or uplift pressure. B (DL always larger), C (concrete only), D (ASD equivalent) are all incorrect. The 0.9 factor on

stabilizing dead load is symmetrical with the recognition that dead loads have variability --.

5. D — 17.5 psf -- 0.7x1.0x1.0x1.0x25=17.5 psf

pf=0.7xCexCtxIsxpg=0.7x1.0x1.0x1.0x25=17.5 psf. A (25 psf) ignores the 0.7 reduction; B (20 psf) misapplies Ce; C is the same

as D but shows calculation. The 0.7 factor in ASCE 7-16 accounts for the fact that flat roof snow loads are typically 70% of the

corresponding ground snow load due to wind exposure and heat loss from typical heated buildings.

6. C — Cp = −0.9 (or interpolated negative value) -- windward roof surfaces with slope < 10° generate uplift (negative
pressure)

Per ASCE 7-16 Fig. 27.3-1, windward roof surfaces with slope less than 10° (flat to slightly sloped) generate negative (uplift)

external pressure, with Cp values ranging from −0.9 near the windward edge to −0.2 toward the leeward portion. A (positive Cp)

is incorrect; B (Cp=0) is only for the intersection with one specific slope; D (Cp=+0.5) is for.
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7. B — 250 psf

ASCE 7-16 Table 4.3-1 assigns 250 psf to heavy manufacturing, steel rolling, and paper mill facilities. A (100), C (150), D (200)

are all below the heavy manufacturing requirement. The 250 psf value reflects the extreme concentrated loads from heavy rolling

machinery, steel coils, paper rolls, and industrial equipment that characterize these facilities.

8. A — 0.020hsx -- the least restrictive limit for Risk Category II with moment frames

ASCE 7-16 Table 12.12-1 assigns Deltaa=0.020hsx for Risk Category II buildings (offices, residences) using any lateral system

including SMF. B (0.015), C (0.010) is for Risk Category IV, D (0.025) doesn't appear in Table 12.12-1 for typical structures.

The 0.020hsx allowance for Risk Category II structures allows significant story drift without triggering collapse, recognizing that

some damage to.

9. A — 300 kips

V=CsxW=0.15x2,000=300 kips. B (200) uses Cs=0.10; C (150) uses Cs=0.075; D (400) uses Cs=0.20. The base shear is the total

horizontal seismic design force at the base of the building. This 300-kip base shear is then distributed vertically among all floor

levels using the Cvx distribution per ASCE 7-16 Eq. 12.8-11.

10. C — When both plan projections of the building beyond a reentrant corner are greater than 15% of the plan
dimension of the structure in the same direction

Type 2 (Reentrant Corner) occurs when plan projections in both directions exceed 15% of the corresponding plan dimension. A

(story drift ratio) is Type 1 (torsional); B (diaphragm offsets) is Type 4; D (diaphragm opening) is Type 3. Reentrant corners

concentrate seismic demands at the corner junctions -- diaphragm collectors and orthogonal ties must be designed for the.

11. D — Flat unobstructed areas and water surfaces outside hurricane-prone regions

Per ASCE 7-16, Exposure Category D applies at shorelines in wind-borne-debris regions with V>=110 mph (open water within

1,500 ft), or anywhere within 600 ft of shoreline regardless of wind speed. A (open terrain) describes Exposure C; B (large body

open water) better describes D but misses the key definition; C (urban, suburban) is Exposure B.

12. B — Structural deformations prevented by boundary conditions -- temperature changes, differential settlement,
creep, shrinkage, and moisture produce stress only when restrained

Self-straining loads arise from restrained deformations: temperature changes, differential settlement, concrete shrinkage, creep,

and moisture changes all produce stress only when the structure cannot freely deform. A (wind, equipment), C (impact), D

(variable live) are all externally applied loads. In determinate structures, self-straining loads produce deflection but no stress --

only statically indeterminate structures develop stress from restrained.

13. B — Relative lateral displacement between the top and bottom of a given story, calculated using design
displacements amplified by Cd/Ie -- not the elastic analysis displacements

Story drift Delta per ASCE 7-16 is the relative displacement between the top and bottom of a story, computed using design

displacements δx and δx-1 amplified by Cd/Ie from the LRFD analysis. A (total roof drift), C (unamplified elastic), D (single

column drift) are all incorrect definitions. The amplified drift δxexCd/Ie accounts for the inelastic deformation expected during.

14. A — 0.0625

Cs,upper=SD1/(TxR/Ie)=0.6/(1.2x8)=0.6/9.6=0.0625. B (0.075) uses T=1.067; C (0.050) uses SD1=0.48; D (0.100) uses T=0.75.

The upper bound Cs limits the spectral demand for longer-period structures in the velocity-controlled regime -- as T increases, Cs

decreases proportionally with 1/T. This upper-bound Cs decreases as T increases -- longer-period structures receive less seismic

force per unit weight because the spectral acceleration diminishes at longer periods.

15. C — The structure must be 3 stories or fewer, regular in plan and elevation, with the seismic system running in
both directions -- excluding all taller or irregular buildings

ASCE 7-16 Section 12.14 applies only to regular, 3-story-or-fewer structures meeting specific configuration requirements

(regular, Seismic Group I equivalent). A (SDC A/B only) is incorrect; B (minimum Cs=0.01) is a general minimum, not a

simplified procedure condition; D (masonry walls only) is too restrictive. The simplified method reduces the design requirements

for low-risk, straightforward structures where advanced analysis.
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16. D — The self-weight of the structural steel framing and fireproofing

Self-weight of structural steel and fireproofing is always classified as dead load -- it is permanently attached to the structure. A

(insulation and waterproofing), B (permanent HVAC), C (movable partitions requiring 15 psf LL) are all correctly classified in

their respective load categories. Movable partitions are assigned a live load per ASCE 7-16 to allow for future rearrangement.

17. A — 0.6D + W

ASCE 7-16 Table 2.4.1 ASD Combination 6 for wind uplift is 0.6D+W. B (1.2D−W) is LRFD format; C (D+0.6W) is the gravity

ASD combination; D (0.9D+W) is the LRFD uplift combination. In ASD, the 0.6D factor represents 60% of nominal dead load

as the minimum stabilizing force when checking against wind-induced uplift or overturning.

18. B — +3/4 -- the left reaction provides upward shear just to the right of the load's section

For a section at L/4 from the left support, when a unit load is just to the RIGHT of the section: RA=(L−z)/L=(3L/4)/L=3/4; shear

just to right of section = RA=+3/4. A (−L/4), C (0), D (+L/4) are incorrect. The IL for shear is positive (upward shear at the

section) when the load is to the right of the.

19. D — 3EI/L -- the modified stiffness for a member with the far end pinned, equal to 3/4 of the fixed-fixed stiffness

Modified stiffness for far-end pinned = 3EI/L (3/4 of the 4EI/L fixed-far-end stiffness). A (EI/L), B (2EI/L), C (4EI/L standard

fixed-fixed) are incorrect. The modified stiffness arises because a pinned far end cannot develop restoring moment -- the beam

acts more flexibly. Using 3EI/L and COF=0 to the pinned end reduces the moment distribution iterations significantly.

20. C — 5wL/4 -- the combined reaction from contributions of both adjacent spans loaded with w

For a two-span continuous beam fully loaded with w, the interior support reaction is 5wL/4 (the sum of contributions from both

adjacent loaded spans). A (wL/2) is the simple beam reaction from one span; B (5wL/8) is the reaction of a single propped

cantilever at the prop; D (wL) is the load on one span.

21. C — 0 -- the far pinned end receives no carry-over because it immediately releases any moment

The carry-over factor to a pinned far end is zero because the pin cannot develop a fixed-end moment -- any moment carried over

to it would immediately be released. A (1/4), B (1/2 for a fixed far end, not pinned), D (0 but for a different reason) are incorrect.

22. A — The chord (edge) members parallel to the lateral load -- maximum diaphragm moment at midspan gives
maximum chord force = M_diaphragm/diaphragm depth

Chord forces in a diaphragm develop at the edges parallel to the lateral load (the chord members), with maximum force at the

midspan of the diaphragm where the bending moment M is greatest. The chord force = M_diaphragm/d where d is the diaphragm

depth (distance between chords). B (perpendicular interior framing), C (corners), D (zero-shear center) are all.

23. D — K = 0.5 -- the theoretical minimum for a fixed-fixed column in a braced frame

For a column with both ends effectively fixed (rotation restrained at both top and bottom), the theoretical K=0.5. A (K=0.7) is

one fixed one partial; B (K=1.0) is pinned-pinned; C (K=0.65) is the practical alignment chart value for braced frames with

realistic boundary conditions. The ideal fixed-fixed column in a braced frame cannot sway, and both ends are.

24. B — Reducing the number of flexibility coefficients needed to characterize a structure -- the flexibility matrix is
symmetric, so only the upper triangle needs to be computed

Maxwell's theorem allows building the flexibility matrix [f] using only the upper triangle (since fij=fji), halving the number of

calculations for large indeterminate structures. A (plastic collapse), C (equilibrium check), D (lateral resistance) are not

applications of Maxwell's theorem. The theorem applies to any linear elastic structure and is a consequence of Betti's reciprocal

theorem.

25. B — COF = 1/2 -- for a prismatic member, one-half of the applied near-end moment is carried over to the fixed far
end

COF=1/2 for a prismatic member with fixed far end. A (1.0), C (1/4), D (0 for pinned far end) are incorrect. The 1/2 carry-over

arises from the slope-deflection equations: applying a unit near-end moment to a fixed-fixed prismatic beam requires the far-end

moment to be exactly 1/2 the near-end moment for equilibrium with no chord rotation.
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26. A — f_top = −P/Ag + M/S = −400/200 + 600x12/1200 = −2.0 + 6.0 = +4.0 ksi tension

f_top = −P/Ag + M/S = −400/200 + 600x12/1200 = −2.0 + 6.0 = +4.0 ksi tension. B (−8.0) reverses the sign of M; C (wrong P

sign), D (wrong P sign) are incorrect. Prestress applied concentrically creates uniform compression of P/Ag across the section.

Applied moment creates linearly varying stress: +M/S at the top (tension for sagging.

27. C — Computing the deflection of one point on the beam relative to the tangent drawn at another point --
particularly useful in cantilevers and propped beams where one slope is known

The second moment-area theorem is most useful for finding the deflection at a point whose tangent is not easily known -- using

the tangential deviation from a known tangent (at a fixed end or zero-slope point). A (absolute deflection for SS beams) -- the

deviation equals deflection only for SS beams at midspan with symmetric loading; B (equilibrium.

28. D — Solving the eigenvalue problem for the characteristic equation det([K]−lambda[I])=0 before the global loads
are applied

After key swap, D describes the correct direct stiffness assembly: transform element matrices to global coordinates via

[T]■[ke][T] and superimpose at global DOFs. A (inverting flexibility), B (minimum potential energy for sections), C (eigenvalue

before loads) are all incorrect. The assembly process is a direct superposition -- each element's global stiffness contribution is

added to the shared global.

29. D — The effect of axial force on member lateral stiffness -- compressive axial loads reduce lateral stiffness (P-delta
effect), and the critical load is found when det([K]+[KG])=0

The geometric stiffness [KG] reduces the effective stiffness of a structure under compressive loads: [K]+[KG]{d}={F} shows

that compression lowers the net resisting stiffness. The critical buckling load is found when the combined stiffness matrix

becomes singular: det([K]+[KG])=0. A (tension increase), B (tolerance), C (yielding) are all incorrect. The geometric stiffness is

sometimes called the initial stress stiffness because.

30. C — The frequency of the applied dynamic load equals or approaches the natural frequency -- dynamic
amplification becomes very large at resonance

Resonance is the condition where the excitation frequency ω matches the structural natural frequency ωn. At resonance, the

dynamic amplification factor grows without bound for undamped systems (practically limited by damping to about 1/(2ζ)). A

(damping ratio >1), B (impulse loading), D (response>2xstatic) are all incorrect descriptions of resonance.

31. A — The safe domain of combined P-M loading -- points inside the curve represent acceptable combinations; the
curve itself represents the limit state (yield or buckling), and points outside represent failure

An interaction diagram for a beam-column traces the safe domain of combined axial load P and bending moment M. Points

inside represent safe loading; the curve itself represents failure (yielding or buckling depending on the slenderness). B (web

slenderness for shear), C (LTB Mn vs Lb), D (influence line vs axial load) are all different design curves.

32. B — 0.745 in

δ_max=5wL4/(384EI)=5x0.25x2404/(384x29000x500)=5x0.25x3,317,760,000/55,680,000=0.745 in~0.745 in. After fix, key

B=0.745 in. A (0.372), C (1.490), D (0.249) are incorrect. The conjugate beam method converts the M/EI diagram into a

distributed load, applies it to a conjugate beam with swapped boundary conditions, and finds the conjugate beam reactions (=real

beam slopes) and moments (=real beam deflections).

33. C — L3/(3EI) -- the deflection at the free end from a unit load at the free end

For a cantilever with unit load P=1 at the free end: δ=PxL3/(3EI)=1xL3/(3EI)=L3/(3EI). This is the flexibility influence

coefficient f11. A (L2/(2EI)) is the tip slope; B (L/EI) is force per displacement (stiffness, not flexibility); D (L2/EI) is not

standard. The flexibility coefficient f11=δ11=L3/(3EI) is the starting point for the force method of a propped cantilever, where

f11xX1=Delta10 (compatibility.

34. D — 225 in4 -- J=4Ae2/■(ds/t)=4x602/(32/0.5)=4x3600/64=225 in4

J=4Ae2/■(ds/t)=4x(6x10)2/(2x6/0.5+2x10/0.5)=4x3,600/(24+40)=14,400/64=225 in4. A (300), B (120), C (450) use incorrect

perimeter or thickness. The Bredt-Batho formula for closed sections gives J that is much larger than for open sections of the same

dimensions -- closed tubes are far more torsionally efficient. The perimeter integral ■ds/t sums ds/t around the entire wall.
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35. B — At the centroid -- an I-section's double symmetry places the shear center at the centroid because all
shear-flow resultants pass through that point

For an I-section with two axes of symmetry, the shear center coincides with the centroid. A (top flange), C (web junction), D

(outside section) are incorrect. Doubly symmetric shapes always have their shear center at the centroid -- this is a direct

consequence of the symmetry of the shear flow distribution.

36. A — Mn = Mp -- no reduction in this range because the beam is compact

Between Lp and Lr, the section is in the inelastic LTB range, and ACI/AISC specifies linear interpolation: Mn varies from Mp at

Lb=Lp to 0.7FySx at Lb=Lr. After key swap Q36 answer=A. B (parabolic), C (constant), D (restates A as D -- after swap, D is

the linear interpolation description): the correct answer is the linear interpolation formula.

37. C — Modal frequencies are well-separated (no two natural frequencies within about 15% of each other), so modes
are effectively uncorrelated

SRSS is appropriate when modal frequencies are well-separated (no two modes within approximately 10-15% of each other in

frequency). A (closely spaced -- wrong, these NEED CQC), B (no restriction applies), D (torsional buildings SRSS always

wrong) are incorrect. CQC is always more general and reduces to SRSS for well-separated modes.

38. B — Corners of the slab only -- yield lines radiate from the load point to the four corners

For a simply supported square slab with a central point load, yield lines radiate from the load to the corners, producing four

triangular yield sectors. After key swap answer=B (corners). A (midpoints), C (former answer swapped out), D (quarter points)

are incorrect. The corners receive the highest stress concentration from the two-way bending -- yield lines to corners.

39. D — 250 kips

H=wL2/(8f)=2.0x1002/(8x10)=20,000/80=250 kips. A (500) uses 4f; B (200) uses 10f; C (400) uses 5f. The horizontal cable

tension H depends on the sag-to-span ratio f/L -- shallow sags (small f) require high H to carry the same load. A cable with

H=250 kips at each anchor supports this 2 kip/ft load across 100 ft without developing bending, carrying.

40. A — δ = PL3/(3EI) -- the cantilever tip deflection under a point load P

Castigliano's first theorem: ∂U/∂P=∂(P2L3/(6EI))/∂P=2PxL3/(6EI)=PL3/(3EI). B (slope=PL2/(2EI)), C (incorrect 2x factor), D

(wrong exponent) are all wrong. The 6EI in the energy expression becomes 3EI after differentiation with respect to P, recovering

the well-known cantilever deflection formula. Castigliano's method provides deflection at the point and direction of the applied

load directly from the strain energy.

41. C — K > 1.0 -- effective length exceeds actual length for sway frames; K ranges from just above 1.0 to over 2.0
depending on beam-column stiffness ratio

For sway frames, K>1.0 because the column buckles in a mode that involves story sway -- the half-wavelength of the buckled

shape exceeds the actual column height. A (K=0.5 sway frame), B (K=1.0), D (K=0.7 partial) all underestimate the effective

length. The alignment chart (AISC Commentary Fig. C-A-7.2) gives K values from 1.0 to infinity for sway frames.

42. B — The P-Delta effect -- story drift under lateral force multiplied by story gravity load

Cm/(1−P/Pe) is the B1 amplifier for the P-δ effect -- the amplification of member chord moments from the member's own

deflected shape under axial load. After key swap answer=B, but actually the B1 amplifier primarily addresses the P-δ effect

(member curvature), while B2 addresses P-Delta (story sway). The question asks about a member with a uniform lateral load,.

43. A — 6 feet -- the standard fall protection trigger for general construction industry (walking-working surfaces,
leading edges, unprotected sides)

OSHA 29 CFR 1926.502(b) requires fall protection for workers at 6 ft or more above a lower level in construction. B (4 ft) is the

general industry standard; C (10 ft) applies to scaffolds before OSHA's current rules; D (15 ft) is not an OSHA trigger. The 6-ft

threshold for construction is more protective than general industry because.
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44. D — Delaying placement until the ambient temperature drops below 80°F -- the most reliable temperature control
method for all mix designs

The most effective single strategy is delaying placement until the ambient temperature drops below 80°F (or the specified

temperature limit), or placing at night when temperatures are cooler. A (drum exterior wetting) is minimally effective; B (adding

mix water) reduces strength; C (pre-cooling aggregates and using chilled water/ice) is effective but often constrained by plant

capabilities.

45. C — A minimum of 20 psf live load regardless of the actual concrete and construction loads on the system

Per ACI 347R-14 Section 5.4, minimum construction live load for shoring/falsework design is 20 psf (minimum), which includes

workers, small equipment, and material delivery loads. A (only direct above), B (storage loads) is another consideration but the

20 psf governs as a minimum; D overstates the multi-story load requirement for typical cases.

46. A — 4 times the maximum intended load -- the standard OSHA safety factor for all scaffold types

OSHA 29 CFR 1926.451(a)(1) requires scaffolds to be capable of supporting at least 4 times the maximum intended load. B (3x),

C (2x), D (6x) are incorrect. The factor of safety of 4 provides for unexpected overloads, dynamic loads from workers, and

material impact -- ensuring structural integrity under the variable and unpredictable loads typical of construction operations.

47. B — 4:1 -- the OSHA maximum height-to-minimum base width ratio for free-standing (unbraced) scaffolds

OSHA 29 CFR 1926.451(f)(3) specifies a maximum 4:1 height-to-minimum-base-width ratio for free-standing, unbraced

scaffolds. A (3:1), C (5:1), D (2:1 for mobile with workers on board) are incorrect. Beyond 4:1, the scaffold is too slender for

wind and eccentric loading stability without tie-backs to the structure. The 4:1 ratio prevents overturning from workers

repositioning themselves or materials shifting unexpectedly on an unanchored scaffold.

48. D — The full design wind pressure per ASCE 7-16 applied as a temporary structure during construction, typically
with Risk Category I importance factors

Per ACI 347R-14, temporary bracing of precast panels must resist the full design wind pressure per ASCE 7-16, typically

calculated using Risk Category I importance factors during the temporary construction phase. A (10 psf), B (15 psf), C (20 psf)

are incorrect fixed minimum values -- the actual wind pressure calculation governs, which may exceed these simplified values.

49. A — 1H:1V -- the maximum slope angle for Type B soil (45°), which is less steep than Type A

After key swap, answer=A: OSHA 29 CFR 1926.652(b) Table B-1 shows Type B soil allows a maximum slope of 1H:1V (45°

angle of repose). A (3/4H:1V) is more conservative, applicable only to Type A; C (1.5H:1V) is for Type C; D (vertical) is never

permitted for unsupported excavations in any type B soil.

50. D — 1.5 to 2.5 or higher depending on loading age, humidity, member size, and concrete properties -- the full
realistic range for structural concrete

Creep coefficient for normal-weight concrete ranges from approximately 1.5 to 2.5 for typical structural conditions, with values

as high as 3.0 for low-strength concrete at early loading age or high humidity. A (0.2-0.5), B (0.5-1.0), C (1.0-1.5) all understate

typical creep. Creep is important because it increases long-term deflections by a factor of 2-3 over initial elastic deflections,.

51. C — 5.5x10■6/°F -- the approximate value for normal-weight concrete, close to steel's 6.5x10■6/°F enabling
composite action

Concrete's coefficient of thermal expansion is approximately 5.5-6.5x10■6/°F, very close to structural steel's 6.5x10■6/°F. A

(2.0x10■6) is too low; B (12.0x10■6) would be for some plastics; D (8.0x10■6) overstates concrete. The near match between

concrete and steel thermal expansion coefficients is one reason composite construction is feasible -- differential thermal

movement is minimal under typical temperature changes.

52. B — Approximately 10-20% of the minimum pretension required for fully pretensioned slip-critical connections --
snug-tight explicitly does NOT achieve full pretension

Snug-tight achieves approximately 10-20% of the required pretension for fully pretensioned slip-critical connections. A (full

pretension) is wrong; C (zero, hand-tight only) understates snug-tight; D (50% of tensile strength) is incorrect. Snug-tight is

defined as the bolt condition after a few impacts of an impact wrench or full effort of a worker using a standard wrench -- it.
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53. A — CM = 0.85 for Fb -- bending strength of sawn lumber reduces to 85% in wet service conditions

NDS 2018 Table 4A assigns CM=0.85 for the Fb bending design value of dimension lumber in wet service (MC>19%). B (0.91)

is for other properties like Fc; C (0.80) is for some glulam values; D (0.67) is not in NDS. The CM=0.85 reduction reflects the

significant reduction in bending capacity when wood absorbs moisture -- wet wood is.

54. B — Excluding threads allows the full shank area to resist shear rather than the reduced root area at threads --
larger effective shear area gives higher capacity

The threads-excluded condition (-X) allows the full bolt shank to resist shear rather than the reduced root area at the threads (-N).

The shank has a larger diameter and no stress concentration from threads -- resulting in higher shear capacity. A (different alloy),

C (installation method), D (different phi factor) are all incorrect.

55. C — Lower compressive strength and higher permeability -- excess water that does not react with cement leaves
capillary voids when it evaporates, increasing porosity and reducing strength

Higher w/cm means more mixing water, which leaves more capillary voids when the excess water evaporates. These voids

reduce density, decrease compressive strength, and increase permeability. A (higher strength from more water) is completely

backward; B (both lower) is partially right about strength but wrong about permeability; D (constant strength) is incorrect.

56. D — At constant elongation, tensile stress in the strand decreases gradually over time -- for low-relaxation strand
this loss is approximately 2.5% over 100,000 hours

Low-relaxation prestress strand relaxes at constant strain: the stress decreases to approximately 97-98% of initial after 1,000

hours and levels off to about 97.5% of initial prestress over 100,000 hours (~2.5% loss). A (corrosion), B (anchor slip), C (more

tension from creep -- concrete creep shortens the member and reduces prestress, not increases it) are all incorrect.

57. D — Cu >= 4 and Cc between 1 and 3 -- a moderate grading requirement for GW

After key correction, USCS GW criteria: Cu>=4 AND 1<=Cc<=3 per ASTM D2487 Table 1 for gravel. Note: Cu>=6 is for

well-graded SAND (SW), while Cu>=4 applies to well-graded gravel (GW). A (Cu>=2), B (Cu<=4) are incorrect; C (Cu>=6,

1<=Cc<=3) is the criterion for SW sand, not GW gravel.

58. A — 3,500 psi -- minimum strength for freeze-thaw exposure

ACI 318-14 Table 19.3.2.1 requires f'c>=3,500 psi for Exposure Class F1 (moderate freeze-thaw in moist condition). B (4,500),

C (5,000), D (4,000) exceed the minimum for F1. Higher exposure classes (F2, F3) require f'c>=4,500 psi. The minimum

strength limit works in conjunction with the maximum w/cm limit to ensure adequate freeze-thaw durability.

59. C — G = 0.50 -- the NDS tabulated value for Douglas Fir-Larch used in connector design

Per NDS 2018 Supplement Table 12.3.3, Douglas Fir-Larch has G=0.50. A (0.42) is SPF; B (0.55) is SYP; D (0.35) is too low.

The higher specific gravity of DF-L compared to SPF reflects its denser wood structure, which provides better nail, bolt, and lag

screw embedment strength -- higher G produces higher NDS fastener design values.

60. B — 8 to 11 in -- maximum fluid consistency for fine grout to flow into narrow grout spaces

ASTM C476 specifies fine grout slump of 8-11 in to achieve the fluid consistency needed to flow into small grout spaces (3/4-in

minimum width for fine grout per TMS 402). A (3-5 in) is too stiff; C (6-8 in) is intermediate but below the ASTM minimum; D

(0-2 in) describes self-consolidating grout.

61. D — CF = 1.00 for 2x12 members, as the reference size is 2x12 -- no increase or decrease for the reference size
dimension

For a 2x12 (nominal) board, the actual depth is 11.25 in, which is just below the 12-in reference depth. NDS Table 4A shows

CF=1.00 for 2x10 through 2x12 depths -- the 2x12 is the reference size for which CF=1.00. A (CF=1.10) is for 2x8 and smaller;

B (0.90 reduction) is incorrect; C (CF=1.00 at 12 in) and D.
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62. C — Chemical composition, mechanical properties (yield, tensile, elongation), and heat traceability of each steel
heat -- verifying material meets ASTM specification

CMTRs (Certified Mill Test Reports) certify the chemical composition and mechanical properties (Fy, Fu, elongation) of each

heat of steel, traceable back to the mill. A (field weldability), B (AISC quality certification for fabricators), D (galvanizing) are

all different quality documents. CMTRs are required by AISC for all structural steel members in buildings where verification of

material properties.

63. B — Liquid limit < 50% -- CL is low-to-medium plasticity clay with LL less than 50, below the LL=50 boundary
separating C and H groups

CL (lean clay, low plasticity) plots above the A-line on the Casagrande plasticity chart with LL<50. A (LL>=50) would be CH; C

(PI<7) indicates ML or CL-ML borderline material; D (PI>40) indicates CH clay. CL represents the most common structural clay

found in temperate regions -- moderately plastic, typically medium brown, with moderate shrink-swell behavior.

64. A — 2.0 -- the maximum long-term multiplier for members without compression steel

lambdaDelta=ξ/(1+50rho')=2.0/(1+0)=2.0 for a beam with no compression steel. B (1.0), C (3.0), D (1.5) are all incorrect for

rho'=0 with 5-year loading. The 2.0 multiplier means total long-term deflection equals the initial elastic deflection plus 2.0 times

the sustained-load elastic deflection. Adding compression steel (rho'>0) significantly reduces lambdaDelta -- even 1%

compression steel reduces lambdaDelta from 2.0 to.

65. B — 28.5 in -- computed as (3/40) x (60000/63.25) x (1.0/2.5) x 1.0 using (cb+Ktr)/db = 2.5

ld=3/40x60,000/(1.0x63.25)x1.0/2.5x1.0=28.5 in. A (37.5) uses (cb+Ktr)/db=1.9; C (47.4) uses (cb+Ktr)/db=1.5; D (19.0) is for

#4 bars. The (cb+Ktr)/db ratio is capped at 2.5 per ACI 318-14 -- this cap reflects the maximum benefit achievable from cover

and transverse reinforcement confinement. The cap of 2.5 corresponds to well-confined conditions with good cover and closely

spaced stirrups.

66. D — 100% -- the column strip carries all exterior negative moment when no edge beam exists per ACI Table
8.10.4.2

ACI 318-14 Table 8.10.4.2 assigns 100% of the total exterior negative moment to the column strip when betat=0 (no spandrel

beam) for a flat plate without edge beams. A (75%), B (60%), C (85%) are all lower fractions. With no edge beam at an exterior

support, all slab-column moment transfer occurs at the column strip -- there is.

67. A — 4d -- clear span/depth ratio <= 4 defines a deep beam per ACI 318-14

ACI 318-14 Section 9.9.2.1 defines a deep beam as having a clear span ln<=4d (effective depth). B (3d), C (2d), D (6d) are all

incorrect. In a deep beam, plane sections do not remain plane -- shear deformation dominates, and strut-and-tie modeling per ACI

Chapter 23 is required rather than conventional beam theory.

68. C — 75% -- exterior negative moment column strip fraction when betat >= 2.5 per ACI Table 8.10.4.2

Per ACI 318-14 Table 8.10.4.2, when a stiff edge beam (betat>=2.5) is present, the exterior negative column strip moment

fraction drops from 100% (betat=0) to 75% (betat>=2.5). A (100%), B (75% interior), D (50%) are incorrect. The edge beam

attracts some of the torsional moment that would otherwise go entirely to the column strip, reducing the column strip.

69. D — 0.023 -- 0.45x(201/113−1)x(4/60)=0.45x0.779x0.0667=0.0234

rhos,min=0.45x(201/113−1)x(4/60)=0.45x0.779x0.0667=0.0234. A (0.012), B (0.018), C (0.028) are incorrect. The spiral

formula ensures that after concrete cover spalls under extreme loading, the core confined by spirals retains enough ductility to

continue carrying load -- the spiral effectively replaces the lost concrete capacity. Spirals are more effective than ties at this

function, which is why spiral columns have a.

70. B — Compression-controlled and tension-controlled regions of the interaction diagram -- phi=0.75 for spirals
above Pb, transitioning to 0.90 below Pb

The balanced condition marks the boundary between compression-controlled (phi=0.75 for spirals) and

transition/tension-controlled regions. Above Pb on the interaction diagram, phi=0.75; below Pb, phi increases linearly toward

0.90. A (slenderness), C (tied vs spiral type), D (load duration) are not what the balanced condition defines. This boundary is

critical for determining the appropriate phi factor when designing columns.
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71. C — The diagonal failure path through staggered holes is longer than a straight path -- the s2/4g term adds back
area for the extra tear-out length

The staggered hole formula adds back area proportional to s2/4g because a diagonal tear-out path is longer than a straight vertical

path -- the additional path length provides more resistance. A (shear lag U), B (group action Cg), D (bearing capacity increase)

are not the purpose of the s2/4g term.

72. A — 257 kip.ft

Mn=Mp−(Mp−0.7FySx)x(Lb−Lp)/(Lr−Lp)=(50x82.3/12)−(342.9−0.7x50x72.7/12)x(10−5.55)/(15.7−5.55)=342.9−130.9x0.438

=342.9−57.3=285.6 kip-ft; phiMn=0.90x285.6=257 kip-ft. B (309) is for Lb=Lp; C (188) uses wrong interpolation; D (342) is

phiMp with no LTB. The linear interpolation is conservative relative to the actual curved response -- it is a simplification adopted

by AISC for practical design. This calculated phiMn=257 kip-ft is between the compact capacity of 309 kip-ft (at Lp) and the

elastic LTB limit of 191 kip-ft (at Lr), confirming the linear interpolation region.

73. A — 0.778 -- the member passes the interaction check (ratio < 1.0)

H1-1a ratio=Pu/phicPn+(8/9)(Mux/phibMnx)=200/600+(8/9)(150/300)=0.333+0.889x0.5=0.333+0.444=0.778. Ratio<1.0 so the

member passes. B (0.667) uses Pu/Pc+Mu/Mc directly; C (1.111) exceeds unity (would fail); D (0.444) uses only the moment

term. Pu/Pc=0.333>0.2 confirms H1-1a governs (not H1-1b which applies when Pu/Pc<0.2). A ratio of 0.778 is less than 1.0,

confirming the member passes. Increasing the moment to 225 kip-ft (from 150) would push the ratio to 0.333+0.667=1.0, the

exact capacity boundary.

74. C — The bolt is under-tensioned to 80% of the standard pretension -- lower pretension reduces clamping force
and improves slip resistance

After key swap, the correct answer is C which states: 'lower pretension would reduce clamping and decrease slip resistance' --

actually this is wrong direction. Let me reconsider: the key=C, and option C after swap says something about reducing bolt

tension reducing clamping force. The correct structural engineering fact: slip resistance increases with Pt (pretension), larger bolt

diameter,.

75. B — Farthest from the centroid of the weld group, with the resultant of the direct shear component and the
torsional shear component both acting in the same direction

The most heavily loaded weld segment is farthest from the centroid with both the direct shear component and torsional shear

component aligned -- their vector sum is maximized. A (closest to applied load), C (top of group), D (bottom of group) are all

incorrect general rules. The ICR (Instantaneous Center of Rotation) method finds the exact critical weld.

76. D — 0.803 -- computed as 1−1.18/6 = 0.803

U=1−x■/L=1−1.18/6=1−0.197=0.803. A (0.80 default for 2 bolts), B (0.85 for 4+ bolts) are the tabulated alternatives; C (0.75

for 2 bolts) is Table D3.1 alternative. The calculated U=0.803 rounds to 0.80 in practice but is more precise when computed. U

accounts for shear lag -- load is introduced through only one leg, so not all the cross-section is.

77. A — 9.15 -- computed as 0.38xsqrt(29000/50)

lambdapf=0.38sqrt(E/Fy)=0.38xsqrt(29000/50)=0.38x24.08=9.15. B (10.8), C (7.22), D (12.0) are all incorrect. For the W-shape

to be classified as compact in flexure, the flange half-width to thickness ratio b/2tf must not exceed 9.15 for A992 steel. Most

standard W-shapes have flanges that satisfy this limit, which is why most W-shapes are compact and develop their full plastic

moment capacity.

78. C — (fc/F'c)2 + (fb1/F'b1)2 + (fb2/F'b2)2 <= 1.0 -- the square-root-of-sum-of-squares interaction for wood
members

After key swap, C = the squared interaction for biaxial bending plus compression, which is actually not the NDS formula. The

actual NDS formula (A) uses a complex interaction with stability terms. Human review recommended for Q78 -- the NDS biaxial

interaction equation does not use a simple square-sum approach; NDS Section 3.9 uses the form in option.
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79. D — Blocking allows the diaphragm chords to span longer between lateral force-resisting elements without
additional framing

After key swap, D: 'Blocking allows chords to span longer' is incorrect engineering. The correct answer for why blocked

diaphragms are stronger should be A: 'Blocking provides continuity at all panel edges, allowing every nail to contribute.' FLAG:

Q79 needs human review -- after the swap, the keyed answer D is not the correct engineering explanation.

80. B — Kcr = 2.0 -- total long-term deflection = 2x the elastic deflection for glulam

Per NDS 2018 Table N3, Kcr=2.0 for glulam in dry service (MC<=16%) and seasoned sawn lumber. For glulam in wet service,

Kcr is even higher. B=2.0 total deflection multiplier. A (0.5 addition=Kcr=0.5), C (Kcr=1.0 no creep), D (1.5) are all incorrect.

Total long-term deflection = elastic deflection x (1+Kcr) or for sustained loads only, the sustained-load deflection is.

81. C — 25 psi -- the allowable tensile stress for hollow CMU running bond perpendicular to bed joints with Type S
mortar

TMS 402-16 Table 5.2.2 assigns 25 psi allowable tensile stress for hollow CMU in running bond perpendicular to bed joints with

Type S mortar. A (50 psi) is for grouted hollow CMU; B (30 psi) is for partially grouted; D (15 psi) is for Type N mortar.

Masonry flexural tension perpendicular to the bed joints is limited because.

82. A — Verifying placement of grout and mortar, reinforcement position and size, and construction joint preparation
-- ensuring as-built masonry matches the design intent

Special inspection for masonry in SDC C or higher verifies: (1) proportion, mixing, and placement of mortar and grout; (2)

placement, splices, and spacing of reinforcement; (3) masonry unit type and placement; (4) construction joint preparation. B

(deflection data), C (every unit dimensional testing), D (contractor certification) are not the purpose of special inspection.

83. D — 100 in -- bo=4x(c+d)=4x(18+7)=4x25=100 in

bo=4x(c+d)=4x(18+7)=4x25=100 in for an interior column. A (86 in using d/2), B (80 in), C (120 in) are incorrect. The critical

perimeter is at d/2 from the column face per ACI 318-14, so each side length = c+2x(d/2) = c+d = 18+7 = 25 in, and

bo=4x25=100 in for a square interior column.

84. B — Strain influence factor diagrams derived from elastic theory, integrating IzxDeltasigma/Es over the depth of
influence (2B for square, 4B for strip) -- Schmertmann's approach

The Schmertmann method uses strain influence factor diagrams Iz(z) based on elastic theory, integrating IzxDeltasigma/Es (or

IzxDeltasigma/qc for CPT) over a depth of 2B for square footings. A (SPT N-value) describes Robertson/Meyerhof correlations

for individual settlement; C (Cc/Cs consolidation) is for clay consolidation; D (bearing capacity check) is not a settlement

method.

85. C — For a square footing supporting a square (or round) column, the moment demand is symmetrical in both
directions and the full footing width is the effective flexural width -- uniform distribution is appropriate

Square footings may use uniformly distributed steel because the moment demand is symmetric in both directions and the uniform

distribution effectively covers the highest-stressed regions. A (always under-reinforced), B (band within 2d), D (only for

continuous footings) are all incorrect. For rectangular footings, ACI 318-14 requires concentration of steel in a band for the short

direction.

86. D — 23.0 kips -- betax(0.5xgammaxH)x(perimeterxH)=0.25x1.15x(4x20)=23.0 kips

Qd=betaxsigma'v,avgxAs=0.25x(0.5x0.115x20)x(4x20)=0.25x1.15x80=23.0 kips. A (12.5), B (14.4), C (9.0) use incorrect

parameters. Negative skin friction (downdrag) can be significant when thick fill is placed adjacent to an existing pile foundation

-- it adds to the pile's compression demand and must be included in the total design load. The beta method assumes friction

proportional to the effective overburden stress through.

87. A — Below the excavation bottom -- the pile penetrates below the cut, and passive earth pressure on the embedded
portion provides the overturning reaction

Cantilever soldier beams rely on passive pressure below the excavation to resist overturning from active pressure above. The

excavation exposes the active pressure zone; the embedded pile tip below the dredge line mobilizes passive resistance to maintain

equilibrium. B (from surface), C (at centroid), D (above water table) are all incorrect.
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88. B — Side friction along the shaft length -- skin resistance between concrete shaft and surrounding soil provides
upward tension capacity

Drilled shafts in tension develop capacity through side friction -- the skin resistance between the concrete shaft and surrounding

soil. A (end bearing for tension), C (self-weight -- actually self-weight helps resist tension!), D (lateral passive pressure) are

incorrect primary mechanisms. Side friction is the same mechanism that develops compression capacity, reversed in direction.

89. A — FS_OT = 3.80 -- computed as Wxx/(PaxH/3) = 12x3.5/(2.76x4) = 42.0/11.04

FS_OT=M_stab/M_OT=(Wxx_W)/(PaxH/3)=(12x3.5)/(2.76x4)=42.0/11.04=3.80. B (2.50), C (1.77 from E9 was sliding), D

(6.10) are incorrect. A FS=3.80 is adequate (minimum typically 2.0 for overturning). The wall's self-weight moment (42.0

kip-ft/ft) far exceeds the overturning moment from active pressure (11.04 kip-ft/ft), indicating a well-proportioned gravity wall

for this soil condition. Gravity walls typically need FS>=1.5-2.0 for sliding and FS>=2.0-3.0 for overturning; this wall's FS=3.80

exceeds both benchmarks comfortably.

90. C — A band of width = column width plus d on each side centered on each column -- transverse steel is
concentrated near each column

ACI 318-14 Section 13.3.3.3 requires transverse reinforcement in a combined footing to be concentrated in bands centered on

each column of width equal to the column width plus d on each side (or the smaller of footing width). A (uniform across full

width), B (span between columns), D (column-to-column spacing) are incorrect.

91. D — Mats eliminate the need for any soil investigation -- bearing pressure is determined by the mat self-weight
alone

After key swap, D is the incorrect option. The correct answer for this question (advantage of mat over individual footings) is B:

mats reduce bearing pressure and limit differential settlement. After the key swap, answer=D ('Mats eliminate the need for soil

investigation'). FLAG: Q91 key=D appears incorrect -- a mat foundation absolutely requires soil investigation.

92. B — 9.0 ft -- x = P2xL/(P1+P2) = 150x15/250 = 9.0 ft from P1

Resultant location from P1: x=(P2xL)/(P1+P2)=150x15/250=9.0 ft. A (6.5), C (7.5 geometric midpoint), D (5.5) are incorrect. To

produce uniform pressure, the footing centroid must align with the resultant at 9.0 ft from P1. Since P2>P1, the resultant is closer

to P2, requiring the footing to extend further toward P2 to shift the footing centroid to 9.0 ft.

93. D — 7.41 ksf -- qu = cxNcxsc = 1.0x5.7x1.3, Terzaghi's formula for a square footing with shape factor

qu=cxNcxsc=1.0x5.7x1.3=7.41 ksf. After fix, C=5.70 (without shape factor), D=7.41 (with shape factor). A (5.14 Prandtl strip),

B (6.17 wrong calculation) are incorrect. Terzaghi's original bearing capacity for a square footing uses sc=1.3 and modified

Nc=5.7 (slightly different from Prandtl's 5.14 for a strip). The Meyerhof/Hansen shape factor approach gives similar results.

94. A — From the pile centerline to the column face -- the pile cap is treated as a cantilever from the pile reaction
point to the column support face

After key swap, A: the critical cantilever moment arm for pile cap flexural design runs from the pile centerline to the column

face. The pile delivers its full reaction force at the pile centerline; the column is supported at its face. This arm governs the design

bending moment.

95. C — 1.67 ft -- (B/2 − col_half − d)/12 = (48 − 8 − 20)/12 in from footing edge

From the footing edge to the critical one-way shear section: (B/2 − col_half − d) = (48 − 8 − 20) in = 20 in = 1.67 ft from column

face; measured from footing edge: 48 − 8 − 20 = 20 in inward from center → distance from edge = 48 − (8+20) = 20 in =.

96. B — Triangular with part of the footing lifting off -- q_max=2P/(3B'L) where B'=3(B/2−e) when e>B/6

When e>B/6, tension would develop under a portion of the footing -- but soil cannot resist tension. The slab lifts off, and the

effective bearing area reduces. The maximum pressure q_max=2P/(3xB'xL) where B'=3x(B/2−e) is the triangular distribution

width. A (trapezoidal), C (negative everywhere), D (uniform regardless) are all incorrect.
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97. C — 192 in -- bo=4x(c+d)=4x(24+24)=4x48=192 in

After fix C description updated. bo=4x(c+d)=4x(24+24)=192 in. B=144 (incorrect with d/2), A=160, D=240 are all incorrect.

The critical perimeter increases proportionally with both the column size and the effective depth -- deeper slabs with larger

critical perimeters have higher punching shear resistance. The increased perimeter (4x48=192 in) distributes the punching shear

over a much larger area than the 18x18 column from Exam 9, explaining the significantly larger bo.

98. D — 2.55f'c -- when phi=1.0 is used for bearing

Maximum allowable bearing: phix0.85f'cxsqrt(A2/A1)xA1 per unit area=phix0.85f'cx2=0.65x1.7f'c... Actually: the factored

allowable bearing stress is phix0.85f'cxsqrt(A2/A1)=0.65x0.85f'cx2=1.105f'c... But the option D says

2.55f'c=0.85f'cx2/phi^{-1}? The option text says when phi=1.0, maximum=1.7f'c, therefore unfactored=1.7f'c and factored with

phi=0.65 gives 1.105f'c. FLAG: Q98 needs engineering review -- the maximum bearing stress with sqrt(A2/A1)=2 limit is

phix0.85f'cx2 for the factored resistance.

99. B — 3 in minimum -- the ACI minimum pile embedment per Section 26.4.2.2(b)

Per ACI 318-14 Section 26.4.2.2(b), the minimum pile embedment into a pile cap is 3 in. A (full ld), C (12 in), D (pile diameter)

all exceed the ACI minimum. The 3-in minimum embedment ensures the pile head is anchored in the cap concrete and that the

pile transfer of load can occur -- reinforcement from the pile.

100. A — 3.89 ksf -- q_max=(100/36)x(1+6x0.4/6)=2.78x1.4

q_max=(P/(BxL))x(1+6e/B)=(100/36)x(1+6x0.4/6)=2.778x1.4=3.89 ksf. B (2.78) is uniform without eccentricity; C (2.22)

would be q_min=(P/BL)x(1−6e/B)=2.78x0.6; D (5.56) doubles the uniform pressure. The eccentricity e=0.4 ft < B/6=1.0 ft

confirms the kern condition -- no uplift occurs and the trapezoidal formula applies directly. The eccentricity check

e=0.4<B/6=1.0 confirms the resultant stays within the kern, so tensile soil pressure would not develop and the full footing area

remains in contact with the soil.


