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This study investigates whether finely processed restaurant-derived wood ash (WA) can be used as a
partial cement replacement in concrete while maintaining a structurally reasonable response in
reinforced concrete members. The study is designed as a structural-material assessment by linking
laboratory testing with predictive modelling, Design-Expert optimization, nonlinear ABAQUS beam
simulation, and ACl-based analytical verification. Five primary mixtures were produced with 0%, 10%,
15%, 20%, and 25% WA replacement by mass of binder at a constant water-to-binder ratio of 0.41. The
WA is sieved through a 63 um sieve and mechanically ground to an average particle size of approximately

6.5 um.

The processed WA was characterized using X-ray fluorescence (XRF), X-ray diffraction (XRD), scanning
electron microscopy (SEM), and energy-dispersive spectroscopy (EDS). The ash is rich in Ca, Mg, and K,
with relatively low contents of SiO,, Al,Os, and Fe;0s, and showed a mainly crystalline mineralogical
character. These findings indicate that the contribution of WA was mainly associated with filler and
packing effects at moderate replacement levels, while cement dilution became more influential at higher
replacement levels. The fine, irregular, and porous ash particles also increased superplasticizer demand

when workability is maintained at constant water content.

The experimental results show a clear strength—durability—thermal trade-off. At 28 days, compressive
strength decreased from 47.1 MPa for the control mixture to 37.2, 30.8, 24.5, and 16.2 MPa for mixtures
containing 10%, 15%, 20%, and 25% WA, respectively. Water absorption increased from 2.54% to 5.43%,
while permeable voids increased from 6.70% to 12.76%. The charge passed in the rapid chloride
penetrability test (RCPT) remained within the moderate chloride ion penetrability class up to 20% WA
replacement but increased sharply to 6988.6 C at 25%. In contrast, thermal conductivity decreased from

0.51 to 0.40 W/m-K, showing improved thermal insulation potential at higher WA contents.
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For the structural part, the selected 10% WA concrete is used in twelve ABAQUS reinforced concrete
beam models with different shear-span-to-effective-depth ratios and shear reinforcement conditions.
The 10% WA beams developed lower peak loads and generally larger deflections at peak than the control
beams, but the structural response pattern remained comparable. Moment and one-way shear checks
based on American Concrete Institute (ACI) 318-19 showed that beams with stirrups had adequate
nominal shear resistance, whereas beams without stirrups were shear-vulnerable. These comparisons
supported analytical verification of the numerical results, but not experimental beam validation.
Predictive modelling also showed that the artificial neural network (ANN) model gave the best
compressive-strength prediction, while Design-Expert verification identified the experimentally verified
mixture containing about 13% WA as the better optimized mixture. Overall, finely processed
restaurant-derived WA can be considered a promising partial cement replacement, with the most

practical range being approximately 10-15% under the conditions of this study.
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About Soran University

Soran University (SUN) is located in the city of Soran, which is about a two-hour drive north-east
of Erbil (Arbil, Hewlér), the capital of the Kurdistan Region of Irag (KRIQ). The city is flanked by

the famous Korek, Zozik, Henderén, and Biradost mountains. The medieval mountain village of
Rewandiz (Rawanduz, )l »)) is a stone-cast away, and the two cities share this lovely,
harmonious upland. While waiting for its green, environmentally friendly building to be erected
on a hilltop overlooking the cities of Soran and Rewandiz, its existing city campus has been
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meticulously set out to accommodate the lovely natural landscape. The new campus will be the
first of its type, being walkable, balanced, powered by renewable energy, and compliant with all
international environmental regulations. There are 5 Faculties in SUN; Faculty of Arts (FAAR),
Faculty of Science (FSCN), Faculty of Education (FEDU), Faculty of Law, Political Science, and
Management (FLAW/PSM), and Faculty of Engineering (FENG). Also, there is SUN research
centre. Moreover, at SUN, there is a Language Center. SUN signed many Memoranda of

Understandings (MoU) with many International Universities.

How to get here

Soran University (SUN) is located in the heart of the city of Soran. The main city campus is easily

found on Google Maps for direction.
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